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About This Manual

This is the user reference manual for the CSA 803A Communications Signal
Analyzer. This manual has three sections. The Getting Started section
provides an introduction to the CSA 803A, the Operating Basics section
provides several examples on using the instrument, and the Reference
section provides complete reference information.

The first section of this manual, Getling Sfarted, presents quick get-ac-
quainted information and & map of the menu system. Each menu is
accompanied by pointers into the Operating Basics and Reference sections,

Other manuals that compiete the documentation set for the CSA 803A Com-
munications Signal Analyzer:

B The CSA 803A and 118018 Programmer Reference describes using a
computer to control the CSA 803A through GPIB or BRS-232-C interfaces.

& The CSA 803A Service Reference provides module-level repair and
reptacement information about the CSA 803A.

This mantal applies to the CSA803 and CSAB03A Communication Signal
Analyzers that are equipped with firmware Version 4 or later for the Executed
Processor, Display, and Timebase Controlier. See System Identificafion in the
Reference section of this manual for information about obtaining the firm-
ware version number,

Note that the following feaiures described in this manual do not apply to the
CSA803 Communications Signal Analyzer.

& High Frequency On/Off selection (see Triggering in the Reference sec-
tion of this manual)

»  Enhanced Triggering On/Off selection (see Triggering in the Reference
section of this manual)

& User-adjustable Trigger Holdoft (see Triggering in the Reference section
of this manual)

Reter to Appendix B for specifications for the CSA803 Communications
Signal AnalyZer.
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Introduction

This section describes the safety precautions, power and signal connec-
tions, and procedures you shouid follow when you install the CSA BO3A. it
then provides a high-ievel view of the CSA 803A Communications Signal
Analyzer and its features.

CSA 803A
Description

The CSA 803A Communications Signal Analyzer provides unprecedented
capabifities in capturing and accurately measuring high-speed electrical
events. Some of the main features of the CSA 803A are:

®  Fast rise time and wide bandwidth, as determined by sampling head.

= Sweep speeds from 1 picosecond per division to 5 milliseconds per
division, adjustable in calibrated 1 picosecond per division steps.

& 200 kHz sampling rate for high system throughput and real- time dis-
play.

»  Digital trace capture, display, and storage. Provides a bright stable
display even with signals of low repetition rate.

m  Traces are captured with 8-bit vertical resolution, and can have from 512
to 5120 points each.

m  Simultaneous display of up to eight traces. Each trace can represent a
single input channel, or a complex expression that mathematically
combines mullipie input channels, or an expanded window of another
frace.

m  Time or voltage histograms displayed on-screen and updated continu-
ously as trace data are collected.

w  Mask testing for easy “go/no-go” testing and error rate measurements.

m  Siandard mask testing using a library of 38 predefined telecommunica-
tion masks (Option 17T).

®  Color grading provides a third dimension, sample density, to disptayed
data and aliows histogram and mask analysis after collecting data.

m  Full-function trigger up to 3.0 GHz with selectable 1 x /10 x attenuation
and AC/DC coupling.

= AC coupled trigger prescaler to 10 GHz. (except Option 10}

®  Single-ended and differential TDR measurements are available on all
channels using SD-24 sampling heads.

CSA 803A User Manual
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8 Automatic measurement capability that allows a wide variety of complex
measurements on a signal and gives real time updating. Twenty-eight
measurements are available, including rise time, fad time, rms voliage,
delay, width, duty cycle, and frequency. Measurement statistics provide
the mean and standard deviation of your measurements. Measurements
can be based on data in the color grading database, for example, fully
automatic noise and jitter measurements.

m  Fast fourier transform capability that allows you o obtain a frequency
domain display of a given trace. You can display the FFT magnitude and
FFT phase of the trace.

® A unigue statistical measurement mode that aliows pulse parameter
measurements on random data (for example, eye diagrams) as well as
accurate timing measurements in the presence of jitter.

Major Menu
Bulions Control Buttens

Display and
Touch Panel

Knobs

Power-only Sampling Head
Compartments Compartments

»  An Autoset function that allows quick adjustment of settings by pressing
a single button.

» Menu driven touch-screen operation that simplifies operator control of
the CSA 803A. It disables invalid selections and indicates to the operator
which choices are logical at any time.

& Programmable contro! of the CSA 803A that allows it to be run from an
attached computer or instrument controller via the RS-232-C or GPIB
interfaces.

»  Continuous self-calibration system that ensures accurate, siable trace
data and measurement results.

12 Getting Started
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Description of
Sampling

A traditional analog oscilloscope displays a frace dynamically as a beam is
swept across the display horizontally. The CSA 803A Communications
Signal Analyzer separates a trace into discrete digital samples. The

CSA BO3A captures a sampie before any amplification or attenuation is used
to manipulate the signal. This technique provides very high bandwidth for
repetitive signals and makes bandwidth a function solely of the sampling
head. Thus, as higher bandwidth sampling heads are introduced, you can
increase the capability of the CSA 803A just by adding a new sampling
head.

The CSA 803A Communications Signat Analyzer uses sequential sampiing
to sampie one data point of the trace each time a trigger event occurs (up to
200K samples per second). Each successive trigger event samples the next
point to the right of (occurring later than} the previous points sampled. Cnce
the entire trace has been sampled and all data points are accumulated, the
display shows the entire trace result. For very slow trigger rates, a partial
trace is shown, even before all data points have been sampled.

Safety

The following safety information is provided for your protection and to pre-
vent damage to the CSA 803A. This safety information applies to all opera-
tors and service personnel. See Appendix C for additional safety information.

Terms in Manuals

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

WARNING statements identify conditions or practices that could result in
personal injury or joss 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
itseff.

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

Symbols in Manuals

®

Static Sensitive Devices

CSA 803A User Manual
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Symbols on Equipment

% @ A

DANGER Protective ATTENTION
High Voltage ground (earth) Refer to
terminal manual

Power Source

This product is intended to operate from a power source that will not apply
more than 250 Vs between the supply conductors or between either
supply conductor and ground.

Grounding the CSA 803A

The CSA B03A is grounded through the power cord. To avoid electric shock,
piug 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 terminais of the CSA 803A.

Without the protective ground, all parts of the CSA 803A are shock hazards.
This includes knobs and controls that may appear to be insulaiors.

Use the Proper Fuse

Using an improper fuse can create a fire hazard. Always use fuses that
exactly meet the specifications in the CSA 8O3A paris list. Match fuse type,
voltage rating, and current rating.

Do Not Operate in Explosive Atmospheres

The CSA 803A provides no explosion protection from static discharges or
arcing components. Do not operate the CSA 803A in an atmosphere of
explosive gases.

Do Not Remove Covers or Panels

To avoid personal injury, do not operate the CSA 803A without the panels or

cQvers.

Operating the CSA 803A without the covers in place may cause
overheating and damage.

Getting Started
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Electrical
Connections

SMA-Compatible and Other Precision Connectors

You must attach cables to SMA-compatible and other precision connectors
carefully to prevent damage to the cable or the instrument connecior.

Do not over-tighten SMA-compatible connectors.

When attaching a cable to or removing a cable from an SMA-compatible
connector, do not turn the cable, turn only the nut. Align the two connectors
carefully and engage the connector nut over the exposed threads on the
other connector. Use only finger pressure to make this inftial connection.
Then use a torgue wrench only to tighten the connection to the range of
7—10 lb-in (79—112 N-cm).

There are two types of SMA-compatible connectors on the CSA 803A;

®  Standard SMA connectors with plastic insulating material between the
center lead and the outer shield. An example is the INTERNAL CLOCK
output connector on the front panel.

= High-precision APC 3.5 connectors, which have air insulation between
the center lead and outer shield. Examples include the input connectors
on some of the sampling heads.

The APC 3.5 connectors are of closer mechanical tolerance than the stan-
dard SMA connector. Attaching a worn or damaged SMA cable to an APC
3.5 connector may damage the APC 3.5 connector.

Higher bandwidth sampling heads may use other connectors that are not
SMA-compatible. Consult your sampling head manual for more information.

Electrostatic Discharge

j cumon 1 ®

Applying a voltage outside the range printed on the sampling head
can resuft in damage. Static electricity is also a hazard.

The input diodes used in the sampling heads are very susceptible to dam-
age from overdrive signal or DC voltages, and from electrostatic discharge.
Never apply a voltage outside the range printed on the front of the sampling
hiead. Operate the CSA 803A only in a static-controlled environment,

CSA B03A User Manual
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Connect the wrist strap provided with the CSA 803A to the ANTISTATIC
CONNECTION, as shown in Figure 1-1.

Front Panel

Never install or remove a sampling head with the CSA 803A power
on.

The front panel has two compartments for sampling heads. At least one
sampling head must be instalied in a CSA 803A configuration to allow the
CSA 803A fo sample signals.

Two additional compariments, labeled AUXILIARY POWER ONLY, provide
power for non-acquisition heads, such as a trigger countdown or optical-
electrical converter. These compartments cannot be used to acquire signals.

The TRIGGER INPUTS, the INTERNAL CLOCK output, and the CALIBRA-
FTOR output connector are located below the sampling heads. The tutorial
procedures in this manual describe the use of these connectors. See Fig-
ure 1-1.

Power-only Sampling Head
Compartmenis Compariments

O Ol

External
Trigger Inpuis n

Antistatic Internal Clock Calibrator
Connection Cutput Quiput

Figure 1-1: Front Panel Connectors

1-6
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Rear Panel

The POWER plug provides AC power to the CSA 803A. The plugis an
{EC-style connector; the separate power cord supplied with the CSA 803A
should match the physical configuration of electrical outlets in your country.

Set the LINE VOLTAGE SELECTOR swifch before connecting the
CSA 803A to power.

Betore connecting the power cord between your electrical cutlet and the
CSA BO3A POWER plug, make sure that the adjacent LINE VOLTAGE
SELECTOR swiich is set to match the voltage range of the electrical system
of your country. The main fuse is near these controls, as is the PRINCIPAL
POWER SWITCH. See Figure 1-2.

Principal Line Voltage
Power Swiltch Selecior Fuse

Power Cord —mi€}
Connector

Figure 1-2: Rear Panel Power Connectors and Switches

The PRINTER connector provides a Centronics-style interface, so you can
connect a printer to the CSA 803A. This lets you make a paper copy of the
display by pressing the HARDCOPY button on the front panel.

The RS-232-C (DCE) connector lets you connect a computer, terminal, or
modem to the CSA 803A. The GPIB section similarly has an IEEE STD 488
PORT connector. Both of these connectors let you make the CSA 803A part
of an automated test and measurement system. Hardcopy information can
also be routed through either the RS-232-C or the IEEE STD 488 PORT
connector. See Figure 1-3.

CSA 803A User Manual

1-7



introduction

GPIB
RS-232.C (IEEE-488)

000

i v
% I Printer

!
il
[

Figure 1-3; Rear Panel Printer and Data Connectors

1-8 Getting Started



Introduction

Installation Follow this sequence when you install the CSA 803A:

] 1 O
Step 1: 1 , Step 2

Set the PRINCIPAL Set the front-pansel
POWER SWITCH to ON/STANDBY

OFF ﬂ ﬂ ” switech to STANDBY,

O

O]

Step 3: Step 4
Set the LINE VOLTAGE Instalt sampling
SELECTOR to the heads in the
proper range for your front-panel
systermn, compartments.

L] [

Step 5: Step 6:
Connect the power Set the PRINCIPAL
cord from the A POWER SWITCH to
POWER connector ON
o your power
systerm.

]
Step 7: . ..—B ‘

Set the front-panet ON/

STANDBY switch to
ON,

=~ -~

Once the CSA 803A is installed, use the ON/STANDBY switch as a power
switch.

CSA 803A User Manual 1-9
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At a Glance

This part of the manuat presents general operating instructions and a road-
map of the menu system. All menus are shown in this section. Once you
find a menu of interest, you will be directed o the page in the Reference
section that discusses that feature. The Operating Basics section provides
several examples on using the instrument. Complete reterence information
is contained in the Reference section.

Front Panel and Sampling Heads

The major menu buttons let

you select which of the
major menus appears af
the bottom of the display.
See page 1-16.

The display shows the -
fraces and the menus,
which you touch to
activate.

See page 1-13.

The Touch Panel On/Off

button lets you turn off / 1
the touch panel so that —
you can point to the = P
display without ~

inadvertently making
menu selections.

Ot s

A,

Antistafic
Connecior

The ACQUISITION button stops and starts trace
acquisition — see page 3-3. The AUTOSET bution
quickly sets the instrument parameters for a trace
display - see page 3-9. The HARDCOPY button
prinis & copy of the display — see page 3-89. The
SEQUENCE SETTINGS bution leis you cycie
through pre-set instrument seftings — see

page 3-179.
Use the ON/STANDBY switch as the
power swiich once the instrument is
instalied. See page 3-159.

These sampling head compartments
are “power only.” They are for use
with sampling heads like the SD-51,
$D-42, and SD-46. See page 3-169.

You install sampling heads in the
sampling head compartments.
See page 3-169.

The CALIBRATOR output provides a
known signal for calibralion.

See page 3-19. The INTERNAL CLOCK
QUTPUT is a frigger signal

Internal

Clock OQuiput

The iwo knobs control many
functions of the instrument,
You set the knobs to control
specific functions when you
make menu selections or
touch icons. Using the knobs
is described on page 1-15.

and PRESCALE, DIRECT is
DC-coupled with a bandwidth of
3.0 GHz. PRESCALE is an
AC-coupled, digital prescaler which
exiends the trigger bandwidth to
10 GHz. See page 3-214.

synchronized with the CALIBRATOR.

There are two irigger inpuis, DIRECT See page 3-19.

CSA 803A User Manual
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Rear Panel

Power line conirols include
the LINE VOLTAGE
SELECTOR SWITCH, the
fuse, the power connector,
and the PRINCIPAL POWER
SWITCH. See page 3-159.

The RS-232-C connector allows a
remote computer to controf the

instrument through a serial interface.

it can also be used to drive serial
output devices. See page 3-165.

—

i

o
-3
[-]

The GPIB connector allows a
remote computer to control the
instrument through an IEEE Sid 488
parallel interface. It can also be
used to drive compatible plotters.
Three lights show the status of the
parallel bus, See page 3-79.

The PRINTER connector leis
you aftach several kinds of
printers using a Centronics
interface. See page 3-89.

1-12
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Display and Touch Panel

At a Glance

The display shows the output of the instrument, such as traces and meas-
urement information. The display is combined with the touch panel to pro-
vide a touch menu system. Touch the selectors that are displayed in the
various menus to execute those items. Each menu selector has a shaded
top portion that names the selector and a lower portion that shows the
current status ot the parameter that the selector controls.

= F R EmY

LT A -
S b

- _
By :
e e Selected trace (highlighted)
i ' . and unselected lrace. Axis
U OO labels and readouts apply fo

the selected trace. Traces can
be selected by touching them.
See page 3-208.

GRIRSR

LRIB Faramsters

Taikl

A pop-up menu provides a
temporary dialog to lef you sef
specific paramelers. This is the
GPIB/R5232C pop-up menu, which
is accessed by touching the
GPIB/RS232C selector in the
Uiility T major menu.

Several different major menus are avallable. You
display and use the major menus by pressing the
major menu buttons. This is the Utillty1 mafor
menu. Touch the GPIB/RS232C selector to
display that pop-up menu, See page 1-16 fora
description of the various major menus.

N AN |

The Knob Menu always shows the parameters
the knobs are currently assigned {o conirol (fop
two selectors). You can also use the knob menu
to remove traces from the dispiay. You can touch
the knob labels to see the Keypad Menu, which
fels you enier a numeric value for any
knob-conirolied parameter. See page 1-15.

CSA 803A User Manual
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lcons

> Touch the horizontal icon to
assign the knobs to adjust the
trace horizonial size and
position. See page 3-107.

bpriis -—— Def Tra

Touch the Define Trace jcon
o display a pop-up menu
that lets you define a new
trace to be displayed.

See page 3-203.

Wil ERTiag

FFTmag

Touch this icon to display the
magnitude of the frequency
spectrum of the selected trace.
This icon is then replaced by
FFTpha. See page 3-65.

Window

Touch the window icon to
creafe a new trace that
represents an enlarged portion
of another trace.

See page 3-223.

it
i
Lrigd

e

Cursors

Touch the ctirsors icon {o
display bar or dot cursors for
measurements of trace
values. See page 3-28.

» Touch the trigger icon to assign Touch the vertical icon to .
the knobs to adjust the trigger b aeain the fovobe to adst ioons are always available,
fevel. If the instrument is not the trace veriical size and g hat is displ } d
triggered, !not! appears above position. See page 3-219. menu that is displayed.
the word trig'd.

See page 3-213.
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Knobs, Knob Menu, and Keypad Menu

At a Glance

If you touch the wrong knob label
by aceident, the top two selectors
el you choose the other knob
parameter for Keypad Menu
manipuiation.

You can use the Keypad Menu to
enter a numeric value for your
parameter instead of turning the
knob until the parameter is set. Touch
number selectors as if you were
typing the number, and end your <
eniry by touching the Enter seilector.
CHS changes the sign of your
number, Back Space lets you correct
errors. The p (pico), n (nano),

U {micro), and m (milli) sefectors let
you scale your number.

Main

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

The Set o Min and
i Sel to Max selectors
/ let you quickly set a
parameler to either
: extreme of iis range of
adfustment.

The knob labels always show the knob
assignments, the paramelers that the knobs
will control. The bottom half of each knob
label shows the current value of the
parameter. When you turn a knob, you will
see the current value change, and you will

Touch either knob label fo display the
Keypad Menu for that parameter.

\/’,,/\

see the change on the display and on any
displayed menus that show the parameler.
Any time knob labels change they will

Muin

PN

change color. When you turn a knob, the

labels return to normal,

(\ / /
This selector lels you remove a trace from the
display. Firsi select {highlight} the trace you

wani removed by touching it, then touch this

selector. A pop-up menu will ask you to select
remove or clear. See page 3-270.

\

The Pan/Zoom selector lels you expand any part
of & trace using horizontal magnification. See
page 3-109. When the knobs are assigned to
vertical size and offsel, this selector may change
to provide more vertical conirol, See page 3-279.

CSA 803A User Manual
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At a Glance

Major Menu Buttons

The Waveform major menu controls trace

definition, acquisition, and the sampling
heads. See page 1-18.

An alternate form of the Waveform major
menu, the Trace Status menu, can be
displayed using the More... seleclor in the
Waveform major menu. See page 1-18.

- v ENUS i

WAVEFORM £

The Trigger major menu conirols
triggering. See page 1-20.

TRIGGER

MEABURE ¢

DISPLAY
MODES

The Measure major menu conirols the
automatic measurement system.
See page 1-21.

STORE/
BECALL

umLITY D

The Dispiay Modes major menu conirois
display persistence, histograms and
mask testing. See page 1-22.

Lontinuous

The Store/Recali major menu controls
storage and recall of trace dala and
instrument seltings, See page 1-23.
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F MENUS“

WAVEFORM D
TRIGAER D
wessuee [
DISPLAY
WMODES

STORE/S
REGALL

UTILITY

At a Glance

The Ulility1 major menu controls
general instrument parameters
such as display colors, GPIB

and RS-232-C settings, and
hardcopy parameters.
See page 1-25.

The Enhanced Accuracy menu
confrols the calibration system.
See page 1-27.

The Utility2 major menu
provides access to the
diagnostic system.

See page 1-29.

The Cursors major menu controls the
cursors, markers that you position on
your trace to make measurements.
Use the Cursors icon to dispiay the
Cursors major menu. See page 3-29.

CSA 803A User Manual
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At a Glance

Waveform Major Menu

Hainframe Lhannels

¥

This pop-up menu lets you modify the trace

expression of the selected trace. See page 3-209.

P ENUS Iy

WAVEFORM

TRIGGER

MEASURE

§ oseay
MODES

STORE/
RECALL

UTLTyY

oo

The More... selector displays the alternate
Trace Status major menu. This displays the
status of all traces on the display.

See page 3-208.

Sampling Head

Furctions

Crannel -- MI

Sampling head controls. See page 3-169.

This pop-up menu controls the positior
of window fraces. See page 3-225.

1-18
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At a Glance

Hortzenzal Descoription

Aoguiring Timebase:
ain Smamole Intervel:
: ple Interval:

)

bRl

Horizontsi

Record length controls.
See page 3-163.

(B Horizontal reference point

controls. See page 3-111.

/ WY Digplay Pods:

XY trace

controls. <
See page

3-229,

Aoguire D

Aeguisition On

-
W

MENUS“

WAVEFORM

MEASURE

DISELAY
MODES

STORE/
RECALL

UTIATY

oy

\_v_/ AN /

V4
Averaging and  Acquisition control,
See page 3-3.

enveloping.
See page 3-13.

cule

Gratictle and axis unit
controis. See page 3-83.

CSA 803A User Manual
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At a Glance

Trigger Major Menu

Seleci the trigger source using this pop-up menu. See page 3-213.

Trigger Source

Touch this selector to
Touch this selecior to assign enable/disable high
the knobs o control trigger frequency holdoff.
fevel. See page 3-213. See page 3-213.
F MENUS S
WAVEFORM /

TRIGGER

Tringer Holdoff

ternai By

MEASURE

DIsPLaY

Boprie +

UUOUED

MOBRES
STORE/
RECALL
YrATY Select Normal or Auto Touch this selecior to
Trigger with this seleclor, enable enhanced
See page 3-213. triggering. See page 3-213.

Touch this selector to change the
trigger slope. See page 3-213,

Set trigger holdoff
parameters using this
pop-up menu,

See page 3-213,
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At a Glance

Measure Major Menu

Meagursme

Use this pop-up menu to specify
which measurements you wani {o
take. As you select measurements,
the readouls appear immediately in
the unused selectors of the major
menu. See page 3-141.

3

Bmplitude Timing Hreabneroy

Touch a measurement readout to

display & pop-up menu that lels you
conirol the way the measurement is
faken. See page 3-149.

Min

TRIGGER

MEASURE

]
]
w1 \ ~ /
]
1

\ Compare and Hederancs ¥

STORE}

gronE/ These six selectors are reserved for the readouts of

measurements that you select, This sample menu
shows that the measurement system is set up to take
six measurements on the selected trace.
See page 3-137.

UTILITY

Use this pop-tup menu to make your
measurement relative lo a
reference value. See page 3-147,
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At a Glance

Display Modes Major Menu

This menu enables you fo select

several kinds of display persistence . i

and to control the histogram display. Use this menu ic generate or edit masks
See page 3-43. used in mask testing. See page 3-119.

Fereisteonce-Histograns : ; Haslh Testing

FMENUS—

WAVEFORM

TRIGGER

]
-
MEASURE D
L]
]

[HSPLAY
MODES

STORES
RECALL

EUH O AT Standards

UTILITY

Eiectrical

Shendards

This menu show the density values of the
color graded display. See page 3-45.

Use this menu to select predefined telecommunication
masks for mask testing See page 3-118.
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At a Glance

Store/Recall Major Menu

These pop-up menus let you store and recall
displayed traces. See page 3-181.

Recsil Stored Trace

FMENusn

WAVEFORM
TRIGGER

MEASURE

DISPLAY
MODES

STORE/S
REGALL

urhaTy

[
]
L]
3
]

This selector activales or disables the
SEQUENCE SETTINGS button on the
front panel. You can use that buifton to
change from one instrument setting to
the next. See page 3-179.

Menu Hisplaged with Stored Setting

This pop-tip menu lets you store an instrument sefting. See page 3-176.
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At a Glance

Delete stored traces using this pop-up
menu. See page 3-184,

Deglete Trace

Clear dispiayed ifraces using this
pop-up menu. See page 3-5.

E Clenr (rege

FMENUS-

WAVEFORM

TRIGGER

[
]
]
]

SPLAY
MODES

STORE/
RECALL

UTHITY

These pop-up menus let you recail or
delete seHlings. See page 3-177.

Frant Fanel =etting (FFR]
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At a Glance

Utility1 Major Menu

This pop-up menu shows instrument and sampling head Tuctem ldentification
identification and firmware version numbers. o
See page 3-187. AL e *

Use this pop-up menu o sef GPIB and RS-232-C paramelers.
See page 3-80 for GPIB and page 3-166 for RS-232-C.

GRiEs

Mot
Masks

hman

foed !

LT SCH

Lameling

W M ENUS Iy

WAVEFORM

TRIGGER
MEASURE
DISPLAY
MODES

STORE/
RECALL

]
[
]
L]
]

UTILITY

{ - Use this selector to initialize
the instrument to a known
state. See page 3-113.

Use this pop-up menu to
iabel traces and seltings.
See page 3-115.
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At a Glance

aue

Lalor 3

FMENUS‘

WAYEFORM
TRIGGER
MEASURE

DISPLAY
MODES

STORES
RECALL

]
]
]
-
L]

UTiITY

Touch this selector to turn the
audible beep on or off.
See page 3-7.

Use this pop-up menu to set Hardcopy

parameters. See page 3-91.

Printer Color Map

This pop-up menu
enables you lo setf the
colors of various
elements of the display.
See page 3-21.

——— Use this selector to
; access the Enhanced

Accuracy major mend.
See page 1-27.

iment dptions

Optian

)

Futmaet

o

Autoset conirols are

described on page 3-9.

Turn on or off vectored

Touch this selecior to assign
the knobs to control display
brighiness. See page 3-41.

These seleciors conlrol FFT —
windowing and scaling

paramelers. See page 3-65.

Use these conirols to
set the instrument
clock. See page 3-201.

traces with this selector.
See page 3-217.

Conirof trace scaling, a
property of traces, with this
sefector. See page 3-212,

Select shifted or centered

. HE
] Dntias
Fowerups:

55 Z

filter mode. See page D-6.

Touch this selector to turn
on or off time and date
stamps for stored traces.
See page 3-181.
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At a Glance

Enhanced Accuracy Major Menu

Calibrate blowby compensation of the sampling heads that use
this calibration. See page 3-49. Calibrate gain of sampling heads. See page 3-49.

Hiowby Tompenzation calibraotion
Channel —— ¥1
FMENUS-
WAYEFORM

TRIGGER

MEASURE

DISPLAY
MODES

STORE/
RECALL

[
]
]
]
J

UTHLITY

This pop-tup menu controls the
automatic self-calibration system.
This pop-up menu provides assistance in making afl See page 3-49.

calibrations of a sampling head quickly. See page 3-49,
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At a Glance

Use this pop-up meny to compensate for minor timing

Catibrate offset of sampling heads. See page 3-48. variations between sampling heads, See page 3-49.
i Catlimration i Oplau Bdjusiment A ‘
Selected Thannel -~ B Ffaet Myll Selected Channe) -— M !

P £ NUS Sy

WAVEFORM

TRIGGER

MEASURE

DISBLAY
MCDES

STCRE!
RECALL

]
]
]
[
]

UTILITY

Use this selector to access
the Wtility2 major menu,
See page 1-29.

TOE Hmplitude (alibration

Channel -- Bl

Calibrate the TDR amplitude of those
sampling heads that support TDR,
See page 3-49.
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Utility2 Major Menu

~M%NU$“

WAVEFORM
TRIGGER
MEASURE

e

STORE/S
RECALL

]
[
]
[
]

UTILITY

Use this selector to initiale a
seli-iest and verify that the
instrument is operating
properly. See page 3-38.

At a Glance

Use this selector to enter the
extended diagnostics system.
See page 3-38.

dar ity Tia

IS AT
Moy i

Use this selecior to return lo
the Utility1 major menu.

See page 1-25.
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Overview

This section presents ten examples that #ustrate how to use the

C8A 803A Communications Signal Analyzer. Examples 1 through 4 describe
how to define and display single and multiple traces and how to perform
signal processing.

Examples 5 through 7 describe how to take automated measurements, how
to use measurement annotations to controt the measured portion of the
trace, how to select from the three types of measurements (software, statis-
cal or hardware), and how to use a reference trace for comparison measure-
ments.

Exampies 8 through 10 discuss advanced features of your CSA 803A Com-
munications Signal Analyzer that are beyond the standard set of oscillo-
scope features. These examples cover using a stored trace as a reference,
taking histograms of displayed trace data, and taking Time Domain Reflecto-
metry (TDR) measurements.

®  Example 1: Displaying a Trace

»  Example 2: Managing Multiple Traces

m Example 3: Defining ComplexTraces

s Example 4: Using Signal Processing

m Example 5: Taking Automated Measurements

n  Example 6: Taking Delay Measurements

n Example 7: Taking Comparison Measurements Using a Reference Trace
n  Example 8 Comparing Traces to Stored Traces

m  Exampie 9: Creating a Histogram Dispiay

m  Exampie 10: Taking TDR Measurements

Each example demonstraies features and capabilities of the instrument. The
Reference section later in this manual also provides detailed information
about instrument capabilities.
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Example 1:
Displaying a Trace

This example shows how quickly you can display a meaningful trace on the
dispiay. You will also become familiar with the basic front-panel controls,

For this example you will need a CSA 803A with at least one sampling head
installed, one SMA connecting cable, and a static protection wrist strap.

M ajor Menu Buttons You wili begin by initializing the CSA 803A to its default settings. Each exam-
ple in this manual begins with this step.

Read the Operator Overview section for information on installing
your CSA 803A.

To the right of the display is a column of six buttons grouped under the title
MENUS. Each button has an indicator light that shows which button was
pressed last. Associated with each button is a maior menu at the bottom of

the display.
p MENUS q You may wish to press different major menu buttons and observe the
changes on the display. Each major menu presents a group of controls that
WAVEFORM are related to each other.
= WAVEFORM conirols trace definition, sampling head control and acgui-
TRIGGER sition controd.
n  TRIGGER controls friggering.
MEASURE
®  MEASURE controls the automatic measurement system.
ﬂ%%%g »  DISPLAY MODES controls histograms, mask testing and editing, and
other disnlay features.
STORE/
RECALL = STORE/RECALL controls storage and recall of trace data and
CSA BO3A settings.
UTIITY
%  UTILITY controls general CSA 803A parameters such as display colors,
o o

GPIB and RS-232-C settings, and the ciock. You can access the en-
hanced accuracy system, which performs internal calibrations of the
CSA 803A and installed sampling heads, through the Uiility major me-
nus.
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Example 1: Displaying a Trace

The Waveform major menu has two pages and the Utility major menu has
three pages. Press the appropriate menu button to display the first page of
the major menu. Press the same button a second time to display the second
page of the menu.

Initialize the CSA 803A to default settings using the Initialize selector, which
appears in the Utility1 major menu.

[] step 1: Press the major menu UTILITY button, located in the MENUS
column. If you see a different major menu than that shown on the oppo-
site page, press the UTILITY button again to change the page.

This illuminates the UTILITY buttorn’s ght and displays the UtilityT major
menu, as shown in Figure 2-1.

Utllity1 Major Menu

Figure 2-1: Utilityl Major Menu

2-4
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Example 1: Displaying a Trace

The Touch Panel

You make selections from menus by touching the appropriate area. Until you
remove your finger from the display, the CSA 803A indicates your potential
selection by outlining that selector. You can change your potential selection
by dragging your finger to the desired selector before withdrawing it.

NOTE

The CSA 803A does not perform any operation until you remove
your finger from the display.

Menu Selectors

The Utility1 major menu has eight selectors in ruled boxes. The top half of
each setector shows the name of the selector with a shaded background,
while the bottom displays the current status on a black background.

Figure 2-2: Initialize Selector in Utility1 Major Menu

Selectors can be normal brightness, like the ones you see in the Utility1
major menu. A selector appears very dim if it cannot be selected in the
current state, Bright appearance indicates a selector is already selected or
being used.

The Initialize selector operates when you touch it and withdraw your finger.

NOTE

Be sure that the light beside the TOUCH PANEL button says ON.
This button is below the major menu buttons.

[] Step 2: Touch the Initialize selector in the major menu area {(see Fig-
ure 2-2. Then touch the Initialize selector that is displayed in the pop-up
menu.

This sequence, pressing the UTILITY button and then touching the Initialize
selector, will always set the CSA 803A to a defaulk state.

[[] step 3: Puton the wrist strap and ensure that it is connected to the
antistatic connector on the front panel of the CSA 803A.

CSA 803A User Manual



Example 1: Displaying a Trace

Connecting Cables To view the calibrator signal, you must connect a cable from the CALIBRA-
TOR output to any sampling head input connector.

[] step 4: Connect an SMA cable from the CALIBRATOR output to either
input connector of any installed sampling head (see Figures 2-3 and

2-4).

Read the Operator Overview section for information about SMA-
compatible connectors.

OO Ll

Figure 2-3: Cable from the CALIBRATOR Outputto a
Sampling Head Input

Beside each sampling head input is a small SELECT CHANNEL buiton.
Pressing it is a quick way to display that channel. The resuliing yeliow fight
near the button tells you that the channel is being displayed.
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Example 1: Displaying a Trace

APC 3.5
Input
Conneclors

S5D-24
TOR/SAMPLING

HEAD
Figure 2-4: Sampling Head Control Panel (8D-24 shown)

|:| Step 5: Press the SELECT CHANNEL button nearest the samphng
head input you have connected to the calibrator.

The yellow ight on the sampling head blinks, indicating that the channel is
being displayed.

You don'’t see a trace on the display because the frace is not triggered. The
trigger icon ( T} at the left of the graticule shows !not! above it meaning the
CSA B03A is not triggered. This icon always shows you the trigger status.

The CSA 803A has an internal clock, which is synchronized with the calibra-
tor output. You will use this clock to trigger the trace. To set triggering, you
need to use the Trigger major menu.

(] step 6: Press the TRIGGER major menu button in the MENUS column.

This displays the Trigger major menu. The Source selector indicates that the
current trigger source is the External Direct. You need to change the source
to internal Clock.

CSA 803A User Manual
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Example 1: Displaying a Trace

Pop-Up Menus

Touching the Source selector demonstrates a common operation of selec-
tors: they display pop-up menus. These menus are a iemporary dialog with
you; they cover a portion of the graticule. Most pop-up menus disappear
automatically when you make a seiection. Most pop-up menus also provide
an Exit or Cancel selector so you can remove them.

If you inadvertently display a pop-up menu and wish to remove it, you can
also remove it by touching the selector that displayed the pop-up menu.
This selector is highlighted during the time that the pop-up menu is dis-
played. Or, you can touch a part of the graticule that has no traces on it.

[T] step 7: Touch the Source selector in the major menu,

The Trigger Source pop-up menu appears and the Source selector itself is
highlighted (see Figure 2-5).

Trigoer Sourcs

Figure 2-5: The Trigger Major Menu and Source Pop-Up Menu

Now that the Source pop-up menu is displayed, you can specify the internal
clock trigger source:

|:| Step 8: Touch the Internal Clock selector in the pop-up menu.

This selects Internal Clock as the trigger source. Notice that the Source
selector in the major menu now indicates Internal Clock.

[[] step 9: Touch Exit to remove the pop-up menu.
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Example 1: Displaying a Trace

Autoset You now see a flat trace on the display. Howevey, it does not show the
“interesting” part of the trace. To quickly show the desired data, use the
autoset feature. The AUTOSET button, located above the sampling heads
just to the right of the major menu buttons {see Figure 2-6), automatically
sets the horizontal, vertical, and trigger parameters 1o display the desired
portion of the trace.

The
AUTOSET
Bution

ACQUISITION SEGUENCE -
HARDCOSY  SETTNG O o

AuN
[ l CIIEJ - e

Figure 2-6: AUTOSET Button Location

[] step 10: Press the AUTOSET button above the sampling heads.

You will see several cycles of the calibrator signal on the display.

CSA 803A User Manual 29



Example 1: Displaying a Trace

Autoset Options You have used autoset 1o show several complete cycles of the calibrator
signal. The Instrument Options pop-up menu of the Utility1 major menu
controls autoset operation {see Figure 2-7).

Tnetrument Options

futoset Opticns

P ficouracy

Figure 2-7: The Instrument Options Pop-Up Menu

[[] step 11: Press the UTILITY major menu button in the MENUS column
and touch the Instrument Options selector in the major menu. (If you
see a different major menu than the Utility1 menu, press the UTILITY
button again.)

The Instrument Options pop-up menu controls autoset with the following
groups of seleciors:

»  Under Autoset Options you can turn on or off Vertical Autoset, Hori-
zontal Autoset and Trigger Autoset, which determine whether perform-
ing an autoset will alter those types of parameters. If you want to set all
three parameters to On, use the Enable All selector.

® Under Autoset Mode you can select Period Mode or Edge Mode.
Period mode is the initialized default and displays several cycies of a
frace. Edge mode displays a single rising edge of the trace.
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You want to display a single rising edge of the calibrator signal.

Example 1: Displaying a Trace

The Stan Mask Autoset and Stan Mask Offset Adj] selectors are used
in performing autoset to the selected standard mask, during mask
testing. Standard mask autoset is discussed in the Mask Testing section,

beginning on page 3-119.

The Undo Last Autoset selector restores the CSA 803A to the settings
that existed before you pressed the AUTOSET bution.

|:| Step 12: Touch the Autoset Mode selector in the pop-up menu {to set
autoset 1o edge mode) and press the AUTOSET button above the
sampling heads.

A display should appear similar to the illustration in Figure 2-8.

Shny

R

trig

et T T LUt e o R e

et
e

S BT i

Tk

Figure 2-8: The Calibrator Signal After Pressing AUTOSET in

Edge Mode
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Example 1: Displaying a Trace

The Knobs

There are two control knobs to the right of the display and below the major
menu buttons. They adjust different things at different fimes. You can always
lock at the Knob menu to see what the knobs will adjust. This is called the
current knob assignment. The Knob menu appears on the display to the
right of the major menu {see Figure 2-9).

The top two selectors of the Knob menu are haif-height and aiways show the
current knob assignment. At present they show that the top knob controls
the Main Size {time per division) parameter, and the bottom knob Main Pos
{main time base position). The bottom half of each selector shows the
current vaiue of that parameter,

N T

PN

Main

[ —

Figure 2-9: The Knobs and the Knob Menu

Selectors may perform specific tasks, or assign the knobs, or do both. Each
knob assignment remains in effect until you change it with another seiector
or a major menu button. Each major menu button “remembers” its current
knob assignment, meaning that if you change from one major menu o
another, and then return to the previous major menu, the knob assignments
witl be the assignments that were in effect when the major menu was active
last.,

NOTE

Always glance at the krniob labels before using the knobs.

When you turn the knobs, you will feel clicks instead of smooth motion,
Each click represents a minimum change; the CSA 803A “counts clicks” to
measure knob motion. Depending on the value the knobs are assigned to,
each click changes the value by some linear increment, a multiplicative
factor, or the next number in a 1-2-5 sequence.
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Example 1: Displaying a Trace

D Step 13: Turn each knob left and right, observing the trace changes.
When you are done, restore the trace to its original appearance by
turning the knobs or by pressing the AUTOSET button above the sam-
pling heads.

lcons

To control the vertical size and offset of a trace, you need to reassign the
knobs. You will use an icon to do this.

Above and to the lefi of the graticule are severai icons as shown in Figure
2-10. These icons are always available on the dispiay regardiess of which
major menu is being shown. The trigger icon { 7 ), the vertical icon (§), and
the horizontal icon { == ) assign the knobs. Since the current knob assign-
ment is horizontal (main) size and position, the horizontal icon (<) is
highlighted.

NOTE

The trigger icon is presently unselectable because you cannot
adjust the internal trigger level.

Touching the vertical icon (§) changes the knob assignments, as shown in
the Knob menu fabels. Turning the knobs shows that the vertical characteris-
tics of the trace are altered.

D Step 14: Touch the } icon and turn each knob left and right. Observe
the changes in the trace.

CSA B0O3A User Manual
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Window Magnitude Define Trace
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Example 1: Displaying a Trace
Hortizontal Cursors
L
. - ‘;9(
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Vertical ——#= A ;
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Figure 2-10: Icons
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Example 1: Displaying a Trace

Keypad Pop-Up
Menu and Knob
Resolution

The knobs can be adjusted to finer or coarser resolution with the Keypad
pop-up menu. This menu also allows numeric entry of a parameter assigned
to a knob. The Keypad pop-up menu is displayed by touching either knob
iabel selector in the Knob menu {see Figure 2-11}.

-] Step 15: Touch the Vert Offset: M1 knob label selector. (if you con-
nected your signal to a different channel, you may see a different chan-
nel number.)

The two selectors across the top of the Keypad pop-up menu allow you to
change the knob parameter.

The Knob Res section has selectors for Coarse, Medium, and Fine resolu-
tion. Vertical offset does not support medium resotution, so that selector is
dimmed. The other two selectors show the knob click increment: coarse will
set the knob 10 add or subtract 5 mV for each knob click, while fine sets the
knob increment to 500 V. The Coarse selector is highlighted to show that it
is the current selection.

[:} Step 16: Touch the Fine selector in the pop-up menu, and turn the
bottom knob.

Observe that the trace movement is now finer than it was before.
The Keypad pop-up menu can also set a parameter to its minimum or

maximum, using the Set to Min or Set to Max seleciors.

NOTE

Look at the Set to Min and Set to Max selectors to see the valid
range of any parameter.

[[] Step 17: Touch the Vert Size: M1 knob label. Then touch the
Set to Max selector in the Keypad pop-up menu.

Vertical size is now the maximum volts per division, producing the smallest
height frace possible.

You can directly enter any value you wish using the Keypad pop-up menu.

[:I Step 18: Touch the Vert Size: M1 knob label. Then touch the following
selectors: 5 0 m. Notice the entry line being formed above the Numeric
Entry label in the pop-up menu. Use Back Space to remove incorrect
entries. Touch Enter to complete entry.

Vertical size is now set to 50 mV per division.

CSA 803A User Manual
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Figure 2-11: The Knob Menu and Keypad Pop-Up Menu
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Example 1: Displaying a Trace

Major Menu Knob
Assignments

Each major menu assigns the knobs to different parameters. Whenever you
select a major menu, the knob assignments will be the assignments that
were in effect when that major menu was active last.

For example, you have the Trigger major menu selected. The current knob
assignments are Vert Size: M1 and Vert Offset: M1 (you may be using a
different channel number). '

NOTE

Major menu buttons perform knob assignments.

[:] Step 19: Press the WAVEFORM major menu button in the MENUS
column.

The knob assignment changes to Main Size and Main Pos, because that
was the last assignment made using the Waveform major menu.

CSA 803A User Manual
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Example 2:
Managing Multiple Traces

This example demonstrates multiple traces and graticules on the display. it
also shows how to select and manage multiple fraces.

For this example you will need a CSA 803A with at least one sampling head
installed, two SMA cables, and a static protection wrist strap.

D Step 1: Press the UTILITY major menu button in the MENUS column,
touch the Initialize selector in the major menu, and touch Initialize in
the pop-up menu,

[T] step 2: Put on the wrist strap and ensure that it is connected to the
antistatic connector on the front panel of the CSA 803A.

[:I Step 3: Connect the CALIBRATOR ouiput to any sampling head input.

7] step 4: Connect the INTERNAL CLOCK output to any available sam-
pling head input.

OO Llue,

Figure 2-12: Connections for Example 2

Display the trace coming from the calibrator.

[[] step 5: Press the SELECT CHANNEL button of the channel you have
the CALIBRATOR output connected to.

You will need to set the trigger source to Internal in order to display the
calibrator signal.

D Step 6: Press the TRIGGER button to display the Trigger major menu.

[[] step 7: Touch the Source selector in the major menu area, and select
Internal Clock in the Source pop-up menu. Select Exit {o remove the
pop-up menu.

CSA 803A User Manual
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Example 2: Managing Multiple Traces

[[] step 8: Press the AUTOSET button (above the sampling heads).

You should see several cycles of the calibrator signal on the display, as

shown in Figure 2-13.
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Figure 2-13: The Acquired Calibrator Signal
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Example 2: Managing Multiple Traces

Vectored Traces

The trace appears as individual dots on the display, so you cannot see the
rising and falling edges. For this example, you wili want {o change the trace

display so that the individual dots are connected.

[:] Step9: Press the UTILITY buiton to display the Utility1 major menu.

D Step 10: Select Instrument Options in the major menu area,

The Vectored Trace selector in the Instrument Options pop-up menu
controls whether the individual points of a trace will be connected on the
display. Right now, you see Off displayed in the status area of this selector.

[[] Step 11: Touch the Vectored Trace selector.

The selector now shows On as status.

D Step 12: Select Exit to remove the pop-up menu.

You should see a trace display as shown in Figure
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Figure 2-14: A Vectored Trace Display
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Example 2: Managing Multiple Traces

Adding Ancther Trace

Adding another trace to an existing display is easy: press the SELECT
CHANNEL button of the sampling head channe! you wish fo add.

I::] Step 13: Press the sampling head channel button of the signal from the

INTERNAL CLOCK output.

You should be aware of several important points about this display (see
Figure 2-15).

Both traces share the same time base, and so both traces display the
same span of time. The horizontal axis iabels apply to both traces. This
may not hold true for the vertical axis.

While the CSA 803A can dispiay up o 8 traces at once, there is aiways
one selected trace. The selected appears brighter than other traces.
Most menu selectors, the knobs, the status displays, and autoset all
operate on the selected trace. The CSA 803A can display four different
colors, so that when up 1o four fraces are displayed, each trace is dis-
played in a different color. If greater than four traces are dispiayed,
additional traces are displayed in the same colors used for the first four
traces.

The graticule axes and the axis labels are the same color as the selected
trace.

The channel lights on the sampling head are lighted to show that both
channels are being displayed. The light for the selected trace blinks.
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Figure 2-15: Graticule with Two Traces
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Example 2: Managing Multiple Traces

Selecting Traces by
Touch

To select a different trace simply touch the desired trace. An outline box
indicates your potential setection. If only one trace passes through that
outtined area when you withdraw your finger, it will become the selected
trace. If several traces pass through the outlined area, repeatedly touching
the same area will select successive traces.

[:] Step 14: Touch the traces to change selections. Try touching an area
with one trace, and an area where both appear together.

The Waveform major menu shows status of the selected trace (see Figure
2-16). The Vertical Desc selector shows the trace expression of the selected
trace.

[[] step 15: Press the WAVEFORM major menu button in the MENUS
column and observe (don't touch) the Vertical Desc selector.

If the selected trace displays mainframe channe! 1 then the Vertical Desc
selector will show M1. {Fast is a trace parameter that is described in
Example 3.) Channels can be combined in a single trace, for example
M1-+M3, as you will see in Example 3.

The Remove/Clr Trace n selector of the Knob menu also shows the expres-
sion of the selected trace. (It also indicates that the Main time base is used.)

frane

Lratusg Main i

Figure 2-16: The Waveform Major Menu with the Knob Menu

The number n in the Remove/Clr Trace n selector is the trace number
assigned by the CSA 803A when the trace is created. It should not be
confused with the trace expression. Trace numbers range from 1 through 8.
This selector always shows the number of the selected trace.

7] step 16: Select each trace by touch, and observe the Vertical Desc
and Remove/Clr Trace n selectors and the sampling head lights.
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Selecting Traces
Using the Trace
Status Menu

Another method of selecting traces presents information about all displayed
traces simulianeously. The Waveform major menu has an alternate “Trace
Status” menu as shown in Figure 2-17. The WAVEFORM button is lit when
either alternative is displayed. The More... selector of the standard Wave-
form major menu displays this alternate.

[:I Step 17: Touch the More... setector in the major menu to see the Trace
Status mernu.

Figure 2-17: The Trace Status Menu

The Trace Status menu has a Return to Single Trace selector to return you
o the normal Waveform major menu - or just press the WAVEFORM major
menu button.

The Trace Status menu presents one setector for each displayed trace.
These selectors show status information about the trace they represent. The
selector for the selected trace is highlighted. You can make any trace the
selected trace by touching its selector. This highlights the new trace and the
representative selector in the Trace Status Menu.

[_'] Step 18: Touch the trace selector that is not highlighted. Notice that it
becomes highlighted and that its frace is brightened on the graticule.

[] step 19: Return to the normal Waveform major menu, either by touch-
ing the Return to Single Trace selector in the major menu or by press-
ing the WAVEFORM major menu button in the MENUS column.
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Example 2: Managing Multiple Traces

Labeling Traces

Your can label traces 1o help you keep track of them. You can specify a label
of up to 10 characters for each frace, and you can have these labels dis-
played with the traces on the graticule. You can use letters of the alphabet
(upper or lower case), Greek symbols, graphic symbols or numbers in your
tabel. The trace label moves with the trace as the signal changes. You can
change the position of the tabel relative 1o the trace. Use the Labeling
pop-up mend in the Utility1 major menu to control labels (see Figure 2-18).

D Step 20: Press the UTILITY button to display the Utility1 major menu.
[(] step 21: Touch the Labeling selector in the Utility1 major menu.

The Display selector in the Labeling pop-up menu turns on or off the dis-
play of all frace labels. Display is currently turned off.

D Step 22: Touch the Display selector to turn display of trace labels on.

[[] step 23: I it is not already highlighted, touch the Displayed Traces
selector.

There is a selector for each displayed trace. Each selector shows a trace
number, the trace expression, and the time base for that trace.

[[] step 24: Touch the selector for Trace 1.

The lower portion of this pop-up menu displays selectors that et you type
the label. The selectors along the very botiom let you select the set of char-
acters from: Upper Case, Lower Case, Numbers {(which includes most
punctuation), Graphics {mathematical symbols and more), Greek (the
Greek alphabet), and Other {characters from non-English alphabets). Back
Space lets you correct errors. Exit removes the pop-up menu.

