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WARRANTY

Tektronix warrants that the products that it manufactures and sells will be free from defects in materials and
workmanship for a period of one (1) year from the date of shipment. If a product proves defective during this
warranty period, Tektronix, at its option, either will repair the defective product without charge for parts and labor,
or will provide a replacement in exchange for the defective product.

In order to obtain service under this warranty, Customer must notify Tektronix of the defect before the expiration
of the warranty period and make suitable arrangements for the performance of service. Customer shail be
responsible for packaging and shipping the defective product to the service center designated by Tektronix, with
shipping charges prepaid. Tektronix shall pay for the return of the product to Customer if the shipment is to a
location within the country in which the Tektronix service center is located. Customer shall be responsibie for
paying all shipping charges, duties, taxes, and any other charges for products returned to any other locations.

This warranty shall not apply to any defect, failure or damage caused by improper use or improper or inadequate
maintenance and care. Tektronix shall not be obligated to furnish service under this warranty a) to repair damage
resulting from attempts by personnel other than Tektronix representatives to install, repair or service the product;
b) to repair damage resulting from improper use or connection to incompatible equipment; ¢) to repair any
damage or malfunction caused by the use of non-Tektronix supplies; or d) to service a product that has been
modified or integrated with other products when the effect of such modification or integration increases the time
or difficulty of servicing the product.

THIS WARRANTY IS GIVEN BY TEKTRONIX IN LIEU OF ANY OTHER WARRANTIES, EXPRESS
OR IMPLIED. TEKTRONIX AND ITS VENDORS DISCLAIM ANY IMPLIED WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. TEKTRONIX?
RESPONSIBILITY TO REPAIR OR REPLACE DEFECTIVE PRODUCTS IS THE SOLE AND
EXCLUSIVE REMEDY PROVIDED TO THE CUSTOMER FOR BREACH OF THIS WARRANTY.
TEKTRONIX AND ITS VENDORS WILL NOT BE LIABLE FOR ANY INDIRECT, SPECIAL,
INCIDENTAL, OR CONSEQUENTIAL DAMAGES IRRESPECTIVE GF WHETHER TEKTRONIX
THE VENDOR HAS ADVANCE NOTICE OF THE POSSIBILITY OF SUCH DAMAGES.






EC Declaration of Conformity

Tektronix Holland N. V.
Marktweg 73A

8444 AB Heerenveen
The Netherlands

declare under sole responsibility that the

CSA 803C Communications Signal Analyzer

meets the intent of Directive 89/336/EEC for Electromagnetic Compatibility and Low
Voltage Directive 73/23/ECC for Product Safety. Compliance was demonstrated to the
following specifications as listed in the Official Journal of the European Communities:

EMC Directive 89/336/EEC:
EN 55011 Class A Radiated and Conducted Emissions
EN 50082-1 Immunity:

IEC 801-2 Electrostatic Discharge Immunity

IEC 801-3 RF Electromagnetic Field Immunity
IEC 801-4 Electrical Fast Transient/Burst Immunity
1EC 801-5 Power Line Surge Immunity

Low Voltage Directive 73/23/EEC:

EN 61016-1 Safety requirements for electrical equipment for
measurement, control, and laboratory use

Tektronix, Inc. claims compliance to the EMC Directive 89/336/EEC for the following
products when they are used with the above named product:

SD-20
SD-22
SD-24
SD-26
SD-30
SD-32
SD-42
SD-46
SD-51




Declaration of Conformity
with Electromagnetic Compatibility Standards
as Required under the Radiocommunications Act

Tektronix, Inc.
of

Tektronix Australia Pty Limited
80 Waterloo Road
North Ryde NSW 2113

Supplier Code: N6O
declare under sole responsibility that the

CSA 803C Communications Signal Analyzer
to which this declaration relates is in conformity with the following standards:

AS/NZS 2064.1/2  Industrial, Scientific, and Medical Equipment: 1992

Tektronix, Inc. claims conformity to the standards for the following products when they
are used with the above named product:

SD-20
SD-22
SD-24
SD-26
SD-30
SD-32
SD-42
SD-46
SD-51




About This Manual

This is the user reference manual for the CSA 803C Communications Signal
Analyzer. This manual has three sections. The Getting Started section
provides an introduction to the CSA 803C, 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, Getting Started, presents quick get-ac-
quainted information and a map of the menu system. Each menu is
accompanied by pointers into the Operating Basics and Reference sections.,

Related
Documentation

Other manuals that complete the documentation set for the CSA 803C Com-
munications Signal Analyzer:

®  The CSA 803C and 11801C Programmer Reference describes using a
computer to control the CSA 803C through GPIB or R8-232-C interfaces.

m The CSA 803C Service Manual provides module-level repair and
replacement information about the CSA 803C. It also describes cleaning
and preveniative maintenance procedures.