[] Step 25: Use the keyboard selectors to type in your own label, for
example CAL.

G Step 26: Touch the selector for Trace 2. Type in a label as you did for
the first trace. Finish by touching the Exit selector.

Once a label is established, it moves with the trace. You can control the
position of the label relative to the frace. The Position selector in the Label-
ing pop-up menu to assigns the knobs to set the position of the labet.

Trace labels will always stay on the graticule. If the position or the movement
of the trace would take a label off the display, the edge of the graticule limits
the movement of the label.

D Step 27: Touch the Labeling selector in the major menu area, and
fouch the Position selector in the pop-up menu.

D Step 28: Use the knobs to position the labels horizontally and verticatly.
To select the label to move, simply touch it as you wouid touch a trace to
select it.

Note that each jabel is the color of its associated trace. When you touch a
label, you select that trace,
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abeling
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Figure 2-18: The Labeling Pop-Up Menu
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Example 2: Managing Multiple Traces

Displaying Dual
Graticules

The Graticules selector can create a dual-graticule display (see Figure
2-20). You can place iraces on either graticule.

[7] step 29: Press the WAVEFORM button to display the Waveform major
menu.

[7] step 30: Touch the Graticules selector in the major menu, and touch
Create Second Graticule in the pop-up menu (see Figure 2-19).

The selected trace appears on the graticule with the horizontal { < } and
vertical ( }) icons; this is called the active graticule. If you select a trace on
the other graticule, it will make that graticule the active graticule.

[:l Step 31: Touch the Lower Graticule selector of the major menu (it was
Graticules). Touch Move Trace to Other Graticule, and ohserve the
selected trace move io the other graticule.

[:| Step 32: Touch the Upper Graticule selector of the major menu (it was
Lower Graticule). Touch Reduce to One Graticule.

Lratizules

¥olnite

Figure 2-19: The Graticules Pop-Up Menu
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Figure 2-20: A Dual-Graticule Display
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Example 2: Managing Multiple Traces

Removing Traces [[] step 33: Below the knob labels, touch the Remove/Clr Trace n selec-
or, and then Remove Trace n in the pop-up menu.

This will remove one of your traces, leaving one on the dispiay. You could
remove the remaining trace with Remove/Clr Trace n again. Since the trace
is already selected, it can also be removed by pressing the SELECT CHAN-
NEL button on the sampling head.

The sampling head channel light can have three states; off (channel not
displayed}, on steady (channel displayed only on non-selected traces), or
blinking (the selected trace displays this channel}. The operation of the
channe! button depends on the light:

= [f the yellow lght is off (channel not displayed), pressing the button
creates a trace of that channel.

s [f the yellow light is on steady {channel displayed but not part of the
selected trace) then prassing the button selects that trace, causing the
light to blink.

s [f the yellow light is blinking {channel is part of the selected trace),
pressing the button will entirely remove alff traces displaying that chan-
nel.

D Step 34: Press the sampling head SELECT CHANNEL buiton beside
the blinking light to remove the rernaining trace.
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Example 3:
Defining Complex Traces

This example shows how you can create traces that combine signals from
more than one channel.

For this example you will need a CSA 803A with at least one dual-channel
samphing head installed. Also, a power divider and two SMA cables of
different iength witl be used (2 ns and 5 ns cables are recommended). You
may substitute a signal-splitiing T adapter for the power divider. You will also
need a static protection wrist strap.

[:j Step 1: Initialize the CSA 803A (press the UTILITY bution in the
MENUS column, touch Initialize in the major menu, and touch Initialize
in the verification pop-up menu).

[[] step 2: Put on the wrist strap and ensure that it is connected to the
antistatic connector on the front panel of the CSA 803A.

[[] step 3: Attach the power divider to the CALIBRATOR output connector
of the CSA 803A.

[[] step 4: Connect cables from each branch of the power divider to sam-
pling head input connectors.

Fower
Divider

Short Cable ......._.[......,l J(

Long Cable

ot

Figure 2-21: Connections for Example 3

[] step 5: Press the TRIGGER button in the MENUS column, and touch
Source in the major menu and Internal Clock in the pop-up menu.
Touch Exit to remove the menu.

[] step 6: Press the SELECT CHANNEL button on each channel that you
have connected the calibrator signal to.
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Example 3: Defining Complex Traces

[] step 7: Turn the top knob o the left until the horizontal scale is 5 ns/div.
Don't use the AUTOSET button!

You should see the calibrator trace on the display twice. Because of the
different lengths of the cables you are using, the edges of these traces will
be separated by 3 ns.

Turning on vectored traces will make the edges more visible.

]:] Step 8: Press the UTILITY button and select Instrument Options in the
Utility major menu. Select Vectored Trace in the pop-up menu and
fouch Exit to remove the pop-up menu.
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Example 3: Defining Complex Traces

Trace Expressions

You can display a trace that represents the difference between the two
signals. Up to now, you have pressed the sampling head channel button to
display a trace. This is a short-cut method limited to single-channel traces.

The DefTra icon creates new traces. It is located above each graticule’s
upper right corner. Touching the icon displays a pop-up menu that covers
the full display. The same pop-up menu is presented by the Vertical Desc
setector of the Waveform major menu. The menu selector allows you to view
and change the expression of an existing trace, while the DefTra icon cre-
ates a new trace.

NOTE

The Vertical Desc selecior and the DefTra icon operate differently,
though they both display the same pop-up menu.

[[] step 9: Touch the DefTra icon.

The selectors in this pop-up menu are keystrokes that you use fo build a
trace expression {see Figure 2-22). As you enter keystrokes, the expression
is shown at the top of the menu. These selectors are available:

Channel Selectors specify an input channel.

NOTE

You domn’t need o display the source traces to create a complex
trace.

®  Numeric Keypad aliows entry of numeric constants and arithmetic
operators of addition, subtraction, multiplication, and division.

& Trace Functions specify functions such as logarithms, differentiation,
and averaging.

m  Stored Traces specify a previously stored trace.

m  Syntax includes parentheses, Back Space (which can be used for
successive entries), and Enter Desc (which enters your complsted
expression, removes the pop-up menu, and creates the trace). Cancel
removes the pep-up without defining a frace.

Now you can enter a difference expression M1—~M2. (If you are using differ-
ent channels you will use different numbers. This example uses M1 for the
channel the short cable is connected {0.)

] Step 10: Touch 1 (under Mainframe Channels), — (in the numeric
keypad area), 2 {under Mainframe Channels), and Enter Desc, all in
the pop-up menu.
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The difference trace is created. Notice that on the sampling heads, both of
the yellow lights for the source channels are blinking, indicating that both
channels are represented in the selected trace.

Yertical Ussoripiion

Mainframe Channsls N A

Figure 2-22: The DefTra Pop-Up Menu
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Example 3: Defining Complex Traces

Vertical Adjustment
of Complex Traces

You can change the vertical size and offset of only one input channel at a
time, even if the selected trace represents several inputs.

D Step 11: Make the selected frace the single-source trace from the shor
cable, Select this trace by touching it. Check the Vertical Desc selector
to see that M1 is the trace description. If necessary, touch the same
area again to select the right trace.

[[] step 12: Touch the vertical icon (}). The knobs are set to Vertical Size
and Offset of the channel indicated in the knob labels, which is also the
channel of the selected trace.

[[] step 13: Tum the top knob right to set the vertical scale to 100 mV/div.
Turn the bottom knob to the left to move a part of the trace off the grati-
cuie.

The selected trace will change to be twice as high. The difference trace will
also change, becoming quite ragged (see Figure 2-23).

This aberration is caused by a component signal being off the graticule. The
selected trace is off the bottom edge of the display, and this means that the
compiex trace that depends on it is affected as well.

[] Step 14: Turn the bottom knob to the right until the selected trace is
completely on the graticule. You will see the “noise” disappear from the
difference trace.

[:] Step 15: Continue to move the trace up to the top half of the display
and observe that as it moves, the difference trace moves up as well,

NOTE

Unless all component traces have the same vertical size, a "Fast”
complex trace will have undefined vertical units. (High Precision
traces dorn't have this limitation.)

D Step 16: Turn the top knob to the left to return the selected trace to its
original size of 200 mv/div.

CSA 803A User Manual

2-35



Example 3: Defining Complex Traces
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Figure 2-23: Complex Trace Aberration Caused by
Ofi-Graticule Component

In the last few steps, you have moved the complex trace by selecting and
moving one of the component traces. Since you have the component traces
on the display this is easy o do. Usually, when you display a complex trace,
you will not be displaying all the traces that represent the individual channe!
signals.

You can select this complex trace and move i with the knobs. However,
when you do this you are actually moving only one component input chan-
nel of the complex trace.

Whenever the knobs are set to vertical size and offset, the Knob menu
selecior at the lower right corner of the display becomes a Chan Sel selec-
tor {see Figure 2-24). Touch this selector 1o choose which channel you wish
to move. Repeatedly touching the selector lets you choose from ali of the
input channeis that make up the complex trace.

Chan Sei Selector

Figure 2-24: The Chan Sel Selector in the Knob Menu

2-36

Operating Basics



Exampie 3: Defining Complex Traces

[[] step 17: Touch the difference trace to make it the selected trace.

[:] Step 18: Observe the Chan Sel selector in the Knob menu, and then
turn the top knob to the right to set the vertical size to 100 mV/div. You
may need 1o turn the bottom knob to position the trace completely on
the gratucute.

[] step 19: Touch Chan Sel in the Knob menu fo select the other input
channel. Observe that the knob labeis reflect the channel change.

D Step 20: Turn the top knob to the right to set the vertical size 1o 100 mvy/
div. You may need 1o turn the bottom knob to position the trace com-
pletely on the graticule.

Now the input channel traces and the complex difference trace are double
their original size.

CSA 803A User Manual

2-37



Example 3: Defining Complex Traces

High Precision
Traces

If your complex trace is a high precision trace, you can move it vertically
using the knobs without changing the offset of any component channel.
High precision fraces are calculated using floating-point arithmetic. The
complex trace you have created and moved in this example is not a high
precision trace; this is indicated by the notation of Fast in the Vertical Desc
selector. High precision traces will show High Prec in the Verfical Desc
selector.

You can specify that all traces you create in the future will be high precision
traces: Press the UTILITY button, and touch the Instrument Gptions selec-
tor. in the pop-up menu, touch the Trace Scaling selector until it shows
Forced. This does not affect any trace already on the screen, but will cause
all traces you create in the future to be high precision traces. For this exam-
ple, leave Trace Scaling set to Optional.

The remainder of this example will be clearer without multiple traces on the
display.

[] step 21: Select and remove each of the simple traces that represent a
single input channel. Use the Remove/Clr Trace n selector of the Knob
menu.
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Windows A window is a trace that represents a horizontally magnified portion of
another trace. A window trace is sampled separately from the main frace it is
magnifying. Windows are created by touching the Window icon above the
graticule.

[} step 22: Touch the Window icon.
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Figure 2-25: A Window Trace Display

The CSA 803A automatically added a second graticuie with the window
trace. The main trace was placed on the top graticule, and its highlighted
portion shows what the window trace is displaying (see Figure 2-25).

NOTE

Window fraces can be moved from one graticule to another, or
combined info a single graticule display.

In Example 2, when you created a dual-graticule display, both traces shared
the same time base. Here the two traces have different horizontal measures
because they represent different views of time. This can be seen in the
graticule labets and the trace descriptions presented in the alternate Trace
Status major menu.
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[] step 23: Touch the WAVEFORNM button and then touch the More...
selector in the major menu.

The original trace is on the Main time base, while the currently selected
window trace is on a window time base.

[} step 24: Touch the horizontal icon { <}, and turn the bottorn Window
Pos knob left and right. The highlighted portion of the main trace moves
and the window trace tracks it.

[[] step 25: Turn the top Window Size knob left and right one click at a
time. The size of the highlighted area changes and the window trace
reflects that change.

You can add another window trace that is based on the original main trace,
but you cannot take a window of a window. Since the window trace is the
selected one there is no Window icon above the lower graticule.

[7] step 26: Touch the main trace to select it, and then touch the Window
icon on that graticule.

A second window irace is created, and shares the lower graticule with the
original window trace. Two highlighted segments appear on the main race.
This new window is on its own window time base.

7] step 27: Tum the bottom Window Pos knob. The second window trace
moves.

7] step 28: Tum the top Window Size knob. This knob changes the size
of both windows.

The two window traces are placed on top of each other. You can separate
them vertically. Normally, the Chan Sel selector of the Knob menu (see
Figure 2-26), on successive touching, shows all the channels that are repre-
sented in the frace. For window traces, this selector aiso includes a Trace
Sep setting, which causes the knobs to move the selected window trace
vertically. This moves only the selected trace.

Chan Sel Seleclor

Figure 2-26: The Chan Sel Selector in the Knob Menu

D Step 29: Touch the vertical icon (4 ), and the Chan Sel selector in the
Knob menu until it displays Trace Sep.

[[] step 30: Turn either knob and observe the selected window trace move
up or down.
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Horizontal Reference Ur to now, whenever you have changed the horizontal size of a trace, the

Point left edge remained in place, and magnification occurred around it. You can
change the anchor point of a trace to either the center or the right edge by
using the Horizontal Desc pop-up menu.

D Step 31: Select the main trace (top graticule) by touching it. Touch the
horizontal icon { =), and use the bottom knob to position a critical
poriion of your trace at the center of the graticule. Turn the top knob leit
and right one click at a time, and observe that the critical part moves.
End by re-establishing the original position with the crilical portion of the
trace centered.

[ step 32: Press the WAVEFORM button in the MENUS column, touch
Horizontal Desc in the major menu and Center in the pop-up menu.
Turn the top knob left one click at a time. Observe that the critical center
part of the trace remains stationary.

Note that the L next to the horizontal icon changes to € to remind you
that the reference point is the center of the screen.
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Example 4:
Using Signal Processing

This example shows how you can process your signals 1o get the most
information from the availabie data.

You will simulate a noisy signal by examining part of the calibrator signal at
very fine horizontal {time per division) and vertical (volis per division) set-
tings.

NOTE

The amount of noise you see in this example will depend on the
sampling head you have installed.

For this example you wili need a CSA BO3A with at [east one sampling head
installed, one SMA cable, and one static protection wrist strap.

I:] Step 1: Initiatize the CSA 803A (press the UTILITY button in the
MENUS column, touch Initialize in the major menu, and touch Initialize
in the verification pop-up menu).

[[] step 2: Put on the wrist strap and ensure that it is connected to the
antistatic connector on the front panel of the CSA 803A.

[[] step 3: Connectthe CALIBRATOR output to any sampling head input.

OO e,

Figure 2-27: Connections for Example 4

[:l Step 4: Press the SELECT CHANNEL button nearest the sampling
head input you have connected 1o the calibrator.

[[] step 5: Pressthe TRIGGER button in the MENUS column, touch
Source in the major menu and Internal Clock in the pop-up menu.
Touch Exit to remove the pop-up menu.
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D Step 6: Turn the top knob to the right until the horizontal scale is 1 ps/
div.

By turning off horizontal autoset, you can use the AUTOSET button to
display a portion of the trace at this horizontal setting.

D Step 7: Press UTILITY and touch Instrument Options. Touch Horizon-
tal Autoset until the selector shows Off and touch Exit.

[] Step 8: Press the AUTCSET button. The display shouid appear as
shown in Figure 2-28.
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Figure 2-28: A Horizontally and Vertically Expanded Portion of the
Calibrator Signal
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Averaging and
Enveloping

An averaged trace is one where several trace records (successive trace
acquisitions) are combined. Each displayed point of the resulting trace is an
average of all the same points in the individual records. This can reduce the
noise of the trace and increase vertical resolution. :

Enveloping is similar in that several trace records are collected. Instead of a
single-point average, the envelope displays the maximum and minimum
excursion of the samples. This shows the accumulated variation of the
signal.

The DefTra pop-up menu has Avg( and Env( seleciors. Typically, an aver-
aged irace expression:

AvgiM1)
would be enterad with the selectors:

DefTra Avg{ 1)
Enter Desc

A short-cut is available to apply averaging or enveloping o an existing trace
expression. The Waveform major menu’s Acquire Dese pop-up menu
provides Average N and Envelope N selectors to set these functions on
and off (see Figure 2-29).

G Step 9; Press the WAVEFORM major menu bution in the MENUS
column and touch Acquire Desc in the major menu.

D Step 10: Touch the Average N selector in the pop-up menu, then touch
Exit 10 remove the pop-up menu.

The averaged trace appears less noisy. While the individual traces are being
acquired, the current record number is displayed in the Acquire Desc
selector. The trace expression, shown in the Vertical Desc selector, is
Avg{M1), showing that averaging has been added to your earlier expres-
sion.

You can change the number of records in an average from the default of 32
that was set by the initialization.

D Step 11: Touch Acquire Desc in the major menu and Set AvgN in the
pop-up menu. Adjust the top knob to change the average count.

Each time you click the knob, a new average begins. If you wish the

CSA 803A to stop acquiring data after the required number of samples, you
can use the Average Complete selector in the section Stop Acquisition
On.

[:] Step 12: Touch Acquire Desc in the major menu and select Average
Complete in the pop-up menu.

The CSA BO3A stops acquiring data when the average is complete, leaving
a stable display (see Figure 2-30).
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Figure 2-29: The Acquire Desc Pop-Up Menu
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Figure 2-30: Averaged and Normal Traces
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[[] step 13: Touch Acquire Desc in the major menu and Average N in the
pop-up menu, to turn off averaging. Nofice that the frace expression in

the Vertical Desc selector has removed the average function specifica-
tion.

This is an example of averaging. Enveloping is done similarly, using Enve-
lope N, Set EnvN, and Envelope Complete selectors.

Both averaging and enveloping can be done simultaneously. To do both,
you must enter the trace expression from the DefTra or Vertical Desc pop-
up menus. No shortcut is available from the Acquire Desc pop-up menu.
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Variable Persistence

Another method of observing trace noise is using variable persistence,
available through the Display Modes major menu. This leaves earlier trace
data on the display for a specified period of time as new data values are
added, building a recent history of displayed trace points.

[[] step 14: Press the DISPLAY MODES button in the MENUS column to
display the Display Modes major menu. Select Persist/Histograms in
the major menu area {see Figure 2-31).

[:} Step 15: Select Variable in the pop-up menu and select Exit to remove
the pop-up menuy.

The Infinite selector in the Persist/Histograms pop-up menu selects infinite
persistence, a display mode in which trace data remains on the display as
new values are added, building a history of all displayed trace points.

Color grading enables you to visually distinguish the relative density of trace
data on the display. As frace data values are accumulated, areas where
more trace record points fall are displayed in a different color from areas
where fewer points occur.

snpesHistograns

T ount 14
Lot inungs

Figure 2-31: The Persist/Histograms Pop-Up Menu
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[[] step 16: Seiect Persist/Histograms in the major menu and select
Color Grading in the pop-up menu. Select Exit to remove the pop-up
menu. After waiting a few seconds for a sufficient amount of data to be
acquired, observe the colored regions of the trace. On the major menu,
you can select Color Grad Scale to see how colors are assigned to
regions of the histogram. Select Exit to remove the pop-up menu.

[7] step 17: Select Persist/Histograms again and select Normal to return
to the normal trace display. Select Exit to remove the pop-up menu.
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Smoothing Some sampling heads, including the SD-24, pfoyide another way to reduce
apparent noise. To access i, you use the Sampling Head Fnc’s selecior in
the Waveform major menu.

[C] step 18: Press the WAVEFORM button in the MENUS column and
touch Sampling Head Fnc’s in the major menu. In the pop-up menu
touch 1 (or whichever channel your trace is using) and Smoocthing.
Touch the Exit selector in the pop-up menu.

NOTE

If you turrr on smoothing for one sampling head channel, both
channels are smoothed.

Observe the smoother trace.

[[] step 19: Touch Sampling Head Fnc’s in the major menu. In the pop-
up menu touch 1 (or whichever channel your trace is using) and
Smoothing to turn smoothing off. Touch the Exit selector in the pop-up
menu (see Figure 2-32).

Note that neither smoothing nor averaging can be applied to random data
displays, such as eye patierns.

Dampling Head Functions

coted Channel -~ Pl Head Type:

Lantintsus

Figure 2-32: The Sampling Head Fnc’s Pop-Up Menu
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Record Length You can specify the resolution of traces by setting the number of sample
points in a trace. This is most important if you are using a remote interface
to transfer trace data to a computer, but the effects are visible on the display.
The Horizontal Desc selector always shows the point count of the selected
trace.

7] Step 20: Touch Horizontal Desc in the major menu. In the pop-up
menu touch either Main Record Length or Window Record Length
{both selectors assign the knobs identically).

[] step 21: Turmn the top Main Record Len knob one click at a time to the
left and right, and observe the difference in the main trace.

NOTE

if the channel loop gain is not correctly calibrated, changing record
lengths can also change the trace appearance. See Enhanced
Accuracy in the Reference section of this manual.

The bottom knob similarly controls the window record lengths.
You should be aware of the following attributes of record lengths:

a Al main time base {races share the same record length.

All window traces share the same record length.

Initialize sets both record lengths to 512,

Variable persistence, infinite persistence, and color grading are available
only for traces with a 512-point record length. Selecting one of these
modes automatically sets the record length to 512,

The 4096 record length has the same resolution as a 5120 record
length, but appears as a shorter trace. Some FFT and other signal
processing algorithms running on external computers require record
lengths that are exponential multiples of 2. The 4006 record length is
provided for these applications. The visuat truncation is the result of a
shorter record using the same resolution as the 5120 record length.
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Taking Automated Measurements

This example demonstrates how quickly you can display a dynamic meas-
urement from a displayed trace.

For this example you will need a CSA 803A with at least one sampling head
installed, one SMA cable, and a static protection wrist strap.

The first step in taking a frace measurement is to achieve a good display of
the trace.

D Step 1: Initialize the CSA 803A (press the UTILITY bution in the
MENUS column, touch Initialize in the major menu, and touch Initialize
in the verification pop-up menu).

[7] Step 2: Put on the wrist strap and ensure that it is connected to the
antistatic connector on the front panel of the CSA 803A.

El Step 3: Connect the CALIBRATOR output to any sampling head input.

00 o,

Figure 2-33: Connections for Example 5

[T] Step 4: Press the SELECT CHANNEL bution on the sampling head
channel you have connected to the calibrator signal.

{_] Step 5: Press the TRIGGER button and touch Source in the major
menu. Select Internal Clock in the pop-up menu and touch Exit to
remove the pop-up menu.
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[[] step 6: Press the AUTOSET button.

You should have a stable display of the calibrator sighal showing several
cycles. It is important that all of the signal is on the display and that there are
no places where the trace extends above or below the graticule area.

NOTE

Get a stable signal display before using the automated measure-
ment system.
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Specifying
Measurementis

The automated measurement system lets you specify a set of measure-
ments for every trace on the display. The readouts of these measuremenis
are continually updated to track changes in the signal. Up to twenty-eight
different measurements are available, as listed in the pop-up menu shown
on the next page. You may specify up to six measurements to be taken
simultaneously on the selected trace.

[[] step 7: Press the MEASURE button.

Figure 2-34: The Measure Major Menu

The Measure major menu is displayed {see Figure 2-34). Initially, this menu
will appear mostly blank. Six of the selectors are reserved for your measure-
ment readouts. The Measurements selector brings up a pop-up menu to tet
you choose which measurements you want (see Figure 2-35).
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P b tue

sglomns o

Figure 2-35: The Measurements Pop-Up Menu

[[] step 8: Touch the Measurements selector.

The Amplitude, Timing, and AreaEnergy sections of this pop-up menu
show all the various measurements that you may specify. Touch the selec-
tors in these areas to turn each measurement on and off. When a measure-
ment is turned on, that selector is highlighted in the menu. Also, one of the
seiectors in the major menu area displays that measurement value.

D Step 90 Touch the RMS and Frequency selectors.

This pop-up menu does not disappear as soon as you select a measure-
rment, so that several measurements may be turned on at one time. The
measurements are displayed, but you may want to view the trace whiie
watching the measured values.

[[] step 10: Touch the Exit selector at the bottom of the pop-up menu.

The readout areas of two of the selectors in the major menu area are no
longer empty, but show the measured values you have specified (see Figure
2-36). These values are updated continually.
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Figure 2-36: Measurements of a Trace
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Measurement For each measurement, more information is available and more control is
Parameters and provided. Touching the measurement selector in the major menu area does

. the following:
Annotations
m  Displays annotation lines on the graticule. These annotation lines graphi-

cally show the portions of the trace that the measurement readout value
is based on.

®  Highlights the portion of the trage that the measurement is based on.

=% Displays a pop-up menu that documents the annotation lines, shows
accumulated measurement statistics, and allows you 1o assign the
knobs to various measurement parameters.

] step 11: Touch the RMS selector in the major menu area.

Often you will want to observe the annotation lines without the pop-up menu
hiding a portion of the trace. For this reason, annotation lines remain on the
display even after a measurement pop-up menu has been removed.

[[] step 12: Touch the RMS selector again in the major menu area.

The annotation lines remain and you can see all of the display. {If you wish
to remove these annotation lines, push a different major menu button or
select a different trace by touch.) For now, closety examine the RMS pop-up
menu (see Figure 2-37).

[C] step 13: Touch the RMS selector a third time to redisplay the menu.

At the bottom of the menu, non-selectable readouts show the Mean, Stan-
dard Deviation, and Current N {the number of samples the statistics are
based on}. A Set N selector lets you assign the knobs to control the N value.
This N value is shared by all measurements on the selected trace, so if you
change the N value of the RMS measurement, it will change the frequency
measurement N vaiue as well,

NOTE

Changing a parameter affects all measurements, that use that
parameter, on the selected frace.

[[] step 14: Touch the Set N selector and turn either knob, observing the
change in N,

You can change measurement parameters without the pop-up menu in the
way. An example is the measurement limits: when the pop-up menu is
present, you can’t see these vertical lines. The measurement limits define
the portion of the trace that the measurement system is limited to examining.
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Figure 2-37: The BRMS Pop-Up Menu and Annoiation Lines

E] Step 15: Touch either the Left Limit or Right Limit selector, to assign
the two knobs to these parameters.

E] Step 16: Touch the RMS selector in the major menu, to remove the
pPOP-UP Menu.

The knob assignments remain after the pop-up menu is removed, so that
you can set the limits without a menu covering part of the display.

[] step 17: Turn the top knob clockwise, so that the left fimit bar moves
into the area of the trace previously highlighted.

When you used the limit bar to exclude the portion of the frace where the
measurement was being taken, the CSA 803A took the measurement at the
next opportunity on the trace. This is shown by the highlighted portion of the
trace moving to the right. This new left imit is effective for all measurements
on this trace, including the frequency measuremert.
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Default Measurement
Parameters

Left and right limits are examples of measurement parameters. Measure-
ment parameters are settings that you change to control the measurement
system. Most parameters are shared by all the measurements being taken
on any one trace. This means that each trace has an associated set of
measurement parameters.

If you are taking measurements on several tfraces and want them all to have
the same parameters, you can set the default parameters before creating
any of the traces. Each time a trace is created, its measurement parameters
are copied from the defauli parameter set. In addition, you can set the
parameters for any trace to the complete set of defaults at any time. You can
access the default parameters through the Measurements pop-up menu
using the Default Parameters selector.

[_] Step 18: Touch the Measurements selector in the major menu, and
then touch the Default Parameters selector in the pop-up menu.

The pop-up menu changes o show measurement defaults (see Figure
2-38). Touching the Measurement Functions selector redisplays the original
Measurements pop-up menu.

The new pop-up menu shows the various parameters that the measure-
menis use. No one measurement uses all of these parameters, but each
parameter is used for one or more measurements.

You can touch the various parameter selectors to assign the knobs o one or
two of the parameters. After setting the parameters as desired, all traces
created in the fuiure will default io these measurement parameters.

NOTE

Changing a default parameter does not affect any existing trace or
measurement.
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Figure 2-38: The Default Parameters Pop-Up Menu

D Step 19: Touch the Left Limit or Right Limit selector, and turn the
botiom knob counter-clockwise to set the default right limit to 80%.

In addition, all the parameters of the selected frace can be set to default
values by using the Initialize All selector.

[[] step 20: Touch the Initialize All selector, and then the RMS selector on
the major menu.

NOTE

Initialize All affects only the selected trace.

The right limit of the measurement is now set to 80%. This change did not
occur until you touched the Initialize All selector. Had you been displaying
other traces, their parameters would have been unaffected by either the
change to the defaults or by the Initialize All
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Measurement Modes

Up to now, the measuremenis you have been using have been software
measurements. However, there are actually three measurement modes;
software mode, hardware mode, and statistics mode. In software mode,
measurements are taken from the digitized trace data record, the same data
that forms the frace on the display. In hardware mode, measurements are
taken from the analog signal output from the sampling head before it is
digitized and assembled into a trace record. The CSA 803A uses special
timer circuits to take hardware measurements. The advantage of hardware
measurements is that they are performed faster than software measure-
ments. In statistics mode, measurements are taken from color graded
waveform data and are based on histograms computed at the crossing
levels. You can use statistical measurements to measure “random” data
such as eye diagrams.

You cannot take measurements in different modes on the same trace. If you
create two identical traces, you can take hardware measurements on one
and software measurements on the other. You can display only the measure-
ments for the selected trace, however,

Table 2-1 compares the three types of measurements. [i will help you deter-
mine the best measurement type for your application,

Hardware measurements are specified using another alternate menu from
the Measurements pop-up menu.

E Step 21: Touch the Measurements selector in the major menu; then
touch Hardware Mode in the pop-up menu,
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Table 2-1: Measurement Mode Comparison

Software

Hardware

Statistics

Functions All measurements  Limited to 7 timing  Full range of mea-
except Noise, measurements. suremenis avail-
Jitter, and SNR able, except fre-
available. gquency domain
measurements.
Trace All trace expres- Only traces with-  All trace expres-
Complexity sionssupported.  outarithmetic sions, that include
Not for random operators or func-  an active frace,
data, such as eye  tions are allowed.  are supported. For
patterns. Averaging and all types of traces,
enveloping are including random
allowed, butthe data such as eye
measurement is patterns.
taken from unav-
eraged samples.
Not for random
data, such as eye
patierns.
Display Any display mode. Any display mode. Color graded
Restrictions maode only. One
frace per
graticule.
Resoiution  Affected by dis- Unaffected by dis-  Affected by dis-
played vertical play or functions.  played vertical
size and trace Sampling head size and trace
functions (e.g., smoothing will functions {e.g.,
averaging) and affect hardware averaging),
smoothing. measurements. smoothing, and
the use of dual
graticules.
Speed Slower Faster Updated when

color graded data-
base is updated
{selectable be-
tween 5 and 100
seconds} or when
a measurement
parameter
changes, such as
mesial level.
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Timing

Mair

Figure 2-39: The Hardware Measurements Pop-Up Menu

You have now converted all your measurements on this trace 1o hardware
measurements. Since hardware measurements cannot support amplitude or
area energy measurements, these do nct appear in the pop-up menu, and
the RMS measurement has been removed from the major menu area. See
Figure 2-39.

The third measurement mode is Statistics Mode. Statistics measurements
can be selected only when the color grading display mode is enabled. All
measurements are selectable in Statistics Mode except for the three fre-
guency domain measurements: spectral frequency, spectral magnitude, and
THD. Noise, Jitter, and SNR measurements, which cannot be setected in
software or hardware measurement mode, are selectable in statistics mode,

[[] Step 22: Press the UTILITY button to display the Utility! major menu.
Touch the Instruments Options selecior in the major menu, then touch
the Autoset Mode selector in the pop-up menu. Select Edge mode if it
is not already selected. Touch Exit to remove the pop-up menu,

]:I Step 23: Press AUTOSET You shouid now see the rising edge of the
calibrator signal.
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[C] step 24: Press the DISPLAY MODES button. Touch the Persist/Histo-
grams selector in the major menu, then touch the Color Grading selec-
tor in the pop-up menu. Touch Exit to remove the menu.

[[] step 25: Press the MEASURE bution. Touch the Measurements selec-
tor. To enabile statistics mode measurements, touch Statistics Mode at

the top of the pop-up menu. Touch Jitter and then touch Exit to remove
the menu.

The data used for the statistics mode measurements are taken from the
statistical database created when Color Grading is enabled. This capability
enables you to make automatic pulse parametric measurements directly on
random data such as eye diagrams. See Figure 2-40,

Bheks R BT
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Figure 2-40: A Jitter Measurement on the Calibrator Signal
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Example 6:
Taking Delay Measurements
Using Cursors

This example shows another way to measure trace parameters, using
cursors. When the measurement you want 1o make is not included in the list
of automated rmeasurements, you can use cursors.

You will use the cursors 1o take two common measurements, trace ampli-
tude and delay between traces. The CSA BO3A can do both of these as
automated measurements, so you can compare the method of using auto-
mated measurements to using cursors.

For this example you will need a CSA 803A with at least one dual-channel
sampling head instalied two SMA cables of equal length, and a static protec-
tion wrist strap.

D Step 1: Initialize the CSA 803A (press the UTILITY button in the
MENUS column, touch Initialize in the major menu, and touch Initialize
in the verification pop-up menu).

EI Step 2: Put on the wrist strap and ensure that it is connected to the
antistatic connector on the front panel of the CSA 803A.

[7] step 3: Connect the CALIBRATOR output to a sampling head input.

[7] step 4: Connect the INTERNAL CLOCK output to any available sam-
pling head input.

che1mm

Figure 2-41; Connections for Exampie 6

[] step 5: Press the TRIGGER button. Touch Source in the major menu
area and select Internal Clock, then touch Exit.

[] step 6: Press the UTILITY button and touch Instrument Options.
Select Vectored Trace in the Instrument Options pop-up menu.
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[[] step 7: Press the SELECT CHANNEL button on the sampling head
input channel you have connected to the calibrator signal.

[:I Step 8: Turn the top knob to the left to set the horizontal scale to 10 ns/
div.

You should see the calibrator signal on the display.

The Cursors Major
Menu

First you will use the cursors to determine the amplitude of the calibrator
signal. This introduces the use of cursors on a single trace. You will then use
cursors 1o measure the delay between two different traces.

The recommended way of using cursors is to first display the traceis), and
then invoke the cursors to take the measurement.

NOTE

Always display the traces before invoking the cursors.

You invoke the cursors by touching the Cursors icon, located above the
graticule.

This icon acts like most icons in that it assigns the knobs, in this case to
control the cursor positions. However, the Cursors icon is unique inthat it
behaves much like a major menu button. It replaces the major menu with
the special Cursors major menu and highlights the Cursors icon instead of
lighting any major menu button. See Figure 2-42.

The Cursors major menu has selectors for Cursor Type, Set Zero, and Exit.
The remainder of the major menu area displays the cursor positions and
distance between cursors, You can select four types of cursors:

®  Vertical Bars, which you move with the knobs fo the desired horizontal
position. The major menu shows the positions of the cursors and the
distance between them in X units, Also, if the X units are seconds, the
inverse of the distance between the cursors is shown. When the cursors
are positioned at the beginning and end of a period, this represents
frequency.

m Horizontal Bars, which you move with the knobs 1o the desired vertical
position. The major menu shows the positions of the cursors and the
distance between them in Y units.

s Paired Dots, which you move with the knobs to the desired horizonial
position. The dots “float” vertically on the trace; you cannot control the
vertical position. The major menu shows both vertical and horizontal
positions of the cursors, in graticule units. Aiso, if the X units are sec-
onds, the inverse of the distance between the cursors is shown.

m  Split Dots, which operate like paired dots, but on two different traces of
your choice. The same information is shown as for paired dots.
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Tups |

Figure 2-42: The Cursors Major Menu and Cursor Type Pop-Up Menu

The horizontal bar cursors are used o take ampiliiude measurements. You
move them up and down with the knobs to the position you desire. See
Figure 2-43.

D Step 9: Touch the Cursors icon, and then the Cursor Type selector.

] step 10: Touch the Horizontal Bars selector. Select Exit to remove the
pop-up menu.

G Step 11: Use the upper and lower knobs to move the bars over the
upper and lower levels of the trace.

NOTE

To precisely position the cursors, set the knobs Io fine resolution by
using the Keypad pop-up menu. Setting the resolution of one knob
changes the resolution of both.

The major menu area shows the voliage values of each cursor, and AV
shows the distance between the cursors in volis. This is the amplitude of the
calibrator signal.
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Figure 2-43: Horizontal Bar Cursors Placed Over a Trace

The same value can be determined using the automated measurement
system. The sequence to do this is: press the MEASURE button, touch
Measurements in the major menu area and then the Peak-Peak selector in
the pop-up menu. The measurement value is visible in the Peak-Peak
selector in the major menu area. Exit will allow you: to observe the trace as
the measurement readout is updated.

NOTE

The Peak-Peak automated measurement value will include any
signal noise.
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Using Split Dot
Cursors

Dot cursors are small dots that “float” on the trace. You position them hori-
zontally using the knobs, but their vertical height is determined by the trace
on which they are are placed.

Split dot cursors operate the same way, but they are placed on two different
traces of your choice. In this example, you wili have one trace on each of
two graticules, but this is not required to use split dot cursors. You will follow
the convention of displaying the traces before invoking the cursors.

[} step 12: Establish a dual graticule display (press the WAVEFORM
button, and touch the Graticules and Create Second Graticule selec-
tors).

[] step 13: Press the SELECT CHANNEL bution of the sampling head
channel to which you have connected the INTERNAL CLOCK output.

D Step 14: | both traces are on a single graticule, move one to the other
graticule by touching either Lower Graticule or Upper Graticule and
Move Trace to Other Graticule.

You should now see a trace on each graticule. You will use split dot cursors
to measure the delay time between these traces.

D Step 15: Touch either trace on which you want to place a cursor. (In this
case, since there are only two traces on the dispiay, this step is already
done.)

[[] step 16: Touch the Cursors icon and the Cursor Type selector. Touch
the Split Dots selactor.

Lursor  Jupse

Figure 2-44: The Cursor Type Pop-Up Menu in Split Dots Mode
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When you first select split dots cursors, both dots are on the selected trace.
The Cursor Type pop-up menu remains on the display until you select the
trace you want to move the other cursor to. See Figure 2-44.

Beneath the selectors that allow cursor choice, a second set of selectors
lists all of the traces currently on the display. The highlighted selector always
shows which trace the second cursor is assigned to.

NOTE

Each trace selector for the second cursor shows the frace descrip-
fion.

Initially, both dots are placed on the selected trace, 56 the highlighted selec-
tor shows the selected trace. Touching the only other trace selector in this
case will assign the second cursor to that trace and remove the menu.

I:} Step 17: Touch the selector in the pop-up menu for the other trace on
the display.

D Step 18: Move each cursor on its respective trace to a point halfway up
the rising edge. Use the fine knob control for precise positioning. Some
vertical noise is to be expected.

The major menu area shows the vertical and horizontal positions of both
cursors. It also shows the distance between the cursors along both axes.
The At readout shows the time between the leading edges, which is the
delay time you want 1o measure.

The automated measurement system can take the same delay measure-
ment. if you want to see how this is done, select the trace with the earliest
transition, and then press the MEASURE button, Touch Measuremenis,
Hardware Mode, PropDelay, and Exit.

The measurement vaiue will be displayed in the PropDelay selector in the
major menu area, but will show zero because only one trace is being exam-
ined. To assign the second trace, touch PropDelay and, under the heading
Second Trace (at the bottom of the pop-up menuj), touch the Trace n selec-
tor of the other trace. Touch Prop Delay again to remove the pop-up menu.
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Example 6: Taking Delay Measurements Using Cursors

Cursor Accuracy

Considerations

Cursor measurements are limited to the resolution of the display. Tips to
help you get the most accuracy from measurements are:

Use the automated measurement system whenever you can, both for
convenience and for accuracy.

Use dot cursors to take a more precise measurement (when record
length is greater than 512 points). Bar cursors are best for visual com-
parison and are positioned with display resolution {when record length
is 512 poinis}. Dot cursors follow the trace vertically as you position
them horizontally, and provide readouts of actual trace data values.

Always use the fine knob resoclution to perform the final cursor position-
ing. Setting one cursor knob to fine will also set the other.

When using cursors or software measurements, always make the area
to be measured as large as possible, and cover as much of the graticule
area as you can. This will give the finest resolution.
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Example 7:

Taking Comparison Measurements

Using a Reference Trace

This example demonstrates the compare and reference features of the
automated measurement system. This is particularly useful when you need
to check a series of components or circuits to see if a particular measure-
ment falis within an acceptable range.

For this example you will need a CSA B03A with at least one sampling head
installed, two SMA cables of different length (2 ns and 5 ns cables are
recommended), and a static protection wrist strap.

[::] Step 1: Initialize the CSA 803A (press the UTILITY buiton in the
MENUS column, touch Initialize in the major menu, and touch Initialize
in the verification pop-up menu}.

[[] step 2: Put on the wrist strap and ensure that it is connected to the
antistatic connector on the front panel of the CSA 803A.

[] step 3: Connect the short cable from the CALIBRATOR output of the
CSA 803A to a sampling head input.

Izl
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Figure 2-45: Connections for Example 7

[[] step 4: Press the TRIGGER button, and touch Source and Internal
Clock. Touch Exit to remove the pop-up menu.

E] Step 5: Press the SELECT CHANNEL button on the sampling head
input that the calibrator signal is connected io.

[] Step 6: Turn the top knob to the left to set the horizontal scale to 10 ns/
div.

You will see the calibrator signal on the display.
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Example 7: Taking Comparison Measurements Using a Reference Trace

You will measure the difference in propagation time down the two cables
which are different lengths. The cross measurement, which shows the time
delay from the trigger to the rising edge of a signal, will be the basis of your
comparison,

[} step 7: Press the MEASURE button,
[ step 8: Touch Measurements and Hardware Mode.

D Step 8: Touch Cross, and touch Exit if you want to observe the frace.

Setting X-Axis Units The measurement will be more useful to you if it is expressed in distance
to Meters. Feet. or rather than time: how much longer is the second cable? The Graticules

? ’ selector on the Waveform major menu lets you choose feet, meters, or
Inches inches for the horizonta! axis. See Figure 2-46.

[[] step 10: Press the WAVEFORM button and touch the Graticules
selector.

Graticules

H Units

hatus M in

o

Figure 2-46: The Graticules Pop-Up Menu
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Example 7: Taking Comparison Measurements Using a Reference Trace

The pop-up menu shows an X Units section near the bottom. You can select
seconds, meters, feet, or inches. In addition, the Propagation Velocity
selector, can be used to assign the knobs to let you indicate the signal
speed of your cable. The default 0.7 indicates that the horizontal axis labels,
if inches, feet or meters, will be based on a cable that passes signals at

0.7 times the speed of a cabie having free air insulation.

[[] step 11: Touch Inches, Feet, or Meters in the pop-up menu. if you
know that the propagation velocity of your cable differs from the default,
touch the Propagation Velocity selector and adjust this parameter. if
you don’t know the velocity or are using Tekironix polyethylene dielectric
SMA cabies, accept the 0.7 default.

[[] step 12: Press the MEASURE button to redisplay the Cross measure-
ment.

The measurement readout is in the units of distance that you selected. Also,
the horizontal axis is labeled in the units chosen.
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Example 7: Taking Comparison Measurements Using a Reference Trace

Using the Reference
Value

You wili use this measurement value as a reference value. The Compare &
References pop-up menu allows you 1o save this value and cause all meas-
urements to be displayed as a difference from this value. See Figure 2-47.

Figure 2-47: The Compare & References Pop-Up Menu

] step 13: Touch Compare & References, and then touch Save Current
Meas Values as References.

You will see that this reference value for the cross measurement is now very
close to the cross measurement value in the major menu area (they may not
maich exaclly because of noise or horizontal jitter),

The Cross selector in the major menu area displays the measurement
parameters pop-up menu, The Cross Ref selector in the Compare & Refer-
ences pop-up menu assigns the knobs to adjust the reference value; this is
useful when you want to establish your own standard reference vaiue.

The Compare selector in the Compare & References pop-up menu
changes the entire measurement system. This makes the measurement
system display the measured deviation from the references, rather than the
direct measurement,

[[] step 14: Touch the Compare selector to set compare o, and touch the
Exit selector to remove the pop-up menu.

The Cross measurement selector in the major menu area has changed to
ACross, and the value being displayed is at or near zero. The zero value
shows that this cable deviates very little from its own signal propagation
characteristics.
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Example 10: Taking TDR Measurements

Measuring Distance
with TDR

One of the common uses of TDR is measuring distance. The CSA 803A
makes it easy to measure the length of a cable or circuit board run by using
the Cursors major menu. Distance is determined by the measuring the time
reguired for a pulse to travel down a transmission line {for example, a cable
or circuit board run) and for its reflection to return. The measured distance is
dependent on the propagation velocity of the transmission line.

[7] step 9: Touch the Cursors icon to display the Cursors major menu.

7] step 10: Touch Cursor Type, touch Vertical Bars in the pop-up menu
and then touch Exit.

[j Step 11: Use the knobs to position Cursor 1 at the first rising edge and
position Cursor 2 at the second rising edge.

You are now measuring the distance between the rising edge of the step
leaving the head and the rising edge of the reflection. If you select Feet for
the Y Units in the Graticules pop-up menu, you can read the length of the
cable, in feet, at the Af/2 readout. The Af readout shows you the total dis-
tance traveled by the step and its reflection. Divide that value in half, Af/2,
and you have the length of the cable.

CSA 893A User Manual

2-93



Example 10: Taking TDR Measurements

2-94 Operating Basics



Example 10: Taking TDR Measurements
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Figure 2-54: TDR Step and Reflection
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Example 10: Taking TDR Measurements

Changing Graticule
Units for TDR

Under normal operation, the graticule units of measurement are volts for the
vertical axis and seconds for the horizontal axis. These are not the units of
measurement commonly used in TDR.

When you selected TDR Preset, the CSA 803A automatically changed the
units of the vertical axis to units of tho {p). You can change the measure-
ment units for both graticule axes by using the Graticules selector in the
Waveform major menu.

[[] step 8: Touch Graticules in the major menu and Feet, Meters, or
Inches in the pop-up menu. i you know that the propagation velocity of
your cable differs from the default, touch the Propagation Velocity
selector and adjust this parameter. if you don’t know the velocity or are
using Tektronix SMA cables, accept the 0.7 default. This unitless number
represents the fraction of the speed of light that signals pass through
your network or transmission line.

The horizontal axis is now calibrated in your chosen units of measurement.

NOTE

Cursor readouts, and measurements when approptiate, are ex-
pressed in the same unils as the graticule axes.

Observe the Y Units section of the Graticules pop-up menu. The veriical
axis units are set to rho, so Rho is selected. \n addition, the Reference
Amplitude selector shows a reference amplitude of 250 mV. This is the
ampiitude of the step that the 8D-24 sampling head sends through the
cable.

Readouts are displayed in units of impedance (2}, as well as in units of rho,
in the Gursors major menu.
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Example 10:
Taking TDR Measurements

This example demonstrates the TDR (Time Domain Reflectometry) feature of
the SD-24 sampling heads when they are used in combination with the
CSA 803A. TDR is a method of examining and measuring a nstwork or

transmission line by sending a step into the network and monitoring the
reflections.

For this example you will need a CSA B03A with at least one SD-24 sampling
head installed. You will also need one SMA cable, preferably of 5 ns length,
and a static protection wrist strap.

|:| Step 1: Initialize the CSA 803A (press the UTILITY bution in the
MENUS column, touch Initialize in the major menu, and touch Initialize
in the verification pop-up menu).

[J Step 2: Put on the wrist strap and ensure that it is connected to the
antistatic connector on the front panel of the CSA 803A.

[ step 3: Attach one end of the cable to any SD-24 sampling head input.
Leave the other end unatiached.

U 7

[o](e_ejfe] o]

Not
Connected

db E[:I

-

Figure 2-52: Connections for Exampie 10

[ step 4: Press the UTILITY button and select Instrument Options in the
pop-up menu. Select Vectored Trace, then Exit.

[ step 5: Press the WAVEFORM button, and touch the Sampling Head
Fnc's selector. See Figure 2-53.

The sampling head will turm on a red light next to the channel input connec-

tor, indicating that TDR is activated for that channel. TDR can be used on
each channel independently.
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Example 10: Taking TDR Measurements
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Figure 2-53: The Sampling Head Fn¢’s Pop-Up Menu

I:I Step 6: Touch 1 (or whichever channel you are using) and then TDR
Preset to define a trace and turn on TDR.

D Step 7: Adjust the display sizes and positions to show a trace similar to
that shown in Figure 2-54. The vertical {}) and horizontal (<) icons will
let you make fine adjustments.

The first rise of this frace is the TDR pulse leaving the sampling head; the
second rise is the reflection of the pulse returning from the end of the cable.
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Example 9: Creating a Histrogram Display

it FEBRE

~Ed R

Figure 2-51: A Verticai Histogram Display

You can adjust the histogram limits to restrict the range of trace record
points that the CSA 803A will recognize as valid data points.