Notes on Previous
Products

This manual appilies to the CSA 803C Communications Signal Analyzers that
are equipped with firmware Version 4.05 or later for the Executive Processor,
Display, and Timebase Controller. See Systemn Identification in the Reference
section of this manual for information about obtaining the firmware version
number.

Note that the foilowing features described in this manual do not apply to the
(CSA 803 Communications Signat Analyzer.

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

® External Prescaler selection (see Triggering in the Reference section of
this manual)

m Enhanced Triggering On/Off selection {see Triggering in the Reference
section of this manual)

®  User-adjustable Trigger Holdoff (see Triggering in the Reference section
of this manuai)
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About This Manual

Contacting Tektronix

Product For appiication-oriented guestions about a Tektronix measurement
Support product, call toil free in North America:

1-800-TEK-WIDE (1-800-835-9433 ext. 2400)

6:00 a.m. ~ 5:00 p.m. Pacific time

Or, contact us by e-mail:
tm_app _supp@tek.com

For product support outside of North America, contact your local
Tektronix distributor or sales office.

Service Contact your local Tektronix distributor or sales office. Or, visit our web
Support site for a listing of worldwide service locations.

http://www.tek.com

For other In North America:
information 1-800-TEK-WIDE (1-800-835-9433)
An operator will direct your call.

To write us Tektronix, Inc.
PO. Box 1000
Wilsonville, OR 87070-1000
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To Avoid Fire or
Personal Injury

Safety Summary

Review the following safety precautions to avoid injury and prevent damage to
this product or any products connected to it. To avoid potential hazards, use this
product only as specified.

Only qualified personnel should perform service procedures.

While using this product, you may need to access other parts of the system. Read
the General Safety Summary in other system manuals for wamings and cautions
related to operating the system.

Use Proper Power Cord, Use only the power cord specified for this product and
certified for the country of use.

Use Proper Voltage Setting. Before applying power, ensure that the line selector is
in the proper position for the power source being used.

Connect and Disconnect Properly. Do not connect or disconnect probes or test
leads while they are connected to a voltage source.

Ground the Product. This product is grounded through the grounding conductor
of the power cord. To avoid electric shock, the grounding conductor must be
connected to earth ground. Before making connections to the input or output
terminals of the product, ensure that the product is properly grounded.

Observe All Terminal Ratings. To avoid fire or shock hazard, observe all ratings

_and markings on the product. Consult the product manual for further ratings

information before making connections to the product.

Do Not Operate Without Covers. Do not operate this product with covers or panels
removed.

Use Proper Fuse. Use only the fuse type and rating specified for this product.

Avoid Exposed Circuitry. Do not touch exposed connections and components
when power is present.

Do Not Operate With Suspected Failures. If you suspect there is damage to this
product, have it inspected by qualified service personnel.

Do Not Operate in Wet/Damp Conditions.
Do Not Operate in an Explosive Atmosphere.
Keep Product Surfaces Clean and Dry.

Provide Proper Ventilation. Refer to the manual’s installation instructions for
details on installing the product so it has proper ventilation.
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Safety Summary

Symbols and Terms

Terms in this Manual. These terms may appear in this manual:

WARNING. Warning statements identify conditions or practices that could result
in injury or loss of life.

VAN
/N

CAUTION. Caution statements identify conditions or practices that could result in
damage 1o this product or other property.

Terms on the Product. These terms may appear on the product:

DANGER indicates an injury hazard immediately accessible as you read the
marking.

WARNING indicates an mjury hazard not immediately accessible as you read the
marking.

CAUTION indicates a hazard to property incleding the product.

Symbols on the Product, The following symbols may appear on the product:

A\ S A [m]

WARNING Protective CAUTION Double
High Volt- Ground {Earth) Refer to Manual Insulated
age Terminal

Contents



Introduction

This section describes the safety precautions, power and signal connec-
tions, and procedures you should follow when you install the CSA 803C. It
then provides a high-ieve! view of the CSA 803C Communications Signal
Analyzer and its features.

CSA 803C The CSA 803C Communications Signal Analyzer provides unprecedented

Description

capabilities in capiuring and accurately measuring high-speed electrical
events. Some of the main features of the CSA B0O3C 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 display.