D Step 11: Touch Persist/Histograms to redisplay the pop-up menu.
[:] Step 12: Select Vertical Limits in the pop-up menu.
The knobs are now assigned to Top and Bottom,

[:] Step 13! Use the knobs to adjust the top and bottom Emits of the histo-
gram, and observe the changes in the distribution displayed. Note that
in Infinite Persist mode, changing a limit causes all trace data to be
cleared and new data 1o be acquired. You can save time using Color
Graded mode because the trace data doesn’t need to be cleared.
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Example 9: Creating a Histrogram Display

You can also control the number of samples the CSA BO3A uses to develop
the histogram. Using the Persist/Histograms pop-up menu, you canseta
number of waveforms (traces) or a number of samples (individual trace
record points, or “hits”) to acquire for the histogram before stopping
acquisition.

D Step t4: Touch the Persist/Histograms selector to redisplay the pop-
up menu.

[] step 15: Touch Set N Samples to assign the knobs to control the
number of samples for the histogram.

[J step 16: Tum either knob to set the Sample N value.

[ step 17: Select Stop N Samples in the Persist/Histograms pop-up
menu.

Trace acquisition stops when the number of Hits listed in the major menu
ared is equal to the number of samples you set.
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Example 9:
Creating a Histogram Display

This example demonstrates how you can create a histogram of a displayed
trace. As in Example 4, you will display the calibrator signal at very fine
horizontal (time per division} and vertical {volts per division) seftings to
simulate a noisy signal.

For this example you will need a CSA 803A with at least one dual-channel
sampling head installed, one SMA cabile, and a static protection wrist strap.

[[] step 1: Initialize the CSA 803A (press the UTILITY button in the
MENUS column, touch Initialize in the major menu, and touch Initialize
in the verification pop-up menu).

D Step 2: Put on the wrist strap and ensure that it is connected to the
antistatic connector on the front panel of the CSA 803A.

D Step 3: Connect the CALIBRATOR output to any sampling head input.

OO Ll
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Figure 2-50: Connections for Example 9

] Step 4: Press the TRIGGER button, and touch Source and Internal
Clock, then touch Exit.

[} step 5: Press the SELECT CHANNEL button on the sampling head
input channel to which you have connected the calibrator.

D Step 6: Turn the top knob to the right untit the horizontal scale is 1 ps/
div.

D Step 7: Press UTILITY and touch Instrument Options. Touch Horizon-
tal Autoset until the selector shows Off and touch Exit.

[[] step 8: Press the AUTOSET button.
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Example 9: Creating a Histrogram Display

in Example 4, you used color grading to view the relative density of trace
points in a display of this signal. A histogram will provide additional statisti-
cal information about the distribution of points in the trace.

[[] step 9: Press the DISPLAY MODES button and select Persist/Histo-
grams in the major menu area.

[] step 10: Select Vertical Histogram in the pop-up menu, and then
select Exit.

When you selected Vertical Histogram, the display persistence automatical-
ly changed from Normal to Infinite. Histograms can be displayed on traces
in the infinite persistence and color grading display modes, but not in nor-
mal or variable persistence modes.

The histogram display appears in red along the right side of the graticule. A
red box on the graticule outlines the limits of the histogram data: trace data
that fall outside these limits are ignored.

The amount of noise you see in the displayed signal will depend on the
sampling head you have installed. The illustration in Figure 2-51 shows the
calibrator signal as acquired using an 8D-24 sampling head. if you are using
a lower-noise sampling head, such as the SD-22, you will see less noise on
the display.

The major menu area shows readouts for the histogram parameters and
resulis:

m  Top, Bitm, Lit, and Rgt are the limits of the histogram data (displayed as
a red box).

= Mean is the mean vertical value of the trace data within the histogram
fimits.

= RMSA is the root mean square deviation, or standard deviation, of trace
data points from the Mean value.

m  PKPKis the peak-to-peak measurement of the trace within the histogram
limits.

m  Hits is the number of trace data points that fall within the histogram
fimits.

& Wims is the number of traces (waveforms) acquired for the histogram.

= uxig isthe percentage of poinis that are within one standard deviation
(o) of the mean (). px20 and w30 are the percentages of points that

fali within two standard deviations and three standard deviations, re-
spectively, of the mean.
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Example 8: Comparing Traces to Stored Traces

D Step 11: Create a difference trace by touching the DefTra icon, then
touch 1 (or whatever channel number you are using), under Trace
Functions, —, Stored Traces, STO1, and Enter Desc.

[[] step 12: Touch the vertical icon (}) and adjust the top knob 1o set the
vertical size of the trace to 50 mV/div (the verticai size of the stored
trace).

The difference trace should be close to a flat frace, because the signal you
are comparing Is identical to the source of the saved trace, except for noise,

This setup s useful in cases where you are tuning a circuit to a known
standard of performance. First, you save the desired signal trace from a
circuit of known performance; then you use the difference trace to obsarve
other circuit samples. These circuits can then be dynamically tuned to the
same performance.

To accurately quantify the signal variation from a straight line, you can use
the RMS measurement;

]:] Step 13: Press the MEASURE bution and touch Measurements, RMS,
and Exit.

To tune a circuit, you could make adjustments to get the smallest RMS
measurement instead of simply trying for the “fiattest” trace.
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-~ Example 8:
- Comparing Traces to Stored Traces

This example demonstrates how to store a trace that is a “snapshot” of a
particular moment, and how to use the stored trace as a basis for compatr-
ing other traces. This is simitar 1o Example 7, where you used a reference
measurement as a basis of comparison. This time, the entire trace will be
saved as a reference.

For this example you will need a CSA 803A with at least one sampling head
instalied and one SMA connecting cable.

D Step 1: Initialize the CSA 803A (press the UTILITY button in the
MENUS column, touch Initialize in the major menu, and touch Initialize
in the verification pop-up menuy).

[C] step 2: Put on the wrist strap and ensure that it is connected to the
antistatic connector on the front panet of the CSA 803A.

D Step 3: Connect the CALIBRATOR output 1o any sampling head input.

l A;_J_I...l
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Figure 2-48: Connections for Example 8

[[] step 4: Press the TRIGGER button and select Source in the Trigger
major menu. Select Internal Clock and fouch Exit o remove the pop-up
mentt.

D Step 5: Press the SELECT CHANNEL button on the sampling head
input your have connected to the CALIBRATOR signal.

D Step 6: Press UTILITY, Instrument Options, and Vectored Trace for a
vectored trace display.
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Example 8: Comparing Traces to Stored Traces

[[] step 7: Press the AUTOSET button.

You should have a stable display of the calibrator sighal showing several
cycles. Make sure that all of the signal is on the display and that there are
no places where the trace extends above or below the graticule area.

You will store this trace and then define a new trace that shows the differ-
ence between a signal and the stored trace.

Storing & trace means storing a copy of each data point that forms the trace
on the display. A limited amount of memory is available for storing traces
and for storing front panel settings. As you store traces and front panel
settings, the instrument keeps a running total of the available memory. in the
pop-menu below, available memaory is shown under Free NonVolatile RAM.

Figure 2-49: The Store/Recall Major Menu and Store Trace Pop-Up
Menu

The STORE/RECALL button lets you store and recall traces and front-panel
setlings. In addition, you can clear traces (discard accumulated data and
force re-acquisition) and delete traces. See Figure 2-49.

[] step 8: Press the STORE/RECALL button, then touch Store Trace and
select Trace 1 in the Store Trace pop-up menu.

The CSA 803A has stored a frace in memory, named “STO 17. Once the
trace is stored, there is no reason o leave its source on the display.

[] step 9: Touch Remove/Clr Trace 1 and then touch Remove Trace 1 in
the pop-up menu.

D Step 10: This step is optional. If you wish to see the stored trace with
which the comparison will be made, touch the Recall Trace selector
and select STO1 in the pop-up menu.
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Example 7: Taking Comparison Measurements Using a Reference Trace

Once the CSA 803A has been set up with a comparison measurement, no
further adjustment is necessary to make a series of deviation measure-
ments, To compare the ionger cable to the reference you have established:

[} step 15: Remove the short cable from the calibrator and sampling
head, and replace it with the longer cable connected in the same way.

The ACross measurement readout shows the difference in fength of the
cables by showing how much fonger it takes & signal to fravel through the
second cable. In a testing environment, this method of measuring can be
used to test a collection of cables to a specific tolerance, without altering the
setup on the CSA 803A,
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Acquisition

Acquisition is the process of digitizing data points from & signal and assem-
bling them into a trace record that is shown on the oscilloscope display.
Once you create a trace, acquisition of the signal is continuous and you see
a live trace on the display.

How Traces are
Acquired

When the CSA 803A acquires trace records, it bases the sampling process
on a trigger event, an electrical event that occurs on the trigger signal. The
trigger signal is independent of the signal being acauired. See Figure 3-1.

When the trigger event is detected, the CSA 803A waits a specified period of
time before sampling and digitizing the first trace point. This time period is
the horizontal position of the trace, which is set using the knobs. After the
first point is digitized, the CSA 803A waits for another trigger event before
sampling and digitizing the second point of the trace record. For the second
point, the waiting time between the trigger event and the sampling and
digitizing of the point is increased by the sample interval.

Sample Interval

First Sampled and
Digitized Point

Trigger Event on
Trigger Signal

o
>

Horizontal Position

Figure 3-1: Acquisition of a Trace

The acquisition process continues until ali the points in the trace are sam-
pled and digitized. Points are acquired in order from left to right, and each
point is sampled from a separate trigger event, When all the points in the
trace record have been sampled and digitized, the trace is displayed. Note
that for very siow trigger rates with traces that do not involve math functions
or operations, a partial trace will be displayed even before all data points are
accumulated. '
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Acquisition

A trace remains on the display until it is replaced by a more recent acquisi-
fion or untif you clear the frace. The process of clearing traces is described
on page 3-5.

You can set the number of poinis in a trace record, called the record fength,
to be 512, 1024, 2048, 4096, or 5120 points. Setting the record length is
described in more detail on page 3-163.

Determining the
Sample Interval

The sample interval is the time difference represented between successive
points on the trace record. This is different from the sampling rate, which is
the actual time that it fakes to sample and digitize the successive points in
the trace record. Since only one point is sampled and digitized after a trigger
eveni, the sampling rate is much slower than the sample interval,

To compute the sample interval, divide the time period that the frace record
displays by the number of points in the trace record. For example, if you are
display a trace at 20 ns per division, the trace displays a little more than
200 ns oftime. {There are a few points outside the 1g-division graticule on
either side.} If the trace has 2048 points, the sample interval is 200 ns di-
vided by 2048, or 100 ps.

All traces on the main time base have the same record length and horizontal
size. Similarly, aif traces on window time bases share the same record
tength and horizontal size. This means that the CSA 803A uses one sample
interval for main traces and a different sample interval for window traces.
You can see what the current sample intervals are by looking at the top of
the Horizontal Desc pop-up menu in the Waveform major menu.
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Acquisition

Controlling
Acquisition

You can freeze the traces on the display at any time by pressing the
ACQUISITION button. This button is found above the sampling heads, near
the column of major menu buttons. This technique lets you stop live traces
10 examine them more closely.

AGQUISITION SEQUENGE o=
AUTOSET HARDOORY  “SETTING O on

R

g v B m

Figure 3-2: Front Panel Acquisition Lights

Next to the ACQUISITION button are RUN and STOP lights. One or the
other of these lights is always on, telling you whether acquisition is occur-
ring.

The Acguire Desc pop-up menu in the Waveform major menu also controls
acquisition. You can specify that acquisition stop afier all the data points are
sampled for a single record. If you use the averaging or enveloping features,
you can specify that acquisition stop after enough records have been ac-
quired to provide a complete average and/or envelope.

NOTE

See Averaging and Enveloping on page 3-13 for details of how to
use this pop-up menu to specify averaging or enveloping modes.

You can also stop acquisition based on the number of samples or wave-
forms acquired for a color-graded display, the number of samples or wave-
forms acquired for a histogram, or the number of “hits” acquired in mask
testing. See the sections on Display Persistence, page 3-43; Histograms,
page 3-99; and Mask Tesiing, page 3-119, for more information about these
acqulisition conditions.

You use the selectors in the Stop Acquisition On section of the pop-up
menu to specify that acquisition stop on these various conditions. You can
specify One Record, Average Complete, Envelope Complete, or Both
Avg and Env. If you select One Record, alt waveforms will be reacquired
and acquisition will stop after a new, complete acquisition has been made
for each waveform.

When you wish to resume normai, continuous acquisition, touch the Con-
tinuous selector under the heading Run Acquisition.
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Figure 3-3: The Acquire Desc Pop-up Menu
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Clearing Traces

A trace may be displayed, but not curtently acquiring new trace data. This
happens if a trace is not triggered, or if you use the ACQUISITION button to
stop acquisition.

When the trace is displayed but is not acquiring data, the trace record from
the last acquisition rermains on the disptay. This is why traces appear frozen
on the display when you turn ACQUISITION off.

You can clear the frozen trace data from the screen, using the Clear Trace
pop-up menu in the Store/Recall major menu. This pop-up menu is iHus-
trated on the next page. To clear a frace, touch the selector in the pop-up
menu that represents the frace you want to clear. Traces are identified both
by trace number and by trace expression and time base.

The Clear All selector lets you clear all traces at once.

You cannot clear a trace that displays only stored trace data. For example, if
you have a frace that is defined to be STO1+8TO2, then that trace will not
be listed in the Clear Trace pop-up menu,

If you clear traces that are being acquired (live traces on the display), they
will be cleared and replaced with new trace data. You may notice that the
trace blinks as it Is cleared and replaced. The Remove/Clr pop-up menu
can also be used to clear the selected trace.

Cigar Trace

Figure 3-4: The Clear Trace Pop-up Menu
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Audio Feedback

When you select a function on the touch screen, a beep indicates that your
seilection has been noted and is being acted on. This beep can be furned on
or off.

To turn the audio feecdback on or off use the Instrument Options pop-up
menu from the UtilityT major menu. Touch the Audio Feedback selector in
this pop-up menu to turn the beep off or on. See Figure 3-5.

Tnstrument

-
Options

Frg 21 Uotions

Time:
Date:
Ot fme s

Fowarups:

Audioc Feedback
Selector

k]

Figure 3-5: The instrument Options Pop-up Menu
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Autoset

Adijusting an oscilloscope to display a stable trace of usable size and ampli-
tude can be a time-consuming process. The Autosel feature of the
CSA B03A can quickly give you a stable, meaningful trace display.

The AUTOSET
Button

..
ACQUISITION pee N - o o _
N i
-~ 1 N3/ e LY

Figure 3-6: Front Panel Autoset Bution

NOTE

The sarmpling head channels must be calibrated for autoset fo work
properly. See Enhanced Accuracy, on page 3-48, for more informa-
tion on sampling head calibration.

When you press the AUTOSET button, located above the sampling heads,
you tell the CSA 803A to examine the signal and adjust the following con-
trols for optimum display:

w  Vertical gain and ofiset; and for calculated traces, vertical size and
position

®  Horizontal size and position

= Trigger ievel, if appropriate to that trigger source
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Undoing an Autoset

if you don’t like the resulis of an autoset, you can resiore the status of the
CS8A 803A by touching the Undo Last Autoset selector in the Instrument
Options pop-up menu of the Uility1 major menu. See Figure 3-7.

Autoset Options

The Instrument Options pop-up menu lets you set several autoset parame-
ters, so that you can tailor the autoset operation to your needs.

Instrument Options

Hutoset Options

Foouracy

Figure 3-7: The Instrument Options Pop-up Menu

The Autoset Options section has five selectors to let you turn off or toggle
certain autoset operations. When you set the Vertical Autoset, Horizontal
Autoset, or Trigger Autoset to Off, those settings are not affected when you
press the AUTOSET button. For example, if you set Horizontal Autoset to
Off, then the Horizontal Size or time-per-division setting is not changed
when you next press AUTOSET. The Enable Al selector sets the other three
selectors 1o their normal On state. The exception to this is Standard Mask
Autoset. See Standard Mask Autoset on page 3-11.
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The Autoset Mode selector lets you choose between Edge mode, which
shows a single rising or falling edge of signal across 20% or less of the
display, or Period, mode which shows three or more complete cycles of a
signal. Note that for Standard Mask Autoset, the Autoset Mode does not
apply. See Standard Mask Autoset on page 3-11.

Standard Mask Autoset

The CSA 803A can be configured to perform an autoset automatically when-
ever a standard mask is selected from the Standard Mask pop-up menu,
which is available in the Display Modes major menu. A standard mask
autoset sets the horizontal, vertical and trigger parameters to the signal
characteristics of the selected standard mask. By setting Stan Mask Auto-
set to Auto, the instrument performs the autoset when a standard mask is
selected. If Stan Mask Autoset is set to Manual, the standard mask auto-
set occurs only when you press AUTOSET at the front panel. Note that after
initialization, the instrument defauits to Manual. You can turn off the trigger
parameter adjustments during standard mask autoset from the Instrument
Options pop-up menu. Setting Trigger Autoset to Off causes the CSA 803A
to leave trigger parameters unchanged during a standard mask autoset,

Also, when Stan Mask Autoset is set to Auto, then whenever you perform a
standard mask autoset, either by first selecting the standard mask or by
pressing the AUTOSET button, the instrument immediately begins counting
mask hits and also enables Stop N Waveforms on the Mask Testing pop-up
menu. This feature helps simplify your testing sequence, because you can
select a particular standard mask and the instrument will immediately per-
form standard mask autoset and begin mask testing. You can change the
signal source, press AUTOSET at the front panel, and the instrument will
perform standard mask autoset and begin mask testing on the new signal
source. See Mask Testing, page 3-118, in this manual for more information.

When performing a standard mask autoset for pulse masks {not eye pattern
masks), the instrument turns on waveform averaging and acquires the
number of waveforms indicated or selected in the Acquire Description
pop-up menu before performing autoset. In this way, the autoset is more
accurately performed to an average. For this autoset, you can set the num-
ber waveforms averaged to between 8 and 128. (You can select greater or
fewer waveforms for the average, however the instrument limits the selection
to this range for this autoset.) You can use this feature to control the speed
and accuracy of autoset for pulse masks.

Many of the standards specify voltage levels for the signal. For these stan-
dards, be sure o enter any external attenuation that may be in the signal.
You can do this from the Sampling Head Fncs pop-up menu, in the Wave-
form major menu.

For bipolar signals, you may want to compare the negative pulse to the
standard mask. To do this, define the trace as =M1 (not —1 x M1). You can
use the Vertical Description pop-up menu. Standard mask autoset will
work for inverted negative pulses, but only if Time Base Cal Mode is set to
Fast and not High Prec. Standard mask autoset wilt produce errors for
more complicated trace expressions.

CSA 803A User Manual
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Setting the Stan Mask Offset Adj selector to On causes the instrument 1o
adjust the vertical offset during a standard mask autoset to make the wave-
form match the selected standard mask more closely. Setting this selector to
Off turns off vertical offset adjustments during a standard mask autoset.
This feature only applies 1012 of the standard masks. They are:

w  CCITT G.703 Standard Masks
Single Pulse 64 kb/s
Double Pulse 64 kb/s
Data Pulse 64 kb/s
Timing Pulse 64 kb/s
Pulse 1.544 Mb/s
Sym Pair 2.048 Mb/s
Coax Pair 2.048 Mb/s
Sym Pair 6.312 Mb/s
Coax Pair 8.312 Mb/s
Pulse 8.448 Mb/s
Pulse 32.064 Mb/s
Pulse 34.368 Mb/s
Pulse 44.736 Mb/s
Pulse 97.728 Mb/s
®  ANSI T1.102 Standard Masks
Digital Signal 1 (DS1) 1.544 Mb/s
Digital Signal 1 (DSt old) 1.544 Mb/s
Digital Signal 1C (DS1C) 3.152 Mb/s
Digital Signal 2 (DS2) 6.312 Mb/s
Digital Signal 3 {DS3) 44.736 Mb/s

For all other standard masks, vertical offset is always adjusted by the stan-
dard mask autoset, regardless of how this option is set in the Instrument
Options pop-up menu.
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Averaging and Enveloping

The averaging and enveloping functions allow you to examine and manage
noisy signals.

»  Averaging reduces the apparent noise of a displayed trace and provides
a cleaner display. The CSA 803A presents a trace that is an average of
several accumulated trace records. Each sample in a record is numeri-
cally averaged with the same sample in all the other records. The result-
ing trace is displayed.

»  Enveloping shows the cumulative effect of noise over a period of time. k
is similar to averaging in that several frace records are accumulated and
a combined result is displayed. An enveloped trace shows the maximum
excursions of the-individuattrace records. This often results in a
“thicker” trace that shows the limits of variation of the signal.
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Deﬁngng an Averaged There are two ways of establishing an averaged or enveloped frace.

or Enveloped Trace

1. If you are establishing a new trace, you can use the AVG( or ENV(trace
functions as you define your trace. These can be selected from the Def
Tra menu. For more information on this method, see Trace Definition
and Management on page 3-203.

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

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

D Step 1: Create the trace you want using any method.

NOTE

if you aren’t sure how to define a trace, see Trace Definition and
Management on page 3-203.

[ step 2: if the trace isn’t selected, touch the trace to select it.

[} step 3: To average the trace, press the WAVEFORM button, touch the
Acquire Desc seiector in the major menu, and then touch the Average
N selector in the pop-up menu. See Figure 3-8.

D Step 4: To envelope the trace, press the WAVEFORM button, touch the
Acquire Des¢ selector in the major menu, and then touch the Envelope
N selector in the pop-up menu.

The Vertical Desc selector staius, shows that the average or envelope
function is part of the trace expression.
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RBun Hogu

Figure 3-8. The Acquire Desc Pop-up Menu

Terminating
Averaging or
Enveloping

When you want to return to normal trace display, touch the Average N or
Envelope N selector in the Acquire Description pop-up menu.

Record Count

Several complete trace records are combined to form an averaged or envel-
oped trace. You can set the number of records that the CSA 803A accumu-
lates and combines.

Use the Set Avg N and Set Env N selectors in the Acquire Desc pop-up
menu 1o assign the knobs 1o set the number of records. The top knob sets
the number of records to accumulate for an average, and the bottom knob
does the same for enveloping when you also limit acquisitions. You can set
the instrument to limit acquisitions for enveloping or averaging. See Limiting
Acquisition in this section.

Each knob click changes the current value by a multiple of two in the coarse
setting. You can use the numeric keypad 10 enter specific values or change
the knob resoiution.

CSA 803A User Manual
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Lgmiﬁng Acqui sition You can have the CSA 803A stop acquiring trace data when enough data is
accumulated to determine a complete average or envelope. This has the
effect of freezing the trace. The selectors in the Stop Acquisition On section
of the Acguire Description pop-up menu let you speciy One Record, Aver-
age Complete, Envelope Complete, or Both Avg & Env. When you want to
resume normal continuous acquisition, touch the Continuous selector.

Side Effects of Averaging improves the accuracy of some software measurements because
. the measurements are taken from averaged data. However, some measure-

Averagtr_lg and ments can be adversely affected by avegagiﬂg or enveloping. For example, if

Envelopmg you take a rise time measurement of a signal with horizontal jitter, the aver-
aged trace will indicate an inaccurately slow reading. Be cautious when
taking software measurements of averaged or enveloped traces. One way to
take an accurate rise time measurement on a signal with jitter is 1o use
statistical measurements on the unaveraged signal.

Hardware measurements are unaffected by averaging or enveloping be-
cause these measurements are taken directly from the signal.
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Baseline Correction

Baseline correction holds the vertical position of a trace on the display while
the signal is changing. This feature is most useful in TDR measurements
because changes in transmission line impedance affect the vertical place-
ment of the trace.

When baseline correction is first furned on, the ieft-most region of the se-
lected trace is examined and the vertical screen placement of this trace
segment is determined. The left-most region is the region of samples soon-
est after the trigger, and may or may not be shown on the trace display.
Thereafter, the baseline correction feature periodically examines this left-
most region of the trace and automatically adjusts the vertical position to
move that portion of the trace to its established vertical placement.

Select the Waveform major menu to access the Graticules pop-up menu.
Touch the Baseline Correction selector in the Graticules pop-up menu to
turn baseline correction on or off.

Baseline correction works on all channels {up to 4} in ali defined traces.
Baseline Correction is automatically turned on when Rho is selected for
Y Units and turned off when Volis are seiected for Y Units.

Example

The following example shows the value of Baseline Correction.
] step 1: Tum baseline correction off.

[[J step 2: Puton the wrist strap and ensure that it is connected to the
antistatic connector on the front panel of the CSA 803A.

[[] step 3: Using an SD-24 sampling head, establish a TDR display of a
short, unterminated cable. Position the trace horizontally so that the first
rise does not occur to the left of the first graticule division.

[:I Step 4: Terminate the cable using a 50 ( terminator. Observe that the
impedance change moves the entire trace vertically on the display.

[[] step 5: Remove the 50 Q terminator.
[[] step6: Tum baseline correction on.

[] step 7: Replace the 50 Q terminator on the cable. Observe that this
time, the baseline of the signal has not moved vertically on the display.
Instead, the vertical axis coordinates have adjusted to the new trace
values being displayed.

CSA 803A User Manual
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Calibrator

The CALIBRATOR output connector provides a known signal output for
your use in calibrating sampling heads. This connector is found at the
bottom right of the front panel. See Figure 3-9.

® |
90
The CALIBRATOR

: " and INTERNAL
f‘]f-@ 9.1E‘$-ﬂ-g] CLOCK Quiputs

[b Ll

Figure 3-9: Location of the CALIBRATOR and INTERNAL CLOCK
Outputs

The signat from the calibrator cutput is a fast risetime, 250 mV square wave
with a period of approximately 10 us.

The internal clock trigger source is synchronized with the calibrator cutput,
and provides a trigger event approximately 21 ns prior to the rising edge of
the calibrator signal. This synchronized trigger signal is available at the
INTERNAL CLOCK connector, located below the sampling heads.

To see the calibrator signal on the screen, follow these steps.

G Step 1: Initialize the instrument (press the UTILITY button, touch Initial-
ize, then touch Initialize again).

Step 2: Connect the CALIBRATOR output to any sampling head input,
using an SMA cable.

]

D Step 3: Press the sampling head SELECT CHANNEL button for the
channel you are using.

O

Step 4: Select the internal clock trigger source {press the TRIGGER
bution, touch the Source selector in the major menu, and touch the
internal Clock selector in the pop-up menuj.

O

Step 5: Press the AUTOSET button.
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Color Display

Specific colors are 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. In addition, there are up to
four colors for traces and an additional color for window traces.

The four trace colors are assigned automatically to traces as the traces are
defined. When a window trace is defined, it is displayed in the window trace
color. When you select a trace, its color brightens.

Color Selection

You can modify the display colors to sult your preferences using the Color
pop-up menu in the Utility1 major menu. See Figure 3-10. You can change
the colors displayed and the overall intensity of the display. You can also
reassign the color of the selected frace to any of the four trace colors or
window trace color.

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 element, and
beneath the selector is a readout of the hue, lightness, and saturation values
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°.

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

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

To change the color of a display element, select the element in the Color
pop-up menu. The knobs are automatically assigned {o control Lighiness
and Saturation; select Hue if you want to adjust the hue of the color. Adjust
the color using the control knobs,

CSA 803A User Manual
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Fr ed |
Hoodraey !

Figure 3-10: The Color Pop-up Menu

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

= Previous Colors restores all eight display elements to the colors they
had when you displayed the Color pop-up menu.

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

When no display elements are selected, the Al label is displayed below
the Default Color selector, and touching Default Color sets all eight
display elements to the factory defauht colors.
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iani Although the four trace colors are assighed to traces in order as they are
Reassigning Trace g g y
Colors created, you can change a trace’s color assignment using the Selected Tra
Color selector at the bottom of the Color pop-up menu.

The status area below the Selected Tra Color shows the trace number of
the selected trace and the number of the color assigned 1o that trace, for
example Trace Color 1. The box next to the selector displays the color of
the trace.

Touch the Selected Tra Color selector to change the color assignment of
the selecied trace. As you touch the Selected Tra Color selectoy, it cycles
through the four trace colors and window frace color. Touch the Window
Trace selector to change the color assignment of the window trace.

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

A consteliation diagram is the result of displaying one data signai against
another in an XY format, resulting in a matrix display of the various signal
levels. This section provides general instructions to help you display a con-
steliation diagram on the CSA 803A.

Displaying a
Constellation
Diagram

You will need the following equipment:

n Aiwo-channel sampling head or two single-channel sampling heads
® 3 SMA cables

a8 A static protection wrist strap

To display a constellation diagram perform the following steps:

[[] step 1: Press the UTILITY button, touch Initialize in the Utility! major
menu, and then touch tnitialize in the Verify Initialize pop-up menu.

[7] step 2: Put on the wrist strap and ensure that it is connected to the
antistatic connector on the front panel of the CSA 803A.

D Step 3: Connect a cable from signal source 1 {often called the “I”
signal} to Channel 1 {for simplicity, we assume you are using a two
channel sampling head).

|:| Step 4: Connect another cable, of the same length, from signatl source
2 (often called the "Q" signal) to Channel 2.

D Step 5: Connect the third cable from your trigger source to the DIRECT
trigger input on the front panel or to the PRESCALE trigger input. Use
the DIRECT input for signals of less than 2.5 GHz, otherwise use the
PRESCALE input for signals from 2 GHz up to 10 GHz. Be sure not fo
exceed the maximum input voltage shown below each of the trigger
inpuls.

[[] Step 6: Press the TRIGGER button. Touch the Source selector in the
Trigger major menu. Touch either External Direct or External Prescaler
depending on the connector to which you connected your ¢lock signal.
Touch Exit to remove the pop-up menu.

D Step 7: Turn on Channel 2 by pressing the select channel button next to
the input connector.

U Step 8: Turn on Channel 1 by pressing the select channel button next to
the input connector.
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[:] Step 9: To acquire a constellation diagram, you need to sampile the
data on both channels at a point where it is stable (this is, not transition-
ing between states). See Figure 3-11.

BILEm

Locaie this region at
the left graticule edge

Figure 3-11: Adjusting the Main Posiiion

[} step 10: To set the CSA 803A for this condition, create a normal YT
waveform on each of the two channels. Adjust the horizontal size and
position to expand a smal! section of the waveform horizontally and to fill
most of the screen vertically. The exact setlings required to achieve this
result will depend on your signal. For fast sighals, you can even set the
horizontal size 1o zero ps/div by keying in 0 on the knob pop-up keypad.
Repeat this process for both channels untii you have two waveforms that
look something like Figure 3-12.

3-26 Reference



Constellation Diagrams
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Figure 3-12: How the Expanded Waveforms Should Appear

[[] step 11: Adjustthe Main size to 0 ps/div. You should see two or more

0 oo

distinct voltage levels (depending on the signal) across the full screen. if
not, go back to 1 ns/div and reposition the four states on the left grati-
cule edge.

Step 12: Select channel 2 by touching it. You can determine which

channel is selected by the yeliow blinking light next to the input
connector.

Step 13: Press the WAVEFORM button,
Step 14: Select Horizontal Desc from the major menu.

Step 15: Touch the Trace 2 selector in the XY Display Mode section of
the pop-up menuy,

If a 45° line appears instead of a constellation diagram, you have se-
lected the wrong trace as the “X" component. This results in plotting one
channel against itself, which produces a diagonal line instead of a
consteilation diagram. To select the correct channel, go back o the
Horizontal Desc pop-up menu and select the other (non-highlighted)
channel in the XY display mode section of the pop-up menu. See Fig-
ure 3-13.
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Figure 3-13: The Display After Selecting the XY Display Mode

[ ] Step 16: The channel 2 trace should now appear as a constellation
diagram and the channel 1 trace should remain unchanged. Now, detete
the channel 1 trace (touch the other signal display and use the Remove/
Cir pop-up menu) and adjust the constellation diagram to fill the screen.
To enlarge the constellation diagram, adjust the size and position con-
trols as necessary.

You should now have a constellation diagram in the center of the screen.
You can now use histograms, mask testing, variable persistence, and color
grading to evaluate the constellation diagram.
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Cursors

Cursors provide a way to measure the difference between two trace loca-
tions that you specify. Cursors are markers that you position using the
knobs. Once the cursors are positioned, readouts in the Cursors major
menu show the absolute locations of the two cursors, and the difference (4)
between them.

» Vertical cursors are a pair of vertical bars. The position of the cursors
and the horizontat distance between them is shown in horizontal axis
units.

= Horizontal cursors are a pair of horizontal bars. The position of the
cursors and the vertical distance between them is shown in vertical axis
units.

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

»  Split-Dots cursors appear simifar to paired dots, except the dots may
be on different traces. The readout indicates both the vertical and hori-
zontal measurements, in the respective axis units.

NOTE

Consider using the automated measurement system to take meas-
vurements before using cursors.

You can use cursors to take several measurements. However, the auio-
mated measurement system is easier, faster, and more accurate. You can
take many common measurements using the Measure major menu. See
Measurements on page 3-137 for more information.
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Cursor Operation Before you use cursors, display the trace(s) that you want to measure. The
trace should be selected (highlighted). For split-clot cursors, either trace may
be the selected one.

To invoke the Cursor major menu, touch the Gursors icon, located above
the graticule with the selected trace. 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.

NOTE

Establish all irace displays before iurning on the cursors.

When you touch the Cursors icon, the CSA 803A displays the cursors and
their readouts. Whenaever you touch the Cursors icon, the knobs are as-
signed to adjust cursor positions.

The Cursors major menu has three selectors, Cursor Type, Set Zero, and
Exit. The rest of the major menu area shows the data readouts associated
with the displayed cursors. See Figure 3-14.

NOTE

The Cursors icon functions much like a major menu button.

H%:ﬂ

Figure 3-14: The Cursors Major Menu and Cursor Type Pop-up Menu
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Selecting Cursor Types

At the top of the Cursor Type pop-up menu, you can select from four cursor
types. i you select Vertical Bars, Horizontal Bars, or Paired Dots, the
CSA 803A removes the pop-up menu and shows the selected cursors, The
knobs control the cursor positions.

If you select S$plit Dots, the pop-up menu stays on the display, and the
tower half of the pop-up menu is active. The lower menu shows a selector
for each displayed trace (for exampie Trace 1, Trace 2). The selector for the
displayed trace is highlighted.

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

Cursor Calibration

Cursor readout can be referenced o a user-set horizontal point. This is
useful for making distance or time measurements using TDR or TDT. To
specify cursor readout based on cursar position, press the Set Zero selec-
for. The Set Zero pop-up menu is displayed. See Figure 3-15.

Figure 3-15: The Set Zero Pop-up Menu

To set the current horizontal value of Cursor 1 {o zero, touch the Set Curt
Zero selector. A A (delta) is displayed in the status area of the Cursor Type
selector, indicating that cursor measurements are made by subtracting that
value. This is useful in TDR and TDT measurements. Touch Clear Cursors
1o return to normal mode. Touching Set Zero Rho enables you 1o position
the cursors on a portion of the trace that you wish o be used as the “zero
rho” {or 50 () position. (Set Zero Rho is not seleciable uniess Y Units is set
to Rho in the Graticules pop-up menu.)

s To undo the effect of setting zero rho, the selected trace must be re-
moved and redefined. However, you can also recalibrate the zero rho
point for better resufts.
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Once you have positioned the cursors, select Proceed. The CSA B03A will
caiculate a constant (RHOZERQ) to be saved with the selected trace. The
RHOZERQ constant is added to the rho position (RHOPOS) for the selected
trace. Every time RHOPOS is recalculated for the selected trace (for exam-
ple, by baseline correction} RHOZERQO will be added to RHOPOS again. This
makes the cursor readout {and the automated measurement systemn) more
accurate for the selected trace.

Removing Cursors

You can remove cursors by touching the Exit selector in the status area. The
front panel will refurn to the previously selected major menu.

Additional Cursor Facts

»  Once cursors are established on atrace or frace pak, touching another
trace selects that trace and moves both cursors to it.

m  Split Dots cursors cannot be used on XY traces. Other cursor types
operate normally on X-Y traces.

= |f the horizontal axis displays time (the normal case), then the horizontal
cursor readout shows the inverse of the delta (1/At), which can be used
to show frequency. The cursor readout also shows the absolute values
of the cursor locations and the distance between them.

s Adot cursor is displayed as a vertical bar if it is placed on a trace where
trace data cannot be displayed. For example, if your trace is not trig-
gered and therefore is not showing on the dispiay, placing dot cursors
on it will show vettical bars. This is because without trace data, there is
no known vertical position for the dot.

s When atrace is scaled in rho, and the cursor type is dots or Horizontal
Bars, ohms () and ohmsx2 ((0x2) values will also be displayed for the
CUrsor.
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rsor Exampl
Cursor Examples Measuring Trace Amplitude

The following procedure shows how to use cursors 16 measurs trace
amplitude.

D Step 1: Acquire and display a trace you want to measure. Make sure all
of the frace is within the graticule area, but make the trace as tall as
possible for best vettical resolution (use the vertical icon if necessary).

[[] step 2: Select the trace you want to measure.
G Step 3: Touch Cursors, Cursor Type and Horizonial Bars.

D Step 4: Use the knobs to move the cursor positions to the top and
bottom of the trace. Use the Cursor 1 or Cursor 2 selectors in the Knob
menu to increase the resolution of the knobs. This lets you posilion the
cursors more precisely. The Av readout at the display bottom indicates
the trace amplitude.

Measuring Time Between Points On Different Traces

The following procedure shows how to use cursors to measure time be-
tween points on different traces.

E] Step 1: Create a display of the two traces you want to measure. Make
sure that the point you want to measure on each trace is visible on the
display. For the most accurate results, use the shortest time per division
that shows the points to be measured. (Window traces can be used to
get a much shorter time-per-division and still have both cursor points on
the display)

[:! Step 2: Leave either of these traces as the selected trace, and note the
number of the other trace.

D Step 3: Touch Cursors, Cursor Type and Split Dots.
D Step 4: Touch the trace selector of the other trace that you want to

place a cursor on. If you've forgotten its numbet, the trace description
appears in each selector.

[[] step 5: The cursors are now placed, one on each trace. Use the knobs
1o move the cursors 1o the two locations from which you want to meas-
ure time difference. Then read the time difference (Af) at the bottom of
the display.
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Diagnostics

The CSA 803A features a diagnostic system that performs comprehensive
tests of the instrument. This ensures you that your instrument is operating
correctly. A set of tests is automatically performed whenever the CSA B03A
is powered on. You can executse additional diagnostic tests at any time.

There are three categories of tesis:

s Power-On Diagnostics are basic functional tests. These ensure that the
various microprocessars are running and communicating with each
other. The power-on diagnostics take about 5 seconds 1o execute and
are run oniy at power-on.

NOTE

The CSA 803A executes the power-on and self-test diagnostics
whenever the power is turned on.

»  Self-Test Diagnostics are a subset of the extended diagnostics and are
execuied as a group at power-on. You can also execute this group at
any time. This group of tests takes about 15 seconds to execute.

» Extended Diagnostics are a complete set of tests which you can exe-
cute either individually or as a group at any time. A separate menu
system controls the extended diagnostics. Any time the self-test diag-
nostics 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 the instrument. This manual introduces the menu but does not
discuss the extended diagnostics compietely. For complete information, see
the CSA 803A Service Manual.

NOTE

Do not touch the touch screen or press the front panel! butfons
during any diagnostic tests. You may cause the diagnostics to
report spurious failures.
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Power-On
Diagnostics

The CSA 803A executes the power-on diagnostics whenever you turn the
power on; this is the only time these tests are executed. The power-on
diagnostics test the most fundamental operations of the microprocessors
and the communication paths between microprocessors,

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

Diagnostics in Progress

Comm Test in Progress

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

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

m  The instrument emits a high-low beep.

®  The instrument freezes and a message appears on the display. For
example:

Dsy Kernel Failure
RAM Data Bit

®  The instrument freezes and some of the front pane! lights are turned on.
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Self-Test Diagnostics

The CSA 803A automatically executes the seif-test diagnostics after the
power-on diagnostics are completed successfully.

The seif-test diagnostics can also be initiated by touching the Self Test
selector, located in the Utility2 major menu {(press the UTILITY button unti
the Utility2 menu appears), and then touching Self Test in the verification
pop-up menu. See Figure 3-16.

Figure 3-16: The Self Test Pop-up Menu in the Utility2 Major Menu

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

if the self-test diagnostics are completed successfully, the instrument will
return to the state it was in before the self-test ran. In the case where the
seif-test diagnostics were executed after power-on, the instrument will return
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 instrument, but until the failure is repaired you
should not rely on any measurements taken. Call your service person o
repair the cause of any failures.

CSA 803A User Manual
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Extended You can enter the extended diagnostic system by touching the Extended
Dia gno stics Diagnostic selector, located in the Utility2 major menu (press the UTHITY
button until the WHility2 menu appears), and then touching Extended Diag-
nostic in the verification pop-up menu. When self-test diagnostics fail, the
extended diagnostic system is eniered automatically, See Figure 3-17.

Figure 3-17: The Extended Diagnostic Pop-up Menu in the Utility2 Major
Menu

The extended diagnostic system is an independent subsystem of the instru-
ment. While in this system, few of the front panel buitons operate and the
Extended Diagnostics menu covers the entire display.

To leave the extended diagnostic system and return to normal instrument
operation, touch the (E) Exit selector in the extended diagnostic menu
twice. The instrument will return to the state it was in before the extended
diagnostics were entered. In the case where extended diagnostics were
entered after power-on, the instrument will return to the state it was in when
last powered off.

The top portion of the Extended Diagnostics menu shows three columns
with the status of the diagnostic tests.

SUBSYSTEM INDEX FAULTS

a) Execuiive abahid
b) Dispiay ek
¢) Time Base Fkk
d) Main Acq whEE

Figure 3-18: The Top Portion of the Extended Diagnostics Menu
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lf the extended diagnostic system has been entered because of a test
failure, the asterisks in the INDEX coiumn will be replaced with test results.
The three columns of this display have the following meanings:

a  SUBSYSTEM lisis the names of the subsystem tests.

= INDEX shows the test status for each subsystem. Four asterisks {***#%)
indicate the subsystem tests have yet to be executed. The word pass
indicates all tests in this subsystem have executed successfully, Any
other number or letter sequence indicates a diagnostic failure.

NOTE

Do not rely on any measurements taken from an instrument that
does not pass all extended diagnostics. Calf your service person
for repair,

& FAULTS shows the number of tests in the subsystem that failed.

Running all of the extended diagnostics takes about 40+ seconds depend-
ing on system configuration. You may execute all the tests from the ex-
tended diagnostics menu by touching the (x) All seiector {o set the all
parameter On, and then touching the (r) Run selector.

While the diagnostic tests are running, the (r) Run selector changes to a (q)
Quit selector. You can touch this selector, anyplace else on the screenora
button to stop execution of diagnostic tests,

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

When you are done with the extended diagnostic tests, touch the (e) Exit
selector twice in succession.

CSA B0O3A User Manual

3-39



Diagnostics

3-40 Reference



Display Intensity

To change the brightness of the display, use the instrument Options pop-
up menu from the Utility1 major menu. Touch the Display Intensity selector
in this pop-up menu. This assigns the knobs to control the intensity of the

disptay. You can then use either knob to adjust the intensity. See Fig-
ure 3-19.

Display infensity can also be changed in the Color pop-up menu, or in the
Persist/Histograms pop-up menu in the Display Modes major menu.

Iretrument Uptions i

Bt v OUptions

The Display
intensity Selector

Figure 3-19: The Instrument Options Pop-up Menu
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Display Persistence

Persistence is a measure of how long a data point remains displayed.
Traces can be displayed in four different persistence modes: Normal, Vari-
able, Infinite, and Color Grading.

The persistence mode is selected from the Persist/Histograms pop-up
menu. To display the Persist/Histograms menu, press the DISPLAY
MODES button and then touch Persist/Histograms. See Figure 3-20.

Figure 3-20: The Persist/Histocgrams Pop-up Menu
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Setting the
Persistence Mode

There are four persistence modes in the Persist/Histograms pop-up menu.
To select the mode, touch the appropriate selector.

Normal

in normal mode, each record replaces its predecessor record by erasing it
from the screen.

Variable

in variable persistence mode, the CSA 803A accumulates waveform data on
the screen for a user-specified period and then automatically rernoves them
from the screen after the time has expired or aged.

The duration over which the waveform is displayed on the screen before the
data is removed is user selectable. The range for persisterice is 200 ms o
20 s. To set the duration, select Persist Time and use the knobs or the
keypad pop-up menu to set the time.

Variable persistence mode cannot be selected when histograms are dis-
played or mask testing is occurring. Histograms and mask testing can be
displayed only in infinite persistence and color grading modes. If any dis-
played waveform has a record length longer than 512 points when Variable
Persistence is selected, the record length is set to 512 points and a mes-
sage is displayed informing you of the change in record length.

Infinite

In infinite persistence mode, accumulated waveform data points remain on
the screen indefinitely until some instrument set-up change occurs which
causes the process 1o start over. For example, infinite persistence is used in
mask testing and if Clear Hits is selected during testing, the waveform data
is cleared and the mask count begins accumulating ali over.

If any displayed waveform has a record length ionger than 512 points, when
Infinite Persistence is selected, the record length is set to 512 points and a
message is displayed informing you of the change in record iength.

Color Grading

This mode is similar to infinite persistence mode. The only difference is that
the accumulated points are color graded (shaded with different colors) to
indicate the density of the points, and a color graded database is built. You
can use the color graded database with histograms, mask testing, and
statistical measurements. You can also use color grading to provide more
visual information about the trace.

Because the data at any point on the screen can change in this mode, there
is an additional control available in color grading mode that is not available
for infinite persistence mode. This is the Refresh Rate. The screen is not
refreshed after every acquisition; instead, the screen is refreshed at a specif-
ic, user-selectable rate. The Refresh Rate controls how often the screen is
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updated with new data (this also applies to histogram displays). The range
for refresh rate is 5 s to 180 s. To change the refresh rate, display the Per-
sist/Histograms pop-up menu and touch Refresh Rate. Both of the knobs
are now assigned to control the refresh rate.

You can also set the refresh rate 10 0 using the keypad pop-up menu, which
means the display is never updated. The color graded database is not
affected by the refresh rate {(only the display is), so setting the refresh rate to
0 may speed some computations, such as measurements.

If any displayed waveform has a record length longer than 512 points when
Color Grading is selected, the record length is set t0 512 points and a
message is displayed informing you of the change in record length.

Interpreting the Color Graded Display

Colors in the color graded display are based on the number of hits that have
fallen in a “bin”, with a bin assigned 1o each pixel of the display. A bin can
represent a maximum of 65,535 hits. In a single-graticule display, the bins
are arranged in a 512 (horizontal) by 256 (vertical) matrix. In a dual-graticule
display, there are 512 (horizontal) by 128 {vertical) bins on each graticule.

There are three algorithms used to assign colors to the display. The algo-
rithm used depends on the maximum number of hits for any pixel in the
display. These algorithms are detailed in Appendix D, Algorithms. An exam-
ple of the assignment of colors is shown in the table below. Max in the table
represents the maximum number of hits in any bin, which for this algorithm
must be at least 186.

Table 3-1: A Sample Assignment of Colors o Hit Density

Hit Density Default Color Maps To

1/2 Max to Max Pale Yellow Trace Color 1

1/4 Max to 1/2 Max —1 Rose Trace Color 2
1/8 Max to 1/4 Max —1 Purple Trace Color 4
1/16 Max 1o 1/8 Max —1 Light Blue Window Trace
110 1/16 Max Green Trace Color 3

To see the actual range of values represented by each color, press Color
Grad Scale in the Display Modes major menu. The Color Grad Scale
pop-up menu shows the hit density for each of the five waveform colors. The
hit density readouts are updated when the CSA 803A updatss the color
graded display.
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Figure 3-21: The Color Grad Scale Pop-up Menu

Changing Colors

There are five colors used in the color graded display. The colors can be
changed, from the Color pop-up menu in the Wility1 major menu. The
colors are mapped to the four trace colors and the window trace color. To
change the colors of the color graded display, press the UTILITY button,
touch Color and change the appropriate trace color.

NOTE

Changing display colors is described in more detail in Color Dis-
play, on page 3-21.

Aithough the four trace colors are assigned to traces in order as they are
created, you can change a trace's color assignment, and thus the color
used in the color graded display, using the Trace Color N selectors at the
right side of the Color pop-up menu.

The selectors at the right side of the pop-up menu show the number of the
color {(HLS: hue, lightness and saturation) assigned 1o that trace, for exam-
ple Trace Color 3. The box next to the selecior displays the color of the
trace. To change the color of trace 3, touch Trace Color 3. Notice that
Lightness and Saturation are highlighted and the knobs are assigned to
Lightness and Saturation. Turn the knobs to change the color atiributes. If
you touch Celor, the menu will be removed and you can see the color
graded display better. The knobs are assigned 1o Lightness and Saturation
as long as you are in the Utility major menu. You can now change the color
and see how the new color works with the other colors in the color graded
display. Changing the Selected Tra Color has no effect on the Color Grad-
ing colors. To return to the Display Modes major menu, press the DISPLAY
MODES buttor.
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Limiting Acquisition

in color grading mode, every pixel on the screen is assigned a “bin” which
counis the number of samples that fall on that pixel, Each bin can hold a
maximum count of 85,535. If a sample falls into a bin which is full, an over-
flow is generated. You can iimit the number of acquisitions performed based
on the number of times overflows occur. The Set N MaxContrast selector
controls the number of overflows allowed before acquisition is stopped. The
stop condition can be satisfied by N overflows in one bin and/or one over-
flow in N bins {that is, the tctal number of overflows in all bins). To stop
acquisition after a set number of overflows, touch Set N MaxContrast. This
assigns the knobs to limit the number of ovetflows allowed before the digitiz-
er is stopped. The range for the number of overflows is 1 to 65,535. To begin
acquisition, touch Stop N MaxContrast. Touching this selector starts acqui-
sition, which then continues until the specified number of overflows have
occurred. When the number of overilows have occurred, acquisition stops.
Thus, there are two steps to stop acquisition based on the number of over-
flows:

[[] step 1: Set the number of overflows used to limit acquisition by touch-
ing Set N MaxContrast and using the knobs

D Step 2: Begin the acquisition by touching Stop N MaxContrast

If you want to stop the acquisition while still acquiring data. press
RUN/STOP
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The Enhanced Accuracy menu allows you 1o control the continuous self-cali-
bration features of the CSA 803A. It aiso allows you to perform some user-
assisted calibration procedures on the sampiing heads. You do not need
tools to make these calibrations; you use the front panel of the CSA 803A.
You: can choose to have the CSA 803A calibrate the sampling heads auio-
matically, or, for most sampling heads, you can use the knobs to calibrate
manually. See Figure 3-22.

NOTE

Use enhanced accuracy only when the instrument temperature has
stabilized. It takes 20 minutes for the CSA 803A to completely
warm up.

Figure 3-22: The Enhanced Accuracy Major Menu

The Enhanced Accuracy menu is selected from the Utility1 major menu by
setecting Page to Enhanced Accuracy. The eight selectors in this menu fall
into these categories:

= Control of Automated Calibration — the Time Base Cal Mode selec-
tor controls the internal time base automated calibration system. You
can select among Fast, High Precision, Off or Once. The Delay Com-
pensate selector, in the Delay Adjust pop-up menu, controls operation
of the automated delay adjustment.

= Calibration Assistance — the Calibrate All selector helps you quickly
calibrate a sampling head channel, as well as deskew sampling head
delays.

® Sampling Head Calibration — the Blowby Compensate, Gain, Offset,
TDR Amplitude, and Delay Adjust selectors let you calibrate sarnpling
head parameters. You can make each of these calibration adjustments
automatically with insirument assistance, or you can make each calibra-
tion manually using the knobs.
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Control of Automated
Calibration

The CSA 803A automatically calibrates the internal iime base and vertical
amplifiers, without your intervention. You can specify whether you want the
calibration optimized for accuracy or for sysiem speed. Touch the Time
Base Cal Mode selector of the Enhanced Accuracy major menu to display
the pop-up menu. Note that Off and Once turn off automatic calibration,
thus, if the instrument is left in either mode, it can drift out of specification.
The instrument should be lefi in Fast or High Prec mode for normat opera-

tion.
Table 3-2: Time Base Cal Mode Comparison

Setting Benefit Side Effects

Fast Increases system throughput Reduces accuracy slightly.
slightly.

High Prec Increases accuracy slightly.  Slows systern throughput

slightly.

Off increases system through- System can drift out of speci-
put. fication if left in this mode.

Once Forces the instrument to per-  Generally used in OFF state

form one complete pass of
the time base and vertical
calibration, then retumn to the
OFF state.

This single calibration will be
a Fast calibration if the pre-
vious Time Base Cal Mode
setting was Fast; High Preci-
sion if the previous setting
was High Prec.

o force calibration.

The CSA B03A periodicaily compensates the sampling head delay adjust-
ments without your intervention. This maintains the accuracy of the delay
adjustment calibrations you have performed earlier. You can specily whether
or not you want the CSA 803A to perform this automatic compensation.
Touch the Delay Compensate selecior in the Delay Adjust pop-up menu to
set this parameter to either On or Off.

Table 3-3: Delay Compensate Comparison

Setting Benefit Side Effect
Off Increases system throughput  May allow time coincidence
slightiy. of different sampling heads
1o drift over time and temper-
ature.
On Compensates for drift in des-  Slows system throughput
kew adiustment between slightiy.
sampling heads.
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Calibration
Assistance

The easiest way fo calibrate the sampling heads is to use the Calibrate All
selector to perform all the calibration adjustments for a single sampling head
channel at once. The CSA BO3A prompis you to make the signal connec-
tions that are needed 1o calibrate automatically. See Figure 3-23.

Figure 3-23: The Calibrate All Pop-up Menu

You should first decide which sampling head channel you want to use as the
reference channel for delay adjust. The delay adjustment of the other heads
will be calibrated to match the time position of this head. Select the refer-
ence channel using the selectors in the Selected Channel section of the
Calibrate AH pop-up menu. Then touch the Measure Reference Channel
selector, and foliow the displayed directions to connect the calibrator output
1o the selected channel. Touch the Proceed selector to measure that
channel.

NOTE

With the Calibrate All pop-up menu, you must first establish the
reference channel before you can calibrate any channels.

CSA 803A User Manual
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Once the reference channel is calibrated, you can calibrate alt the channels,
including the reference channel. You select the channel you want to cali-
brate using the selectors in the Selected Channel section of the Calibrate
Al pop-up menu. Then you touch the Calibrate seiector to begin calibrating
that channel. The sequence for catibrating the sampling head channei is:

1. A message prompts you to connect the calibrator output to the selected
channel and touch the Proceed selecior. The CSA 803A automatically
calibrates biowby, gain, and delay adjust.

2. Another message prompts you io connect a 50 O terminator o the
selected channel and touch the Proceed selector. The CSA 803A auto-
matically calibrates offset.

3. If the sampling head supports TDR, a final message prompts you to
connect a 50 Q terminator to the selected channel and fouch the Pro-
ceed sefector. The CSA 803A automatically calibrates TDR amplitude.

Once a channel is calibrated, you can select a different channel using the
selectors in the Selected Channel section of the Calibrate All pop-up menu
and calibrate that new channel.

When you have calibrated a channel, it is good practice to store its calibra-
tion values using the Store Constants selector. This stores the current
calibration values into sampling head non-volatile memory. When the system
is powered on, it calibrates the sampling heads io the values that were
stored as constants. If you later change the calibration values but do not
store them, the Recall User Const selector of the Calibrate All pop-up
men will recall and use all the calibration values for the selected sampling
head channel.

You can also recall the calibration values that were set at the factory, by
touching the Recall Defaults selector of the Calibrate All pop-up menu.
Since temperature and humidity variations affect calibration, these factory
defaults may only approximate ideal performance of your sampling heads.
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Sampling Head
Calibrations

You can perform individual calibrations on the sampling heads. If you have
used the Calibrate AH pop-up menu to calibrate the sampling head chan-
nel, you have already performed all the calibrations and there is no need 1o
repeat them individually. Note that for a dual-channel sampling head, cali--
brating one channel on a sampling head head does not affect the other
channel; you need 1o calibrate both channels separately.

You should refer to the User/Installation Manual for the sampling head or
heads that you are using. This will tell you which calibrations are appropriate
{0 that particuiar head. Some sampling heads do not require or allow certain
calibrations. Some calibrations are rarely needed on certain types of sam-
piing heads.

You can make five individual calibrations on the sampling heads.

»  Blowby Compensate adjusts the sampling head o minimize DC level
trace aberrations near the point of a large voltage change. Calibrate
blowby compensation only if you notice that the displayed trace is not
fiat near the point of a large voltage change.

NOTE

Some sampling heads do not require blowby compensation. The
blowby selector is not selectable (dim) for this type of head.

1 Gain (loop gain} adjusts the dot transient response of a sampling head
channel, A channel that is out of adjustment will change the shape of
the displayed trace as you change the horizontal size, particularly at very
high sweep speeds. Trace noise can be increased when gain is greater
than unity (1). This calibration is termperature sensitive. If any of these
conditions occur, check the gain calibration. Note that some sampling
heads are not equipped to perform this calibration.

1 Offset adjusts the DC voktage accuracy by setting the reference leve! to
zero. This calibration is temperature sensitive, and can also be affected
by gain calibration. If {he temperature of your environment changes, if
the sampiing rate changes significantly, or if you calibrate gain, also
calibrate offset. '

s  TDR Amplitude adjusts the DC voltage levels of the TDR pulse. TDR
Amplitude is thermally stable, and should rarely need to be calibrated. If
you notice the amplitude of the TDR puise is not to specification, you
should calibrate the TDR amplitude. The Reference Amplitude (in the
Graticules pop-up menu) is used in rho mode and should be set to
match the voltage calibrated here (nominally 250 mV). Note that some

~sampiing heads are not equipped to perform this calibration.

CSA 803A User Manual
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= Delay Adjust lets you deskew different sampling heads to any one
sampling head. The reference head you choose is measured, and the
delay of the other sampling heads is adjusted to maich that reference
head. Calibrate delay adjust only when you need to measure delays
between two sampling heads to close tolerance. When the Delay Com-
pensate selector is set to Off, compensation of the sampling head
delays is not done automatically and the deskew calibration is not
maintained automatically by the system. This calibration parameter is
unique in that the delay adjust does not apply to individual channels but
to the sampling head as a whole. The delay adjust value is not stored in
the sampling head, but in the instrument mainframe, and there is no
factory default value.

Typical Calibration Method

The five available sampling head calibrations are made in a similar way. The
following description is of the options used when making a typical calibra-
tion. Further discussion of the manual method of making each individual
calibration follows the description of the typicai method.

To make a sampling head calibration, touch the selector in the Enhanced
Accuracy major menu that names the parameter you want to catibrate.
These inciude Blowby Compensate, Gain, Offset, Delay Adjust, and TDR
Amplitude. Each of these displays a pop-up menu. Ali of these pop-up
menus are similar, and the Hlustration on the next page of the Offset pop-up
mers is typical of these menus.

When you use these pop-up menus, you first select the sampling head
channel you want 1o calibrate. The left side of the pop-up menu is reserved
for this. The Selected Channel ling at the top of this section shows which
channel is currently selected. You can use the selectors in this section to
change the selected channel. See Figure 3-24.

Many of the calibration controls on the right of the pop-up menu are com-
mon to all five of the pop-up menus. All these commaon selectors operate
similarly, and give you the same options for each calibration.

Each of the calibrations can be made manually or automatically. In addition,
you can set the calibration to the factory default orto be the same as a
calibration you made earlier,
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Uffaet Calibration

Channel —-— M1 Offaet MNull

Mo Migin : !

Figure 3-24: A Typical Calibration Pop-up Menu

To calibrate automatically, touch the Automatic Calibrate selector. A
message will tell you to either connect the CALIBRATCOR output to the
sampling head channel you are calibrating, or to atiach a terminator to
the sampling head channe! you are calibrating. (For most sampling
heads, a 50 (2 terminator is appropriate. Refer to the Instailation/User
manual for the sampling head.) When you have done as directed, touch
the Proceed selector. The instrument will calibrate automatically.

NOTE

Some calibrations, such as Offset, have more than one calibration
value. Automatic calibration adjusts all the calibrations associated
with that pararneter.

To save the current calibration values, touch the Store Constants selec-
tor in the pop-up menu. Any time you want 1o restore the calibration to
the stored value, touch the Recall User Const selector in the pop-up
menu.

When the CSA 803A is powered on, the sampling head calibration
values are taken from the stored user constants., It is a good idea to
store calibration values immediately after you finish each calibration.

To reset the calibration value o the factory default, touch the Recall
Defaults selector in the calibration pop-up menu.

CSA 803A User Manual

3-55



Enhanced Accuracy

®  To calibrate manually, you will need to establish a specific trace display
before beginning to calibrate. Once the proper trace display is estab-
lished, press the UTILITY major menu button, touch Page to Enhanced
Accuracy and touch the desired calibration selector in the major menu
area. Select the sampling head channe! you want to calibrate. Then
touch the Manual Calibrate selecior in the pop-up menu. This assigns
the knobs to that calibration. You adjust the knobs to see the effect on
the trace. If the pop-up menu is in the way, touch the Exit selector to
remove it

NOTE

Once you assign the knobs to calibrate manually, the knob
assignment remains until you change it or go to another major
menu. Be carefuf not fo inadvertently change an earlier calibration.

Calibrating Gain Manually

The Gain pop-up menu is used to calibrate loop gain. See Figure 3-25. This
menu has one selector in addition to the standard ones for calibration pop-
up menus. The Divide By Two Mode selector turns the trigger divide by two
mode on or off. Normal operation of the CSA 803A internal clock reguires
that this selector be set to Off. Set it to On only when calibrating loop gain.
This calibration does not apply to the 8D-14 sampling head.

To calibrate loop gain manually, first establish a display of the calibraior
signal on the sampling head channe! you want to calibrate, Adjust the
vertical size to 50 mV/div and the horizontal size to 500 ps/div. Center the
rising edge of the calibrator trace on the graticule. See the iltustration on the
next page. Touch the Divide By Two Mode selector to turn this mode On.

Adjust the calibration value to the display that aligns the single line portion of
the trace with the bottom of the high-amplitude portion. If several settings
quality, select the setting that gives the highest amplitude.

Remember to turn off the Divide By Two Mode after the loop gain has been
calibrated.
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Figure 3-25: Loop Gain Calibration (in Vectored Trace Mode)

Calibrating Blowby Compensation Manually

To calibrate blowby compensation manually, first establish a display of the
calibrator signal on the sampling head channel you want to calibrate. Adjust
the vertical size to 50 mV/div and the horizontal size to 500 ps/div. Center
the rising edge of the calibrator trace on the graticule.

Adjust the calibration value to the display that gives the flattest horizontal
trace segments.

Calibrating Offset Manually

To calibrate offset manually, first attach a 50 ) terminator 1o the sampling
head channe! you want to calibrate. Establish a trace showing this channel,
with a vertical size of 50 mV/div. For the most accurate results, you should
provide the trigger for this calibration that will be used to perform measure-
ment and testing of the input signal. if possible, you should also set the
trigger hold-off fo the same value that will be used in test. If you do not
provide a trigger, the CSA 803A will automatically use the internal clock as a
trigger.

At the Acquire Description pop-up menu (selected at the Waveform major
menuy), set Average N to On. Touch the vertical icon () and the Vert Offset
knob label selector to show the Numeric Keypad pop-up menu. On the

CSA 803A User Manual

3-57



Enhanced Accuracy

pop-up menuy, touch 0 and Enter. This sets the vertical offset 1o zero, posi-
tioning 0 V at the center height of the graticule. This calibration does not
apply to the SD-14 sampling head.

NOTE

You should calibrate gain before calibrating offset.

Adjust the calibration value 10 set the trace exactly on the centerline of the
graticule. Repeat the process using a vertical size of 2 mV/div. You can set
the Knob resolution to fine adjust the calibration value more accurately. You
can also use waveform averaging or the mean measurement to calibrate
offset null.

There are two offset values to calibrate manualiy: normal sampling mode
and smoothing mode. Calibrate both separately by setting the sampling
head in the desired mode before making the calibration. Smoothing is
selected from the Sampling Head Fnc’s pop-up menu of the Waveform
major menu.

Calibrating TDR Amplitude Manually

To calibrate TDR ampiitude manually, first attach a 50 Q terminator to the
sampling head channel you want to calibrate. Establish a2 TDR trace show-
ing this channel, with a vertical size of 50 mV/div and a horizontal size of

1 ns/div. Touch the vertical icon (§) and the Vert Offset:## knob label
selector to show the Numeric Keypad pop-up menu. On the pop-up menu,
touch 0 and Enter. This sets the vertical offset to zero, positioning 0 V at the
center height of the graticule. Center the rising edge of the pulse horizontally
on the graticule.

Adjust the calibration value to set the height of the first part of the frace
exactly at the bottom (+ TDR Potlarity) or top {— TDR Polarity) of the
graticule.

There are two TDR Amplitude values to calibrate manually; one for each
polarity of TDR puise. Calibrate both separately by setting the TDR polarity
of the sampling head before making the calibration. TDR Polarity is se-
lected from the Sampling Head Fne’s pop-up menu of the Waveform major
menu.

After calibrating TDR amplitude, check to see that the Reference Amplitude
{in the Graticules pop-up menu) is set to match the voltage calibrated here.

Adjusting Delay Adjust Manually

The delay adjust calibration corrects for minor deviations in time coincidence
between sampling heads. You select which head youwanitouse as a
reference, and then calibrate the other heads to that standard.
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This calibration is not an attribute of any one sampling head, so the values
for this calibration cannot be stored in the heads. There are no Store Con-
stants or Recall User Const selectors in the Delay Adjust pop-up menu.

To establish the reference channel, you select the desired channel in the
Delay Adjust pop-up menu, and then touch the Measure Reference Chan-
nel selector, The dispiay wiil show a message for you to connect the calibra-
tor output signal to the specified channel. When you have done so, fouch
the Proceed selector and the system will measure the delay automatically.

NOTE

The two channels of dual-channel sampling heads are locked in
time coincidence. When you have calibrated one channel, there is
no need to calibrate delay adjust on the other.

There is no need to calibrate the reference channel manually.

Once you have determined the reference valug, you can calibrate the other
heads to this value, either manually or automatically.

To rnanually calibrate delay adjust on other heads, first display the calibrator
signal on the reference channel, and note the horizontal position of the
rising edge. Then, using the same signal, cables and settings, display the
signal on either channel of the sampling head that you want to calibrate.

The top knob is assigned to the calibration value. Adjust the calibration
value so that the signal event is placed at the same horizontal position as on
the reference channel.

You can specify whether or not the CSA 803A should automatically maintain
the results of delay adjust. Touch the Delay Compensate selector of the
Delay Adjust pop-up menu to set the delay adjust parameter to either On
(maintain delay adjustment) or Off {do not maintain the delay adjustment
automatically}.
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Offset for Sampling Sampling probes such as the SD-14 use an automated offset adjustment
Probes that sets both both offset null and offset gain.

The offset null adjustment removes unwanted DC ofiset that may be present
in the sampling probe. This adjustment effectively zeroes the offset circuiiry
in the sampling probe so that a 0 V input signal delivers a 0 V output,

The offset gain adjustment matches the requested offset from the user to
the sensitivity of the probe offset circuit.

If offset nuil and offset gain are not both adjusted correctly, measurements
taken will be incorrect. The absolute voltage valuss for any cursors dis-
played in the trace will also be incorrect.
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An eye diagram is typically the display of a random digitai data signal versus
fime, with the display triggered by the data clock. This section provides
general instructions to help you display a consteltation or eye diagram on
the CSA BO3A.

Displaying an Eye
Diagram

You will need the following equipment:

® At least a single-channel sampling head

= Two SMA cables

® A siatic protection wrist strap

To display an eye diagram perform the following steps:

[[] step 1: Press the UTILITY button, touch Initialize in the UtilityT major
menu, and then touch Initialize in the Verify Initialize pop-up menu.

[] step 2: Put on the wrist strap and ensure that it is connected to the
antistatic connector on the front panel of the CSA 803A.

[[] step 3: Connect a cable from your data line to channel 1.

[:l Step 4: Connect a cabie from your clock to the DIRECT trigger input on
the front pane! or the PRESCALE trigger input. Use the DIRECT input
for signals of less than 3.0 GHz, otherwise use the PRESCALE input for
signals up to 10 GHz. Be sure not to exceed the maximum input voltage
listed below each of the trigger inputs.

[] step 5: Press the TRIGGER button. Touch the Source selector in the
Trigger major menu. Touch External Direct. Touch Exit to remove the
pop-up menu.

D Step 6: Select channel 1 by pressing the select channel bution next to
the input connector on the sampling head.

D Step 7: Press the AUTOSET bhutton. The signal may not be recogniz-
able at this point.

D Step 8: Because the signal is a random pulse train, the horizontal size
cannot be properly autoset. Adjust the horizontal size o display a useful
eye diagram. See Figure 3-26.
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NOTE

Eye Diagram Analysis can be reliably performed on signals up to
400 mV peak to peak in amplitude. Signals larger than 400 mV in
amplitude should be attenuated 1o achieve reliable resulis in Eye
Diagram Analysis.

SR R

BOR
Sitatus

Figure 3-26: An Eye Diagram Display

|:| Step 9: Cne way to enhance the display of the eye diagram is to use
Variable Persistence. To do this, press the DISPLAY MODES button,
touch the Persist/Histograms selector, touch the Variable selector in
the pop-up menu, and then touch Exit 1o remove the pop-up menu. For
additional information on variable persistence, see Setting the Persist-
ence Mode on page 3-44.
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[] Step 10: One of the most powerful display modes in the CSA 803A is

color grading. Color grading adds statisticai information to the display
by varying the color according to the number of “hits” for a given pixel.
Color grading adds a third dimension to the persistence display and
allows accumutating data in a statistical database for later anaiysis with
histograms or masks. To tum on color grading, touch the Persist/Histo-
grams selector, touch the Color Grading selector in the pop-up menu,
and touch the Exit selecior to remove the menu. For more information
on color grading, see Setting the Persistence Mode on page 3-44.

D Step 11: After enabling color grading, measure eye pattern characteris-

tics such as risetime, jitter, and noise in the Statistical Measurement
Mode. To turn on Statistical measurement, press the MEASURE button,
touch the Measurements selector, touch the Statistics Mode selector,
and then touch the desired measurement, for example risetime. For
more information on statistics mode, see Measurement on page 3-137.

CSA B03A User Manual
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Fast Fourier Transforms

You can use the Fast Fourier Transform (FFT) capability of the CSA 803A 1o
obtain a frequency domain display of a trace. You can display both the
magnitude and the phase of the frequency components of the signal, using
a linear or decibel vertical scale.

You can perform Fast Fourier Transforms on any arbifrary trace. The record
length of the trace must be a power of two, up to a maximum of 4096 points.
Because the CSA 803A performs FFT calculations on a complete trace
record, you should use the shortest record length that provides adequeate
resolution; FFT traces update slowly at long record lengths.

The CSA 803A offers a choice of six FFT windowing functions which modify
the time domain data to minimize “leakage” of energy across frequency
components.

The three automated measurements spectral frequency, spectral magnitude,
and total harmonic distortion are intended for FFT traces. See Measure-
ments, on page 3-137, for more information on these measurements. You
can also use the cursors to take magnitude and phase measurements on
frequency domain traces.
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Defining an FFT You can define an FFT display of a trace using the DefTra pop-up menu or
Trace you can use the FFTmag and FFTpha icons.

Defining an FFT Display Using the DefTra Pop-up Menu

You can define a trace that displays the FFT magnitude or FFT phase using
the DefTra pop-up men, which is displayed when you select the DefTra
icon. The FFTmag( and FFTphase( selectors can be used to define a
display of the magnitude or the phase of the frequency spectrum of a trace.
See Figure 3-27.

The part of the trace description that is within the FFTmag( or FFTphase(
function may be any arbitrary trace.

Yertical Descripiion

FFTmag and FFTphase
Selectors

irave i ;
Status Main

Figure 3-27: The DefTra Pop-Up Menu
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Defining an FFT Display Using the FFTmag and FFTpha
Icons :

You can display the magnitude of the frequency specirum of a displayed
frace by selecting the trace and touching the FFTmag icon. The CSA BO3A
creates a second graticule to display the FFT magnitude of the trace. lf the
display already shows two graticules, the FFT magnitude is displayed on the
tower graticule.

Once you have created a display of the magnitude of the frequency spec-
trum, the FFTpha icon appears above the fower graticule. See Figure 3-28.
Touch this icon to display the phase of the frequency components of the
frace. The FFT phase trace appears on the lower graticule.

The FFTmag lcon
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Figure 3-28: Location of the FFTmag Icon on the Display
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Amplitude Resolution

Amplitude resolution is influenced by the windowing function used and by
the vertical adjustment of the time domain trace. For maximum ampiitude
resolution, the time domain frace 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.

Frequency Range
and Resolution

The range and resolution of the frequency spectrum displayed by the

CSA BO3A are determined by the sample interval and record length of the
time domain trace. The sampie interval is displayed in the Horizontal Desc
pop-up menu {in the Wavetorm major menu) and is determined by the time
base and record length.

A trace 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, so only the
positive part of the spectrum is displayed. Of the displayed points of the FFT
trace, the N/2 even-numbered points are the frequency lines computed by
the FFT; the N/2 odd-numbered points are added by linear interpotation.

The maximum frequency that can be determined by a Fast Fourier Trans-
form is the Nyguist frequency, which is equal to one-ha¥f the effective sample
rate. In fact, the maximum frequency displayed by the CSA 803A, Fya, IS
slightly lower than the Nyquist frequency; it is equal to the Nyquist frequency
minus the frequency interval, &F, the interval between frequency lines. The
frequency range dispiayed is from DC {0 Hz) t0 Frpayx.

The frequency interval, 5F, is equal to the Nyquist frequency (the maximum
possible recognizable frequency)} divided by the number of frequency fines
in the FFT display (half the record length of the time domain trace). Since
the Nyquist frequency is half the effective sample rate, this works out io the
effective sample rate divided by the record length.

1

effective sample rate = ——————
sample interval

effective sample rate

oF = record length

effective sample rate

- - OF

Frax =

Figure 3-29: Equations for Frequency Interval and Frequency Range
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Changing Horizontal
and Vertical Size

You can change the horizontal and vertical size and position of the FFT trace
display by selecting the vertical and horizortal icons and using the knobs to
adjust size and position.

When you touch the horizontal icon (==}, the knobs are assigned to control
Frequency Span/div and Frequency Resolution, The Span/div function
changes the Main Size (time base) setting (or, for windows, the Window
Size setting). The resofution function changes the record length. When you
adjust Frequency Span/div and Frequency Resolution, you are changing
the time base of the source trace, so you will see a change in the display of
all traces on that time base.

You can also use Pan/Zoom 1o horizontally expand the display of the FFT
trace without affecting the time base. Changing the horizontal magnification
and position of an FFT trace using Pan/Zoom changes the appearance of
the trace, but does not increase the horizonta! (frequency) resolution. For
more detalls about Pan/Zoom, including changing the pivot point and using
multitrace Pan/Zoom, see page 3-109.

You can also change the frequency intervat and frequency range by chang-
ing the record length and horizontal size of the time domain trace. f the
record length increases, frequency resolution improves (8F decreases).
When the effective sample rate increases (due to a faster horizontal size
setting}, Fnax and 3F both increase, giving the FFT trace a broader frequen-
cy range with less frequency resolutior.

When you touch the verticai icon (}), the knobs are assigned to control
Vertical Mag: Tra and Vertical Pos: Tra, the verlical magnitude and position
of the trace. As with other calculated traces, the vertical controls of the FFT
trace affect only the appearance of the frace.

CSA 803A User Manual
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FFT Scaiing The FFT magnitude display may be scaled in either a linear or decibel
format. To set the vertical scaling of the FFT magnitude display, select the
FFT Scaling selector in the Instrument Options pop-up meny, in the Utility
major menu. See Figure 3-30. This selector toggles between Linear and
dBm. When FFT Scaling is set to dBm, the display is in decibels relative to a
0.316 V peak sine wave (0 dBm) into 50 &

i you want to display the FFT magnitude of a trace in dB relative 1o a specif-
ic reference, you can subtract your reference value from the FFT magnitude
of the trace when you enter the FFT trace description. For example, enter
FFTmag{ M1 ) — 10 o display the FFT magnitude of the signal at channel
one relative to a 10 dB reference.

Instrument Ugiions

Futosei {ptions

The FFT Scaling
Selector

Main

Bonuracy

Figure 3-30: The Instrument Options Pop-Up Menu
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Aliasing occurs when the input signal includes components at frequencies
higher than the Nyquist frequency. These frequency components appear in
the FFT trace display as peaks at lower frequencies. The higherfrequency
components are reflected around the Nyquist frequency. For example, a
frequency component 5 Mz above the Nyquist frequency will appear as a
peak 5 MHz below the Nyqguist frequency in the FFT trace dispiay.

You can eliminate aliasing by setting the effective sample rate to be at least
twice the highest frequency in the input signal. Increasing the record length
or decreasing the horizontal size will increase the effective sample rate.

The best way 10 avoid aliasing is to either apply an external filter to the signal
to cut out high-frequency components, or use the filter function with a speci-
fied risetime Himit. For example, to create a filter to reduce aliasing, fouch the
following selectors: defTra, FFTmag(, Filter{, M1, , 1, EEX, —, 8,)) This
fitter will Emit signal risetime 1o 1 ns, or imit bandwidth to 350 MHz.

You can apply averaging to the source frace to reduce random noise and
préevent aliasing of high-frequency noise in repetitive traces. Define your
trace as an averaged trace before selecting the FFTmag icon, or make
averaging part of the trace description when you define the FFT trace in the
DefTra pop-up menu, for example, FFTmag(, Avg(, M1,)).

You can also average the FFT trace, for example, Avg(, FFTmag{(, M1,}}.

Another way to decrease aliasing is to select an appropriate FFT windowing
function. The CSA 803A provides six common FFT windowing functions,
which are accessibie from the Instrument Options pop-up menu. Touch the
FFT Window selector fo sequence through the six functions.

CSA 803A User Manual
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Using Cursors to
Make Measurementis

You can use the cursors to make measurements of an FFT trace display.
Select the FFT trace and touch the Cursors icon to display the Cursors
major menu. See Cursors on page 3-29 for more information on using
CUrsors.

When making measurements on an FFT trace, recall that the odd-numbered
points in the trace 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 trace.

NOTE

The automated frequency domain measurements are described in
Measurements, on page 3-137.

When you first display cursors on an FFT trace, paired dots cursors are
automatically selected, with one dot cursor placed at DC and the other at
Fmax- You can use the paired dots cursors to make relative measurements of
the peaks of an FFT trace. See Figure 3-31.
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Figure 3-31: 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 sampling
heads. When making measurements near DC, use the rectangular window
function.
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Split dots cursors can be used to make phase measurements. With both the
magnitude and the phase of trace in the frequency domain displayed, you
can place one cursor on the FFT magnitude display and the other on the
FFT phase display. By adiusting the cursors horizontally so that the Af
readout is 0.000 Hz, you can easily match the phase readout to the corre-
sponding peak in frequency magnitude. See Figure 3-32.

Figure 3-32: Using Split Dots Cursors 1o Measure FFT Phase
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FFT Windowing
Functions

The Fast Fourier Transform operates on the time-domain trace record ac-
quired by the CSA 803A. The FFT algorithm assumes that the signal is
composed of an infinite repetition of this trace record.

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

The effect of discontinuities at the ends of the time domain trace record can
be limited by choosing an FFT windowing function that tapers near the trace
record ends. The CSA 803A 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 centzal lobe, or
passband. The width of this lobe determines how well adjacent frequency
components can e 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.

To select an FFT windowing function, repeatedly touch the FFT Window
selector in the Instrument Options pop-up menu, in the Utility major menu.
This selector cycles through the available windowing functions. The selected
FFT windowing function, shown in the selector’s status area, applies to all
FFT irace 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.

The Rectangular Window

The rectangular window does not taper the time domain data. In the fre-
guency domain, the filter shape is sin{}}/x. This is the best window to use
when you want to examine the frequency spectrum of a non-repetitive
signal. The rectangular window should also be used when you want {o
measure frequency components near DC.

Set the FFT Window selector in the Instrument Options pop-up menu to
Rectangle 1o select this windowing function. See Figure 3-33.
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Time Window

odB

Frequency Filter

Figure 3-33: FFT Magnitude Displayed Using Rectangular Window

The Triangular Window

The triangular {or Bartlett) window is the convolution of two rectangles half
the width of the window, so the frequency spectrum of the triangular window
is the product of the rectangular window’s spectrum with itself.

Set the FFT Window selector in the Instrument Options pop-up menu to
Triangle 1o select this windowing function. See Figure 3-34.
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Figure 3-34: FFT Magnitude Displayed Using Triangular 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 domain, but the resolution
of nearby frequencies is diminished.

Set the FFT Window selector in the Instrument Options pop-up menuto
Blackman to select this windowing function. See Figure 3-35.

Time Window

i

Frequency Fiiter

Figure 3-35: FFT Magnitude Displayed Using Blackman Window

The Blackman-Harris Window

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

Set the FFT Window selector in the Instrument Options pop-up menu io
B-Harris to select this windowing function. See Figure 3-36.
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Figure 3-36: FFT Magnitude Displayed Using Blackman-Harris Window

The Hanning Window

The Hanning {or Hann, or cosine} window is derived from a cosine. This

window provides reasonably good amplitude accuracy and leakage
rejection.

Set the FFT Window selector in the Instrument Options pop-up menuto
Hanning to select this windowing function. See Figure 3-37.
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Figure 3-37: FFT Magnitude Displayed Using Hanning Window
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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 useful for resolution of frequencies that are
very close iogether.

Set the FFT Window selector in the Instrument Options pop-up menu to
Hamming to select this windowing function. See Figure 3-38.
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Figure 3-38: FFT Magnitude Dispiayed Using Hamming Window
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GPIB Parameters

The CSA 803A can be controlied 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 alsc known as the General Purpose Interface Bus
or GPIB.

This manual does not discuss the details of connecting a remote computer
to the CSA 803A or the syntax and capabilities of remote commands. That
information is found in the CSA 803A and 118018 Programmer Manual,

GPIB Connection Connect the cable from your GPIB controiler (computer) to the IEEE STD
488 PORT connector on the CSA 803A rear panel. See Figure 3-39. Three
red tights show the internal GPIB status of the CSA 803A:

n  SRQ {Service Request) is lighted whenever the CSA B03A activates the
Service Request line. This indicates to the controller that the CSA B03A
has requested service.

s NRFD (Not Ready For Data} is lighted whenever the CSA 803A is not yst
ready for the next data byte.

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

|1 =]
=

Figure 3-39: GPIB Rear-Panel Connector and Lights

GPIB Area
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Setting GPIB
Parameters

Communication between the devices on a GPIB bus can occur only if all bus
devices are configured in a compatible manner. For exampie, each device
on the bus must have a unigue identifying address.

Use the GPIB/RS232C pop-up menu in the Utility1 major menu to set these
GPIB parameters directly, before you attempt to communicate with other
devices on the bus. See Figure 3-40.

GRIBAMSEZZED Farametiers i
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Figure 3-40: The GPIB/RS232C Pop-up Menu

The following list describes each selector in the GPIB Parameters section of
this pop-up menu:

Mode — lets you set the mode to sither Talk/Listen, Talk Only or Off
Bus. Off bus effectively disconnects the CS8A 803A from the bus. The
CSA BO3A must be in talk/listen mode to communicate with a controller
using the GPIB. Talk only can be used to drive a printer or plotter over
the GPIB.

NOTE

GPIB parameters are not changed when you initialize the
CSA 803A.

Address - assigns the knobs to the GPIB address of the CSA 803A.
The GPIB address can be from 0 to 30. No other device on the bus can
use the address that you assign to the CSA 803A.
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Terminator — lets you select between two types of message termina-
tions. All message terminations assert the EOI (End Or Identify) signal in
the interface. You can choose 1o have the CSA 803A recognize a Line
Feed (LF) character as a message terminalor in addition to EOI, by
sefting the Terminator selector to EOI/LF. The CSA 803A wiil then
append a Lins Feed character to the end of alt messages. Set the Termi-
nator selector o EOIl to have only the EOI line recognized as a message
terminator.

GPIB Debug — lets you turn the debugging feature On or Off. When
you turn debug on, the CSA 803A displays each command from the
GPIB controller as it is executed. The messages appear &t the top of the
display. Debug off is the normal mode of operation. Set debug on i you
need to watch the resuit of each CSA 803A command of a controlling
program running in the GPIB controller. When debug mode is on, it
slows the GPIB interface throughput significantly.

CSA 803A User Manual
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Graticules

The grid on the display where traces appear is called a graticule. The grati-
cule axis labels show you the horizontal and vertical scale factors of the
selected trace, most often expressed in time per division and voliage per
division. See Figure 3-41.
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Figure 3-41: Graticule with Trace

If a graticule shows two or more traces, one trace is brighter because it is
the trace for which the axis labels are correct. The axis labels are displayed
in the same color as this frace. The other fraces may or may not share the
same axis labels.

NOTE

Traces extend outside the graticule area slightly. The axis labels
represent the graticule edge, not the trace edge.
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You can display two ditferent graticules, each being half the height of a
single-graticule display. In this case, each graticule shows one trace brighter
than any others on that graticule. In addition, the graticule with the selected
trace has the vertical () and horizontal (== ) icons. The bright trace on the
graticule with icons is the selected trace. See Figure 3-42.

The menu selectors act on and report the status of the selected trace.

icons

e MERR

Selected Trace

ERGIE- N B R ENEE e

Figure 3-42: Dual Graticules with Multiple Traces

You can make any trace the selected trace by touching it. If you selsct the
wrong one because the traces are close fogether, touch again until the
desired trace is selected and becomes brightened. Other methods of select-
ing traces are discussed in Trace Definition and Management on

page 3-203.

You can control the number of graticules, the placement of traces on the
graticules, and the graticule axis units by using the Graticules pop-up menu
in the Waveform major menu. See Figure 3-43. 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
frace.
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Graticulies

HERES

Figure 3-43: The Graticules Pop-up Menu
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Managing Graticules
and Traces

When only one graticule is being displayed, you can create a dual-graticule
display using the Graticules pop-up menu from the Waveform major menu.
Touch the Create Second Graticule selector in this pop-up menu. The
selected trace and all traces from window time bases will be placed on the
lower graticule. The upper graticule will show all other traces.

When two graticules are being displayed, you can move the selected trace
from the graticule it is on to the other, Touch the Move Trace to Other
Graticule selector 1o move the trace. After the frace is moved, it remains the

selected trace. The horizontal icon { == ) and vertical icon {{ ) move to the
new graticule.

Whert two graticules are being displayed, you can combine the traces from
both graticules into a single-graticule display. Touch the Reduce to One
Graticule selector to combine the traces onto one large graticule. The frace
that was selected before the operation remains the selected trace on the
new single graticule.

When the last trace is removed from the second graticule, the second
graticule is automatically removed, leaving a single graticule.
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Changing Axis Units

Usually, the graticule axis labels are units of time on the horizontal axis and
units of voltage on the vertical axis. For some tasks these axis labels are
more meaninghul if expressed in other units. Horizontal units of distance are
appropriate for TDR and TDT measurements. The CSA B0O3A allows you 1o
specify the horizontal axis units 10 be feet, meters or inches. You can also
specity the propagation delay, which is the fraction of the speed of light at
which signals travel through your transmission line.

The vertical axis units most appropriate o TDR measurements are either
units of rho (p} or of impedance (Z}. The CSA 803A lets you specify units of
rho for the vertical axis. Rho values can be converted 1o impedance values
by using the following eauation (where Zg is usually 50 Q}):

1+p

Z=2p o

NOTE

Changing axis units on one graticule also changes the axis units of
all graticules displayed.

However, readout of impedance is available from the Cursors menu whenev-
er the vertical axis is scaled in rho units.

The status area of the Graticules selector in the Waveform major menu
always shows the number of graticules and the axis units of measure.

Rho is not selectable for vertical axis units unless the selected trace is dis-
played in Volts units and TDR is turned on.

Vertical Axis Units

To change the vertical axis units, use the Graticules pop-up menu in the
Waveform major menu. The section of this pop-up menu labeled Y Units
governs the vertical axis units.

You can touch either the Volts or Rho selectors to set the vertical axis labels
1o those units. The current setting is highlighted.

Rho is not selectable unless the following are true:

1 The selected frace can be displayed in Volts units, as opposedto U or N
units. Traces such as “Log (M1)” or "M1/M2" are not scaled in Volts and
therefore cannot be scaled in Rho. Any linear combination of channels
and stored traces can be displayed fn Volts or Rho.

s TDR must be on in all channels in the selected trace.

CSA B03A User Manuai
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The Reference Amplitude selector assigns the knobs to control the rho
reference amplitude. This has meaning only when the vertical axis units are
rho. For TDR measurements, the rho reference amplitude should be set to
the absolute amplitude of the TDR pulse sent by the sampling head. A
voltage change equal to the reference amplitude corresponds to a change
inrho of 1.

The Baseline Correction selector is discussed in Baseline Correction,

page 3-17, in this manual. The baseline correction feature of the CSA 803A
is used 1o hold the vertical position of a trace on the dispiay when the TDR
pulse level shifts due to a change in termination impedance. This selector
appears in the Y Units section of the Graticules pop-up menu because the
feature is most useful when TDR pulses are being started or stopped, caus-
ing the trace to shift vertically. Baseline Correction automatically turns on
when TDR Preset or Differential TDR Preset is selected in the Sampling
Head Fnc’s menu. In the Graticules pop-up menu, Baseline Correction also
turns on when Rho is selected; it turns off when Volts is selected.

Horizontal Axis Units

To change the horizontal axis units, use the Graticules pop-up menu in the
Wavetorm major menu. The section of this pop-up menu tabeled X Units
governs the horizontal axis units.

You can touch the Seconds, Meters, Feet or inches selectors to set the
horizontal axis labels to those units. The current setting is highlighted.

The Propagation Velocity selector assigns the knobs to let you specify the
fraction of the speed of light at which the signaf passes through your trans-
mission line or network. Propagation velocity only applies to axis units of
distance, and does not apply if your horizontal axis units are seconds.

Propagation velocity is relative to an air-line transmission cable, so a setting
of 1.0 indicates that your transmission line or network passes signals at the
same speed as an air-insulaied cable. The defauit value of 0.7 applies to
rmost B0 (3 SMA coaxial cables with plastic diglectric.
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Avariety of printers and plotters are supported for producing a paper copy
of the display. This section will cover how to configure your system for most
printers. Also, refer to your printer manual for the proper printer settings.

Installing the Printer Connect the printer to the CSA 803A. Depending on the printer, you will
' want to use the PRINTER connector, the GPIB connector, or the RS-232-C
connector. See Figure 3-44.

RS-232-C Connector

\ / GPIB Connector

=

E—-—- PRINTER Connector

Figure 3-44: Printer Connectors on Rear Panel

(211

8 PRINTER is the appropriate connector for Centronics®-compatible
printers. This is the standard interface for the CSA 803A and no special
configuration of the CSA 803A is required.

m  GPIB is the General Purpose Interface Bus parallel interface connector.
Use a standard cable fifteen meters or less in length. i you are not using
a controller to initiate the hardcopy, set the GPIB Mode parameter of the
CSA 803A to Talk Only and set the printer to Listen Only or Listen Al-
ways mode (address 31). Setting GPIB parameters is explained on
page 3-80.
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. RS-232-C is a serial interface connector. Use a standard, straight-wired
cable with male connectors on both ends. Hard flagging is used, so all
lines must be connected. Do not use a null modem cable. The
CSA 803A acts as a DCE device. Connecting the CSA B0O3A to a com-
puter also requires a straight-wired cabie, but soft flagging may be used.

The RS-232-C parameters baud rate, parity, and number of stop bits, of
the CSA 803A 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 parame-
ters is explained on page 3-166.
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Set the printing properties of the CSA 803A using the Hardcopy pop-up
mentt in the Utility1 major menu. See Figure 3-45. This menu includes
selectors for seven types of printers and for specific options available with

some printers.

Hardcopy Parameters

Aardoopny Farameiers

Frinter : Totor Mag

P

Figure 3-45: The Hardcopy Pop-up Menu

Printer Selections

The selectors in the Printer section of the Hardcopy pop-up menu deter-
mine the printing configuration of the CSA 803A. 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 CSA 803A,

NOTE

Printer selection and the associated parameters are not affected by
initialization.
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8 Pin supports several eight-pin dot-matrix printers, including the
Tektronix 4644, Epson® FX80 and Epson EX800. The IBM® ProPrinter®
and Epson RX80 may also be used, but only the HiRes screen format
provides useful output for these printers. All the supported printers
typically use the PRINTER (Centronics) connector.

Set the configuration switches on your printer as recommended in its
manual except set No Auto Line Feed, No Pert Skip, and Inbuf On.

24 Pin supports the Extended Epson command set for 24-pin dot-matrix
printers, including the Epson LQ500, Epson LQ1000, NEC® P6, and
NEC P7. These printers typically use the PRINTER (Centronics)
connector.

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

Tek 4692 supporis the Tekironix 4692 color graphics copier. The Tek
4693D may also be used when set to 4692 emulation, Full Color, Maxi-
mized by Interpolation, and Portrait Mode. These printers typically use
the PRINTER (Centronics) connector.

Tek 4696 supporis the Tekironix 4696 and 4695 color inkjet plotters.
These printers typically use the PRINTER (Centronics) connector.

Tek 4697 supports the Tektronix 4697 ColorQuick™ Ink-Jet printer. This
printer typically uses the PRINTER connector,

Bitmap Dump provides the ability to acquire the screen data for external
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 3-94.) You will
typically want tc use the GPiB or RS-232-C connector for this type of
transfer.

Alt Inkiet supports the HP ThinkJet and HP LaserJet printers. The
ThinkJet should be used in HP graphics mode, not Epson emulation
mode. For the HP ThinkJet, either Draft or HiRes screen mode may be
used, but HiRes mode wili be very slow. Only Draft screen mode will
produce usable output with the HP LaserJet. Either the PRINTER {Cen-
tronics } connector, R$-232-C connector or the GPIB connector may be
used.

HPGL supports the HPGL color plotter command set. When HiRes is
selected under Sereen Format, an HPGL hardcopy will show graticules,
axis labels, ali waveforms and the major menus at the boftom of the
screen. You can suppress the plotting of the maijor menus by selecting
Draft under S¢reen Format. Color graded displays are not plotted with
HPGL. Supported plotters include the Tek HC100, HP-7475, and
HP-7550. These printers can be connected to the PRINTER (Centronics)
connector. The HP-7474 and HP-7550 may be connected to the GPIB or
RS8-232-C connector.
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Color Map

The selections in the Color Map section of the menu become available
whenever a color prinier or plotier is selected, A color selector is available
for selected elements of the display. To change a color, simply select the
element in the menu, then use the controt knobs or keypad pop-up menu io
adjust the setting. To restore the color map to its factory default settings,
touch the Default Color Map selecior.

The color selections are expressed in terms appropriate to the selected
printer. When Tek 4692 is selected, the colors are expressed as hexadeci-
mal RGB values. For the Tek 4696 selection, thirteen color name selections
are available. HPGL supports pen numbers 0to 8.

Screen 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-scaie capability. Selected items, including windows, are highlighted
for easy identification.

s Draft produces hardcopies faster than HiRes mode, but sacrifices some
gray-scate capability.

»  Reduced produces low-resolution hardcopies a quarter of the size of
Draft hardcopies. Advantages are quicker printing and use of less
memoty.

»  Screen produces an exact color replica of the screen without reformatt-
ing to enhance features. Available for color printers and plotters only.

n  Dithered reduces saturation and increases contrast by ditheting icons
and selector backgrounds. May be used with Tek 4692, Tek 4696,
Tek 4697, and Bitmap Dump.

Direction

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

CSA 803A User Manual
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Data Format

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

8 TIFF sends a TIFF image. This format conforms fo Rev. 6.0 of the TIFF
specification. Screen and Dithered screen formats generate Palette
Color (Class P) prints; Hires, Draft, and Reduced formats create Bilevel
(Class B} prints.

= TIFF Compacted sends a compressed TIFF image using PackBits
compression. Note that some application software will not accept Rev.
6.0 compressed TIFF Class P images. Screen formats are the same as
for TIFFE

»  Binary mode byles of pixel data are sent as a stream of binary values
without delimiters,

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

w  BinMex mode converts every four bits into a hexadecimal character.
Each iine is terminated by a new-line character.

m  BinHex Compacted mode pixel data are compressed and then con-
verted into BinHex characters.

Title Block -— consists of three character strings terminated by new-line
characters. The first line contains the firmware version numbers, time and
date, and the CSA 803A ID number. The second and third lines give the
number of pixels per display line and the number of display lines, respective-
ly. In Binary mode, the title block is terminated by a NULL character.

Pixel Data Compression — significantly reduces the size of the pixel data
block. Without compression, each data byte contains a single three-bit pixel.
With compression, ftwo 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:

Table 3-4: Repetition Encodings

Bit 7 Bit 6 Meaning

0 1 Pattern repeats once

1 0 Pattern repeats twice

1 1 Patiern repeats three times

0 0 Foltowing byte(s) contain repetition count
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1 the second byte of the pixel block has a valug inthe range 4—225, it is the
pattern repetition count. If the value is 1-3 decimal, it is the high order bits of
a 10-bit repetition count, and the third byte of the pixel block contains the
eight lower-order bits.

Output Port

The Cutput Port selector allows you to choose GPIB, R8232C, or Centron-
ics (the PRINTER connector). The selection must match the rear panel
connection.
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M aking a Hardcopy Once you have installed a printer and configured lthe CSA 803A properly,
you can make a hardcopy of the screen by pressing the HARDCOPY button
on the front panei,

The
HARDCOPY
Button

ACQUESITION R ; N, e
e
-o|o@o

Figure 3-46: Front Panel Hardcopy Button

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 tength of time that the display is frozen depends on the hardcopy mode,
compilexity of the dispiay, and memory available for hardcopies. Buring this
pause the CSA 803A formats and buffers the print commands.

After the pause, the CSA 803A returns to normal operation and continues to
print the hardcopy. When the dispiay becomes active again, you may oper-
ate the CSA 803A without affecting the hardcopy being printed.

You ¢an also initiate a new hardcopy at this point. The CSA 803A will auto-
matically gueue mulitiple screen displays for hardcopy ouiput. The number
of hardcopies that can be queued is subject to the amount of available
memory,

When the hardcopy is printed, a message is displayed. The hardcopy is not
complete until this message appears. You shoutd not turn off the CSA 803A,
perform self-test diagnostics, or use the Extended Diagnostics menu unti
the hardcopy is complete, or the hardcopy will be terminated before it is
finished.

NOTE

Do not turn off the CSA BO3A or perform diagnostics until the hard-
copy is complete.
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Terminating A
Hardcopy In
Progress

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

You can also terminate the hardcopy while the screen is still frozen by press-
ing the HARDCOPY bution a second time.

Hardcopy Defaults

The following table surmmarizes the factory defauli settings associated with
each printer selection in the Hardcopy pop-up menu. These settings are not
affected by initialization.

Table 3-5: Hardcopy Defaulis

Printer Screen Direction Data Qutput Port
Format Format
8 pin HiRes N/A N/A Centronics
24 pin HiRes N/A N/A Centronics
Tek 4692 Screen Vertical N/A Centronics
Tek 4696 Dithered Vertical N/A Centronics
Tek 4697 Dithered Horizontal N/A Centronics
Alt Inkjet Draft Horizontal N/A Centronics
HPGL HiRes N/A N/A Centronics

The default settings for the color map associated with a color printer setting
may be recovered by selecting Default Color Map in the Hardcopy pop-up
menu.
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The CSA 803A can display histograms constructed from the selecied trace’s
waveform data. You can display either a vertical (voltage) or horizontal (time)

histogram. Only one type of histogram can be displayed at & time. See
Figure 3-47.

LT

o Fein

Figure 3-47: A Histogram Displayed on an Eye Diagram

To create a histogram, use the Persist/Histograms pop-up menu. You can
specify the section of the selected trace used to determine the histogram
and set histogram scaling to either linear or fogarithmic. You can specify that
acquisition stop after a set number of trace acquisitions or after a set num-
ber of samples have been acquired. See Figure 3-48.
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Figure 3-48: The Persist/Histograms Pop-up Menu
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Displaying a
Histogram

To turn on the histogram display, press the DISPLAY MODES bution, touch
Persist/Histogram and then touch either the Vertical Histogram or Hori-
zontal Histogram selector. This changes the display mode to infinite persist-
ence if the current mode is normal or variable. If the current dispiay mode is
color-graded, it won’t change. When the histogram display is turned on, the
waveform record length is set to 512 points. lf the record length was greater
than 512, you will see a2 message informing vou of the change in record
length.

A rectangular box, used to specify the section of the selected trace used to
generate the histogram, is displayed when histograms are turned on. If the
display is in color-graded mode when the histogram display is turned on, the
histogram is initialized with data from the color-graded display.

Note that the color-graded display does not make a distinction between the
selected trace and non-selected traces when the histogram is initialized with
data from the color-graded display. Thus it is possible to get samples from
non-selected fraces in the histogram data {if the histogram box encom-
passes any non-selected trace). Therefore, when using the color-graded
mode, display only one frace or maintain enough vertical separation be-
tween traces so they don’t overlap. Also, histograms can be displayed
{caiculated) after waveforms have been accumulated in color-graded mode
{even if acquisition has been stoppsd), whereas they cannot in infinite
persistence mode.

By using dual graticules, you can acquire color-graded information on two
traces simuitaneously. Display one trace on each graticule, and setup a
histogram for each trace. Both histograms are acquired, but only the histo-
gram for the selecled axis is displayed. Since the color-graded database is
used, the second histogram can be seen later.
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Histogram Controls

The histogram display can be affected by several controls. You can specify
which part of the selected trace is used to calculate the histogram. You can
stop acquisition based on the number of waveforms acguired or the number
of histograrm samples acquired. You can set how often the histogram display
is updated with new data and you can set scaling to logarithmic or linear, All
the histogram controls are located in the Persist/Histograms pop-up menu.

Changing the Size of the Histogram Box

To change the section of the selected trace used for the histogram, touch
either Vertical Limits or Horizontal Limits. Touching the Vertical Limits
selector assigns the top knob to Upper Limit and the bottom knob to Lower
Limit. Touching Horizontal Limits assigns the top knob to Left Limit and
the botiom knob to Right Limit. Turning either knob will change the position
of the assigned edge of the histogram box, thus limiting the part of the
selected trace used for the histogram.

The vertical and horizontal limits of the histogram box ¢can be set without
turning on the histogram display. To set the size and location of the histo-
gram box without turning on the histogram display, touch either Vertical
Limits or Horizontal Limits first without touching either the Vertical Histo-
gram or Horizontal Histogram selector. This way, you can set up your
histogram limits before you begin acquiring your data.

Histogram limits are set separately for each displayed trace. And because a
histogram applies only to the selected trace, if you select a different trace,
the histogram display will disappear. If you then reselect the original trace,
the histogram display will reappear. This enables you to display several
traces, each with a different histograrn display. (Remember that only one
histogram, that of the selected trace, can be displayed at a time.)

Histogram limits are expressed in axis units (usually volts and seconds), but
are actually determined by screen position. The histogram limits will remain
fixed on the screen regardiess of changes in verticai or horizontal size and
paosition.

In color-graded mode, the histogram is initialized from the color-graded
database when the box limits change. This will occur even when in Acguisi-
tion STOP mode.

Limiting Acquisition

You can limit acquisition based on either the number of wavetorms or the
number of samples, or *hits,” acquired in the histogram. These functions are
controlled by the Set N and Stop N selectors in the Persist/Histograms
pop-up menu. See Figure 3-49.
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To limit acquisition based on the number of waveforms acquired, display the
Persist/Histograms menu and touch Set N Waveforms. This assigns the
knobs to imit the number of waveforms acquired. The range for the number
of waveforms acquired is 1 to 2321 (approximately four billion). To begin
conditional acquisition, touch Stop N Waveforms. Acquisition wili stop
when N waveforms have been acquired. '

The number of waveforms left to acquire is shown in the lower-left corner of
the dispiay.

To limit acquisition based on the number of histogram hits,first touch Set N
Samples. This assigns the knobs to #imit the number of samples acguired.
Using the knobs, set the number of samples you wish to acquire. The range
for the number of samples acquired is 1 to 232—1 (approximately four bil-
lion}. To begin acquisition, touch Stop N Samples. Touching this selector
starts acquisition, which then continues uniil N samples have been
acquired.

The number of samples left to acquire is shown in the lower-left corner of the
display.

Thus, there are two steps 1o stop acquisition based on the number of sam-
ples acquired:

D Step 1: Set the number of waveforms or samples using Set N Wims or
Set N Samples.

[] step 2: Begin the acquisition by selecting Stop N Wfms or Stop N
Samples.

If you want to stop the acquisition before the conditional acquisition com-
pletes, press RUN/STOPR

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

Number of waveforms
or samples left to
acquire is shown here

Figure 3-49: Using Stop N Wims

Changing the Display Update Rate

The rate the histogram display is updated can be varied from zero seconds
to three minutes (180 seconds). To change how often the histogram display
is updated, touch Refresh Rate. You can now turn either of the control
knobs to change the time between updates or you ¢an use the knob pop-up
menu to enter the time directly. With the knobs, you can vary the update rate
from 5 to 180 seconds.

With the knob pop-up menu, you can enter zero seconds. Seiting the dis-
play update rate to zero seconds allows the instrument to build the histo-
gram more rapidly, until the number of waveform samples eguals the num-
ber set by Set N Samples, or the number of waveforms acquired equals the
number set by Set N Wims. The instrument then displays the acquired
histogram.
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Changing Scaling

You can set the histogram scaling to either linear or logarithmic. To change
the histogram scaling, touch Histogram Scaling. Linear scaling betier
illustrates the relative quantity of various data, while logarithmic scaling
provides better detaii at the edges of the histogram. Histogram scaling is a
display feature; it does not affect the hisiogram data.

Clearing the Histogram Data

To ctear the data in the histogram display, touch the Clear selector in the
Persist/Histogram pop-up menu or touch the Clear Trace selector in the

 Remove/Clr pop-up menu

Histograms cannot be displayed for stored traces. Histograms can be
displayed for calculated traces if the calculated trace contains at least one
active channel, even if the calculated trace contains a stored trace.
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The Histogram in the major menu area of the display is a readout of histogram characteris-

Readout tics. Included in the display are the values for the position of each of the
sides of the histogram box, statistical values and measurements. See Fig-
ure 3-50.

Figure 3-50: Histogram Readout Appears Below the Trace Display

m  Top, Btm, Lit, and Rgt represent the position of each of the sides of the
histogram box, in appropriate axis units. That is, Top and Btm values are
given in volts; Lit and Rgt are given in seconds.

8 Mean is the average vaiue of all the acquired points within the histogram
hox. Pk-Pk is the difference between the most postitive acquired point
and the least positive acquired point, when Vertical Histogram is se-
lacted, When horizontal Histogram is selected, Pk-Pk is the difference
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 deviation). =10
represents the percentage of waveform points which fell within one
standard deviation of the mean. u£2c and U=+ 30 represent the percent-
age of waveform points which fell within two and three standard devi-
ations of the mean, respectively.

B Wims is the number of waveforms that have been acquired since the
histogram display was turned on. Hits is the number of waveform data
points that have fallen inside the histogram box.
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Horizontal Controls

The horizontal controls let you set the horizontal size and placement of your
fraces. Touch the horizontal icon ( =) 10 access these conirols.

Horizontal icon

Winnmd  ERTdan
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Knob Labels

PanjZoom
Selector

Figure 3-51: Horizontal Controls
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Setting Horizontal
Size and Position

You can change the horizontal magnification, or size, of a trace. You can
also move the trace left or right to see different portions of the trace. This is
called adjusting the horizontal position. To do either of these, touch the
horizontal (-} icon. This assigns the knobs to adjust the horizonial size
(top knob) and position (bottom knob) of the selected trace.

The axis label for the left edge of the graticule is stightly different than the
horizontal position of a trace. This is because traces extend slightly beyond
the edges of the graticule. The illustration on the previous page shows the
main position (the knob label) is 59.5 ns, and the left edge of the graticule
is 58.5 ns.

If you want to change the size or position of a different trace, touch the
desired trace 1o seiect it. Then you can use the knobs to adjust horizontal
size and position.

NOTE

Touch a knob label to display the Keypad pop-up menu. This fets
vou set horizontal size and position numerically, or quickly set them
to maximum or minimtm limits. It also lets you set the knob
resolution.

Interactions With Other Traces

The knob labels tell you whether the selected trace is from the main time
base or a window time base.

All traces from the main time base share the same size and position. if you
change the size or position of one main trace, you will change the size or
position of ali of main traces.

All traces from window time bases have the same horizontal size. If you
change the horizontal size of one window trace, you wiil change the horizon-
tal size of all window traces. Each window trace can have a unique horizon-
tal position,
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Pan/Zoom

Pan/Zoom allows you to magnify any portion of the selected trace to exam-
ine it more ctosely. You can magnify (zoom) the selected trace to the point
where each digitized sampie appears on the display, and you can move the
maghified trace left and right {pan) to examine any part of the trace.

The maximum magnification is determined by the trace record length, which
is described in the Record Length section, page 3-163. The trace display
area is 512 pixels wide, so0 you can magnify a 5120-point trace up to 10
times. A 512-point trace already displays only one digitized sample per pixel
and cannot be magnified.

NOTE

Pan/Zoom does not change the way trace data is sampled and
recorded. It only changes the way the frace dala is displayed.

Whenever the - icon is highlighted, the lower right corner of the display
shows the Pan/Zoom selector. Normally, Pan/Zoom is off, and the knobs
are assigned to horizontal size and position. When you touch the Pan/Zoom
selector to set it on, the knobs are assigned to Horz Mag {Zoom) and Horz
Pos Gr (Pan).

You use the top knob, Horz Mag, to specify how much magnification you
want on the selected trace. You use the hottom knob, Horz Pos Gr, to
position the segment of the trace that you want o view onto the display. The
knob fabel status area shows how many trace data points are not shown
because they are off the left end of the screen. When you set Horz Pos Gr
10 zero, you display the lefitmost portion of the frace.

You can use horizonial magnification to see the exact data points of a trace
record. Set horizontal magnification to the maximum and turn off trace
vectoring. Trace Vectoring is discussed in the Veciored Traces section, page
3-217. The display will show each sampiled data point of the trace. See
Figure 3-52.

CSA 803A User Manual

3-109



Horizontal Controls

OFRTE

e

iy

Lt

Lantinuous

Figure 3-52: Horizontal Magnification with Pan/Zoom
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Horizontal Conitrols

Changing the
Horizontal Reference
Point

When you change the horizontal size of a trace, you magnify or compress
the horizontal scale. Normally, the same point of the trace shows at the left
edge of the display after the horizontal size is changed. The point about
which the expansion or contraction of the trace occurs is called the horizon-
tal reference point.

You may find that having the horizontal reference point at the left edge of the
display is not appropriate for your task. For example: you have a trace that
shows a rising edge of a pulse near the center of the display. When you
increase the horizontal size of the trace, the rising edge moves off the right
edge of the display. You must move the trace to the left with horizontal
position in order to view the rising edge of the pulse at its new size.

You can change the horizontal reference point to keep the interesting portion
of the trace on the display whenever you change horizontal size. In the
example above, before you changed the horizontal size, you could change
the horizontat reference point 1o the center of the display. Then, the part of
the trace that was in the center of the display remains in the center of the
dispiay after the the horizontal size changes. The current setting for horizon-
tal reference point is indicated by a letter next to the horizontal icon (=)

L indicates the horizontal reference point is set to Left, C indicates Center
and R indicates Right.

The horizontal reference point applies only fo horizontal size. In Pan/Zoom
mode, the Horz Pos Gr setfing setves a similar purpose.

Use the Horizontal Desc pop-up menu of the Waveform major menu to
control the horizontal reference point {see Figure 3-53.) The pop-up menu
has three selectors in the section labeled Horizontal Reference Point; Left,
Center, and Right. The selector for the current setting is highlighted. Touch
the selector that corresponds to the setting you want.

In some cases, changing the horizontal size control (time per division) may
force the horizontal position to change. For example, with the reference
point set to Center, small main position settings may cause the first point of
the record to reach the minimum delay for the trigger point. Further in-
creases in the main size will cause the horizontal position to be moved to
maintain the minimum delay for the first sample of the record, However, the
oscilloscope remembers any forced horizontal position changes and re-
stores the position o its originat tocation when the main size is set to smalier
values. if the user adjusts the main position, when the setting has been
forced to change, the CSA 803A does not restore the old position when
main size is decreased.
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Figure 3-53: The Horizontal Desc Pop-up Menu
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Initialization

Whenever you begin a new task using the CSA 803A, you shouid initialize
the system so that all settings are at “factory defauit.” That way you do not
get unexpected results because of settings remaining from the last use of

the CSA BO3A.

To initialize the system setlings to default, touch the Initialize selector in the
Utility1 major menu, then touch Initialize in the Verify Initialize pop-up menu,
as shown in Figure 3-54.

oty

Figure 3-54: The Initialize Verification Pop-up Menu

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

The foliowing settings are not affected when you initialize:

= Stored traces and stored settings

B Sampling head calibration vaiues

B Time and Date

w  The following GPIB parameters: Address, Mbde, and Terminator

s The following RS-232-C parameters: Baud Rate, Echo, Siop Bits, Parity,
Flagging, Delay, and EOL String

»  Hardcopy paramelers
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Initializing and
Erasing Nonvolatile
RAM

You can erase all information stored in nonvolatile RAM by hoiding down
both the WAVEFORM and TRIGGER major menu buttons when you turn on
the CSA 803A. Release the buttons when the lights next to the major menu
buttons stop flickering. When the power-on sequence is complete, the
message “Teksecure Erase Memory Status: Erased, Instrument ID, on-time,
and number of power-ups retained” will appear on the display.

When nonvolatile RAM is erased in this manner, the CSA 803A writes the
hexadecimal value DEAD over all nonvolatite RAM locations for settings,
traces, and saved-trace descriptions.

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

Serial number of the CSA 803A
Accumulated time the CSA 803A has been on
Number of times the CSA 803A has been powered on

Factory calibration constants, which are established at the factory and
carnot be changed by the user or by the CSA 803A

Enhanced Accuracy calibration constants, which are periodically calcu-
lated and updated

Time and Date
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Labeling

You can label active traces, stored iraces, and stored settings for easier
identification.

A label is a string of up to ten letters, numbers, or spaces that appears next
to a displayed trace or as part of a trace or stored setting selector in menus.
See Figure 3-55.
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Figure 3-55: Labels Dispiayed with Active Traces
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Creating Labels

You can ¢reate and edit labels by using the Labeling pop-up menu, shown
on the next page. Select Labeling in the Ulility1 major menu to display the
pop-up menu. The uppermost section of this menu contains selectors for
Displayed Traces, Stored Traces, and Stored Settings. Beneath these
selectors, the selectors for individual active traces, stored traces, or stored
setiings appear. If there are more stored traces or stored seltings than can
be disptayed at once, use the Paget and Page| selectors to scroll through
the menu.

To create or change a label, select the item you want to label from the
Labeling pop-up menu, shown in Figure 3-56. For example, select Stored
Trace,. Then select the stored trace you want to label. You can then type the
label by touching the character selectors in the lower half of the menu.
{Letters are laid out as if they were on a standard keyboard.) The selectors
beneath the characters allow you to choose Upper Case letiers, Lower
Case lefters, Numbers {(which include some punciuation and symbols),
Graphics, Greek letters, or Other characiers, You can mix character types
within a label. As you type, the label appears in the selector, just below the
trace or setting number. A maximum of 10 characters can be used fora
label,

Use the Back Space selector to correct errors as you type a label. Touch
Erase to completely erase the selected label. Use the Exit selector to leave
the pop-up menu. When you leave the pop-up menu, new labels are entered
automatically.  you want to enter a label without leaving the Labeling
menu, touch the selecior for the labeled item in the menu.

You cannot use the same label for two items of the same type (for example,
two active traces or two stored traces). if you attempt to enter a duplicate
tabel, the error message "Duplicate label — label not changed” appears on
the display and the previous label is restored.

NOTE

You cannot enter the same label for two items of the same type.

You can use automatic labeling if you don’t want to enter labels yourself.
Automatic labeling labels the trace with its trace description. For example, it
you turn on channel 2, the label attached to the trace will be M2.  you
define a trace using the Def Tra pop-up menu, the label will be the trace
description, up to 10 characters. To enable automatic labeling, touch the
Label Mode selector to set it to automatic.

When you store a labeled trace, or create an active trace that displays a
stored trace, the label will be copied io the new trace, unless this would
dupiicate a label on another trace in the same class.
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Figure 3-56: The Labeling Pop-up Menu

Changing the trace description of an active trace will not change the label of
the trace.
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Displaying Labels
with Traces

Labels of dispiayed traces may be displayed on the screen with the traces.
When Displayed Traces is selected, Display and Position selectors appear
to the right of the trace selectors in the Labeling pop-up menu. Turning on
Display will cause the labels to appear with the traces. Labels will appear in
the setectors for all traces whether Display is turned on or off.

Labeis that are displayed on the screen move with the traces. You can
position each label refative to its frace. Select Position to assign the knobs
to set the vertical (top knob) and horizontal (bottom knob) position of the
label. The label position is relative to a specific point on the trace. By chang-
ing the horizontal position of the label, you are changing the point the label
will follow. By changing the vertical label position, you can specify the verti-
cal offset of the labe! from the point. If the trace record point is out of the
range of the graticule, the label will remain at the top or bottom of the
graticule.

You can select a frace by touching its displayed label.
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Mask Testing

The CSA 803A enables you to perform mask testing (see Figure 3-57) using
the Standard Masks and Mask Testing pop-up menus. The Standard
Masks pop-up menu lets you select a mask from a cotlection of 38 prede-
fined telecommunication masks. These permanent masks include 18 CCITT
standard masks, 8 ANSI/SONET standard masks, 10 ANSI T1.102 standard
masks, and 2 miscellaneous standard masks. The Standard Masks pop-up
menu is accessed from the Display Modes maior menu.

Figure 3-57: Mask Testing on an Eye Diagram
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Masks are selected and created using the Mask Testing pop-up menu. The
Mask Testing menu lets you perform mask testing using the standard
rmasks, or create a custom mask for testing, The Mask Testing pop-up
menu is accessed from the Display Modes major menu. You can create up
to 10 custom masks, of up to 50 points each. The Mask Testing menu also
tets you specify that acquisition stop after a set number of trace acquisitions
or after a set number of mask hits have been acquired. To remove the Mask
Testing menu, touch Exit.
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Using Predefined
Telecommunication
Masks

The predefined telecommunication masks are available as Option 1T. To
view the standard masks that are available (assuming that this option is
installed), you first need to have a trace acquired. With a trace acquired,
press the DISPLAY MODES button, and then touch Standard Masks, This .
brings up the Standard Masks pop-up menu (see Figures 3-58 and 3-59).
This menu ksts the masks available in four categories: ANSI SONET / CCITT
optical standards, CCITT G.703 electrical standards, ANSI T1.102 electrical
standards, and Miscellaneous standards. On the menu, eight masks are
available under ANSI SONET / CCITT optical standards. The CCIT G.703
electrical standards masks total 18 and are contained on three pages. Touch
PAGET and PAGE. to view the remaining CCIT G.703 masks availabie. Ten
ANSI T1.102 electrical standards are also available. Lastly, two masks are
selectable under Miscellaneous standards: the FDDI Halt mask and a User
Eye mask.

DL SONET

4 Blectrical Standards

AMNET TL1,18Z Electrical Standards

Continuousg e Moin

Figure 3-58; The Siandard Masks Pop-up Menu
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Figure 3-59: Pages 2 and 3 of the CCITT Electrical Standards

As shown in Figure 3-59, the CCITT G.703 Electrical Standards masks are
contained on three pages. These pages overlap, meaning that some masks
are shown on more than one page.

Selecting a Predefined Mask

To select a particular predefined, standard mask, first acquire a trace. Stan-
dard masks cannot be selected if a user trace is not present. With a trace
displayed, press the DISPLAY MODES button, and then touch Standard
Masks. Then touch the desired mask label for the signat displayed. After
selecting a standard mask the CSA 803A performs the following.

If a user mask (not predefined) is currently displayed, the instrument will
ask you 1o store the mask in a setting. If you choose not to store the
mask, it is removed. If a standard mask is currently displayed, it is
removed without asking you to store it (because any standard mask can
easily be selected again).

The CSA 803A displays the mask you selected.

The CSA 803A resets the time-per-division setting appropriate for the
selected mask. Note however that you are free to change the time-per
division setting without altering the mask.

The instrument updates the two-line Standard Masks label on the
Display Modes major menu to indicate which mask is displayed.
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The instrument displays the message A front panel AutoSet will now
use a mask-specific algorithm white in the Display major menu. This
means that the autoset function is now modified to perform an autoset
to the signal characteristics of the selected standard mask. You can
choose to have the instrument perform this Autoset to Standard auto-
matically whenever you select a standard mask from the Standard Mask
pop-up, or to perform Autoset to Standard only when you push the
Autoset button. This feature is comirolled from the Instrument Options
pop-up menu, under the Utility major menu. Note that the Autoset io
Standard feature is only available for standard masks and is not avail-
able for masks that you create or modify, except for the User Eye. See
Autoset on page 3-9 and Autoset Options on page 3-10 for more in-
formation.

You can also create a new mask that uses a standard mask as a base. See
Creating a New Mask from a Standard Mask, page 3-128.

Note that {or all standard masks except eye pattern masks, if you press the

AUTOSET button or configure for automatic autoset, the instrument auto-

matically turns on waveform averaging. See Averaging and Enveloping,
page 3-13, and Auioset, page 3-S.

To perform testing using standard masks, see Starting Mask Testing on

page 3-130.
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Creating Masks A user mask is created by moving a cross-hair cursor on the display and
adding or deleting points as required. You can edit or use the masks at any
time by selecting the Mask Testing pop-up menu from the Display Modes
major menu. See Figure 3-60.

To create a mask, press the DISPLAY MODES button, and then touch Mask
Testing. This brings up the Mask Testing pop-up menu. To create a new
mask, select any one of the “MaskN” labels, for example, Maskt. Next,
touch Edit Mask Definition. This displays the mask editing screen. A cross-
hair cursor is located at the center of the display. The cursor is moved by
turning the knobs. The upper knob is assigned to Mask Cursor X and the
hottom knob is assigned fo Mask Cursor Y.

ndefined Undetined |

Caniingaus

Figure 3-60: The Mask Testing Pop-up Menu

To add a point to a mask, use the cursors to locate the cross-hair cursor
over the location where you want {o add a point. Touch Add Point. To detete
a point from a mask, locate the cursor over the point to be deleted. Touch
Delete Point. When you are finished creating the mask, touch Exit Mask
Editing. See Figure 3-61.
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Figure 3-61: Editing a Mask

Masks are created by connecting the points independent of the order they
are entered. Points are connected by sorting the points into left-to-right
order and grouping them across a diagonal from the left-most point to the
right-most point. If iwo points share the same horizontal position along either
the left or right edge of the mask, then the diagonal runs from the top left-
most point to the bottom right-most point. Points below the diagonal form
the bottom boundary of the mask; points above it form the top boundary.
Thus, it is difficult to make masks that have concave sides. {See Hints for
Creating Masks, below.)

The illustrations on the following pages show how mask points are con-
nected when you edit a mask.

Deleting User Masks

To delete a mask, first display the Mask Testing menu. Select the mask to
delete by touching the MaskN selector and then touch Delete Mask
Definition.

CSA 803A User Manual
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Hints for Creating User Masks

To ensure the best results when creating masks, remember the foliowing
and refer to Figures 3-62 and 3-63:

Locate one point along the left edge or right edge of the mask further left
or further right than any other. You can still create straight iines along the
edge; just place one point further left or right than the others on the
edge.

Points are connected left to right.

All poinis above the imaginary line between the left-most point and the
right-most point are grouped together as the “top.” Ali points below the
imaginary line between the left-most and right-most point are grouped
together as the “botiom.” Thus, an added point that falls below the
imaginary line will be added, in left-to-right order, to the bottom group of
points. And an added point which falls above the imaginary line will be
added to the top group of points.

Top/Bottom
These Points Form Dividing Line
the Top of the Mask (Not Displayed)

Left-Most These Points Form Right-Most
Point the Botiom of the Mask Point

Figure 3-62: Creating a User Mask

if you wish to create a mask with a concave area, create several masks
1o cover the same area. Data falling info two overlapping masks is
counted only once as part of Total.
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Mask With Point Added
Below Top/Bottom
Dividing Line

Mask Wilh Point Added
Above Top/Botiom
Dividing Line

Figure 3-63: How Points are Connected in a User Mask

Storing Mask Definitions

Masks are saved with stored settings, so you can save sets of rmasks by
defining them, then storing the instrument setting. For the same reason, any
defined masks displayed on the screen will be overwritten whenever you
recall a stored setting or initialize the CSA 803A.

NOTE

For more details on Stored Settings, see page 3-175.
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Modifying a User Mask

To modify an existing user masi, touch Mask Testing in the Display Modes
major menu. Select the mask you want to edit by touching the appropriate
MaskN Definition selector and then touch Edit Mask Definition. You can
now add or delete points as described previously.

Creating a New Mask From a Standard Mask

You can use one of the many standard masks as a basis for creating a new
user mask. To do this, first select the desired standard mask from the Stan-
dard Masks pop-up menu, as described previously. Then touch Mask
Testing in the Display Modes major menu. Each standard mask is com-
posed of two, three, or four mask components, numbered Mask1, Mask2,
Mask3, and Mask4, which you edit separately. The Mask1 component is
always at the top of the screen, Mask?2 is the second from the fop, and so
on. To edit the top mask component, touch the Mask1 selector. Then touch
Edit Mask Defn. The Mask Testing pop-up menu disappears and the
standard mask is displayed, with the top mask component, Mask1, high-
lighted with a blue x at each of its vertices.

To add a point to the Mask1 component, use the knobs to locate the cross-
hair cursor over the location where you want to add a point. Touch Add
Point. To delete a point frorm a mask, locate the cursor over the point to be
deleted. Touch Delete Point,

When you are finished editing Mask1 and want to edit Mask2, touch Mask
Testing again. Now touch Mask2 to select it for editing. Then touch Edit
Mask Defri. Now Mask2 is highlighted with a blue x at each of it vertices.
You can now edit Mask2 as you did Mask1, and so on for the Mask3 and
Mask4 components, if present.

When you are finished creating the new user mask, touch Exit Mask Edit-
ing. Note that modifying a standard mask creates a user mask and has no
affect on the standard mask. Also, Standard Mask Autoset is not available
on a user mask, even though the user mask may have been created from a
standard mask. The only exception is the user eye mask.

Creating a User Eye Mask

The Create User Eye selector in the Mask Testing pop-up menu lets you
create one customn eye mask per setting from an existing standard eye
mask. This User Eye Mask is similar to standard eye masks, because the
instrument can perform Standard Mask Autoset for user eye masks that you
create.

To create a custom user eye mask, first acquire a trace and then select the
Standard Masks pop-up menu. The default user eye mask is a 2.9533 Gb
mask that is similar in appearance 1o the OC48/STM16 mask available from
this menu. To use the default mask as a base, touch User Eye 9.9533Gb.
However, you can select any eye mask that has exactly three components or
use Edit Mask Defu to create masks 1, 2, and 3. Standard masks with more
or less components cannot be used. After selecting the desired eye mask,

3-128

Reference



Mask Testing

you need to set the rate for the mask. Touch Mask Testing, touch the User
Eye Rate seiector, and use the knob to set the desired rate. Now proceed to
edit the mask as described previously. After editing the mask, touch Create
User Eye from the Mask Testing pop-up menu. The new user eye mask
becomes a standard mask selectable from the Standard Masks pop-up
menu, as User Eye, and the instrument is abie to perform standard mask
autoset to your user eye mask. You can define and store many separate
user eye masks with the Store Setting feature. See Store Seitings, page
3-175, for more information. The following conditions apply {0 user eye
masks:

¥ There must be three component masks,

8 The three component masks are numbered 1 through 3, from the top to
the bottom of the screen. Masks 1 and 3 must extend from the extreme
left to the extreme right of the dispiay.

m  There cannot be more than 24 vertices in all three component masks.

m  Each component mask must have at least three vertices.
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Starting Mask Testing

After you have a user mask or standard mask selected, the mask remains
on the display. However, mask testing does not begin automatically. To
iniiate mask testing, display the Mask Testing menu. Then select either
Pass/Fail Test or Count Mask Hits. If you select Pass/Fail Test, the instru-
ment acquires a set number of waveforms and then looks for any sampie
that falls inside the mask (a mask hit). One or more mask hits is a failure,
and Failure is indicated in red beneath the Mask Testing selector. lf there
are no mask hits, the instrument indicates Passing in green beneath the
Mask Testing selector.

When you select Pass/Fail Test, the Set N Waveforms parameter defaulls
to 20 if the number of waveforms to be acquired (N) for the test is less than
10 or greater than 100, The instrument then furns on Count Mask Hits and
aiso turns on Stop on N Waveforms.

if you select Count Mask Hits, the instrument begins counting mask hits,
but does not indicate passing or failure. Mask hit counts are allowed only in
Infinite or Color Grading display modes. I the display mode is either Normal
or Variable when mask testing is initiated, the display mode is switched to
Infinite Persistence. If the display mode is Coior Grading, then the display
maode isn't changed. If the display mode is Color Grading when mask test-
ing is turned on, the mask count data is initialized with data from the color
graded display.

Note that the color graded display mode makes no distinction between
selected and non-selected traces. Thus, if your mask overlaps a non-se-
lected trace in Color Grading mode, the mask will contain samples from the
non-selected trace. To avoid this, maintain enough vertical separation be-
tween traces to prevent overlap. Masks are not allowed on stored traces,
though masks can be applied to calculated traces with stored components
{for example, M1 — STO1).

In hoth Pass/Fail and Count Mask Hits mode, the mask count readout, just
above the Mask Testing selector, begins displaying results. There are three
boxes located on the Display major menu which contain the mask count
readout. See Figure 3-64.

The numbers in the three boxes are:

»  Total number of hits (data points within all masks)
# Total number of waveforms acquired

®  Number of hits in each mask

Total is the sum of data points that fail inside all of the defined masks. This
number takes into account the overlap between masks. Thatis, if a sample
falls into two overlapping masks, the sample will be counted only once.

Wims is the number of waveforms which have been acquired.
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To turns oh mask
counting, select
Count Mask Hits in
the Mask Testing
pop-up ment.

Mask Testing

Figure 3-64: Mask Count Readout

Mask1 through Mask10 show the number of data points that have fallen
inside the named mask.

When mask testing is initlated, the readouts are active as long as Mask
Testing is selected (Mask Testing is highlighted). Like the histogram dis-
play, the counting is continued in the background as long as the Display
Modes major menu is displayed even if you select the Persist/Histograms
pop-up menu. If you select another major menu, the mask is removed and
counting is cancelled. However, the last displayed masks is redispiayed if
you again select the Display major menu.

Masks are global. That is, all traces share the same masks. However, only
data from the selected frace is counted when mask testing is on, even i
other traces fall within the mask boundaries. {As described earlier, mask
testing in Color Grading mode is an exception; samples from all fraces are
counted in Color Grading mode.} When you select another trace, all mask
counts are cleared.

Clearing the Hit Count

To clear the counters in the mask readout, display the Mask Testing menu
and select Clear Hits. This sets the counters for the various masks, the total
hits and waveform counters to zero, in addition to clearing the waveform
data for the selected trace. Like histograms, these counters are cleared by
any implicit or explicit clearing of the waveform data such as selecting Clear
Trace from the Remove/Cir pop-up menu.

Limiting Acquisition

You can limit acquisition under mask testing based on either the number of
waveforms acquired or the number of mask hits detected. These functions
are controlied by the Set N and Stop N selectors in the Mask Testing
DOR-UP menu.

Te limit acquisition based on the number of waveforms acquired, display the
Mask Testing pop-up menu and touch Set N Wims (see Figure 3-65). This
assigns the knobs to limit the number of waveforms acquired, in the same
fashion that Pass/Fafl testing works. The range for the number of waveforms
acquired is 1 to 232 (approximately four billion}. To begin conditional acquisi-
fion, touch Stop N Wims. Acquisition will stop when N waveform records
have been acquired. The number of waveforms left 10 acguire is shown in
the lower-left corner of the display.
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Thus, without using Pass/Fail testing, there are two steps to stop acquisition
based on the number of waveforms acquired:

[T} step 1: Set the number of waveforms using Set N Wfms.
D Step 2: Begin the acquisition by selecting Stop N Wims.

If you want to stop the acquisition before the conditional acquisition com-
pletes, press RUN/STGP

-~
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Number of
waveforms left to
acquire is shown

here

Figure 3-65: Using Stop N Wims

3-132 Reference



Standard Mask
Definitions and

Mask Testing

The foliowing three tables define the 38 standard telecommunication masks

that are stored in the CSA 803A.

Requirements _
CCITT G.703 Electrical Standards Masks
Signal Bequirements: 75 Q signals require a 75-t0-50 Q converter
with signal attenuation entered.
Table 3-6: CCITT G.703 Electrical Standards Masks
Mask Name Data Rate Trigger Data Signal
Signal
Symmeirical 2.048 Mb/s Same asdata 120 O AIS, all ones
Pair
Coaxial Pair 2.048 Mb/s Sameasdata 750, AlS, all ones
Pulse 8.448 Mb/s Sameasdata 75 (), AlS, all ones
Pulse 34.368 Mb/s Sameasdata 75Q AlS, all ones
Zero Pulse 139.26 Mb/s Sameasdata 75 Q, CMi all zeroes
One Pulse 139.26 Mb/s Same asdata 75 (), CMi all ones
STMA1 155.52 Mb/s Ciock ordata 75 Q, CMI PRBS or live
Data
CEPT 565 Mby/s Ciock ordata 50 (3, PRBS or live data
Single Pulse 64 kb/s Same asdata 110 AlS, all ones
Double Pulse 64 kb/s Same asdata 110 (), AlS, all ones
Data Pulse 64 kb/s Same as data 110 Q AIS, all ones
Timing Pulse 64 kb/s Same asdata 1100, AlS, all ones
Pulse 1.544 Mb/s Same as data 100 &, B8ZS,
10000000100000001000
0000...
Symmetrical 6.312 Mb/s Same as data 110 Q, B6ZS,
Pair 100000100000100000...
Coaxial Pair 6.312 Mb/s Same as data 75 (), B8ZS,
100000001 00000001000
0000...
Puise 32.064 Mb/s Same as data 75, B3ZS,
: 1001001 00...
Pulse 44736 Mb/s Same as data 75 Q, B3ZS,
100100100...
Pulse 97.728 Mb/s Same asdata 75 Q, AlS, Allones
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ANSI SONET / CCITT SDH Optical Standards Masks

Sighat Reqguirements:

Data Type:
Trigger Signak:

O/E converter should comply with ANSIYCCITT
specifications.

NRZ, PRBS, SDH/SONET Frame or live data.

Clock, recovered clock, or data signal.

Table 3-7: ANSISONET / CCITT SDH Optical Standards Masks

Mask Name Data Rate

OCH 51.84 Mby/s

OC3/8TM1 155.52 Mby/s
OCo 466.56 Mb/s
0C12/8TM4 622.08 Mb/s
0Cci8 933.12 Mb/s
0C24 1.2442 Gb/s
0C36 1.8662 Gb/s
0OC48/STM16 2.4883 Gb/s
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ANS] T1.102 Electrical Standard Masks

Signal Requirements:

attenuation entered.

Mask Testing

75 ) signals require 75-50 converter with signal

Table 3-8: ANS! T1.102 Electrical Standard Masks

Mask Name Data Rate Trigger Data Signal
Signal

D31 1.544 Mb/s Same as data 100 (), B8ZS,
10000000100000001000
0000...

DS1 oid 1.544 Mb/s Same as data 100 (), B8ZS,
10000000100000001000
0000...

DS1C 3.152 Mby/s Same as data 100 () B8ZS,
10000000100000001000
0000...

psz 6.312 Mb/s Sameasdata 110, B6ZS,
100000100606100000...

DS3 44.736 Mb/s Sameasdata 750, B3ZS,
100100100...

DS4ANA 139.26 Mb/s Sameasdata 75 Q, CMI PRBS or live
data

DS4XNA 130.26 Mb/s Same asdata 75 (), CMi PRBS or live
cata

STS 51.84 Mb/s Clock ordata 75 0, PRBS or live daia

8T83 155.52 Mb/s Clock ordata 75 () PRBS or live daia

STSX3 155.52 Mb/s Clock ordata 75 (), PRBS or live data

Table 3-9: Miscellaneous Standards Masks

Mask Name Data Rate Trigger Data Signal
Signal
FDDI Halt 125 Mb/s Clock ordata  11111000001111100000
1111100000,
User Eye Programmable Clockordata NRZ, PRBS or live data

CS5A 803A User Manual
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Measurements

Measurements are numeric readouts of properties of a frace. Measurements
are updated continuously so that as the signal changes the numeric read-
outs change also. You can sefect up to six measurements for each of your
traces. The readouts of the measurements of the selected trace appear in
the Measure major menu. The measurements are listed in the table beiow
and on the next page. Refer to Appsndix D for a detailed discussion of each
of these measurements.
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Table 3-10: Measurements

Selector

Measures

Amplitude Measuremenis:

Max Maximum amplitude, the most positive peak voltage/rho
vaiue,

Min Minimum amplitude, the most negative peak
voltage/rho value,

Mid Middie amplitude, hallway between maximum ampli-
tude and minimum ampiitude,

Mean Arithmetic mean of all signal points.

RMS True Root Mean Square voltage.

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

Overshoot The difference between the maximum amplitude and
the topline value, expressed as a percentage of the
difference between the topline and baseline values.

Undershoot The difference between the baseline value and the mini-
murm amplitude, expressed as a percentage of the dif-
ference between the topline and baseline values.

Amplitude The difference between the topline and baseline values.

Extinct Ratio Extinction ratio can be measured using three methods.
The default method is for extinct equat to be the topiine
value divided by the baseline value. Using the Measure-
ments pop-up, you can set this measurement equal to
FDDI (100{baseline/topline))or
SONET (10x (log10(topline/baseline)).

Noise The vertical dispersion of a frace. (Available in Statistics

mode only.} The noise measurement can be taken at
the topline or baseline.

Signal to Noise

Ratio

The amplitude divided by the noise. (Noise is always
calculated as RMS for this measurement, regardless of
how the Dispersion parameter is set.) The amplitude is
equal to the baseline subtracted from the topline. Noise
is measured at the topline or baseline, depending on
how the noise location parameter is set. This measure-
ment is only available in Statistical Measurement mode.
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Table 3-10: Measurements (Cont.)

Selector

Measures

Timing Measurements:

Rise The transition time of a rising pulse edge.

Fatl The transition time of a falling pulse edge.

Frequency The reciprocal of the period.

Period The time faken for one complete signal cycle.

PropDelay The time between mesial crossings of two different
traces or two points on the same trace.

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

Width The time the signal takes to go from a voltage level
crossing 1o the next crossing of the opposite slope.

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

Phase The phase angle from the selected waveform to the
reference waveform.

Jditter The horizontal dispersion of the trace. (Available in Sta-

tistics mode only.) When measuring jitter for a trace that
is an eye pattern, set the Eye Pattern selector in the
Measurements pop-up menu to On. This ensures a
more accurate measurement.

Area and Energy Measurements:

Area + The area under the curve of a trace.

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

Energy The energy represented under the curve of a trace. This

integral of the squared voltages can be divided by the
resistance of the circuit 1o yield power measurements.

Frequency Domain Measurements:

Spectral This provides frequency tracking for the fundamental

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

Spectral This provides amplitude tracking for the fundamental

Magnitude and user-specific harmonic as weil as spectral peak
amplitude measurements.

THD Total harmonic distortion.
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Setting Up
Measurements

Measurements are taken from displayed traces. The trace on which meas-
urements are based must be adjusted so that all areas that are needed to
take the measurements are visible on the display. No part of the trace
should extend above or below the graticule display area. If a measurement
requires a fult cycle, as in frequency or period measurements, then adjust
the horizontal size to show at least one complete ¢ycle of the signal. If a
measurement requires a rising or falling edge, as in rise or cross measure-
ments, then adjust the horizontal size and position to show the complete
rising or faliing edge.

Hardware measurements, described on page 3-143, are an exception.
Hardware measurements are not taken from the displayed data, and are not
affected by the vertical size settings. (Hardware measurements are, howev-
er, affected by horizontal settings.)

Once the trace display is established, press the MEASURE bution to display
the Measure major menu. Initially, this menu is mostly blank. The six empty
selectors are reserved as places where measurement readouts will appear
when you select your measurements. See Figure 3-66.

Figure 3-66: Measure Major Menu

Touch the Measurements selecior to display a pop-up menu with all the
measurement selectors available. Touch the individual measurement selec-
tors to take measurements of your trace. As you select each measurement,
the result of the measurement is immediately displayed in one of the selec-
tor areas of the Measure major menu.

The iltlustration below shows the Measurements pop-up menu with two
meaasurements, Frequency and BMS, selected. The numeric readouts for
these two measurements are in the major menu area. See Figure 3-67,
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Figure 3-67: Measurements Pop-up Menu with Frequency and RMS
Selected

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

NOTE

If your Measurements pop-up menu shows only timing measure-
ments, fouch the Software Mode selector at the top of the menu.

Measurements are part of the definition of a trace. When the Measure major

menu is displayed, the measurements of the selected trace are also dis-
played.
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Deleting
Measurements

To delete a measurement that is established on a trace, touch the Measure-
ments selector in the Measure major menu. In the pop-up menu, touch the
selectors for the measurernents you want to remove. As you touch the
measurement selectors, they will turn off highlighting and the measurement
readouts will be removed from the major menu area. Clear All deletes all
measurements. When you are finished removing measurements, touch the
Exit selecior t0 remove the pop-up menu.

Topline/Baseline
Calculation

The Top/Base Method selector allows you 1o select the method of determin-
ing the topline and baseline. You can choose between the standard IEEE
method (histograms) or an alternate method that smooths and differentiates
the waveform data before calculating topline and baseline. The alternate
method is particularly suited to pulse waveforms with ringing or other anom-
alies. Try this method whenever the IEEE method produces unstable topline
and baseline results. This choice also affects Automatic Windows; see

page 3-225 for more information.

The IEEE method js always used for statistics mode measurements.
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Measurement Mode

Measurements may be taken in software mode, hardware mode, or statistics
mode. In software mode, measurements are taken from the digitized trace
data record, the same data that forms the trace on the display. Software
mode is the default.

In hardware mode, measurements are taken from the analog signal output
from the sampling head before it is digitized and assembled into a trace
record. The CSA 803A uses special timer circuits to take hardware measure-
ments. The advantage of hardware measurements is that they are per-
formed faster than software measurements.

In statistics mode, measurements are taken from color graded waveform
data and are based on histograms computed at the crossing levels. You can
use statistical measurements to measure “random” data such as eye dia-
grams, Statistics mode also provides jitter and noise measurements, and
can be more accurate for other measurements on waveforms with significant
|itter or noise.

Statistics mode can be selected only in color graded display mode. Because
the color graded database does not distinguish between traces, statistical
measurements are limited fo one trace per graticule. (Stored traces may be
left on the display; they are ignored by the statistical measurement algo-
rithm.) Whenever making Statistics Mode measurements of an eye patiern
trace, set the Eye Pattern selector in the Measurements pop-up menu to
On.

All measurements, except the three Frequency Domain measurements, in
the Measurements pop-up menu ¢an be taken as statistical measurements.
In software mode, all measurements except Noise, SNR, and Jitter are
available. Only seven timing measurements (Rise, Fall, Frequency, Period,
Prop Delay, Cross, and Width) can be taken as hardware measurements.
Duty Cycle and Phase are software measurements; Jitter, Signal to Noise
Ratio, and Noise are statistical measurements. For example, the Rise meas-
urement can be taken as a software measurement, a hardware measure-
ment, or a statistical measurement. The BMS measurement is not a timing
measurement and cannot be taken as a hardware measurement.

You cannot take measuremenis in different modes on the same trace. You
can, however, creaie two or three identical fraces and take measurements in
different modes on each. You can display only the measurements for the
selected frace at any one time.

Frequency Domain Measurements

The frequency domain measurements Spectral ¥req, Spectral Mag, and
THD may be taken on FFT magnitude waveforms only. These selectors are
available on the Measurements pop-up menu only when an FFT magnitude
waveform is selected and only in the Software Mode.

CSA 803A User Manual

3-143



Measurements

Statistical Measurement Considerations

A number of factors can affect measurements in statistics mode. Most of
these limitations result from the need to collect histograms to determine the
topline, baseline, and crossings of the trace. Note that you must be in color
graded mode to use statistics mode.

Measurements may be incorrect if not enough trace records have been
acquired. Eye diagrams and signals with significant noise or jitter are
examples of signals that will require many trace records for accurate
measurements.

If & rising or falling edge is nearly instantaneous (relative to the horizon-
tal size}, no data may be acquired on that edge, and timing measure-
rments will be incorrect or will report an error.

The CSA 803A may not be able o recognize an eye diagram if the the
areas above and below the eye crossings are closed, or if the proximal
and distal levels do not pass through the open areas. You may need to
adjust the proximal and distal parameters so that they pass through
these areas, and adjust the mesial so that it does not. {Refer io the Eye
Pattern discussion, page 3-81, for additional information.)

If the measurement zone left limit passes through the crossing of an eye
diagram, the siatistics mode algorithm will automatically move the left
limit for timing measurements. To reset the left imit, use the defauit
parameters or the parameters of another measurement, such as Rise,
to move the left limit to the left of the first eye crossing.)

If you use dual graticules, each graticule has only 128 vertica values
{compared to 256 for a single graticule), so set the vertical size as large
as possible for better precision.

The time required to take statistical measurements can vary from a few
hundred milliseconds to over a second, depending on which measure-
ments are selected and what the measurement parameters are.

Whenever making Statistics Mode measurements of an eye pattern
trace, set the Eye Pattern selector in the Measuremenis pop-up menu
to On.

Refer to the table on the next page to determine the best measurement type
for your application.
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Table 3-11: Measurement Mode Comparison

Software

Hardware

Statistics

Functions

Al measurements
except Noise, Jit-
ter, and SNR avail-
able.

Limited to 7 timing
measurements.

Full range of mea-
surements avail-
able, except fre-
quency domain
measurements

Trace
Complexity

All trace expres-
sions supported.
Not for random
data, such as eye
patterns,

Only traces with-
out arithmetic op-
erators or func-
fions are allowed.
Averaging and en-
veloping are al-
towed, but the
measurement is
taken from unav-
eraged samples.
Not for random
data, such as eye
patterns.

All trace expres-
sions that include
an active channel
are supported. For
random data such
as eye patterns.

Display
Restrictions

Any display mode.
Measurements are
taken from a

Any display mode.
Measurements are
taken from a

Color graded
mode only. One
active trace per

single trace re- single frace re- graticule.
cord, regardless cord, regardless
of display mode. of display mode.

Resolution  Affected by dis- Unaffected by dis-  Affected by dis-
played vettical play or functions.  played vertical
size and trace Only sampling size and trace
functions {e.g., head smoothing functions (e.g.,
averaging) and will affect hard- averaging),
smoothing. ware measure- smouothing, and

ments. dual graticules
Limited to
512-point record
length.

Speed Slower Faster Updated when

color graded data-
base is updated
{sefectable be-
tween 5 and 100
seconds) or when
a measurement
parameter
changes, such as
mesial level.
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Use the Measurements pop-up menu of the Measure major menu 1o select
the measurement mode. At the top of this pop-up menu are three selectors:
Software Mode, Statistics Mode, and Hardware Mode. The selector for
the current mode is always highlighted. Touch the selector for the mode you
want, :

When you select Hardware Mode, the Amplitude, Area/Energy, Duty Gycle,
Phase, and Jitter measurement selectors do not appear. If any of these
measurements were established when you selected hardware measure-
ments, they are removed from the frace measuremenis, and a message
appears on the display to warn you that some measurements have been
removed. Any timing measuremeants that were established are kept and
changed to hardware mode measurements.

When you select Software Mode, all existing timing measurements are kept
and converted o software measurements. If the Jitter or Noise measure-
ments were established in statistics mode, they will be removed when you
switch to software mode.

When you select Statistics Mode, zall existing measurements, except for the
Frequency Domain measurements, are converied {o statistical measure-
ments. You must be in the color graded display mode in order to use statis-
tics mode.

Frequency domain measurements (FreqDomain) are only available if the
selected waveform is an FFT magnitude waveform and you select the Soft-
ware Mode.
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Comparing
Measurements to
References

You can establish refersnce vatues for your measurements and have the
CSA 803A display the measurement readouts as the amount of variance
from the reference vaiue. For example, you can store the propagation delay
through the cables that connect to your device under fest. Then, by turning
on compare mode, you can measure the delay through the device under
test with the cable delay automatically removed from the measurement
result. You can also use this feature to compare measurements on several
different tests or pars.

You can also teil the CSA 803A to save the current measurement readouis
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 fune the circuit under test.

NOTE

if you change the axis units on a trace, for example from volis to
rho, the reference values are not changed to match the new units.
Be sure the reference value is stored with appropriate units.

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 examptle, the
RMS measurement readout in the major menu area becomes the ARMS
readout when compare mode is turned on.

Measurement reference values are stored separately for each trace. The
reference values you establish for one trace will not affect the reference
values for other traces.

The compare feature affects all measurements on all traces. When you furn
on compare mode, all measurement readouts show A comparison vaiues,
even if you select a different trace.

Compare mode is turned on or off using the Compare & References pop-
up menu in the Measure major menu.

You set the reference values to the current measurement values by touching
the Save Current Meas Values as References selector. See Figure 3-68.
When you touch this selector, all the reference values for the measurements
established on the selected trace are copied from the current measurement
readouts.
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Figure 3-68: Compare & References Pop-up Menu

When compare mode is off, you ¢an use the knobs or keypad menu to set
the reference values. A selector appears in the Adjust References section
of the Compare & References pop-up menu for each measurement cur-
rently established on the selected trace. 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. Turn either knob, or touch
either knob label to display the keypad pop-up menu, to enter the numeric
reference vaiue.
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Changing
Measurement
Parameters

Once you have established a measureament on a trace, you can find out
more information about the measurement and you can control the way the
CSA B803A 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 meas-
urement. It also displays annotation lines that overlay the selected trace
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 trace that is used by the
CSA B03A to determine the measurement value is hightighted when in
Normal display mode, or marked by dashed vertical lines in other display
modes.

Figure 3-68 shows a typical pop-up menu for an individual measurement,
ateng with the annotation lines and the highlighted portion of the trace.

Many of the setectors in the measurement pop-up menu set the knobs to
adiust the measurement parameters. As you turn the knob, the annotation
lines move to reflect the new value of the measurement parameter. For
example, in the software Frequency pop-up menu, the Left Limit, Right
Limit, Mesial, and S/N Ratio selectors set the knobs to those measure-
ment parameters.

The dotted line style of the annotation lines is repeated in the relevant pa-
rameter selector in the pop-up menu for the individual measuremert.

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 remain also; so you can set the knobs in the pop-up menu,
remove the pop-up menu from the dispiay, and adjust the measurement
parameter with the annotation linas on the trace.

NOTE

You can remove the annotation lines completely by pressing the
MEASURE major menu button.

CSA 803A User Manual
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Figure 3-69: A Typical Individual Measurement Pop-up Menu

In Figure 3-89, 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
CGSA 803A measures the frequency from the first complete cycle to the right
of the left limit. The highlighted portion of the trace shows the area being
measuredl,

The following table shows the measurement parameters. Some apply only
to hardware measurements, some only to software measurements, some
oniy to statistical measurements, and some apply to all three. No pop-up
menu for an individuai measurement uses all these parameters; oniy the
ones that apply o that particular measurement are shown in the pop-up
mentt.

Changing a measurement parameter in one measurement changes it in all
measurements of the selected trace that use that parameter.
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Table 3-12: Measurement Parameters

SW HW Stat Name

Definition

P o %4 Baseline

The 0% level on which proximal, mesial,
reference level, and distal levels are
based. When tracking mode is Both or
Baseling, the CSA 803A repeatedly de-
termines the baseline and you cannot
adjust it. When tracking mode is Off or
Topline, you can set baseline or you can
have the CSA 803A set it once by
touching the Setup selector.

- - Data Interval

Petermines whether the measurement
will be taken from one cycle of the trace
or the entire measurement zone.

- Dispersion

Selects the peak-to-peak or RMSA
{standard deviation) statistic for the
Noise and Jitter measurements. The
Dispersion parameter does not affect
the Signal to Noise Ratio measurement.

2 2 - Distal

The distal {most distant from the origin)
voltage level. Rise and fall times are
measured between the proximal and
distal voltage levels, which are typically
10% and 90% of the baseline to topline
voltages. May be set as a relative (per-
cent), an absolute {volts} value, ora
delta voltage from the baseline or
topline.

P Filtering

The number of successive samples that
must cross a threshold level before the
transition is considered valid. Noisy sig-
nals will be most affected by filtering.

I Harmonic
Number

For frequency domain measurements;
used with the harmonic search mode.
(See Search Mode, below.)

- Histogram
Points

The number of points in the histograms
taken for Jitter and Noise measure-
menis. This parameter cannot be ad-
tusted, but appears in the Jitter and
Noise pop-up menus as Hist Pis.

2 Jitter Level

The level at which the Jitter measure-
ment is taken, in volts. This parameter
cannot be adjusted, but appears in the
Jitter pop-up menu as Jitt kvl This pa-
rameter will be affected by the Jitter
Location setting.
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Table 3-12: Measurement Parameters {Cont.)

SW HW Stat Name

Definition

Jitter
Location

The location of the histogram for the
Jitter measurement. May be Mesial or
Eye Cross. It the CSA 803A does not
recognize the signal as an eye diagram,
only Mesial is available.

Left Limit

The beginning of the trace measure-
ment zone.

Level Mode

In absolute level mode, you set proxi-
mal, distal, mesial, and reference level
in absolute voltage valuss. In relative
level mode, you set these parameters in
terms of percentages of the baseline to
topline distance. In defia level mode,
you set a delta voltage with from the
baseline or topline.

Mesial

The middie voltage level, expressed as
a percentage of baseline to topline dis-
tance. May be set as a relative (percent)
vaiue, an absolute {volts} value, or &
delta voltage from the baseline or
topline,

Noise
Location

The location of the histogram for the
Noise measurement. May be Baseline
or Topline.

Peak Index

For frequency domain measurements;
used with the Peak search mode. {See
Search Mode, below.)

Proximal

The proximal (closest from origin) voit-
age level. Rise and fall times are meas-
ured between the proximal and distal
voltage levels, which are typically 10%
and 90% of the baseiine o topline volt-
ages. May be set as a relative (percent),
an absoluie {volis} value, or a delta voli-
age from the baseline or topline.

Reference
Baseline

The reference baseline value is the 0%
level on which the reference mesial level
is based. When reference tracking
mode is set 1o Both or Baseline, the
CSA BO3A repeatedly determines the
reference baseline and you cannot
adjust . When reference tracking mode
is set to Topline or Off, you can set the
reference baseline or you can have the
CSA B0O3A set it once by touching the
Setup selector in the Prop Delay or
Pulse measurement pop-up ment.
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Table 3-12: Measurement Parameters (Cont.)

SW HW Stat Name

Definition

Ratio

e Reference The fiiering constant on the reference
Filtering trace used for propagation deiay and
phase measurements.
R o Reference The transition crossing voltage level.
Level May be set as a relative (percent) value,
an absolute {volis) value, or a delta volt-
age from the baseline or topline. The
reference level affects the Cross mea-
surement and can also affect the Spec-
tral Frequency and Spectral Magnitude
measurements. (See the Search Mode
parameter.)
- - Reference The level mode on the reference trace
Level Mode for propagation delay and phase mea-
surements.
- Reference LM The left limit of the measurement zone
Zone used in propagation delay and phase
measurements on the reference trace.
- - Reference The voltage level used in propagation
Mesial delay and phase measurements on the
reference trace. May be set as a relative
{percent) value, an absolute (volis)
value, or a delta voliage from the refer-
ence baseline or reference topline.
e Reference The right limit of the measurement zone
RM Zone used in propagation delay and phase
measurements on the reference trace.
P > Reference The direction the waveform must pass
Siope through a reference level for the Prop
Delay measurement.
2 Reference SN The amplitude of a noise rejection band

centered on the reference mesial level.
Transitions through the reference mesial
level are qualified by S/N ratio by the
requirement 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 outside the noise
rejection band. $/N ratio may be set to
any value from 1 to 99. The reciprocal of
the number is the fraction of the peak-
to-peak signal value that the noise rejec-
tion band extends above and below the
reference mesial line. For a 1 V peak-to-
peak signal, S/N ratio of 20 creates a
noise rejection band 0.05 V above and
0.05 V below the reference mesial level.
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Table 3-12: Measurement Parameters (Cont.)

SW HW Stat Name Definition
P - o Reference The 100% level on which the reference
Topline mesial level is based. When reference

tracking is set to Both or Topline, the
CSA 803A repeatedly determines the
reference topline for itself and you
cannot adjust £. When reference track-
ing is set to Baseline or Off, you can set
the topline or you can have the

CSA 803A set it once by touching the

Setup selector.
v 1 I Reference The track mode on the reference trace
Tracking for propagation delay and phase mea-
surements.
- Reference The transition number on the reference
Transition trace used in propagation delay and
Number phase measurements.
- - Right Limit The end of the trace measurement
zone.
-~ Search Mode  For frequency domain measurements.

When search mode is set to Harmonic,
the instrument determines the funda-
mental frequency, f0, by searching for
the highest peak of the FFT magnitude
in the measurement zone. The harmon-
ic components are computed as n x f,
where n is the user-defined harmonic
number.

When search mode is setio Peak, a
spectral peak is defined as a peak of
the FFT magnitude greater than the ref-
erence level. Using the pop-up menu,
you can specify the index of the peak to
be measured and the reference level.
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Table 3-12: Measurement Parameters (Cont.)

SW HW Stat Name

Definition

I S/N Ratio

The amplitude of a noise rejection band
centered on the mesial level. Transitions
through the mesial level are gualified by
S/N ratio by the requirement that the
signal enter the noise rejection band
and leave the band at the opposite limit
with the same slope and with no inter-
mediate values outside the noise rejec-
tion band. $/N ratio may be set to any
value from 1 to 99. The reciprocal of the
number is the fraction of the topline to
baseline distance that the noise rejec-
tion band extends above and below the
mesiat line. For a 1 V peak-to-peak sig-
nal, S/N ratic of 20 creates a noise re-
jection band 0.05 V above and 0.05 V
below the mesial level.

2 2 - Second
Trace

The Prop Delay and phase measure-
ments shows the timing difference he-
tween two traces. One of the traces is
always the selected trace. Second Trace
lets you setect to which trace the se-
lected trace is compared. For Mardware
Mode, this can be a Saved Trace
Description,

- 2 b Slope

The direction the trace must pass
through a reference level.

- - > Topline

The 100% level on which proximal,
mesial, distal, and reference levels are
based. When fracking mode is Both or
Topline, the CSA 803A repeatedly deter-
mines the topline for itself and you can-
not adjust it. When tracking mode is Off
or Baseline, you can set topiine or you
can have the CSA 803A set it once by
touching the Setup selector, and then
adjust the values with the knobs.

- P - Tracking

With tracking set 1o Both, the topline
and baseline are repeatedly determined
by the CSA 803A. Tracking Off allows
you to set topline and baseline. When
tracking is set to Baseline (or Topline),
just the baseline {(or just the topline) is
tracked, but not the other. Tracking is
only available if level mode is not
absolute.

2 Transition
Number

The number of times the signal must
pass through a specified voltage level
before the measurement zone begins.
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Measurement The CSA 803A collects measurement statistics automatically when in either

Statistics software or hardware mode. (Statistics are not collected in statistics mode.)
You can set the N parameter to determine the number of individual measure-
ments on which the statistics are based,

Each measurement readout selector in the Measure major menu can be
touched to bring up the pop-up menu for the individual measurement. This
menu shows the number of measurement sampies taken so far, the mean,
and the standard deviation (see Figure 3-70). The Set N selector sets the
knobs to control the N parameter.

[EERS

Reported Statistics {

Figure 3-70: Statistics in an Individual Measurement Pop-up Menu
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Changing Default
Parameters

Whenever you define a new trace, the measurement parameters for that
frace are initialized by copying them from a set of default parameters. There
is one set of default parameters for the CSA 803A. You can set the default
parameters to the vaiues you want. This does not change the measurement
parameters of any existing traces, but will set the initialized state of all new
fraces that you define.

You might want to change the default parameters if you are about to create
a number of fraces and take measurements from them, knowing that they
wili all need the same measurement parameters. Setling the default parame-
ters before creating the traces saves fime over the process of changing the
measurement parameters of each trace individually.

You access the default parameters through the Measurements pop-up
menu in the Measure major menu. When this pop-up menu is first displayed,
it shows a list of measurements, and the Measurement Functions selector
is highlighted. f you touch the Default Parameters selector, the menu
changes to show the default parameters.

Defaults for either software, hardware, or statistics mode are shown, de-
pending on whether Software Default, Hardware Detault, or Statistics
Default is highlighted at the top of the menu (see Figure 3-71). You can
change to another set of defaults by touching the appropriate selector.
Changing the default does not affect the current measurement mode.

Once the appropriate set of defaults is displayed, touch the selector that
names the default you want 1o set. A knob will be assigned 1o set the value
of that default parameter.

Once you have the defaulis set the way you want them, you can change all
the measurement parameters of the selected trace to the default settings by
touching the Initialize All selector. This selector changes all the measure-
ment parameters of the selected trace only; other traces are not affected.
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Measurements

Figure 3-71: Measurements Pop-up Menu with Software Defaults

3-158 Reference



Power-On

Installation Before you first power on your CSA 803A, you shouid make certain i is
correctly installed. The instaliation sequence involves the following controis,
connectors and switches on the rear panel (see Figure 3-72}.

POWER Connector

FUSE

LINE VOLTAGE SELECTOR switch
PRINCIPAL POWER SWITCH

Power Area \

Figure 3-72: Power Connector, Fuse, and Switches

in addition, you will need to know the location of the ON/STANDBY switch
on the front panel (see Figure 3-73).

The
ON/STANDEY
Switch

o e 1 O o I o R

[ ACQUISTHICN MTOSEY  WARDOORY  EEHEREC

Figure 3-73: Front Panel ON/STANDBY Switch
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The following steps describe the installation procedure for the CSA 803A.
[} Step 1: Setthe PRINCIPAL POWER SWITCH to OFF
[[] step 2: Setthe front panet ON/STANDBY switch to STANDBY.

D Step 3: Set the LINE VOLTAGE SELECTOR to the proper range for
your power system.

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

[ step 5: With a grounding wrist strap properly attached to your wrist and
connecied to the antistatic connector on the front panel of your instru-
ment, install one or more sampling heads in the front panel compart-

ments.

Never install or remove a sampling head with the CSA 803A power
o

To install a sampling head, piace it into a compariment and push it in with
firm pressure. Once it is seated, turn the screw shaft on the sampling head
to tighten the head into place. Sampling heads are described on page
3-169.

[:_I Step 6: Connect the power cord from the POWER connector to your
power system.

[[] step 7: Setthe PRINCIPAL POWER SWITCH to ON.

The PRINCIPAL POWER SWITCH controls all AC power 1o the instrument.
The ON/STANDBY switch controls power 10 most of the instrument’s

circuits, but continues to supply power to certain circuits even when set to
STANDBY.

D Step 8: To operate the instrument, set the front pansl ON/STANDBY
switch to ON.

Once the CSA 803A is installed, use the ON/STANDBY switch as the power
switch.
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Power-On Sequence

Each time you power on the CSA 803A, the instrument performs a se-
quence of internal checks, and then restores the settings that were in effect
when the instrument was last powered off. The sequence is:

1.

The power-on diagnostics are performed and take about five seconds to
execute. If these diagnostics fail, the instrument wili freeze and you will
not be able to operate it.

NOTE

Complete descriptions of the diagnostics are on page 3-35.

The seif-test diagnostics are performed, and take about 15 seconds to
execute. If these diagnostics fail, the exiended diagnostic system is
entered, and the extended diagnostic menu is displayed.

The system restores all the settings and traces that it can. i the configu-
ration of mainframe and sampling heads has not changed since the last
power-off, then the instrument will completely restore to the state it was
in when powered off.

Warm-Up Period

it takes about 20 minutes for the CSA 803A to warm up after power-on. You
shoutd perform any enhanced accuracy calibrations only when the instru-
ment has warmed up and achieved thermal stability. The enhanced accu-
racy calibrations are described on page 3-49.
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Record Length

The number of samples that form a trace is called the record length. You can
seiect record lengths of 512, 1024, 2048, 4006, and 5120 samples {(see
Figure 3-74). For FFT traces, the 5120 sample size is not selectable. If the
display mode is infinite, variable, or color graded, the 1024, 2048, 4096, and
5120 sample sizes are not selectable.

2 R et

P

Slpesd v 6 A4bns

Figure 3-74: Traces with Record Lengths of 512 (top) and 5120 (bottom)

You can set the main record length and the window record length using the
knobs. All traces on the main time base have the same record length. Win-
dow traces similarly share identical record length.

Variabie, Infinite and Color Grading persistence displays will work only with
the 512-point record length. If the record length is longer when one of these
display modes is selected, the record length is automatically shortened to
512 points. Returning to Normal persistence does not reset the record
length; it remains at 512 points.

The 4096-point record length has the same sample interval (the time be-
tween successive trace samples) as 5120-point records. The 4096-point
trace appears shorter on the display than 5120-point traces. Many Fast
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Fourier transform algorithms require recerd iengths that are a power of two.
The 4096-point record length is provided as a convenience, and the visual
truncation is a natural resuit.

You control the record length by using the Horizontal Desc pop-up menu in
the Waveform major menu. The Main Record Length and Window Record
Length selectors assign the knobs to set the record lengths. The Horizontal
Desc pop-up menu shows the sample intervals for the current settings. See
Figure 3-75.

Hordtzontal bescrigiion

Record Length
Section

Horizontal Reference Point

Figure 3-75: The Horizontal Desc Pop-up Menu
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RS-232-C Parameters

The CSA 803A can be controlled by a remote computer, through one of two
interfaces. These interfaces are industry standards IEEE Std 488 (GPIB) and
RS-232-C.

- This manual does not discuss the details of connecting a remote computer
fo the CSA 803A or the syntax and capabiiities of remote commands. That
infarmation is found in the CSA 803A and 118018 Programmer Manual,

RS-232-C Connection Connectthe cable from your computer to the R8-232-C connector on the
CSA 803A rear panel {see Figure 3-76). The CSA 803A is configured as data
communications equipment (DCE), and the computer must be configured
as data terminal equipment (DTE).

RS-232-C Connector

Figure 3-76: Location of R$-232-C Connector
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RS-232-C Parameters

Setting RS-232-C Communication between the CSA 803A and the attached computer can
Parameters occur only if the two are configured in a compatible manner.

Use the GPIB/RS232C pop-up menu in the UtHity1 major menu to set the
R5-232-C parameters directly, before you attermpt to communicate with the
attached computer. See Figure 3-77.

GPIB-RSZ3E0 Parametsrs

Farameters RSEEEE Peramsters

Figure 3-77: The GPIB/RS232C Pop-up Menu

The following list describes each selector in the R8232C Parameters sec-
tion of this pep-up menu:

@ Baud Rate — assigns the knobs fo adjust baud rate and delay. You can
seti the baud rate to 110, 150, 300, 600, 1200, 2400, 2400, 4800, 9600,
or 19,200, You should set the baud rate {o match the compuler you are
using.

NOTE

The RS§-232-C parameters are not changed when you initialize the
CSA BO3A.

m  Echo — lets you set echo to ON or OFF If you observe two identical
characters transmitted when you expect only one, echo is on when it
shouldn’t be. if you see no character transmitted when one was éx-
pected, echo might be set to off inappropriately.
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®m  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 selec-
tor. You should set the number of stop bits to match the computer you
are using.

m  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
ratch that of the computer you are using.

8 Flagging — leis you select among Hard flagging, Soft flagging, or
None. Touch the selector repeatedly until the approptiate setting is
displayed in the selector. Flagging is used by the CSA B03A or the
computer to signal that its input buffer is full, and that the other device
should stop transmitting until further notice.

When soft flagging is selected, the CSA 803A sends a Ctrl-8 (decimal
13) 1o signal the other device to stop transmission, and recognizes
Ctrl-8 as a signal to stop transmitting. Ctrl-Q restarts transmission. When
hard flagging is seiected, the CSA B03A uses the RS-232-C BSR/DTR
signal to contro! data transmission. You shouid set the type of flagging
to match the computer you are using.

®  Delay — assigns the knobs to baud rate and delay. Delay is the mini-
mum time that the CSA 803A will wait before responding to a command
sent from the computer. The delay setting can be 0 10 60 seconds.

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

B Verbose — lets you set verbose ON or OFF. When verbose is on, the
CSA BO3A posts to the computer a message indicating the success or
failure of each command sent to the CSA 803A. When verbose is off, the
computer can specifically query the CSA 803A about the success or
failure of each command if so programmed.

»  RS232C Debug — lets you set debug ON or OFF When debug is on,
the CSA 803A displays each command from the computer as it is exe-
cuted. The messages appear at the 1op of the display. Debug off is the
normal mode of operation. Set debug on if you need to watch the resuilt
of each CSA 803A command of a program that is running in the com-
puter. When debug mode is on it siows performance significantly.
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Sampling Heads

A sampling head is a small plug-in device that samples electrical signais and
converts them to a much lower speed analog output signal. At least one
sampling head must be installed in the CSA 803A to acquire signals,

Several types of sampiling heads are available. The type and number of
sampling heads you wiil use depends on the tasks you are performing with
the CSA BO3A.

The CSA 803A mainframe provides four compariments for sampling heads,
as shown in Figure 3-78. Only the two right compartments can be used for
acquisition. The two compartments on the left are power-only. They are for
use with non-acquisition heads such as the SD-51 Trigger Head or the
SD-42 and 8D-46 Optical-to-Electrical Converters. Some sampling heads
have two separate channels; others have only one.

Acquisition Sampling
Head Compartments

OO Ll

Power Only Sampiing
Head Compartments

Figure 3-78: Location of Sampling Head Compartments
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Instalting Sampling Powaer off the instrument before installing or removing sampling heads. To
Heads install a sampling head, place the head in the compartment and siowly push

it in with firm pressure. Once the head is seated, fumn the screw shaft on the
sampling head to tighten the head into place.

Never install or remove a sampling head with the CSA 803A power
on.

Sampling Head Front The front panel of a typical sampling head is shown in Figure 3-79. The
Panel sampling head illustrated, the SD-24 TDR/Sampling Head, has two
channels.

SELECT
CHANNEL Bution

Screw Shaft

Channel Indicator

Light (Yeliow) > Top Channel

Signal Connector

TDR ON Light (Red)

> Bottom Channel

sSD-24
TRR/SAMPLING
HEAD

Figure 3-79: Sampling Head Control Panel (SD-24 shown)
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Each channel has a signal connector for signal input and for TDR step
output. Each channel also has a SELECT CHANNEL button and an associ-
ated yellow channel indicator light, and a red TDR ON indicator light.

¢ caumon 1 @

Applying a voltage outside the range printed on the sampling head
can result in damage. Stalic electricily is a hazard.

The input diodes in sampling heads are susceptible to damage from electro-
static discharge and from voltage levels that are outside the range printed
on the face of the sampling head. Always wear an antistatic wrist strap
connected to the ANTISTATIC CONNECTION on the CSA 803A when you
are making connections o a sampling head or handling the device under
fest.

The channel indicator light can have three states: off, on steady, or blinking.
The operation of the SELECT CHANNEL bution depends on the light:

m  [f the yellow light is off, the channel is not displayed. Pressing the button
creates a frace of that channel.

» [ the yellow light is on steady, the channel is displayed but is not part of
the selected trace. Pressing the button selects that trace, causing the
light to blink.

= [f the yellow light is blinking, the channel is part of the selected frace.
Pressing the button will remove aff traces displaying that channel.

The red TDR ON light indicates whether or not the sampling head is send-
ing out 2 TDR (Time Domain Reflectometry)} step through the signat connec-
tor. You cannot control the TDR function from the sampling head front panel;
a menu in the mainframe is used to turn this feature on and off.
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Controlling TDR and
Smoothing Functions

The time domain refiectometry (TDR} and smoothing functions cannot be
controlled from the sampling head front panel. These functions are con-
trolled using the Sampling Head Fnc’s pop-up menu in the Waveform
major menu.

The left part of the Sampling Head Fnc’s pop-up menu lets you select the
sampling head channel on which to set TDR or smoothing. The selectors in
the right part of the pop-up menu always refiect the status of the TDR or
smoothing for the sampling head channei selected in the left part.

Time-Domain Reflectometry (TDR) and
Time-Domain Transmission (TDT)

Time Domain Reflectometry, or TDR, is a method of characterizing a trans-
mission line or network by sending a signal into one end and monitoring the
electrical reflections. Some sampling heads have a TDR feature.

A TDR step can also be used to make Time Domain Transmission (TDT)
measurements. TDT is a technigue that allows you to measure the response
of a system by sending steps through a device and monitoring the output of
the device on another channel. The measurements are made on signals
transmitted through the device, rather than reflections from the device (as in
TDR).

The selectors in the Head Type section of the Sampling Head Fnc¢’s pop-
up menu (see Figure 3-80} let you control the TDR functions of a sampling
head that has the TDR feature. The TDR/TDT selector tumns the feature On
or Off. The TDR Polarity selector sets the polarity of the TDR step to + or

-. TDR ADelay assigns the knobs to set the delay between the TDR steps
generated by the two channels of the sampling head.

TDR Preset turns on the TDR step generator, selects Internal Clock trigger,
creates a waveform on the selected channel, turns on rho scaling, turns on
baseline correction, and autosets (in edge mode) the TDR step. Diff TDR
Preset performs the same actions as TDR Preset except it creates two
channels of TDR, with opposite polarities. Preset Clear pariially undoes
TDR and Diff TDR settings by turning off TDR generators (waveforms are not
deleted), and if no channels have TDR on, trigger source is set to external,
trigger made is set to Auto, baseline correction is turned off and vertical
scaling is set to Volis (instead of rhoj.

3-172

Reference



Sampling Heads

Sampiing Head Funntions

Stopped

Figure 3-80: The Sampling Head Fnc’s Pop-up Menu

External Channel Attenuation enables you to enter a number representing
the external attenuation of a channel. Once the number has been entered

{1 is the default), the instrument then uses the total attenuation factor in
scaling measurement results. Note that the attenuation factor is also applied
to Vertical Size.

Total attenuation is the product of the external attenuation times the hard-
ware attenuation of the probe or sampling head. The hardware attenuation
factor is displayed in the Identify pop-up menu of the Utilityt major menu.

External attenuation can be specified either as a scaling factor (2, 5, 10 etc.)
or in decibels (dB). Decibels {dB) is refated {o the attenuation factor by the
formuta:

dB = 20 x log,, {(aftenuation factor)

The range for dB is —120 to +120.

Negative dB values or fractional attenuation factors indicate gain, rather than
attenuation.

External channel atienuation is a feature of the mainframe, not of the sam-
pling head. Thus, this feature applies to all sampling heads.
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Smoothing

Smoothing is processing applied by the sampling head prior o the digitiza-
tion of a trace, to reduce noise. When smoothing is on, the sampling head
samples each frace sample, or doi, eight times before going on to the next
dot. The average of the eight samples is digitized as the dot value in the
trace record.

NOTE

If you turr on smoothing for one channel of a dual-channel sam-
pling head, both channels are smoothed.

You turn smoothing on or off with the Smoothing selector in the Sampling
Head Fnc's pop-up menu. Not all sampling heads provide smoothing, so
Smoothing may not be seleciable in some cases.

Channel A Delay

Channel A Delay adjusts the time delay of the channel 2 acquisition (the
lower channel ) with respect to the channel 1 acquisition (the upper channel}
on sampling heads equipped with this feature.

If you change Channel A Delay, you should aiso adjust offset. Refer to
Adjusting Parameters in your sampling head manual.

To adjust Channel A Delay, press the WAVEFORM menu bution on your
mainframe instrument and select Sampling Head Fne’s from the Waveform
major menu. Touch the Channel A Delay selector to set the knobs to con-
trot that parameter.

NOTE

Be aware that not all sampling heads provide the Channel A Delay
selector.
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Stored Settings

When you initialize the CSA 803A, you recall a stored front panel setting that
was established at the factory. You can save your own front panel settings
for quick recall.

If you establish a test setup, you might want to store the setting and go to
another task. After the setting has been changed because of the intervening
wark, you coutd recall the test setting that you saved. Masks are saved with
stored settings, so you can use stored settings to store sets of masks for
different tests.

The instrument has a set amount of memory avaitable for saving stored
seltings and stored traces. The number of front panel settings you can save
depends on how much memory is being used to store fraces. Assuming
that no traces are stored, you can store approximately 50 front panel set-
tings. You can recall a stored front panel setting anytime. You can also use
the SEQUENCE SETTINGS buiton to recall stored settings in a specific
order. This is useful if your work requires several instrument setups for
standardized tests.

Stored setiings are saved when you power off the instrument. They will be
available when you power on,.

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

® Stored traces
m  GPIB and RS-232-C parameters, except GPIB address is saved

m  Enhanced accuracy calibrations, except Delay Compensate and Time
Base Cal Mode are saved

a  Display colors and intensity, audio feedback, vectored trace mode, and
hardcopy mode

n Seqguence settings mode
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Storing Settings Use the Store Setting pop-up menu in the Store/Recalt major menu o store
a setting. After you setup the instrument, touch the Store Setting selector to
display the pop-up menu. See Figure 3-81.

e Prarel Setting (FPSI

Hisplayed with Stored Setting

Fres Nonl ile RANH
216578 bytes

Figure 3-81: The Store Setting Pop-up Menu

You can choose which major menu you want 1o be displayed when the
stored setting is recalled. Touch the selector of the desired major menu in
the section of the pop-up menu titled Menu Displayed with Stored Setting.
Both Waveform major menus are listed as options.

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 that setting appears under the label Set
Next FPS. If you want to specify a number other than the default, you can
assign the knobs to set the number by touching Set Next FPS. You can
choose any number from 1 to 8999. 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 using that
number will be deleted. You can also replace an existing stored setting with
the current setting by touching one of the selectors in the top half of the
Stored Seiting pop-up menu.
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Stored Setlings

The Store Setting pop-up menu keeps track of the amount of non-volatiie
RAM available to store both setlings and traces. This information is listed
under “Free NonVolatile BAM®, This number will decrease after you store
gettings or traces, and increase after you delete setltings or traces.

Recalling Stored
Settings

You can recall a stored setting using the Recall Setting pop-up menu in the
Store/Recall major menu {see Figure 3-82). Touch the FPS n selector, where
n is the setting number you want to recall.

The Recall Setting pop-up menu also provides a way fo initialize the

CSA 803A. The Initialize Setting selector operates the same as the Utility1
major menu Initialize selector. Initialization is described completely on
page 3-113.

Figure 3-82: The Recall Setting Pop-up Menu
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{)e|eting Stored Use the Delete Setting pop-up menu in the Store/Recall major menu to
Settin gs delete a stored setting. Select the setting or settings to delete by touching

the selectors in the top part of the pop-up menu (see Figure 3-83). if more
than 15 seftings are stored, touch PageT and Page! to scroll through the
menu. As you touch these selectors, they highlight to show that they will be
deleted when you touch the Delete Selected Settings selector. Touch a
highiighted selector a second time to remove it from the list of settings to
delete. The All Settings selector is a quick way to select all the stored
settings.

i

Figure 3-83: The Delete Setting Pop-up Menu
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Sequencing Through
Stored Settings

if you have several settings saved, you can quickly cycle through the set-
tings. This is useful if you have a series of test set-ups that you want fo use
repeatedly,

The sequencing order of stored settings is the same as the order in which
they appear in the Store Setting pop-menu. That is, settings will recall or
sequence in ascending numerical order. Therefore, you must set the se-
quencing order of stored settings by choosing the appropriate numbers for
those stored settings.

Enable sequencing of settings by touching the Sequence Settings selector
in the Store/Recall major menu. This selector can set sequencing to On or
Off. When this selector is set to Off. the SEQUENCE SETTING button on
the front panel (see Figure 3-84} does not operate. When it is set to On, the
Sequence Settings selecior displays the next setting to be recalled.

When you have stored all the settings you want to sequence through and
have enabled sequencing, use the SEQUENCE SETTING hutton to recall
the next setting of the sequence. This button is located above the sampling
head compartments, near the ON/STANDBY switch.

The SEQUENCE
SETTING Button

ACQUISITION
AUTOSET  HARDCOPY O on
st - F- - !
[ ‘WE:]' J [:J .«.m

Figure 3-84: Front Panel SEQUENCE SETTING Bution

CSA B03A User Manual

3-179



Stored Settings

3-180 Reference



Stored Traces

A stored trace is a trace record of a single acquisition cycle. You can think of
it as a "snapshot” of a trace. In normal acquisition mode, the stored trace is
the same as the trace record on the display. For traces acquired in variable
persistence, infinite persistence, or color grading modes, only the current
512-point trace record is saved {not the entire history of displayed points).

Once you have stored a trace, you can use it as an element of trace expres-
sions in other traces. For example, you could define a trace to be
M1-—-8TO3. This trace acquires data from sampling head channel M1 and
subtracts from each sample the dala recorded in stored trace number 3.

Stored traces are saved when you power oif the instrument and are avail-
able when you power it on again.
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Storing Traces

When you store a trace, the instrument takes a copy of the trace record of
the selected trace. The trace record is always copied into the stored trace
location with the lowest available number, unless you select otherwise.

Free Mon¥olatils RAM
44088 butes

Figure 3-85: The Store Trace Pop-up Menu

Use the following steps 1o store a trace:
[:] Step 1: Create a stable trace on the display.

[[] step 2: Press the Store/Recall major menu button, and touch the
Store Trace selector in the major menu. See Figure 3-85.

D Step 3: Observe the Set Next Sto: selector on the pop-up menu. The
trace you store will be assigned this number. If you want to set this
number 1o one other than the next available, fouch the Set Next Sto
selector and adjust the knobs 1o select a number. You can choose any
number between 1 (if no trace is currently stored) and 9998. You cannot
store a trace where another trace is already stored.

[:] Step 4: All displayed traces are listed in the pop-up menu. Touch the
selector that represents the trace you want to store.

The Store Trace pop-up menu keeps track of the amourt of non-volatile
RAM available fo store both traces and settings. This information is listed
under “Free NonVolatile RAM”. This number will decrease after you store
traces or settings, and increase after you delete traces or settings.

You can also use the Store All setector to store alt the displayed traces as
separate stored traces. In this case, the Next Storage: notation tells you the
first storage number that will be used.
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Stored Traces

Recal!ing Stored Once atrace is stored, you can use it when creating a trace expression. To

Traces create a trace that displays a stored irace, {ouch the Def Tra icon, then in
the pop-up menu touch the Stored Traces selector, the selector for the
stored trace you wani to display, and the Enter Desc selector.

The Recall Trace pop-up menu provides a simpler way to do the same
thing. Press the Store/Recall major menu button and touch the Recall
Trace selector to disptay the pop-up menu. In the pop-up menu, touch the
setector for the stored trace you want to display. See Figure 3-86.

Figure 3-86: The Recall Trace Pop-up Menu
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Deleting Stored
Traces

You can delete stored traces by using the Delete Traces pop-up menu in
the Store/Recall major menu. This pop-up menu may also be used to delete
displayed traces. See Figure 3-87.

in the Delete Traces pop-up menu, fouch the selectors for the displayed
and stored traces you want to delete. The traces are not deleted until you
touch the Delete Selected Traces selecior, You may select several traces o
be deleted before touching the Delete Selected Traces selector. As you
select traces to delete, their selectors highlight to tell you they will be de-
leted. If you touch a trace selector by accident, touch it again to remove the
highlighting. If you want to delete all the displayed and stered traces, touch
the All Traces selector.

You cannot delete a stored trace if it is being used as part of a displayed
trace. In Figure 3-87, stored frace 1 is used in the frace definition of dis-
played trace 3. The selector for stored trace 1 cannot be selected.

Figure 3-87: The Delete Trace Pop-up Menu
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Displaying Time and
Date with Stored
Traces

You can display the time and date that a trace was stored by selecting
Stored Tra Time/Date, in the Instrument Options pop-up menu of the
Utility1 major menu. The time and date for each stored trace appears inthe
siored trace selectors. Time and date can be displayed with stored traces
regardless of whether Stored Tra Time/Date was on when the traces were
stored.

When the Stored Tra Time/Date display is on, the time and date stamp
appear underneath any stored trace selector in all appropriate pop-up
menus, including the Recall Trace and Delete Trace pop-up menus in the
Store/Recall major menu, the Vertical Desc and Horizontal Desc pop-up
menus in the Waveform major menu, and the Labeling pop-up menu in the
Utility 1 major menu.
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System ldentification

You can determine the configuration of your system by looking at the
Identify pop-up menu in the Utilityl major menu. Ses Figure 3-88.

System ldeptification

wseslontroller:
imition #1 :

Options

glecoms Srandsrd Mesys

T
Prescaler ot

Figure 3-88: The Ildentify Pop-up Menu

The top portion of the Identify pop-up menu shows the instrument serial
number, and the version numbers of the firmware (programming) for the
various internal microprocessors.

The middle portion of the ldentify pop-up menu shows which channels have
sampling heads installed (1X, 10X, etc.) and which channels are not avail-
abte {0X). For those channels that have sampling heads, the sampling head
iype and serial number is shown.

The lower section of the ldentify pop-up menu shows instrument options
and their respective states, such as whether or not the option is installed.
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This section describes how to perform time domain reflectometry (TDR)
measurements. TDR measurements can be made only with an SD-24 TDR/
Sampling Head or an SD-20 Loop-Thru Sampling Head; none of the other
SD Series sampling heads provide TDR capabilities,

TDR Step Generation

Both channels in the SD-24 TDR/Sampling Head have a step generator,
which gives baoth channels TDR measurement capabilities. You can use the
outputs of both generators to perform differential and common mode TDR
measuremenis.

The SD-20 Loop-Thru Sampling Head is capable of performing single-ended
TDR when used with an external signal generator. This discussion pertains
mainly to the SD-24 TDR/Sampling Head.

The step generator circuitry consists fundamentally of an adjustable current
source and a diode switch. initially, before the step, the diode switch is
biased to conduct current to the output. When the dicde switch opens, the
step occurs. Figure 3-89, a simplified diagram, shows the switch and the
current source.

| Acquisition Point
‘ T
r}7_ DUT —{ ©
500
‘
| 1;7

10 mA

Figure 3-89: Step Generator Simplified Schematic Diagram

Because of the architecture of the step generator, the output voltage of the
step depends on the DC resistance 10 ground of the device under test. The
following sections describe the operation with a short circuit, an open circuit,
and a 50 Q load.
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Operation Into a Short Circuit

Initially, the diode switch is conducting —10 mA. Since the step generator
output is initially shorted, the resistance to ground s 0 O and the output
voltage is O V.

When the diode switch opens (reverse-biased), apparent resistance to
ground at the acquisition point (and at the channel connecior) is 25 (,
because the internal termination resistance is 50 Q and the connector
impedance is 50 Q. The voltage at the acquisition point rises to +250 mV.

The transition propagates to the short in the device under test and is nega-
tively reflected back to the acquisition point; cancelling the transition. The
time displayed from the first {ransition to the second transition is the propa-
gation time from the acauisition point to the short in the device under test
and back. See Figure 3-90.

ov

Figure 3-90: Step Generator with a Shorted Output

Operation Into a 50 Q) Load

Initially, the diode switch is conducting. Since the step generator output is
connected to a 50 Q load, the resistance to ground at the acquisition point is
25 Q) (because of the internal 50 Q impedance}. The 10 mA current source
places —250 mV at the acquisition point.

- 250 mV

Figure 3-91: Step Generation with a 50 O Load

When the diode switch opens (reverse-biased), the return path to ground is
broken and the acquisition point rises to 0 V. The matched impedance
allows the acquisition point to remain at 0 V. See Figure 3-91.

Operation Into an Open Circuit

Initially, the diode switch is conducting. Since the step generator output is
open, the resistance to ground at the acquisition point is 50 Q2 (because of
the internal 50 Q impedance}. The —10 mA current source places ~500 mV
at the acquisition point, as a starting condition.
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D T ——

-250mV————

-500 mV

Figure 3-92: Step Generation with a 50 Q) Load

When the diode switch opens (reverse-biased), apparent resistance to
ground at the acquisition point (and at the channel connector) is 25 Q,
because the internal circuit impedance is 50 Q and the connector imped-
ance is 50 Q. This causes the acquisition point to rise 1o —250 mV.

The transition propagates to the open in the device under test and is re-
flacted back to the acquisition point, causing the voltage at the acquisition
point to rise to 0 mV. At the acquisition point, the time displayed from the
first step to the second step is the propagation time from the acguisition
point to the open in the device under test and back. See Figure 3-92.

Baseline Correction

Baseline correction is a feature of the CSA 803A instrument. This feature
holds the displayed baseline of a trace in one location despite variations of
the offset in the sampling head. These offset variations are caused by
changes in impedance at the device under test as just described.

Baseline correction is especially useful with TDR/TDT measuremenis. With-
out baseline correction, changes in the DC resistance to ground for the
cable or device under test would cause the entire step to move vertically on
the display.

Baseline correction keeps the baseline in one location vertically. For the
CSA 803A, you can enable baseline correction from the Graticules pop-up
menu. However, if you use the TDR Preset selector to set up for TDR mea-
surements, baseline correction is automatically turned on. For more informa-
tiorr on baseline correction, see page 3-17.
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Example: Taking TDR
Measurements

This example demonstrates the TDR (Time Domain Reflectomeiry) feature of
the SD-24 sampling head. TDR is a method of examining and measuring a
network or transmission line by sending a step into the network and moni-
foring the reflections.

For this exampie you will need an CSA 803A with at least one SD-24 in-
stalled. Also, you will need one SMA cable, preferably of 5 ns length.

|:| Step 1: Initialize the CSA 803A {press UTILITY, touch Initialize and
touch Initialize again).

[T] step 2: Attach one end of the cable to any SD-24 sampling head input.
Leave the other end unattached.

OO Ll

[e]le_ele] o]

Neot Connected

Figure 3-93: Connections for Example

[} step 3: Press the SELECT CHANNEL. button on the sampling head
input channel to which you have connected the cable.

You see only a flat trace on the display because there is no signal on the
channel. But, when the TDR feature is used, the sampling head supplies the
signal for you. As with the calibrator signat, the TDR step is synchronized
with the internai clock.

[] step 4: Press the WAVEFORM button, and touch the Sampling Head
Fnc’s selector.

[} step 5: Toturn on TDR, touch TDR Preset. The TDR Preset function
acts to turn on the step generator for the selected channel, creates a
trace from that channel, sets the graticule to rho scaling, turns on base-
line correction, and autosets the TDR waveform.

The sampling head will turn on a red light next to the channetl input connec-
tor, indicating that TDR is activaied for that channel. TDR can be used on
gach channel independently.
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D Step 6: Adjust the display sizes and positions to show a trace similar to
that shown in Figure 3-94. AUTOSET may make this job easier, and the
vertical {}) and horizontal { <= ) icons will et you make fine adjust-
ments.

(gt

A

1)

L
AT

St

RN 94.23ns

Figure 3-94: TDR Step and Reflection

The first rise of this trace is the incident TDR step leaving the sampling head;
the second rise is the reflection of the step returning from the end of the
cable.

Changing Graticule Units for TDR

The units of measure commonly used in TDR are units of rho (p), measured
on the vertical axis, and time on the horizontal axis. You can change the
measuremenis by using the Graticules selector on the Waveform major
menu.
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Figure 3-95; The Graticules Pop-up Menu

[] step 7: Touch Graticules in the major menu and Feet, Meters, or
inches in the pop-up menu (see Figure 3-95). If you know that the
propagation velocity of your cable differs from the default, touch the
Propagation Velocity selector and adjust this parameter. If you don’t
know the velocity or are using Tektronix SMA cables, accept the 0.7
default. This unitless number represents the fraction of the speed of light
that signals pass through your network or transmission line. If you don’t
know the propagation velocity but you know the dielectric constant of
the transmission medium, you can convert their dielectric constant to a
propagation velocity using the following equation:

1
Jdielectric constant

Prop velocily =

The horizontal axis s now calibrated in your chosen units of measurement.
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NOTE

Measurements and cursor readouts are always expressed in the
same units as the graticule axes.

To set the vertical axis to rho, you need to specify the amplitude, in volts, of
the incident step that the sampling head sends through the cable. Touching
the Reference Amplitude selector assigns both knobs to this parameter.

For the SD-24, this step amplitude is 250 mV. This amplitude is also the
default setting of this paramaeter, so you dom't need to change this parameter
when using the SD-24.

For the SD-20, the step amplitude depends on the external signal source
used.

Note that when using the TDR Preset function, the vertical axis scaling is
automatically set to Rho.

D Step 8: Touch Exit to remove the pop-up menu and view the trace and
graticule.
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Example: Differential
and Common Mode
TDR

The CSA 803A can perform differential and common mode TDR measure-
ments with the SD-24 sampling head. As described earlier, the sampling
head has two sampling input channels and two independent step genera-
tors.

The step generator output for each channel is selectable for positive or
negative polarity and amplitude. This example will show you how to use the
iwo channels and step generators of an SD-24 to perform differential and
common mode TDR measurements.

For this example you need at least one SD-24 installed in the left acquisition
slot of the CSA 803A. You also need one SMA cable, preferably of 5 ns
iength.

[T] step 1: Initialize the CSA 803A (press UTILITY, touch Initialize and
touch Initialize again).

[:] Step 2: Attach one end of the cable to any SD-24 sampling head input.
{ eave the other end unattached.

[] step 3: Press the SELECT CHANNEL button on the sampling head
input channel to which you have connected the cabie.

[] step 4: Touch the Sampling Head Fnc’s selector.
[] Step 5: Touch TDR Preset.

[T] step 6: Attach the loose end of the cable to the lower channel connec-
tor on the same sampling head.

[] Step 7: Adjust the display size and position to show a trace similar to
that shown in Figure 3-96.

In Figure 3-96, notice that there is only one rising edge, that of the incident
TOR step. There is very little or no reflection, because the impedance of the
termination in the receiving channel connector matches the impedance of
the cable.

[] Step 8: Pressthe SELECT CHANNEL button for the lower channel on
the sampling head. Adjust the vertical and horizontal settings to display
the TDR step generated by the upper channel.

The horizontal distance separating the leading edges on the two traces is
the time it takes the step transmitted by channel 1 (upper channel) to be
sampled by channel 2 (lower channel).

D Step 9: Touch Sampling Head Fnc’s and fouch Mainframe 2 under
Selected Channel. Touch TDR/TDT to turn on the siep generator for that
channel. The lower channel on each sampling head has an internal
delay adjustment. This lets you set the time at which the step generator
for the lower channel asserts the TDR step. Touch the TDR Head A
Delay selector, Then fouch Exit fo remove the pop-up menu.
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In step 9, you turned on TDR for the lower channel, and you also assigned
the knobs to adjust delay for the TDR step generator. With some adjust-
ments, the mainframe displays the two traces in Figure 3-97.
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.8

3
A8 m e .
e .

I

rig'd

e

S i 5.8

Figure 3-96: Single Channel TDR
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Figure 3-97: Channels 1 and 2 TDR

Notice that there are two rising edges on each trace. On the upper trace, the
ieft-most edge is the step transmitted by the step generator of the upper
channe!l, M1. The second rising edge is the step transmitted by the step
generator of lower channel, M2.

On the lower frace, the left-most edge is the step transmitted by the step
generator of the lower channel, M2. The second rising edge is the step
transmitted by the step generator or the upper channel, M1.

Note that both steps are positive. This is equivalent to common mode trans-
mission. For both traces, common mode operation appears as though the
cable is open at the middle (since the two steps meet and are cumulative),

[] step 10: Turn either knob on the mainframe to adjust the delay for
channet 2. This varies the fime when channel 2 asseris the TDR step.

Notice that on the upper trace the second edge moves horizontally, and on
the lower trace the first edge moves horizontally. They are actually the same
step, seen at different times by the two channels.

G Step 11: Press the WAVEFORM button, On the display, touch Sam-
pling Head Fnc’s. Touch 1 and the TDR Polarity selector. This causes
channel 1 to assert a negative TDR step. Touch Exit.
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Notice that the upper channel is asserling a negative TDR step. This is
eguivalent to differential TDR. Note that in both traces, the step appears as
though the cable is shorted at the center of the cable {since the two steps
meet and cancel o zero volts),

When the TDR steps on the two channels are opposite {one positive and
one negative), you can now define a trace that represents the true differen-
tial signal by touching the DefTra icon and touching Mainframe 1, — |
Mainframe 2, Enter Desc.

When the TDR steps on the two channels are the same polarity (both posi-
five or negative), you can define a trace that represents the true common
mode signal by touching the DefTra icon and touching Mainframe 1, +,
Mainframe 2, Enter Desc.

This example has been designed to show how the instrument acquires
common-mode and differential TOR traces, and how they relate 1o each
other.

Differential TDR is guickly set up by using the Diff TDR Preset selector on
the Sampling Head Fric’s pop-up menu. This preset automates the setup
for differential TDR by:

s Turning on both channels of the SD-24

= Turning on both step generators

a  [nverting the polarity on one step generator
s Autosetting both fraces

® Turning on Baseline Correction

s Changing the verticai scaling from volis to rho

TDT Measurements

You can make forward and reverse Time Domain Transmission {(TDT) meas-
urements using the SD-24. To perform a TDT measurement, connect one
sampling head channel to the input of the device under test and the other
sampling head channel to the output of the device under test. You can then
alternately enable the step generators on both channels and sample the
fransmitted signal on the other channel 1o perdorm forward and reverse TDT
measurements.
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More About TDR When making differential or common mode TDR measurements, it is impor-
tant that the two steps arrive at the same time at the reference plane (usually

Measurements the connection point to the device under test). To check and adjust this
condition, disconnect the transmission cables from device under test at the
point where the cables connect to the device. If the cables aren’t matched
perfectly, matching either the incident or the refiected edges will not match
the steps at the end of the cable, since the reflections had to travel back
through unmatched cables as well. As shown in Figure 3-98, to match the
steps at the open end, make the delay between the incident steps, T1,
equal but opposite in sign to the delay between the reflected steps, T2.

[[] Step 1: Press the WAVEFORM button and touch the Sampling Head
Fnc’s selector.

D Step 2: Touch TDR A Delay and then adjust the knob.

For some measurements and comparisons, you may want to visually line up
the leading edges of both TDR steps, even though you've delayed the step
assertion time for one channel. To do this, create a window of each trace,
and place each window trace in the lower graticule. Then select one of the
window traces and, using the } icon and the lower knob, position the leading
edge of the trace. This does not affect the arrival of the TDR steps at the
reference plane.
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- Figure 3-98: Ensuring Pulses Arrive at the Reference Plane at the Same
Time

3-200 Reference



Time and Date

The CSA 803A has an internal ciock, with battery back-up, that keeps track
of the time and date. You can set the clock using the Instrument Options
pop-up menu in the Utility1 major menu. When you touch the Hours,
Minutes, Seconds, Month, Day, or Year selector, one of the knobs is as-
signed to set that ciock parameter. See Figure 3-99.

Next to the time and date selectors is a readout showing how many times
the CSA 803A has been powered on, and how many hours it has been on.
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Figure 3-99: The Instrument Options Pop-up Menu
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Disp] aying Time and You can display the time and date that a trace was stored by selecting

. Stored Tra Time/Date, in the Instrument Options pop-up menu of the
Date with Stored Utility1 major menu. The time and date for each stored trace appears in the
Traces stored trace selectors. Time and date can be displayed with stored fraces
regardless of whether Stored Tra Time/Date was on when the traces were
stored.

When the Stored Tra Time/Date display is on, the time and date stamp
appear underneath any stored trace selector in all appropriate pop-up
menus, including the Recall Trace and Delete Trace pop-up menus in the
Store/Recall major menu, the Vertical Desc and Horizontal Besc pop-up
menus in the Waveform major menu, and the Labeling pop-up menu inthe
Utility 1 major menu.
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Traces are the visible representation on the display of the electrical signal, or
combination of signals, that the CSA 803A samples and digitizes. You can
define and display up to eight traces simultaneously.

You define a new trace on the main time base by entering a trace expres-
sion. A trace expression is a description of the signal sources and mathe-
matical computation that determines the trace display. An example of a
simple trace expression is M1, which specifies that a trace should show the
signai source of mainframe channel 1, with no mathematical computation.,
The trace defined by this trace expression displays the signal that the

CGSA 803A samples and digitizes from the specified sampling head input
channel.

An example of a complex trace expression is Log{M1+M2), which specifies
that the signals from mainframe channels 1 and 2 are to be algebraically
added, and the base 10 log of the sum is to be shown as the final trace.

CSA 803A User Manual
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Defining New Traces NOTE

You define traces on a window time base using the Window icon,
described on page 3-223.

Defining Traces Using the DefTra Icon

You enter trace expressions using the DefTra icon. A DefTra icon appears
above the top right corner of the graticule or graticules on the display. Touch
the DefTra icon above the graticule on which you want to define a new
trace. When you touch the icon, a blank DefTra pop-up menu is displayed.
This pog-up menu covers the entire display, as shown in Figure 3-100.

You use the selectors of the DefTra pop-up menu to “type” your tfrace ex-
pression. As you type, the frace expression you are building appears at the
top of the pop-up menu. The Back Space selector lets you correct errors as
you type. When your trace expression is complete, touch the Enter Desc
selector to remove the pop-up menu and create the new trace.

For example, to enter the expression Log(M1+M2), touch the following
selectors in sequence: Log{, 1, +, 2, }, Enter Desc.

Another example of a trace expression, M1-(2*Smooth{(ST01,5)), is en-
teredas 1, —, {, 2, *, Smooth(, Stored Traces, STO1, ,, 5, }, ), Enter Desc.

The selectors presented in the DefTra pop-up menu are grouped into the
following categories:

®  Channel Selectors — let you specify a sampling head channel. The
CSA B03A presents only those channel numbers where a sampling
head is installed.

& Numeric Keypad — lets you enter a numeric value as part of your trace
expression, or one of the four arithmetic operators +, +, *, and /.

»  Trace Functions - let you specify a function, which are listed on the
next page. This area of the menu is shared with the stored traces selec-
tors described below. if the Trace Functions selector is highlighted, the
trace function selectors are shown. Touch the Trace Functions selector
to highlight it if the stored traces list is shown.

NOTE

Trace Functions and Stored Traces can both be included in a single
trace expression.
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Figure 3-100: The DefTra Pop-up Menu

®  Stored Traces — list all the traces that have been stored in the
CSA 803A. For a discussion of stored traces, see Stored Traces on page
3-181. This area of the menu is shared with the trace functions selectors
described above. If the Stored Traces selector is highlighted, the stored
trace selectors are shown. Touch the Stored Traces selector to highlight
it if the trace functions list is shown.

s Syntax Selectors — ( and) let you specify the order of mathematical
operations. Each opening parenthesis must be matched with g closing
parenthesis. Use the , selector to separate arguments to functions that
require more than one argument, as does Smooth{. Use Back Space to
correct errors as you enter the trace expression. Always finish your trace
expression by touching the Enter Desc selector. Cancet allows you to
leave the DefTra pop-up menu without implementing the trace expres-
sion entered. Cancel can be seiected at any time.

NOTE

All trace functions have an opening parenthesis. You must use a
closing parenthesis to enclose the function arguments.
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Using Trace Functions in Trace Expressions

Trace functions operate on arguments which are usually channels or trace
expressions. The function is applied to each individual sample of the trace.
The trace that is displayed is buiit from the function being applied to each

sample.

Table 3-13: Trace Functions

Function Trace Functions

Abs(...) The absolute value of the argument trace,

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

NOTE
Average and envelope can be applied io a trace
that is already defined and being displayed. See
Averaging and Enveloping, on page 3-13

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

Env(...) The limit of excursion of several trace record acquisitions
of the argument. The number of records acqguired is con-
trofled by the knobs after touching the Env N selector in
the Acquire Desc pop-up menu.

Exp(...) The natural antitog of the argument.

FFTmag{..) The magnitude of the frequency spectrum of the selected
trace. '

FFiphase (..) The phase of the frequency spectrum of the selected
trace.

Filter{...) Applies the Smooth function to a trace two times. Like
Smooth(, Filter 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 calcu-
late the number of dots to be used in the smoothing algo-
rithm. Filtering may be centered or shifted. A centered
filfer is non-causal and uses an average that is centered
on each point. A shifted filter causal and forms the aver-
age for each point based only on preceding points. The
fiter mode is set in the Instrument Options pop-up menu.

Intg(...) The integrat of the argument.

Ln(..) The natural logarithm of the argument.

Log{...) The base 10 iogérithm of the argument.

Signum(...) The sign of the argument. Signum returns 1 if an argu-

ment is greater than zero and ~1 if less than zero,
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Table 3-13: Trace Functions (Cont.)

Function Trace Functions
Sqri(...) The square root of the argument.
Smooth(...) A moving average of a trace. This function has two argu-

ments, separated by a comma (, ). The first argument is
the trace to be smoothed; the second argument is the
number of sampies in the moving average. If the second
argument is 9, then 4 sampies before each point and 4
samples after each point are averaged with the point
value. If the second argument is an even number, one is
added 1o it to make it odd. Smooth( can be applied to
stored traces or a single channel five trace.

NOTE
Stored traces are described on page 3-181.

Defining Traces Using the Sampling Head Channel Button

A short-cut method of defining traces is available. When you want to define
a trace that represents a single sampling head channel, you can press the
SELECT CHANNEL button on the sampling head. There are two limitations
10 this method:

= The channel must not be displayed as part of any other trace being
dispiayed. If the ysliow channel light is on, either steady or blinking, this
method of defining a trace cannot be used.

& The trace expression will consist only of this channel. You cannot use
this method to enter complex frace expressions.

Trace Numbers When you define a new trace, the CSA 803A assigns it a trace number.
Trace numbers range from 1 through 8. New fraces are assigned the lowest
available number. Once a number is assigned to a trace, the number does
not change.
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Selecting Traces

When you define a new trace, it is highlighted (bright intensity} on the dis-
play. This indicates that it is the selected trace. When multiple traces are
displayed, there is always one selected trace. The graticuie labels and axes
match the color of the selected trace.

The selectors, knobs, and buttons operate on the selected trace, The
graticule axis labels show the vertical and horizontal size and position of the
selected trace. Selectors that show trace status, such as the Vertical Desc
and Horizontal Desc selectors in the Waveform major menu, show the
status of the selected trace. When you use the <~ and } icons to assign the
knobs 1o horizontal or vertical size and position, the knobs affect the se-
lected trace.

When you have more than one trace on the display, you can select and
highlight any trace. There are three methods that you can use 1o select a
trace; touch the trace on the display or on its displayed label, use the All
Trace Status major menu, or use the sampling head SELECT CHANNEL
button,

Selecting Traces by Touch

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

You can drag your finger across the display to change the position of the
box before you remove your finger to select the trace.

If several traces pass through the area indicated bty the touch box, one
becomes the selected trace when you remove your finger. Touching the
same area repeatediy will select different traces. You can select traces by
touching the same spol on the display repeatedly, until the trace you want is
selected.

Selecting Traces Using the Trace Status Menu

You can see the status of all displayed traces at once by using the Trace
Status menu. You are shown the trace number, the first part of the trace
expression, the time base, and the vertical and horizontal size per division.

To view this information, touch the More... selector in the Waveform major
menu. The entire Waveform major menu is replaced by the Trace Status
major menu, though the light beside the WAVEFORM button remains
lighted.

This menu shows one selector for each displayed trace. You can select any
trace by touching its selector. The selector for the selected trace is always
highlighted. The Return to Single Trace selector restores the regular
Waveform major menu. See Figure 3-101.
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Figure 3-101: The Trace Status Menu

Selecting Traces Using the Sampling Head Channel Button

You may want to select a trace that displays a specific sampling head chan-
nel. if that sampling head channel is not aiready part of the selected trace,
you can press the Select Channel button on the sampling head.

You can look at the channel ight on the sampling head to determine if that
channel is part of the selected trace. If the light is on and blinking, then the
channei is part of the selected trace, and pressing the channe! button will
remove the selected trace. If the light is on and not blinking, that indicates
that the channel is displayed but is not part of the selected trace. Pressing
the channel button will select a trace that contains that channel.

Modifying Traces

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

This menu is identical to the pop-up menu that is displayed when you touch
the DefTra icon. When you display the Vertical Desc pop-up menu, the
trace expression of the selected trace appears &t the top of the pop-up
menu. You can use the Back Space selector o alter the trace, or you can
extend the tfrace expression. When you touch the Enter Desc selector, the
new frace expression is applied to the selected trace.
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Removing Traces

You can remove traces from the display in three different ways: using the
Remove seiector in the Remove/Clr pop-up menu, using the Select Chan-
nel button on the sampling head, or using the Delete Trace selector inthe
Store/Recall menu.

Removing Traces Using the Remove Selector

The Remove selector in the Remove/Clr pop-up menu always shows the
number, the frace expression, and the time base of the seiected trace. The
Remove/Cir selector menu is displayed at alt times, and so the Remove
selector is available regardless of which major menu is displayed.

As shown in Figure 3-102, when you touch the Remove/Clr selector, a small
pop-up menu appears allowing you to remove or clear the selected trace.
Removing a trace turns off the selected channel and causes the trace to
disappear. Clearing a trace affects averaged, enveloped, color graded,
variable persistence and infinite persistence waveforms. Touching Clear
causes the selected function to start over, removing all current waveform
data. The selected waveform remains on-screen; its description is unaitered.

Werify Kemove<Ulear Tracs

Figure 3-102: The Remove Selector in the Remove/Clr Pop-Up Menu

Removing Traces Using the Sampling Head Channel Button

You can use the Setect Channel buiton on the sampling head to remove all
traces displaying that channel as part of their trace expression.

When a sampling head channel is incorporated as part of the selected trace,
the yellow channel light on the sampling head is on and blinking. If you
press the channel button on the sampling head when the light is blinking, a/f
traces displaying that channe! are removed.

Removing Traces Using the Store/Recall Delete Trace
Selector
You can delete displayed traces by using the Delete Traces pop-up menu in

the Store/Recall major menu. This pop-up menu may also he used to delete
displayed traces.
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In the Delete Traces pop-up menu, touch the selectors for the displayed
and stored fraces you want to delete. The traces are not deleted untid you
touch the Delete Selected Traces selector. You may select several traces to
be deleted before touching the Delete Selected Traces selector. As you
select traces to delete, their selectors highlight o tell you they wilt be de-
teted. If you touch a trace selector by accident, touch it again to remove the
highlighting. If you want to defete all the displayed and stored traces, touch
the All Traces selector.
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Trace Scaling

When you define a new trace, it is defined as either a fast trace or a high
precision trace. Fast traces are computed with integer arithmetic, and oper-
ate significantly faster than high precision traces. High precision traces use
floating-point arithmetic to provide highest precision.

Normaliy, the frace is defined to be fast uniess some part of the trace ex-
pression forces high precision. Floating-point functions such as Diff( and
Log( will force the trace to be defined as high precision.

You can force complex traces o be defined as high precision traces by
using the Instrument Options pop-up menu in the Utility1 major menu. in
this pop-up menu, the Trace Scaling selector can be set to Optional or
Forced. When set to optional, new traces are defined as fast traces if they
can be implemented as fast traces. When set to forced, new complex traces
are defined as high precision traces. Single-channel traces without wave-
form math are always acquired in Fast mode. See Figure 3-103.

Once a trace is defined, its trace scaling cannot be changed. The setting of
the Trace Scaling selector affects only the definition of new traces.

Inetrument Options

Gptinns

futnset

Trace Scaling
Selecior

Figure 3-103: The Instrument Options Pop-up Menu
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A trigger is an electrical event that initiates acquisition of a trace. The event
that triggers acquisition is when the trigger source, the signal being moni-
tored by the trigger circuits, passes through a specified volitage fevel in the
specified direction (the trigger sfope).

Until a trigger event takes place, a newly defined trace will not appear on the
display. if triggering of an acquired trace stops, the last trace record is left
“frozen” on the display. The trigger status is shown to the left of the graticule
as either trig’d or not! trig’d.

The trigger source can be the internai clock or a signal that you apply to one
of the trigger input connectors on the CSA B03A front panel. You can con-
nect the signal being sampled to the trigger input connectars using a signal
splitter or power divider, so that the sampled signal is also the trigger signal.
Whatever signal you use as the trigger source, it should be synchronized
with the signal you are sampling and displaying. For Direct input, you can
only view the trigger event if it preceded the observed event by at least

21 ns.

NOTE

When you use an external trigger source, the CSA 803A may not be
supplied with triggers. To restore operation, supply a trigger signal
to one of the trigger inputs or select the Auto mode.

External triggers can be connected o either the DIRECT or PRESCALE*
connectors on the CSA 803A front panel. Signals connected to the DIRECT
connector are fed directly to the trigger circuitry. The signal is DC coupled
and can be up to 3.0 GHz. Signals connected to the PRESCALE connector
are divided by eight and then fed to the trigger circuits. Though the prescal-
er's divide ratio is fixed, it is randomized 1o prevent locking on a particular bit
in a bit stream with a pattern length that is a multiple of eight. Signals fed to
the PRESCALE connector are AC coupled and can be up to 10 GHz.

You can set the trigger mode to auto mode, which will produce an internal
trigger in the absence of other trigger events on the trigger signal.

*Option 10 instruments do not have the prescaler installed.
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You can assign the knobs to set the trigger level of the selected trace by
touching the T icon to the left of each graticule. Use the Trigger major menu
to access all other trigger controls. See Figure 3-104. The selectors in this
menu are;

NOTE

Use the trigger icon (T ) to assign the knobs to set the trigger
fevel.

®  Source — displays a pop-up menu that lets you select the signal that
the CSA BO3A monitors for the trigger event. The External Direct source
is the DIRECT connector on the CSA 803A front panel. The Internal
Clock source is synchronized with the CALIBRATOR output on the
CSA 803A front panel. The External Prescaler source is the PRES-
CALE connector on the CSA 803A front panel. (External Prescaler is
dimmed if the prescaler option is not installed.)

Trigger Sourose

Mormai +

Figure 3-104: The Trigger Major Menu and Source Pop-up Menu

¥ Level — assigns the knobs to set the trigger level. Touching this selector
is the same as touching the 7 icon to the left of the graticule.

®  Mode — seiects between Normal mode and Auto mode. Auto mode
supplies unsynchronized trigger events in the absence of trigger events
on the trigger signal.
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& Slope — selects between + (a rising slope trigger event} and —
(a2 falling slope trigger event).

=  Enhanced Triggering — controls the state of the metastable trigger
reject in the Direct trigger path. Enhanced Triggering On causes the
timebase o detect trigger events that are metastable and to reject the
acquired data. The point is re-acquired on the .next trigger event. En-
hanced Friggering Off allows metastable trigger events to be displayed.
Touching the Enhanced Triggering icon toggles the setting between On
and Off.

a  High Frequency — controls the state of the trigger hysteresis in the
Trigger Input trigger paths. High Frequency On removes frigger hyster-
esis and improves sensitivity, but should be used onty when the trigger
signal edge has a slew rate of 1 V/ns or greater. This corresponds to a
320 mV, , sinusoid at 1 GHz. High Frequency Off retains trigger hyster-
esis and improves noise rejection at low frequency. Generally, it should
always be used below 1 V/ns slew rate, or a 320 mVp,.p, sinusoid at
1 GHz. It can be used at all frequencies if there is sufficient trigger signal
amplitude 1o reliably trigger the oscilloscope. Touching the High Fre-
guency icon toggles the setting between On and Off.

®  Trigger Holdoff — displays a pop-up menu that allows you fo select
auto or manual holdoff mode. See Figure 3-105. For Auto mode, the
trigger holdoff is automatically prograrnmed to the minimum possible
holdoff vaiue, shown under Actual Holdoff. This value is slightly beyond
the rightmost point acquired in the Main record. For Manual mode, you
can select a trigger holdoff under Requested Holdoff to extend the
trigger holdoff to periods longer than the auto mode minimum value, up
to 2.5 seconds. Touching the Holdoff Mode toggles the setting between
Auto and Manual modes.

In Auto holdoff mode, the Actual Holdoff setting for the trigger ignores
Requested Holdoff and depends only on the timebase settings. Actual
Holdoff is updated when the assigned values for Main Size and Main
Position change, in order to hold off retriggering to a point beyond the
rightmost point acquired in the Main record. The minimum value for
Actual Holdoff is 5 ps.

In Manual holdoff mode, the Actual Holdoff setting for the trigger takes
into account the value of Requested Hoeldoff in addition to the timebase
settings. The result is always a longer Actual Holdoff in manual mode
than in auto mode. The value of Requested Holdoff must be between

5 us and 2.5 seconds. Touching Requested Holdoff allows you to enter
a new value for requested holdoff.
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Trigoer Holdoff

Holdoff

J

5.8 in Main

Figure 3-105: The Trigger Major Menu and the Trigger Holdoff
Pop-up Menu
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Vectored Traces

Vectored traces Is a display mode that enhances the appearance of dis-
played fraces by eliminating any gaps or discontinuities. See Figure 3-1086.

The trace display area is 512 pixels (dots) wide. When a trace with a record
length of 512 samples is displayed, each sample has its own unigue hori-
zontal position on the display. When traces with record lengths longer than
512 samples are displayed, two or more samples must share the same
horizontal location. For a trace of 5120 samples, each horizontal place
shows the results of ten samples.

When more than one sample shares the same horizontal location, the result-
ing display is always a series of vertical lines, called columns, that extend
from the top sampie to the botiom sample.

The CSA 803A normally does not extend the coiumns to “touch” adjacent
columns, so that gaps are shown in the trace. You can turn on trace vector-
ing so that intermediate data is assumed for display purposes and columns
are extended 1o touch adjacent columns.

Cingnds

e

et Tty e TR T

M

Figure 3-106: ldentical 512-Point Traces without Trace Vectoring (top)
and with Trace Vectoring (bottom)
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Veciored Trace -
Selector

Trace vectoring makes the biggest difference in the appearance of a trace
with 512 samples. As the record length of a trace increases, the visual
enhancement of trace vectoring becomes less evident.

When you display a 512-sampie trace, with trace vectoring turned off, the
individual samples of the trace show as dots. When you display a trace of
more than 512 samples, you can use horizontal magnification to achieve the
same effect by displaying any 512-sample portion of the trace. For informa-
tion about horizontal magnification, see Pan/Zoom on page 3-109.

You turn trace vectoring on or off using the Instrument Options pop-up
menu in the Utility 1 major menu. Touch the Vectored Trace selector 1o set it
1o Off or On. See Figure 3-107.

Trace vectoring can also be turned on or off in the Persist/Histograms
pop-up menu in the Display Modes major menu,

Trnsirument Uptians

Futoset Opticns

:
!
Powerugs

i
i
i
i

Hocuraoy Mein

Figure 3-107: The Instrument Options Pop-up Menu
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Vertical Controls

The vertical controls et you set the vertical size and placement of your
traces. Touch the vertical icon () to access these controls. See Fig-
ure 3-108.

e Dot bk

Veriical lcon \

iyl

Knob Labels

Chan Sel
Selector

Figure 3-108: Vertical Controls
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Setting Vertical Size
and Offset

You can change the vertical magnification, or size, of a trace. You can also
move the trace up or down on the display. This is called adjusting the verti-
cal offset. To do either, touch the vertical ( } ) icon; this assigns the knobs to
adjust the vertical size (top knob) and offset (bottom knob} of a channel of
the selected trace.

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

NOTE

Touch a knob label to display the keypad pop-up menu. This lets
you set vertical size and offset numerically, or quickly set them to
maximum or minimum fimits. It also lets you set the knob resolution.

Adjusting Channels and Adjusting Traces

When you adjust the vertical size or offset of a trace acquired in Fast mode,
you are adjusting the size or offset of one of the channels that is in the trace
expression. If the trace you are adjusting has the trace expression M1+M2,
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 trace changes the channel
size or offset for all the other traces that display that channel.

= {fthe trace you are adjusting has more than one channel in iis trace
expression, changing the vertical size of one channel does not change
the size of the other channeis. If the vertical scale factors of all the
channels in a trace do not match, the vertical size of the trace is
undefined.

For example, in the case of the trace M1+M2, if M1 has a vertical size of
50 mV/div and M2 has a veriical size of 100 mV/div, the trace will have
undefined vertical units.

You can select which channel of the trace you want to adjust with the knobs.
Whenever the § icon is highlighted, the lower right corner of the display
shows the Chan Sel selector. This selector always shows which channel the
knobs are set {0 adjust. You can touch this selector until it shows the chan-
nel you want to adjust with the knobs.

Adjusting High Precision Traces

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

You can adjust the vertical size and offset of high precision traces, without
adjusting a channel.
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NOTE

See Trace Scaling on page 3-212 for a description of high precision
traces.

When you adjust the vertical controls of a high precision trace, the Chan Sel
selector at the lower right of the display can be used to specily the individual
channel to adjust, and to specify the Caled Tra, or calculated trace. When
you specify that you want to adjust the calculated trace, the knobs adjust
the size and offset of the trace without changing the vetiical size and offset
of other traces displaying that channel.

Trace Separation

When you adjust the veriical size and offset of a trace on a window time
base, the Chan Sel selector at the lower right of the display can be used to
specify the individual channel to adjust, and to specify Trace Sep, or trace
separation. This vertical offset control lets you move a window trace up or
down, to visually separate it from other window iraces or the main time base
tfrace.
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Windows

A window trace is a trace that represents a portion of another trace that is

magnified horizontally. A window trace is sampled separately from the main
trace it is magnifying.

Windows are created by touching the Window icon above the graticule.
When you touch the Window icon, the CSA 803A creates a second graticule
fo show the window trace. The portion of the main trace that is windowed is
highlighted. The display in Figure 3-109 is the result of touching the Window
icon when the top trace was displayed alone on a single-graticule display.
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Figure 3-109: A Window Trace Display

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

A window trace is independent of the main trace. Once a window trace is

established, you can remove the main trace or move the window trace from
graticule to graticule.
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You can create more than one window frace from a single main frace. You
cannot create a window trace of a window trace.

If you remove all windows, the display automatically returns to a single
graticule display.

Changing Window You can change the size and position of a window trace just as you do with

Size and Position any main trace. Touch the < or } icons to assign the knobs to horizontal
size and position or vertical size and offset. Complete information about
horizontal size and position is on page 3-107 and vertical size and offset is
on page 3-219.

NOTE

All window traces are the same horizontal size. If you change
horizontal size on one window trace, you change horizontal size on
all window traces.

All main {races share the same time base, and so all have the same horizon-
tal size and position. Each window {race has its own time base, and so each
can have a different horizontal position. However, all window time bases
have the same horizonial size.

As you change the horizontai size or position of a window trace, the high-
lighted portion of the main trace changes size and position. This allows you
1o always see the portion of the main trace that the window trace is magnify-
ing. {In display modes other than Normal, the main frace will not show a
highlighted region.

Trace Separation

When you use the } icon to offset any trace, the Chan Sel selector in the
lower right corner of the screen can be used 1o select which channel you
want to size or offset. Touch the Chan Sel selector until it shows the channel
you want.

When you use the } icon to offset a window trace, the Chan Sel selector can
be used to select Trace Sep. When you set the Chan Sel selector to Trace
Sep, the vertical offset knob moves the selected trace up or down without
moving other traces that show the same channels as the selected trace.
This lets you visually separate the selected window trace from other window
or main traces that may overlap it.
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Positioning Window
Traces Automatically

The CSA BO3A can position your window traces automatically based on an
electrical event that occurs on the main trace. This triggers the window trace
in a manner similar to triggering of the main trace. Automatic window posi-
tioning can only be used on fraces that do not use arithmetic operators or
trace functions.

NOTE

The limitations on window complexity when automatic positioning is
used are identical to the complexity limitations on hardware meas-
urements.

You initiate and controt automatic window positioning using the Window
Mode pop-up menu in the Waveform major menu. Touch the Position
Mode selector in this pop-up menu to set the positioning mode 1o Auto-
matic or to Manual. See Figure 3-110.

Hingow Mode

Lontinuousg
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Figure 3-110: The Window Mode Pop-up Menu

The electrical event that triggers the automatic window position is the point
at which the main trace passes through a specified voltage /eve/ in the
specified direction (the siope)} the specified number of times (the transition
number).

You can specify the voltage level in volts (absolute} or as a percentage of the
baseline-to-topline voltage of the trace (relative).
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The selectors of the Window Mode pop-up menu let you control the window
positioning in the following ways:

® Position Mode — can be set to Manual (you position the window with
the knobs} or Automatic (the CSA 803A positions the window based on
an electrical event on the main frace}.

Automatic window positioning has a resolution equat to one Main record
sample interval, If the Main record sample interval is large compared 1o
the window size. the position may appear to “jump.” In most cases, this
will not affect the accuracy of measurements because the CSA 803A
automatically compensates for the change in position.

®  Transition Number — assigns a knob to specify the number of times
the electrical event must occur before the window trace is positioned.
This affects only an automatic window with tracking on, or an automatic
window when locate window is performed.

®  Slope — selects between + (a rising slope transition event) or ~ (a
faliing slope transition event).

® Filtering -— assigns a knob to set the number of successive trace sam-
ples that must cross the fransition level before the transition is counted
as valid. Noisy signais will be affected most by filtering. This affects only
an automatic window with tracking on, or an automatic window when
locate window is performed.

5 Level Mode — selects between Absolute (you specify the transition
tevel in terms of voits) or Relative (you specify the transition level in
terms of percentage of baseline-to-topline height of the trace).

m Level — assigns a knob to set the transition voltage level in the mode
determined by the Level Mode selector.

w  Tracking — This affects onty an automatic window with tracking on, or
an automatic window when locate window is performed. Three types of
tfracking are available:

Relative tracking — Baseline and topline are recalculated and used to
calculate an absoluie level, Window position is then found using that
absolute level.

Absolute tracking — Absolute level used to find window position.

No tracking (either) — No position change untii Locate Window is
selected. A Relative tracking or Absolute tracking measurement is
performed once each time Locate Window is selected.

B Locate Window — meaningful only when Position Mode is Automatic
and Tracking is Off, tells the CSA 803A to position the window trace.
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Top/Base Method — allows you to select the method of determining the
topline and baseline. You can choose between the standard |EEE meth-
od (histograms) or an alternate method that smooths and differentiates
the waveform data before calculating topline and baseline. The alternate
method waorks better than the IEEE method for ramps, triangular or
irregular sguare waves.

The Top/Base Method parameter affects all window traces. It aiso
affects how automatic measurements are performed on ali traces. You
can also change this parameter from the Measurements pop-up menu
in the Measure major menu.
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XY Traces

Most traces show a signal voltage (the vertical axis) as it varies over time
{the horizontal axis}. You can display a trace that shows how two traces
compare with each other, independent of time. Such an XY trace shows the
signal voltage of one trace on one axis against the signal voltage of the
other trace on the other axis. See Figure 3-111.
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Figure 3-111: An XY Trace

NOTE

You can have only one XY trace. You cannct take measurements of
XY traces.

This XY trace is a constelfation diagram. Constellation diagrams are
discussed on page 3-25.

When an XY trace is displayed, the axis units cannot be changed from volts
on either axis.
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Horizantal Desoription

Hoetzantal Reference Foint

tmy Mode: Kefaoguired irace

XY Trace Section <

Figure 3-112: The Horizontal Desc Pop-up Menu

You initiate and control XY traces using the Horizontal Desc pop-up menu
in the Waveform major menu. See Figure 3-112. Two sections of the menu
are titled XY Display Mode, one for displayed traces and one for stored
fraces.

Use the following sequence to create XY traces:

[] step 1: Define a trace that shows the information you want on the X
axis (the horizontal axis). This frace may he a displayed trace or a stored
trace.

] step 2: Define and display a trace with the information you want on the
Y axis {the vertical axis).

[T] step 3: Select the trace that displays the Y-axis information.

[7] step 4: Press the WAVEFORM major menu button, and touch the
Horizonial Desc selector to display the pop-up menu.

3-230 Reference



XY Traces

{7] step 5: Touch the selector in the Horizontal Desc pop-up menu that
represents the trace showing the X-axis information. If the X-axis trace is
a displayed trace, it will appear in the section titled XY Display Mode:
X=Acquired Trace. If the X-axis trace is a stored trace, it will appear in
the section titled XY Display Mode: X=Stored Trace.

When you touch the X-axis trace selector in the Horizontal Desc pop-up
menu, the trace is immediately converted into an XY trace on the display.

If the trace defining the X-axis information is a displayed trace, this process
will leave two traces on the display; the XY frace and the X-axis information
trace. Once the XY trace is astablished, you can remove the trace dispiaying
the X-axis information.

To restore an XY trace to normal YT mode, seiect the XY trace and touch the
Normal YT selector in the Horizontal Desc pop-up menu.

Constellation diagrams are a common application of XY traces. See Constal-
lation Diagrams, on page 3-25, for more details.
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Appendix A:
Accessories

Standard
Accessories

The CSA BO3A instrument package includes the following standard accesso-
ries:

. CSA 803A User Manual (this manual).

»  CSA 803A and 118018 Programmer Manual, Tektronix part number
070—-8784—01.

®  (CSA B03A Service Manual, Tektronix part number 070-8780-00,

®  Power Cord (North American 120 V), Tektronix part number
161-0066-00.

®  Two 8%-inch SMA interconnecting cables, Tekironix part number
174—-1120-00.

n One-foot SMA interconnecting cable, Tekironix part number
174—1364—-00,

®m  Antistatic wrist strap, Tektronix part number 006—3415-04,

To obtain replacements, refer 1o a Tektronix products catalog or contact your
local Tektronix field represendative.

Optional Accessories

The foflowing optional accessories have been selected from our catalog
specifically for the CSA 803A. For detailed information and prices, see a
Tektronix products catalog or contact your local Tektronix fieid representa-
tive.

= Option 1R Rack Mount, converts the CSA 803A for rack mounting.

»  Option 1T, provides 38 predefined telecommunication masks conforming
to ANSI SONET/CCITT Optical Standards, CCITT (.703 Electrical Stan-
dards, and ANSI T1.102 Electrical Standards.

= Option 10, Delete Prescalet, deletes the Prescaler trigger input.

»  GPIB cable, two meter, Tektronix part number 012~0991-00.

¥ RS-232-C cable, ten foot, Tekironix part number 012-—-0911-00.

n  Ten-foot Centronics printer cable, Tekironix part number 012—-0555-00,

®  Sampiing head extender cable, one-meter, Tekironix part number
012—-1220-00.

CSA BO3A User Manual

A-1



Appendix A: Accessories

#  Sampling head extender cable, two-mater, Tekironix part number
012-1221-00.

& Sampling head panel, blank, Tektronix part number 200-3395-00.
®  Acquisition extender, Tektronix part number 067~ 1323-00.

m  Acquisition System exiender, Tektronix part number 067 —1324~00.
w  Caiibraiion pulser, Tektronix part number 087 —1338~—00.

m  Hardcopy unit: Epson-compatible Dot Matrix Printer, Tektronix 4697.
wm  Tekironix SCOPE-MOBILE cart, Model 205.

w  Calibration Head, Tektronix part number 067 —-1413~00.

Power Cord Options

The following power cords are available for the CSA 803A.

= Option A1 Universal European 220 V/6A, 50 Hz, Tektronix part number
1610066 ~09.

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

®  Option A3 Australian, 240V/6A, 50 Hz, Tekironix part number
161—-0066—11, '

m  Option A4 North American 250 V/10A, 60 Hz, Tekironix part number
161-0066—12.

u  Option A5 Switzeriand, 240 V/6A, 50 Hz, Tektronix part number
161-0154~-00.
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Appendix B:
Specifications

The CSA B03A electrical characteristics apply to the foliowing conditions:
m  The instrument has had a 20-minute warm-up period.

& The instrument i$ operating in an environment that meets the limits
described in Environmental Specifications in this section.

The specifications in Tables B-1 through B-7 apply 1o the CSA 803A Com-
munications Signal Analyzer, only. S8ee Tables B-8 through B-14 for specifi-
cations for the CSA 803.

Table B-1: CSA 803A Vertical System Specifications

Characteristic Specification

Input sources

Mainframe 2 sampling heads, 4 channels
Bandwidth Dependent on sampling head
Risetime Dependent on sampling head
Amplifier gain accuracy 1% of fuli-scale range

Vertical resolution

Trace daia 8 bits
Hardware measurements 14 bits
Input sensitivity 2 mV/div to 255 mV/div in 1 mV/div steps
Offset accuracy 2 mv
Offset range +2V
Oftset resolution 0.25 mV
Measurement level accuracy +2 my

Vertical acquisition resolution

Singie graticule 25 points/div

Dual graticuie 25 points/div

Vertical display resolution

Singie graticule 50 pixels/div

Dual graticule 25 pixels/div
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Table B-2: CSA 803A Time Base Specifications

Characteristic

Specification

lnternal reference clock

Crystal-controlled oscillator

Sample rate

200 kHz maximum

Record length

User selectable, 512, 1024, 2048, 4096,
or 5120 points.

Sweep rate resolution

1-2-5 steps or 1 ps/div increments

Record duration

10 ps to 50 ms

Maximum sweep rate

512-point record

1024-point record
2048-point record
4096-point record
5120-point record

1 ps/div
1 ps/div
2 ps/div
5 ps/div
5 ps/div

Tirme interval measuremeant
accuracy

8 ps + 0.01% of selected delay +0.001%
of position, guaranteed;

4 ps + 0.004% of selected delay

+ 0.0004% of position, typical

B-2
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Table B-3: CSA 803A 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 io

desired function

Calibrator output step

Voltage 500 mV open circuit or
250 mVinto 50 Q

Frequency Approximately 100 kHz {50 kHz if divide-
by-two mode selected)

Risetime Approximately 250 ps into 50 O

Internal clock output

Synchronized with TDR and calibrator
output

Voltage

Positive pulse from0to 20V

Source impedance

500

Repetition rate

Approximately 100 kHz (50 kHz if divide-
by-two mode selected)

CSA 803A User Manual
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Table B-4: CSA 803A Trigger Specifications

Characteristic

Specification

Jitter 1.3 ps BMS + 4 ppm of position typical
2.0 ps RMS + 5 ppm of position max
Freq = 2.5 GHz, Vi, = 200 mV .,
HF = Off, Enhanced = On
May require trigger levei adjustment to
avoid 250 ps pulse width when triggering
on trailing edge
Trigger source External Direct, Internal Clock, or
External Prescaler
Trigger mode
Auto Free runs after 20 ms timeout
Normal Acquisition only after trigger event

Maximum p-p trigger input

Direct 1V pp
Prescaler 25V pp
Maximum safe trigger input
voltage
Direct 1.5V
Prescaler +25V
Trigger tevel —-tVio+1V
Trigger level resolution 1myv

Trigger accuracy

10% of full scale

Trigger sensfivity

Direct -~ DC coupled

100 mV, DC to 3 GHz

(Auto, Enhanced Off, Auto holdofi,

HF Off)

May require trigger level adjustment to
avoid 250 ps pulse width when triggering
on trailing edge for stable triggering.

Prescaler ~ AC coupled

600 mV typical peak-peak from
2GHz1t0 8 GHz. Lessthen2 V
from 8 GHz to 10 GHz

Metastability

Typically C ppm (tested with 250 K trigger
events) at 2.5 GHz,
100 mV, ; trigger, Enhanced = On
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Table B-4: CSA 803A Trigger Specifications (Cont.)

Characteristic

Specification

Main and window position

Minimum 23 ns pre-trigger required

Initial window delay

<23 ns to 50 ms in steps of 1% of main
record size

Strobe skew adiustment

+1.5ns

Table B-5: CSA 803A Display Specifications

Characteristic

Specification

CRT

8'% inch diagonal, color, magnetic
deflection. Vertical raster orientation.
Nomina! screen size:

6.087 inches vertical by

4,496 inches horizontal

Character display
Character height

0.10 in (upper case)

Character celi

16 pixel vertical by 10 pixel horizontal

Table B-6: CSA 803A AC Line Power Specifications

Characteristic

Specification

Voltage ranges

90 to 132 Vg or 180 10 250 Vpms
Voltage ranges apply to trace distortion,
which reduces peak line voltage 5%

Frequency

48 Hz t0 440 Hz

Power

320w

Current

4.6 Agyg at 50 Hz, 90 V line with 5%
clipping

Fuse

6 A, 250 V normal blow

CSA 803A User Manual
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Table B-7: CSA 803A Environmental Specifications

Characteristic

Specification

Temperaiure

Meets MIL~T~28800E, Type lll, Class 5

Operating

0° Cto50° C

Non-operating

—40°Cto75° C

Humidity Up to 95% relative humidity, at up to
50° C
Adtitude Meets MIL—T—28800E, Type Hl, Class 5
Operating Up to 4.5 km {15,000 ft)

Non-operating

Up to 15 km (50,000 )

Vibration Operating, sampling heads not installed:
meets MIL—T—-28800E, Type ill, Class 5
{section 4.5.5.3.1)

Shock Non-operating, sampling heads not

installed: meets MIL-T—28800E,
Type lll, Class 5 (section 4.5.5.4.1)

Bench handling

Operating: meets MiL—T—28800E,
Type Hli, Class 5 (section 4.5.5.4.3)

Packaged product vibration

and bounce

Fackaged product, sampling heads not
instalfed: meets NSTA Prol. 1A

Drop of packaged product

Packaged product, sampling heads not
instalied: meets NSTA Proj. 1A

Electrostatic immunity

No disruption or degradation of
performance: up to 10 kV. No damage to
instrument; up fo 20 kV
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The specifications in Tables B-8 through B-14 apply to the CSA 803 Com-
munications Signal Analyzer, only. See Tables B-1 through B-7 for specifica-
tions for the CSA 803A Communications Sighal Analyzer.

Table B-8: CSA 803 Vertical System Specifications

Characteristic

Specification

Input sources

Mainframe 2 sampling heads, 4 channels
Bandwidth Dependent on sampling head
Risetime Dependent on sampling head

Amplifier gain accuracy

+1% of full-scale range

Vertical resoiution

Trace data

8 hiis

Hardware measurements

14 bits

Input sensitivity 2 mV/div to 255 mV/div in 1 mV/div steps
Offset accuracy +2 mv

Offset range 2V

Offset resoiution 0.25 mV

Measurement level accuracy +2 mV

Vertical acquisition resolution

Single graticule

25 points/div

Duat graticule

25 points/div

Vertical display resolution

Single graticule

50 pixels/div

Duat graticule

25 pixels/div
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Table B-9: CSA 803 Time Base Specifications

Characteristic

Specification

Internal reference clock

Crystal-controlled oscillator, voltage-con-
trolled oscillator for timebase

Sampie rate

200 kMHz maximum

Record fength

User selectable, 512, 1024, 2048, 4096,
or 5120 points.

Sweep rate resolution

1-2-5 steps or 1 ps/div increments

Record duration

10 psto 50 ms

Maximum sweep rate

512-point record

1024-point record
2048-point record
4096-point record
5120-point record

1 ps/div
1 ps/div
2 ps/div
5 ps/div
5 ps/div

Time interval measurement
accuracy

10 ps +0.01% of selected delay

Table B-16: CSA 803 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 step

Voiltage 500 mV open circuit or
250 mV into 50 Q

Freguency Approximately 100 kHz (50 kHz if divide-
by-two mode selected)

Risetime Approximately 250 psinto 50 Q

Internal clock output

Synchronized with TDR and calibrator
output

Voltage

Positive pulse from 0to 2.0V

Source impedance

500

Repetition rate

Approximately 100 kHz (50 kHz if divide-
by-two mode selected)
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Table B-11: CSA 803 Trigger Specifications

Characteristic

Specification

Trigger source External Direct, Internal Clock, or
External Prescaler
Trigger mode
Auto Free runs after 20 ms timeout
Normal Acquisition only after trigger event

Maximum trigger input

Direct -1.5Vto +15V

Prescaler ~25Vto +25V
Trigger levet -tVio +1V
Trigger level resolution 1mv

Trigger accuracy

10% of full scale

Trigger sensiivity

Direct — DC coupled

40 mV peak-peak from DC to 200 MHz,
increasing to 150 mV at 800 MHz,
increasing to 250 mV at 2.5 GHz

Prescaler — AC coupled

600 mV typical peak-peak from
2 GHz to 8 GHz.
Less than 2 V from 8 GHz to 10 GHz.

Main and window position

Minimum 40 ns pre-trigger required

Initial window delay

40 ns o 530 ms in 1 ps sieps

Strobe skew adjustment

+1.5ns

CSA 803A User Manual
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Tabie B-12: CSA 803 Display Specifications

Characteristic Specification

CRT 8% inch diagonai, color, magnetic
deflection. Vertical raster orientation.
Nominal screen size:
6.087 inches vertical by
4.496 inches horizontal

Character display

Character height (.10 in (upper case)

Character cell 16 pixel vertical by 10 pixel horizontal

Table B-13: CSA 803 AC Line Power Specifications

Characteristic Specification

Voltage ranges 90 to 132 Vs or 180 10 250 Vs
Voltage ranges apply to trace distortion,
which reduces peak line voliage 5%

Frequency 48 Hz t0 440 Hz

Power 320 W

Current 4.6 Agms at 50 Hz, 90 V line with 5%
clipping

Fuse 6 A, 250 V normal blow
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Table B-14: CSA 803 Environmental Specifications

Characteristic

Specification

Temperature

Meets MIL-T—-28800E, Type Ill, Class 5

Operating

0° Cto50° C

Non-operating

—40° Cto75° C

Humidity Up to 95% relative humidity, at up to
50° C
Altitude Meets MIL—T—28800E, Type lll, Class 5
Operating Up to 4.5 km (15,000 ft)

Non-operating

Up to 15 km (50,000 1)

Vibration Operating, sampling heads not installed:
meeis MIL—T—28800E, Type lll, Class 5
{section 4.5.5.3.1)

Shock Non-operating, sampling heads not

instatied: meets MIL.—T—-28800E,
Type lli, Class 5 (section 4.5.54.1)

Bench handling

Operating: meets MIL.—T—-28800E,
Type lll, Class 5 {section 4.5.5.4.3)

Packaged product vibration
and bounce

Packaged product, sampling heads not
instalied: meets NSTA Proj. 1A

Drop of packaged product

Packaged product, sampling heads not
instalied: meets NSTA Proj. 1A

Electrostatic immunity

No disruption or degradation of
performance: up to 10 kV. No damage to
instrument: up to 20 kY

CSA 803A User Manual
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Appendix C:
Safety

Please take a moment 1o review these safety precautions. They are provided
for your protection and to prevent damage to the CSA 803A. This safety
information applies to all operators and service personnel. '

Symbols and Terms

These two ferms appear in manuails:

" statements identify conditions or practices that could resultin
damage to the equipment or other property.

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

These two terms appear on equipment:

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

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

This symbol appears in manuals:

®

Static-Sensitive Devices

These symbols appear on equipment:

% S A

DANGER Protective ATTENTION
High Voltage ground (earth) Refer to
terminal manual
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Specific Precautions

Observe all of the following precautions to ensure your personal safety and
to prevent damage to either the CSA 803A or equipment connacted to it.

Power Source

The CSA 803A is intended to operate from a power source that wili not apply
more than 250 Vpyg between the supply conductors or between either
supply conductor and ground. A protective ground connection, through the
grounding conductor in the power cord, is essential for safe system opera-
fion.

Grounding the instrument

The CSA 803A is grounded through the power cord. To avoid electric shock,
plug the power cord into a properly wired receptacle where earth ground has
been verified by a gualified service person. Do this before making connec-
tions to the input or output terminals of the CSA 803A.

Without the protective ground connection, all parts of the CSA 803A are
potential shock hazards. This includes knobs and controls that may appear
1o be insulators.

Use the Proper Fuse

To avoid fire hazard, use only the fuse specified in the parts list for your
product, and which is identical in type, voltage rating, and current rating.

Do Not Operate in Explosive Atmospheres

The CSA 803A provides no explosion protection from static discharges or
arcing components. Do not operate the CSA 803A in an atmosphere of
explosive gasses.

Do Not Remove Covers or Panels

To avoid personal injury, do not operate the CSA 803A without the panels or

covers.

Operating the instrument without the covers in place may cause
overheating and harm the instrument.
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Electrical
Connections

SMA-Compatible and Other Precision Connectors

You must attach cables 1o SMA-compatible connectors carefully to prevent
damage to the cable or the instrument connector.

CAUTION

Do not overtighten SMA-compatible connectors.

When attaching a cable to or removing a cable from an SMA-compatible
connector, do not turn the cable, turn only the nut. Align the two connectors
carefully and engage the connector nut over the exposed threads on the
other connector. Use only finger pressure 1o make this initial connection.
Then use a torque wrench only 1o tighten the connection to the range of
7—10 Ib-in (79—112 N-cm).

There are two types of SMA-compatible connectors on the CSA 803A:

m  Standard SMA connectors with piastic insulating material between the
center lead and the outer shield. An exampie is the trigger INPUT con-
nector.

m  High-precision APC 3.5 connectors, which have air insulation between
the center lead and outer shield. Examples include the input connsctors
on some of the sampling heads.

The APC 3.5 connectors are of closer mechanical tolerance than the stan-
dard SMA connector, Attaching a worn or damaged SMA cabile to an APC
3.5 connector may damage the APC 3.5 connector.

Higher bandwidth sampling heads may use other connectors that are not
SMA-compatible. Consult your sampling head manual for more information.

Electrostatic Discharge

The input diodes used in the sampling heads are susceptible to damage
from overdrive signal or DC voltages, and from electrostatic discharge.
Never apply a voltage outside the range printed on the front of the sampling
head. Operate the instrument only in a static-controlied environment.

{ caumon | @

Applying a voltage outside the range printed on the sampling head
can result in damage. Static electricity is also a hazard.
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Packaging for
Shipment

i you ship the CSA 803A, pack it in the original shipping carton and packing
material. If the original packing material is unavailable, package the instru-
ment as follows:

D Step 1: Obtain a corrugated cardboard shipping carton with inside
dimensions at least 15 om (6 in) taller, wider, and deeper than the instru-
ment. The shipping carton must be constructed of cardboard with 375
pound test strength.

7] step 2: If you are shipping the CSA 803A to a Tektronix field office for
repair, attach a tag to the instrument showing the instrument owner and
address, the name of the person to contact about the instrument, the
instrument type, and the serial number.

D Step 3: Wrap the instrument with polyethelene sheeting or equivalent
materiat to protect the finish.

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

D Step 5: Seal the carton with shipping tape or an industrial stapler.

c-4
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Algorithms

Digitized traces are a seauence of samples stored as16-bit signed integers.
The samples are numbered from 0 through the record length less one; a
512-point record numbers samples from 0 through 511.

Three sample values represent invalid data points.

»  The value —32,768 {(hexadecimal 8000) represenis null, an unacguired
data point. A trace that is defined but has never been acquired contains
null values. Clearing a trace fills it with null values. A trace is either
completely filled with null vatues or it cortains no null values; null values
and non-nuli values cannot coexist in the same trace record.

®  The value —32,767 (hexadecimal 8001) represents a data value below
the dynamic range of the digitizer. This is called underrange. Under-
range values do not appear on a displayed trace.

»  The value +32,767 (hexadecimal 7FFF) represents & data value above
the dynamic range of the digitizer. This is cailed overrange. Overrange
values do not appear on a displayed frace.

When a trace 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 noted as an error. There are
exceptions to these rules, as noted below. All trace functions assume that
the trace record contains data other than these three values, unless specifi-
cally noted.

Trace Functions

Absolute Value
Abs(pn)y = Win)
forWin) = 0
Abs(nn) = — Win)
for Win) < 0
where:

n = index into the record of data points
Win) = input sampied data point
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Average
Avg,(n) = Win)

erp =1
[Win) — Avg,_(n)]

Avgp(n) = Avg,_.(n) + A iNT(Iog 5o 10ga 20)

forl <p <P

Avg,(n) = Avg,_,(n) + [W(n) - Aygpml(n)]

P
forp = P

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

P = total number of records specified for average

INT = integer part of

Ditferentiate
Diff(n) = [W(1) — W(O)|/T
forn = (

Diff(ny = [Win + 1} - Wn - D]/2T)
forl=mn=(R~-1)

DiffiR — 1) = [W(R - 1) - W(R - 2)]/T
forn = R~ 1

where:
n = index into the record of data points

W(n) = input sampled data point

T = time interval between successive sampies

R = record length

D.2
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Envelope
Env,(n) = Win)
forp =1
Env,(n) = Minimum of [Env,_,(n), W(n), W(n + 1)]
forp > landn even(2,4,6,....R — 1)
Envy(n) = Maximum of [Env,_,(n), W(n ~ 1), W(n)]
forp > landn 0dd(1,3,5,...,R — 2)
where:
n = index into record of data poinis
Wi(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 compietion for conditional acquisition, when acquisition is
stopped on envelope complete.

Exponential
Exp(n) = "

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

This function is implemented by the 80287 math coprocessar and support-
ing routines.

Fast Fourier Transform
The instrument computes an integer radix-2 FFT of a complex seguence:

x(n) = Win) + jbin)

where;
Win) = the time-domain waveform point
binj =0

X(k) , the compiex sequence representing the Discrete Fourier Transform of
the sequence x{n} , is computed as:

k-1
Xt = D xmx wy "
n=20

Jor k=1[0---R—1]

where
A, the record length, is a power of 2

CSA BO3A User Manual
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WR et e_j%‘%!.

The linear magnitude (FFTinag) and the phase (FFIppase) of the FFT are
computed as;

FFT, k) = JAU? + Bk)?

FFTJ)hase(k} = acrian(%}%)

where
Alk} = real part of X(k)
Bk} = imaginary part of X(k)

The magnitude and phase for negative frequencies are discarded and linear
interpolation is used to expand the positive frequencies to fill the entire
record length.

The magnitude of the frequency spectrum in decibels is given as:

FFTmagdB(k) = ZOIOg(FFTmag(k)}

where the 0 dB point is defined as the sine wave of 0.316 V peak
{0.224 Vpus), which gives 1.0 mW into 50 Q3

FFT Windowing Functions

The selected FFT windowing function is applied to the time-domain wave-
form before the FFT is computed. The FFT windowing functions are as
follows:

m  Rectangular

R -1
()= | I

7= 0

1 Triangular

R R~ 1
2 [
xn)y= | @2- 2}%) , r2 = 2%)
n =0 r=7
®  Hanning
R 1
xm) = 1 0.5 ~ cos&n%})
n =0
B Hamming
R—1

xm) = 1 0.54 = 046(1 ~ cos(2n i)
n =0
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®  Blackman
R ~1
xny = | 042 — 0.5cosQn) + 0.08 cost4n Lt
0 R R

n =

& Blackman-Harris

M) = _ 0.35875 = 0.48829 cos2nm )
+ 0.14128 cos(4m i}-) — 0.01168 cos{6r %)
where
R = the record length, which must be a power of 2.

The filter characteristics of the FFT windowing functions are summarized in
Table D-1. These numbers are taken from a table in Frederic J. Harris:
Handbook of Digital Signal Processing, edited by Douglas F. Eliot, Academ-
ic Press, San Diego, 1987, pp. 254255,

Table D-1: Filter Characteristics of FFT Windowing Functions

Windowing  Highest Noise 3dB 6 dB Scallop Worst

Function Side- Band- Band- Band- Loss Loss
iobe width width width {dB) (dB)
(dB) (bins) (bins) {bins)

Rectangular —13 1.00 0.89 1.21 3.92 3.92
Triangular ~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 3.30
Blackman ~58 1.73 1.68 2.35 1.10 3.47
Blackman- —92 2.00 1.90 2.72 0.83 3.85
Harris
where
bins refers to the frequency bins, the even numbeted 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 rectanguiar 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.

CSA B03A User Manual
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scallop loss is the attenuation of the windowing function at the odd-
numbered (interpolated) poinis in the FFT waveform,

worst loss is the worst-case processing loss {the sum of the scaliop
ioss and the equivaient noise bandwidth, in dB).

Filter

Filter(n) = Smooth{Smooth(n))
Centered Mode (Non-Causal) Filter Algorithm —

Smooth(n) = (1/3) if Wim) + (h — n) x W(O)]

forn < h

Smooth(ny = (1/s) “iz W(m):i

mrE - R

forh=n=R-1-h

Smooth(n) = (1/s5) }fi Wim) + (M ~1 - n) x WM - E)}

=R

forn > M-~ 1-h

where:
n = index into record of data points
Wi(n) = input sampled data point
5 = smoothing interval = Round (sf)

sf = risetime
{time per dot) x 1.10557

risetime = the second argument to Filier

where:
risetime > 10 psand < 50 ms
h = half interval: {s — 1}/2 rounded up
R = record length in points

The centered-mode, smoothed trace is derived by computing the average
value of the corresponding point of the original trace 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, nonex-
istent points beyond the ends of the trace are required for averaging. The
nonexistent points are assumed to be the value of the corresponding end
points. This method of extending the trace is arbitrary, so the resulis within a
smoothing interval of the ends of the trace must be interpreted accordingly.
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Shifted Mode {Causal) Filter Algorithm —
n

smooth(my = 1| 2. Wom) + (s = n — DWO)
m = 0

forn<s
i
Smoothin) = 31: Z Wim)
moe= g8 |
fornzs

The shifted mode trace only uses points that occur before the correspond-

ing point. Thus, the only poirds that are assumed occur before the trace, not
after.

integrate

Intg(n) = 0

forn = 0

Inig(ny = [I/ZW(O) + ’i Wim) + ]/2W(n)ji x T

m=1

forl s n = R

where:
n = index into record of data points
Wi(n) = input sampled data point
T = fime interval between successive samples
R = record length in points

Logarithm
Log(n) = log,, W(n)

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

This function is implemented by the 80287 math coprocessor and support-
ing routines.
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Natural Logarithm
Ln(n)y = log, W{n)

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

This function is implemented by the 80287 math coprocessor and support-
ing routines.

Rho

Rho is normally calculated to be between +1 and —1 by:
For trace M1:

rho = __volts - _ rhopos

{RA % pol)
{Ref Voliage)

®RA * pol) + 1 + rhozero

rhopos =

where:
RA = Reference Amplitude {normally 250 mV}; where the reference
amplitude is equivalent to the change in volts that corresponds to a
change of 1 inrho
pol = +1 it M1 has positive polarity, —1 if M1 has negative polarity
volts = the voltage at any point in M1
Ref Volrage = the voltage of M1 measured as early in time as possible.
Baseline correction keeps remeasuring the reference voltage, and will
force a recalculation of rnopos any time it changes by more than a few
millivolts
rhozero = O by default. The cursor feature Set Zero Rho sets this value.

For trace “M1—M2,” where M1 has positive polarity and M2 has negative
polarity:

— rhopos

_ (RhoPos of M1) . {RhoPos of M2)

rhopos = + rhozero
v i i

RhoPos of M (Ref Voltage M) L1
oPos of M, =
! (RA x (pol of M)))

where:
volts = voltage at any point in M1-M2
rf = rhofactor; 2 for this trace
Mj = M1 or M2

D-8
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For trace *M1 — STO1,” where STO1 was created from M1:

volis

rho = W o FhOpOS
RhoP M1 RhoP ST
rho = (Rho OSrfOf ) . (Rhobos ;f)f ) + rhozero

(Ref Voltage M)

RhoPos of M; = (RA % (pol of M}))

where:
RhoPos of STO! = RhoPos of STO1 at the time STO1 was created
if = rhofactor; 2 for this trace
Mj = M1 or M2

Fortrace “Cy X T1+ .. + G x T

volts

rho = ®ixh rhopos
vhopos = C, % (poll) xf;RizoPos of T4} PR

C, X (poin) x (RhoPos of T,)
7

+  rhozero

where:
; = anumeric constant {for example, 1.0 or 0.5)
T; = a channel or stored trace
polf = +1 or -1 polasity if T} is a channel, or
= rhofactor of a stored trace which equals the rhofactor of the live
trace when the stored trace was created
rf = rhofactor = C1 x (poil) + ... + Cn x {poln)
however, if this is 0, then:

_ ABS(C, x (poll)) + .. + ABS(C, % (poln))
- 2

Trace tunctions Smooth, Filter, and Avg have no effect on the formuias used
for rho.

Fortrace “Cg + Cy X Ty + ... + Gy X Ty the rho values produced are the
same as if Cgwas 0.
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Signum

Signum(ny = 1.0
forW(n) = 0
Signum(n) = 0
forWin) =0
Signum(ny = — 1
forWin) < 0
where:

n = ingdex into record of data points
W(n) = input sampied data point

Square Root
Sqrt(n) = Wn)'?

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

This function is impiemented by the 80287 math coprocessor and support-
ing routines.

Smooth

Centered Mode {(Non-Causal) Algorithm —

Smooth{n) = (1/s) gW(m) +{h —-n)x 'W{O)]

_ﬂmﬂ(}
forn < h

Smooth(n) = (1/s) 'ih W(m):l

m=n—h

forhs=nrn<R-1-h

Smooth(n) = (1/5) ﬁi Wim) + (M — 1 — n) = WM ~ 1)]

rt e —h

forn>M-—-1-h
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where:
n = index into record of data points
Wi{r) = input sampied data point
s = smoothing interval in samples; the second argument
h = half interval: {s — 1}/2, rounded up
R = record length in points

The centered-mode, smoothed trace is derived by computing the average
value of the corresponding point of the original trace 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, which
is the second argument of the Smooth function.

Near the ends of the trace, nonexistent points beyond the ends of the frace
are required for averaging. The nonexistent points are assumed 1o be the
vaiue of the corresponding end points. This method of extending the trace is
arbitrary, so the results within a smoothing interval of the ends of the trace
must be interpreted accordingiy.

Shifted Mode (Causal) Algorithm —
7l

Smoothiny = L] 2. Womy + (s — n — HWO)

m o= 0
forn<s
7l
Smooth(n) = + > wm
mo=n— s b
fornzs

The shifted mode trace only uses points that occur before the correspond-
ing point. Thus, the only points that are assumed occur before the trace, not
after.

CSA 803A User Manual
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Software Measurements are taken using the measurement parameters, You can
direcily set many the measurement parameters, or you can specify that

Measurements some are to be determined automatically by the CSA BO3A. it is common to
have the CSA 803A dynamically measure topline and baseline.

You specify automatic topline and baseline positioning by turning tracking

on in the individual measurement pop-up menus. The mesiai level, when

topline and baseline are automaticaily positioned by tracking, is caiculated:
mesial = [(m%/100} X (topline — baseline)] + baseline

where m%Iis the percentage of topline to baseline height to use for mesial

level. Proximal, distal, and reference levels are calculated similarly from

percentage levels. These percentage levels are set using the knobs,

When you use fracking, the topline and baseline are determined ejther from

the |IEEE histogram method or from an alternate method. The IEEE method

of determining topline and baselineg, is as follows:

1. Create a histogram of the trace data points. For each possibie vertical
value, count the number of daia points having that value.

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

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

4. Determine the median value, halfway between the maximum and mini-
mum 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 or
equal 10 twice the second-largest point count, the value associated with
the point count is the fopline. If the largest point count is not twice the
second-iargest point count, then the maximum value is used as the
fopline.

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 or
egual to twice the second-largest point count, the value associated with
the point count is the baseline. If the largest point count is not twice the
second-targest point count, then the minimum value is used as the
baseline.

The Alternate method of determining topline and baseling, is as follows:

1. Smooth the raw waveform data.

2. Differentiate the smocthed waveform data.

3. Smooth the differentiated data.

4, Search the smoothed, differentiated data for the fargest negative and
positive peaks. The peaks must be equal to at least 30% of the peak-to-
peak amplitude to qualify as valid.
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5. Determine the 30% value of the largest valid topline and largest valid
baseling peak.

6. Search the smoothed, differentiated data for crossings of the —30% and
+30% levels, and build a table of these crossings.

7. Using the table built in step 6, gualify the original waveform data inio
topline, baseline, and ignore points.

8. The topline value is the average of all the points in the topline group.

9. The baseline value is the average of all the poinis in the baseline group.

Amplitude

Amplitude = topline — baseline

Area+

Areat = ’SABS{W(]' + 1) — R} + ABS[w(j) — R]

3 x T

jemim

where:
m = index of lefi-most measurement zone sample
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 value function

Area—

LG+ D) - R+ W) - R}
Areg— = Zﬂ > x 1
where:

m = index of left-most measurement zone sample
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

CSA 803A User Manual D-13
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Cross

The cross measurement finds the left-most crossing of the reference level of
the proper slope that is within the measurement zone. The horizontal post-
tion of the crossing point is displayed.

Linear interpolation between vertical points and between fime intervals is
necessary to determine the crossing time, when the reference level value
does not correspond {0 acquired data.

Duty Cycle

1. Calculate the Period of the selected waveform {perform a period mea-
surement).

2. Calculate the pulse width of the selected waveform (perform a width
measurement).

3. W the positive portion of the part of the waveform measursd for the
Period measurement lies between the first two maesial crossings in the
measurement zone, then:

100 x Width

Duty Cycle = Foriod

If the positive portion of the part of the wavetorm measured for the
Period measurement lies between the second and third mesial cross-
ings in the measurement zone, then:

Duty Cycle = 100 — 100 . PWidth,

Period
Energy
Energy = ”Z‘E Wi + 1)22 + wij)? o7
o
where:

m = index of lefi-most measurement zone sample
n = index of right-most measurement zone sample
Wi} = input sampled data point

T = time interval between successive samples

Extinction Ratio

topline

Standard Extinction Ratio = -
baseline

{(no units)

FDDI Extinction Ratio = 100 x 243¢le iy
topline

topline

SONET Extinction Ratio = 10 X log m(m

) (dB units)

D-14
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Fall

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

2. Fromthis point, find the first distal crossing and note the time, 1, .

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

4, Calcuiate the fall time:
Fall =1, ~ 1,

Linear interpotation between verticai points and betwsen time intervals is
necessary 1o determine the crossing times, when the proximal and distal
values do not correspond to acquired data.

Frequency

1. Search the measurement zone for the left-most mesial ¢rossing of
positive slope. Continug the search to the right to find the first upper
signal/noise ratio ievel 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 crossing of
negative slope. Continue the search to the right to find the first lower
signal/noise ration level crossing to the right of the second mesial cross-
ing. The hotizontal 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 cross-
ing to the right. If Slope = negative, use the next lower signal/noise ratio
level crossing to the right. The horizontal coordinate of this crossing is
Cross, .

5. Calculate the frequency:

1

Fregquency = ———————
q > Cross, — Cross,

Linear interpolation between vertical points and between time intervais is
necessary to determine the crossing time, when the mesial value does not
correspond to acquired data.
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Frequency Domain Measurements

There are two modes of operation, harmonic and peak search. if 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 computed asn X fo
where n is the user-defined harmonic number.

in peak search mode, no harmonic relations are assumed between the
spectral components. A spectral peak is defined as a peak of the FFT mag-
nitude waveform greater than a user-adjustable reference level. The user

can specify the index of the speciral peak 10 be measured.

In order to improve the frequency measurement resolution beyond the
sampling resolution, the frequency of a peak (in either harmonic or peak
search mode) is determined by using an FFT interpolation algorithm.

Table D-2: Values of icoeff for FFT Windowing Functions

FFT Window icoeff(0) lcoefi(1) tcoeff(2)
Blackman 2.5486667398 1.5170635356 1.0632064084
Blackman-Harris 3.2326135798  2.1999343343 1.0653584909

Hamming 1.8732586725  0.7978694346 1.1507784758

Hanning 2.0 1.0 1.0

Rectangular 1.0 0 1.0

Triangular 1.7708896670 0.7177145486 1.1083502367
NOTE

All even points of the frequency magnitude waveform are resufts of
FFT calcuiation, and all odd points are linearly interpolafed results.
Thus, the algorithm ignores ail odd points. The real frequency
resolution is twice the frequency per point of the waveform.

Peak Search Mode —

1. Scanthe FFT Magnitude waveform to find the nth spectral peak. A
spectral peak is defined as a waveform peak above a user adjusted
reference level,

2. Apply the FFT interpolation algorithm described above to find the spec-
tral frequency.

D-16
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Max

The maximum digitized or calculated data point in the measurement zone of
the trace record. An overrange value in the trace record will qualify the
rmeasurement readout with “2". I the frace is null, the measurament value
will show “error”,

Mean
_ ”"W(j + 1)+ W(H
Mean = pa B0 = )]
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 set to the entire zone.

Mid

Mid = Max —5 Min

An overrange value in the trace record will qualify the measurement with “=”,
and an underrange value in the trace record will qualify the measurement
with “<”if the trace record has both underrange and overrange vaiues, the
measurement readout will be “0.000C ?7V”. If the trace is null, the measure-
ment value will show “error”.

Min
The minimum digitized or calculated data point in the measurement zone of
the trace record. An underrange value in the trace record will qualify the

measurement readout with “<”. If the trace is null, the measurement value
will show “error”,

Over Shoot

Max — topline

OverShoot = 100 x - .
fopline — baseline

If the vaiues of topfine and baseiine are egual, the measurement value will
show “error”.
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Peak-Peak
PeakPeak = Max ~ Min

An overrange value in the trace record will qualify the measurement with “=",
and an underrange value in the trace record will qualify the measurement
with “<”, if the frace record has both underrange and overrange values, the
measurement readout will be qualified with *7”_If the trace is null, the meas-
urement value will show “error”.

Period

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

3. if Cross, < Cross, , set Cross; = Cross, , Cross, = Cross, ,and
Slope = positive. i Cross, > Cross, , set Cross, = Cross, ,
Cross, = Cross, , and Slope = negative.

4. I Slope = positive, search for the third left-most mesial crossing, and
continue the search fo find the next upper signal/noise ratio level cross-
ing 1o the right. If Slope = negative, use the next lower signal/noise ratio
lavel crossing to the right. The horizontal coordinate of this crossing is
Cross; .

5. Calculate the period:
Period = Cross, — Cross,

Linear interpolation between vertical points and between time intervals is
necessary io determine the grossing time, when the mesial value does not
correspond to acguired data.

Phase

1.  Onthe selected waveform, search the measurement zone for the left-
most mesial crossing. The hotizontal positton is Crossggy.

2. Onthe reference waveform, search the measurement zone for the
left-most mesial crossing of the same slope. The horizontal position is
Crossyer.
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3. Calculate the skew:

Skew = 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 fo acquired data.

4. Calculate the period value of the selected waveform. (Perform a Period
measurement.)

5. Calculate the phase shitft;

_ Skew
Phase = 56 Poviod mod 360

If the measurement of either Period or Skew resuits in an error, the Phase
measurement will show “error”.

Prop Delay

1. On the selected trace, search the measurement zone for the left-most
rnesial crossing of the specified slope. The horizontal position is Cross,

2. Onthe second trace, search the measurement zone for the left-most
mesial crossing of the specified slope. The horizontal position is Cross, .

3. Calculate the delay:

Delay = Cross, — Cross,

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

Rise

1. Find the first point in the measurement zone that is less than the proxi-
mal 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, looking for the
distal crossing ¢, . Update 1, if subsequent proximal crossings are
found.

4, Calculate the rise time:
Rise =1, — 1,

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.

CSA 803A User Manual
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RMS

_ G+ 1) + W)
RMS = 2 =~

J=m

where:

m = index of lef-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 set to the entire zone.

Spectral Frequency

See Frequency Domain Measurements on page D-16.

See also Table D-2 on page D-186.

Harmonic Mode —

1.

Scan measurement zone on FFT magnitude waveform to find the high-
ast peak.

Determine the largest adjacent spectral component.

Using FFT window characteristics, find the fundamental componenis,
S(eyand S(¢ + 1).

The nth frequency harmonic of the waveform is determined by multiply-
ing the harmonic number by fundamental frequency, and then searching
the waveform for the nearest spectral peak. The interpolation algorithm
is applied again in order to prevent the increase of the error rate by the
harmonic number.

where;

— § *’l(f + ll) |, is the ratio of the two highest peaks
s{€)

_. feoeff(0) x o — icoeff{]) i the interpolation value.
icoeff(2} x o + 1

where icoeff(i) is an array of interpoiation coefficients which depend on the

type of FFT windowing function (refer to the table on the next page).

fundamental frequency = (€ + 4) X fresolution

where fresolution is the frequency resolution.
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NOTE

All even points of the frequency magnitude waveform are results of
FFT calculation, and all odd points are linearly interpolated points.
Thus, the algorithm ignores all odd points. The real frequency
resolution is twice the frequency per point of the waveform.

Peak Search Mode —

1. 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.

2. Apply the FFT interpolation algorithm described above to find the spec-
tral frequency.

Spectral Magnitude — The 114G8A computes the magnitude of a har-
monic frequency by interpolating the FFT magnitude waveform and com-
pensating for the FFT windowing function effect.

1. Given the frequency of the spectral component, the routine identifies the
two consecutive bins between when the harmonic component lies, By
using the interpolation factor determined for the fundamental frequency,
and the FFT window equations, the amplitude of the harmonic peak is
determined.

2. For the amplitude of the fundamental, given the two highest spectral
components, S(f)and S(¢ + 1), (See Spectral Frequency), the ampli-
tude of the fundamental is:

if S(€) > S(€ + D,max = S(£)
S+ 1> S0, max = S+ Nandd = 1 — 4

FROX

AL = ST My < ay ot
where:
. 4 1 i . X AZ
weorrect = weoeff (1) + waj]ﬁ;(z_) 2

weoeff(0)
where i is the FFT window order.

For the triangular window, the computation is different:

Al = max X weorrect

|Sin(m x 5P/ (w x 3)°

where
correct is the window correction,
weoeff are FFT window coefficients,
m is the window order.

CSA 803A User Manual
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Table D-3: Values of weoeff and m for FFT Windowing Functions

FET Window wcoeff(0) wcoeff(1) wcoeff(2) wcoeff(3) m
Blackman 0.42 -0.5 0.08 0 2
Biackman-Harris 0.35875 -0.48829 0.14128 -0.01168 3
Hamming 0.54 —0.46 0 0 1
Hanning . 105 ~0.5 0 0 1
Rectangular 1.0 0 0 0 0
Triangular 0.5 4] 0 0 1
3. Forthe nth harmonic magnitude, compute the harmonic frequency and

apply the previous algorithm.

In Peak Search Mode — apply the FFT interpolation algorithm and mag-
nitude correction to the spectral component which is the nth peak of the FFT
magnitude waveform.

Total Harmonic Distortion (THD)

See also Frequency Domain Measurements on page D-16.

1.
2.

Determine the fundamentai frequency.

Find the magnitude of the spectral peak and of adjacent values:
S(£ = 1), S(£), S(£ + 1}in the FFT magnitude waveform,

(S(€ ~ D) + (S(€ + D))

A= SO ST SO 1 S+ D

Find the first n harmonic components and determine the three highest
waveform points in the FFT magnitude waveform, S(¢ — 1), S({),

S(t + Icompute:

S(€~ 1)+ (S(4 + 1)
(6~ 1)t S(6) + S(t + 1)

A, = S} + 5

no=2,...,10

Compute Total Harmonic Distortion

JA T+ A2+ L+ A2
A,

THD =
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Under Shoot

UnderShoot = 100 x -baseling — Min
. topline — baseline
i the values of topline and baseline are equal, the measurement valué will
show “error”.

Width

1. Search the measurement zone for the tefimost mesial crossing of posi-
tive slope. Continue the search to the right to find the first upper signai/
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 crossing of nega-
tive stope, 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, Calculate the width:
Width = Cross, — Cross,

Linear interpolation between vertical points and between time intervals is
necessary to determine the crossing time, when the mesial value does not
correspond t0 acquired data.

Statistical
Measurements

The algorithms for statistical measurements are identical fo those for soft-
ware measurements, except as noted below. A statistical measurement
represents all the data in the color graded database, representing many
acquisitions of the selected trace.

The IEEE histogram method is always used to determine topiine and base-
line when tracking is on. See page D-12 for a description of this method.
The proximal, mesial, distal, and reference values are then determined as
percentages of the fopline and baseline.

In statistical measurement mode, the CSA 803A creates a voltage histogram
in order to calculate Amplitude, Area-, Area-, or Energy.

The CSA 803A uses timing (horizontal) histograms to determine the crossing
values for timing measurements. The timing histograms have a height of 1%
of the amplitude {topline — baseline} of the waveform, and are compuied at
the proximal, mesial, distal, and reference levels. Peaks in the histogram
indicate crossings. A peak must be at least 1/8 the height of the maximum
peak to be recognized.

CSA B0O3A User Manual
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Jitter

The Jitter measurement is available only in statistical measurement mode.

1.

Find the leftimost mesial crossing, using fiming histograms. This horizon-
tal value is Cross, .

2. Find the second mesial crossing, using the same method. If a second
crossing is found, its hotizontal value is Cross, .

a. Ifasecond crossing was found, center the histogram horizontal
limits about the first crossing, with a width equal 1o Cross, ~ Cross,.
That is:

RightLimit = Cross, + W
Cross; - Ci
LeftLimit = Cross, — M

b. If no second crossing was found, the histogram limits are the Left
Lirmit and Right Limit of the measurement zone.

3. Setthe top and bottom limits of the histogram at the mesial level.

4. Ifthe Jitter Location is set to Eye Cross and the trace was recognized as
an eye diagram, measure the jitter above and below the mesial 1o find
the minimum jitter. Otherwise, calculate the jitter at the mesial.

Noise

The Noise measurement is available only in statistical measurement mode.

1.

Find the leftmost mesial crossing, using timing histograms. This horizon-
tal value is Cross, . If no mesiat crossing is found, set scenter midway
between the measurement zone Left and Right limits.

if a first mesial crossing was found, find the second mesial crossing,
using timing histograms. This horizontai value is Cross, . H no second
mesial crossing is found, set hcenier midway between Cross, and the
measurement zone Right Limit.

if a second crossing was found, center hcenter between Cross; and
Cross, {for an eye diagram, the center of the “eye”).

Set the left and right limits of the histogram at hcenter.

if Noise Location is Baseline, then center the top limit of the histogram
midway between the topline and the baseline and set the bottom limit at
the botiom of the graticule.

if Noise Location is Topline, then center the bottom limit of the histogram
midway between the topline and the baseline and set the top limit at the
top of the graticule.
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7. Collect a vertical histogram within these limits. If the histogram is empty
and the trace is not recognized as an eye diagram, then set hcenter
midway between the first crossing and the Left iimit of the measurement
zone, and measure the Noise from a vertical histogram within the limits
determined.

Phase

if the reference frace is not the seiected trace, the Phase measurement must
be taken using a dual-graticule display, with the selected trace on one
graticule, and the reference trace on the other. No other traces may be
displayed on either graticule.

If either trace is an eye diagram, the Phase measurement will use the first
crossing on the trace, regardiess of slope. The Left Limit measurement
parameter may be adjusted to control which crossings are used,

Prop Delay

If the reference trace is not the selected trace, the Prop Delay measurement
must be taken using a duai-graticule display, with the selected trace on one
graticule and the reference trace on the other. No other traces can be dis-
played on either graticule.

SNR (Signal to Noise Ratio)

Amplitude

SNR = NoiseR

where .
NoiseR = Noise, measured in RMS Dispersion mode.

Hardware
Measurements

For alt hardware measurements, the CSA 803A determines the voltage
levels that are used for the measurement. These are the mesial, distai,
proximal, and reference voltage levels. If Level mode is set 1o absolute, then
these levels are set to absolute voltages using the knobs.

If Level mode is set to Relative, then the CSA 803A performs the foliowing
staps to determine the baseiine and topline voltages:

1. H Tracking is off, the CSA 803A uses the baseline and topline values that
were last set using the knobs or those left from the most recent use of
tracking.

2. [ Tracking is on, the CSA 803A acquires a 2,048-point irace record and
builds a histogram. The CSA 803A determines the baseiine and topline
voltages from the histogram. The histogram algorithm is identical to that
used for software measurements.

CSA 803A User Manual
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3. Using the baseline and topline voltages, CSA BO3A calculates the
mesial, proximal, distal, and reference levels from the percentage levels
set using the knobs.

4. The CSA 803A acquires a new trace record of the current record length.
The measurement hardware determines the dot number(s) on the
trace(s) where the signal crosses the level(s) required for the measure-
ment. The dot number is affected by the user setfings for the transition
number and filtering, and, if appropriate, slope.

The determination of which dot represents a level crossing is not perforrmed
on the digitized trace data, but on the analog signal, using comparators in
the measurement circuitry.

Cross
Cross = Dly 4+ (T x M)

where:
Dly = delay time from trigger to left edge of selected frace
T = time between succeassive dots of selected trace
M = selected trace dot number frorn comparators

Fall
Fall = T x (M, — M)

where:
M, = distal dot number from comparators
M, = proximal dot number from comparators
T = time between successive dots of trace

Frequency

1
T x (Mm} - Mm2)

Frequency =

where;
M., = first mesial dot number from comparators
M., = second mesial dot number from comparators
T = time between successive dots of trace

Period
Period = T x (M,,, — M,

where:
M, = first mesial dot number from comparators
M., = second mesial dot number from comparators
T = time between successive dots of trace
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Prop Delay
PropDelay = [Dly, + (T, X M,)] = [Dly, + (T, x M,)}

where;
Dly, "= delay time from trigger 1o left edge of selected trace
T, = time between successive dots of selected trace
M, = selected trace dot number from comparators
Dly, = delay time from trigger to left edge of second trace
T, = time between successive dots of second trace
M, = second trace dot number from comparators

Rise
Rise = T x (M, - M)
where:
M, = distal dot number from comparators

M, = proximal dot number from comparators
T = time between successive dois of trace

Width
Width = T x (M,, — M)

where:
M, = first mesial dot number from comparators
M., = opposite slope second mesial dot number
T = time between successive dots of trace

Color Grading

Three algorithms are used to assign colors to the Color Grading display. A
statistical database is used to track the number of times a waveform point
falis on each pixel of the display, where each time a data point “falls” on a
pixel it is counted as a hit. The algorithms are based on the maximum num-
ber of hits that have occurred on any pixel in the display. In the following
algorithms Max is the maximum number of hits.

For Max > 15;

Hit Density Default Color Maps To
iMax/2 + 1] to Max Pale Yeliow Trace Color 1
IMax/4 + 1] to Max/2 Rose Trace Color 2
iMax/8 + 1] to Max/4 Purple Trace Color 4
iMax/16 + 1] to Max/8 Light Blue Window Trace
1 to Max/16 Green Trace Color 3
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For Max z 6 and Max < 15;

sf = Scale Factor

[ Max

Hit Density Default Color Maps To
[Max/sf +1] to Max Pale Yellow Trace Color 1
[Max/sf + 1] to Max/sf Rose Trace Color 2
[Max/sf® + 1] to Max/sf? Purple Trace Color 4
[Max/sf* + 1] to Max/sf3 Light Blue Window Trace
1 to Max/sf4 Green Trace Color 3
For Max <6:

Hit Density Default Color Maps To

Max Pale Yeliow Trace Color 1
Max—1 Rose Trace Color 2
Max—2 Purple Trace Color 4
Max—3 Light Blue Window Trace
Max~4 Green Trace Color 3

For ali points where Hit Density <0, no color is assigned. Note that if Max is
fess than 5, not all colors will be represented on the display.
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Appendix E:
Messages

The CSA B03A displays a message at the top of the display whenever one of
the following events occurs:

w  Errors — The CSA 803A cannot perform a requested operation.

®  Warnings — The instrument performs the requested operation, but
warns you that the results may be corrupted or meaningless.

®  Ready Messages -— The CSA 803A is waiting for your response to
compiete the task.

& QOperation Complete Messages — An operation is compiete.

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

When a hardcopy is made, any message on the display is removed immedi-
ately before making the copy.

Selected Message
Descriptions

The meaning of most messages is self-evident. The listing below shows
some of the messages that might be unclear, and gives more information
about the cause of the message.

Autoset failed, bad trigger level.

Autoset failed due 1o a unacceptable trigger signal. Autoset will not change
trigger coupling, slope, or external attenuation. Make certain these are
appropriate for your irigger source before using auioset.

Baseline correction failed to find —1 p point.

If the trace is not triggered, or if the pottion of the trace immediately to the
left of the display (eatfier in time) is not a flat trace, the voltage reference
cannot be determined.

Blowby calibration failed — can’t find reference step.

The required signal is not connected to the channel being calibrated. Be
certain to foltow the instruction message on the display before touching the
Proceed selector.
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Calculated waveforms cannot be measured in hardware mode.

Hardware measurements can only be faken from traces without arithmetic
operators or frace functions.

Change in channel (#, Unit) configuration.

Do not change sampling heads with the power on. Doing so may damage
the mainframe, the sampling head, or both.

Channel (#, Unit) powered down during mainframe operation
Cycle power to continue.

Do not change sampling heads with the power on. Doing so may damage
the mainframe, the sampling head, or both.

Channel {(#, Unit) powered-up during mainframe operation —
Cycle power to utitize.

Do not change sampling heads with the power on. Doing so may damage
the mainframe, the sampling head, or both.

Channel (#, Unit) was not maintained at desired calibration delay
value.

Indicates that the automated calibration system attempted 10 adjust the
delay of the named sampling head channel. If you are not using the delay
adiust feature of the Enhanced Accuracy major menu, you can turn off the
Delay Compensate selector to stop the C8A 803A from making the delay
adjust calibration.

Connect a 50-() terminator to the selected channel and press
Proceed when ready.

The CSA 803A is waiting for you 1o put a terminator on the signal connector
of the sampling head channel you are calibrating, and touch the Proceed
selector. i you touch the Proceed selector without attaching the terminator,
the calibration will fail or the results will be inaccurate.

Delay adjust calibration failed, can’t find transition.

The required signal is not connected to the channel being calibrated. Be
certain to follow the instruction message on the display before touching the
Proceed selector.

Delay adjust measurement on reference channe! falled — Can’t
find transition.

The required signal is not connected to the channel being calibrated. Be
certain to follow the instruction message on the dispiay before touching the
Proceed selector.
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Error detected in acquisition system: (channel #).

The time base controller detected an acquisition system error. You should
contact your service person. The message is accompanied by six groups of
four characters. You should note the accompanying information for your
SEernvice person.

Front panel locked out.

A command from a computer on a remote interface (GPIB or R$-232-C) has
disabted the fouch panel. Touches are ignored until the remote computer
restores touch panel operation.

Hardcopy absent or off-line.

Efther no printer is connected to the CSA 803A, or the printer that is con-
nected is not on-line. Until the condition is remedied, hardcopies cannot be
taken.

Minor time base calibration problem: {channel #).

The time base calibration is no longer accurate to enhanced accuracy

specifications. Be sure you wait 20 minutes for the CSA 803A system io
warm up before performing enhanced accuracy calibrations. If this error
message occurs repeatedly after warm-up, contact your service person.

Non-volatile RAM completely reset-probable battery failure.

Due to a battery failure, all instrument data in non-volatile RAM was lost at
power-on. Lost data includes the number of power-on cycles, the uptime
count, all stored settings, all stored traces, and the instrument serial number.

Non-volatile RAM settings, stored traces, and store trace descrip-
tions lost-instrument ID data retained.

Part of the non-volatile RAM was reset to default at power-on because the
nan-volatile RAM was corrupted. This can refiect an internal problem, or the
setltings can be corrupted by improper commands from a remote computer
connected to the GPIB or R8-232-C interfaces.

Reference trace defaulied to selected trace.

The reference trace for a prop delay measurement is no longer a valid trace,
so the reference is now the same trace as the trace being measured. For
example, assume you defined a prop delay measurement on trace 2, using
trace 1 as & reference trace. If you delete trace 1, then the next time you
display the measurements on trace 2, you will see this message.
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Rho scaling failed to find —1 p point. Cannot calibrate rho scales.

I the trace is not triggered, or if the portion of the trace to the immediately to
the left of the display (earlier in time) is not a flat trace, the voltage reference
cannot be determined.

Time base calibration failed.

The time base controller detected an acquisition system error. You shouid
contact your service person.

Time base system error.

The time base controller detected an acquisition system error. You should
contact your service person. The message is accompanied by six groups of
four characters. You should note the accompanying information for your
service person.
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Glossary

Acquisition
The process of repeatedly sampling the signals coming through input
channels and accumulating the samples into traces.

Active Graticule
The graticule in a duai-graticule display that shows the selected trace.

Annotation
Lines that show the current measurement parameter settings in a visual
way.

Autoset
A means of letting the CSA 803A set itself to provide a stable and mean-
ingful display of a given trace.

Averaging
Displaying a trace that is the combined result of several acquisitions,
thereby reducing apparent noise.

Axis Label
There are three notations on each axis. The first and last notation on
each axis show the numeric value of the graticule edge {nof the edge of
the displayed points, which are slightly outside the graticule). The center
notation is the scale factor expressed in units per division.

Baseline Correction
The process of maintaining the displayed vertical placement of a trace,
correcting for changes in the signal levels that woudld ordinarily move the
trace up or down.

Channel
A place to connect a signal or attach a network or transmission line to
sampling heads. Also, the smallest component of a trace expression.

Channel Number
The number assighed to a specific signal input connector. The top
channel of the lefi-most sampling head compartment of the CSA 803A
mainframe is always mainframe channel 1, regardiess of any reposition-
ing or omission of sampling heads.

Complex Trace
A trace with a trace expression beyond a single channel specification.
Any frace using a numeric value, a function, a reference 1o a stored
trace, or an arithmetic operator is a complex frace.

Control Knob
see Knob
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Cursor
Any of four styles of paired markers that you position with the knobs.
The CSA 803A 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 parameiers. The operator
can change the default values. Whenever a trace is created, the maas-
urement parameters are copied from the default set,

Distal
The most distant point from a reference point. As used in the CSA 803A,
the ending measurement point for timing measurements.

Dragging
The act of changing your touch panet 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.

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

Entry Line :
A text line that shows your input as you enter selections in a pop-up
menu.

Enveloping
Displaying a trace that shows the extremes of variation of several acqui-
sitions.

GPIB (General Purpose Interface Bus)
An interface that allows remote computer control of, and data capture
from, a CSA 803A.

Graticule
The grid where traces are displayed.

Hardcopy
A paper print or plot of the dispiay.

Hardware Measurement
An automated measurement that is captured by special circuitry that
monitors signals directly, as opposed to software measurements that are
derived from acquired trace samples.

Highlighted Trace
The selected trace in a single-graticule or dual-graticule display. Also, in
a dual-graticule display, the last selected trace on the non-active graticu-
ie — the graticule without icons.

Horizontal Reference Point
The point about which the trace is expanded or contracted when hori-
zontal size adjustments are made. The horizontal reference point re-
mains anchored as the rest of the frace grows or shrinks around it.
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Icon
A marker on the edge of the graticule that performs a specific function
when touched.

Initialize
Setting the CSA 803A to a completely known, default condition.

Internal Clock
A trigger source that is synchronized with the Calibrator signal.

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

Knob
One of the two large rotary controls to the right of the CSA 803A screen.

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

Knob Menu
The on-screen menu that aiways displays the current knob assignment.
The knob menu aiso lets you display the Keypad menu.

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

Major Menu
The menu that is displayed at the bottom of the screan alongside the
Knob menu. One of the several major menus is always displayed.

Major Menu Button
A labeled button above the knobs that determines which major menu is
displayed.

Measurement
An automated numeric readout that the CSA BO3A provides directly from
the displayed trace in real time, without operator intervention.

Measurement Parameter
One of several controls that the CSA 803A operator can exercise over
the automated measurement process.

Measurement Statistics
The accumulation of a history of individual measurement readouts,
showing the mean and standard deviation of a selected number of
samples.

Measurement Tracking
The process of automatically adjusting the measurement parameters fo
reflect changes in the trace.

Mesial
The middle point of a range of points. As used in the CSA 803A, the
middle measurement point between proximal and distal points for timing
measurements, and the intermediate height between baseline and
topline for amplitude measuremenis.
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Outline Box
A visual feedback mechanism of the touch panel. Your potential selec-
tion is always indicated by a hox while you have your finger touching the
screen.

Persisience
The amount of time a data point remains displayed. There are four
persistence modes available in the CSA 803A: Normal, Variable, Infinite
and Color Grading.

Pixel
A visible point on the display. The CSA 803A display is 551 pixels wide
and 704 pixels high. Each pixat may be set to any of the display colors.

Pop-up Menu
A temporary menu that provides an interactive dialog for a specific
purpose. A sub-menu of a major menu.

Principal Power Switch
The rmaster power switch located on the rear panel of the CSA 803A.

Proximal
The poirt closest to a reference point. As used in the CSA 803A, the
beginning measurement point for timing measurements,

Record Length
The number of samples (data points} that make up a trace.

R$-232-C
An interface that allows remote computer control of, and data capture
from, a CSA 803A.

Sample interval
The time interval between successive samples in a trace record.

Sampling Head
A high-performance amplifier that captures the incoming signal of a
channel and reporis the sampled data to the CSA 803A.

Saved Trace Description
A specification of a trace that is not displayed.

Selected Trace
The highlighted (brightest) trace of a multi-trace dispiay. The selected
frace is the trace that is acted on by the knobs and menu selectors.

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

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

Software Measurement
An automated measurement that is derived from acquired trace sam-
ples, as opposed 1o hardware measurements that are captured by
special cirouitry that monitors the signals directiy.
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Smoothing
Processing applied by the sampling head prior to the digitization of a
trace, to reduce apparent noise. With smoothing, the sampling head
samples thesignal 8'times instead of once, and the average of the
samples is then used by hardware measurements and the digitizing
circuifry.

Statistical Measurement
An automated measurement that is derived from color graded waveform
data and is based on histograms computed at the crossing levels. A
statistical measurement can be selected only in color graded display
maode.,

Stored Trace
A collection of sampled points that constitute a single trace acquisition
that is saved in memory.

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

Time-Domain Reflectometry (TDR)
A method of characterising a transmission line or network by sending a
signal from one end and monitoring the electrical reflections.

Trace
The visible representation of an input signal or combination of signals.
identical to waveform.

Trace Expression
The definition of what the trace displays. It can include one or more
channels combined arithmetically and modified by functions.

Trace Number
A number assigned by the CSA 803A to identify a trace. Displayed
traces are numbered 1 through 8. A new trace is always given the
lowest availabie number.

Tracking
The process of automaticaily adjusting the measurement parameters or
window position to reflect changes in the trace.

Trigger
An electrical event that initiates acquisition of a trace as specified by the
time base.

Uptime
The number of hours the instrument has been powered on.

Vertical Description
see Trace Expression

Waveform
The visibie representation of an input signal or combination of signals.
ldentical to trace.
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Window
Atrace that represents a horizontally expanded portion of another trace.

XY Trace
A trace where both horizontal and vertical position of the data points
reflect signal data.

YT Trace
A trace where the vertical position of the trace data points reflects signal
data, and the horizontal position of the trace data poirts reflects time.

G-6
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A

Accessories, A-1-4-2

Acquire Desc pop-up menu, 3-3,
3-14-3-16

Acqguisition, 3-1-3-8
conditional, 3-3
stopping and starting, 3-3

ACQUISITION button, 3-3

Algorithms
measurement, D-1, D-12- D-28
trace function, D-7- D-77

Aliasing, 3-771
All trace status menu, 3-208-3-209
ANSI Standard Masks, 3-1271-3-136
APC 3.5. See Connectors
Audio feedback, 3-7
Autoset, 3-9-3-12
Options, 2-10
using, 2-8
AUTOSET bution, 3-9
Averaging, 2-45, 3-13-3-16
Axis labels, 3-83
Axis units, 2.76, 2-82, 2.93
rho, 3-87-3-88

seconds, meters, and feet, 3-87,
3-88

B

Baseline, 3-151, D-12- [)-28
Baseline correction, 3-17, 3-191-3-200
Beep. See Audio feedback

Blowby Compensate pop-up menu,
3-63, 3-57

Brightness. See Display intensity

Buttons, 1-771-1-30
ACQUISITION, 3-3
AUTOSET, 2-9, 3-8
HARDCOPY, 1-7, 3-96-3-97
MENUS, 2-3

sampling head SELECT CHAN-
NEL, 3-170-3-171

SEQUENCE SETTING,
3-179-3-180

C

Calibration. See Enhanced accuracy
Calibrator, 7-6

Calibrator output, 3-8

Calipers. See Cursors

CCIT Standard Masks, 3-121-3-138
Chan Sel, 2-36-2-42

Clear (Histograms), 3-105

Clear Cursors selector, 3-37

Clear Trace pop-up menu, 3-5--3-6
Clearing traces, 3-5-3-6

Clock. See Time and date

Color, 3-21, 3-22, 3-23

Color Grading mode, 3-44

Color pop-up menu, 3-27, 3-22, 3-23

Common mode TDR measurements,
3-188, 3-196-3-189

Compare & References pop-up
menu, 3-147-3-148

Connectors, 71-711-1-30
APC 3.5, 1-5, C-3
DIRECT, 3-213
GPIB, 3-79-3-82, 3-89
GPIB, 1-7
INTERNAL CLOCK, 3-19
POWER, 3-159
power, 1-7
PRESCALE, 3-213
PRINTER, 3-89
printer, 1-7
R$-232-C, 3-89-3-90, 3-165
]S8-232C, 1-7
SMA, 1-5, C-3

Constellation Diagrams, 3-25-3-28
Cursor Type pop-up menu, 3-29-3-37

Index

Cursors, 3-29-3-34
accuracy, 2-73
types, 2-68
using, 2-68

Cursors icon, 3-30

D

DefTra icon, 3-204-3-207
DefTra pop-up menu, 3-204-3-207
DefWfm pop-up menu, 3-66

Delay Adjust pop-up menu, 3-64,
3-58-3-60

Delayed sweep. See Windows
Delete Setting pop-up menu, 3-778

Delete Trace pop-up meny, 3-784,
3-210, 3-211

Diagnostics, 3-35-3-40
extended, 3-35, 3-38-3-40
power-on, 3-35-3-36
self-test, 3-35, 3-37

biff TDR Preset, Sampling Head
Fne's, 3-172

Differential TDR measurernents, 3-189,
3-186, 3-198-3-199

Display, 7-77-1-3C

Display intensity, 3-23, 3-41
Display modes, 2-48

Display persistence, 3-43-3-48
Displaying labels, 3-118

Distal, 3-7157

E

Electrostatic discharge, C-3

Enhanced accuracy, 3-49-3-60
automatic calibration, 3-51-3-52,
3-54, 3-56
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