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

Traces are captured with 8-bit vertical resolution, and can have from 512
{0 5120 points each.

Simultaneous display of up o eight traces. Each trace can represent a
singie input channel, or a complex expression that mathematically
combines multipie input channels, or an expanded window of another
trace.

Time or voltage histograms dispiayed on-scréen and updated continu:

ously as trace data are collected.
Mask testing for easy “go/no-go” testing and error rate measurements.

Standard mask festing using a library of 47 predefined telecommunica-
tion masks.

Color grading provides a third dimension, sample density, to displayed
data and ailows histogram and mask analysis after collecting data.

Full-function trigger up to 3.0 GHz.
AC coupled trigger prescaler to 10 GHz. {except Option 10)

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

CSA 803C User Manual
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introduction

Display and
Touch Panef

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, fall time, rms voltage,
detay, 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.

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

A unigue stalistical measurement mode that allows pulse parameter
measurements on random data (for example, eye diagrams} as well as
accurate timing measurements in the presence of jitter.

Major Menu
Butions Control Buttons

Knobs

Power-only Sampling Head
Compartments Compartmenis

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 803C. I disables invalid selections and indicates 1o the opera-
tor which choices are logical at any time.

Programmable control of the C8A 803C that allows it to be run froman
attached computer or instrument controller via the RS-232-C or GPIB
interfaces.

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

Getting Started
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Description of
Sampling

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

CSA 803C captures a sample 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 803C just by adding a new sampling
head.

The CSA 803C Communications Signal Analyzer uses seguential sampling

~ to sample one data point of the trace each time a trigger event oceurs (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. Once
the entire trace has been sampled and all data peoints are accumulated, the
display shows the entire trace result. For very siow trigger rates, a partial
frace is shown, even before all data points have been sampled.

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 connector.

Do not over-tighten SMA-compatible connectors.

When attaching a cable to of removing a cable from an SMA-compatible
connector, do not turn the cable, turn only the nut. Align ihe two connectors
carefully and engage the connecior nut over the exposed threads on the
other connector. Use only finger pressure to make this initial connection.
Then use a torque 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 803C:

»  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.

m 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 sian-
dard SMA connector. Attaching a worn or damaged SMA cable to an APC
3.5 connector may damage the APC 3.5 connector.

CSA 803C User Manual
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Introduction

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

Electrostatic Discharge

{ oumon | ®

Applying a voltage oulside the range printed on the sampling head
can result in damage. Static electricily 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 voitage outside the range printed on the front of the sampling
head. Operate the CSA 803C only in a static-controlled environment.

Connect the wrist strap provided with the CSA 803C io the ANTISTATIC
CONNECTICN, as shown in Figure 1-1.

Front Panel

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

The front panel has two compartments for sampling heads. At least one

sampling head must be installed in a CSA 803C configuration {o allow the
CS8A 803C to sample signals.

Two additional compartments, labeled AUXILIARY POWER ONLY, provide
power for non-acquisition heads, such as a trigger countdown or optical-
electrical converter. These compartments cannct be used to acquire signals.

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

Getting Started
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Power-only Sampling Head
Compartments Compartments

A\ /

External =
Trigger Inputs "

Antistatic Internal Clock Calibrator
Connection Ouiput Ouiput

O llewg

Figure 1-1: Front Panel Connectors

Rear Panel

The POWER plug provides AC power to the CSA 803C. The plug is an
IEC-style connector; the separate power cord supplied with the CSA 803C
should match the physical configuration of efectrical outlets in your country.

Set the LINE VOLTAGE SELECTOR switch before connecting the
CCSABOCIopower

Before connecting the power cord between your electrical outiet and the
CSA 803C POWER plug, make sure that the adjacent LINE VOLTAGE
SELECTOR switch is set to maich the volitage 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.

CSA 803C User Manual
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Principal Line Voltage
Power Swifch Selector Fuse

000

Power Cord ——wml
Connecior

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 803C. 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 803C. The GPIB section similarly has an IEEE STD 488
PORT connector. Both of these connectors let you make the CSA 803C part
of an automated test and measurement system. Hardcopy information can
also be routed through either the R8-232-C or the IEEE STD 488 PORT
connector, See Figure 1-3.

GPIB
Reg-232-C {IEEE-438

Printer

Figure 1-3: Rear Panel Printer and Data Connectors

1-6
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Installation Follow this seguence when you instalf the CSA 803C:

L]

Step 1, ——
Set the PRINCIPAL
POWER SWITCH o
OFF

Introduction

O

Step 2:

Set the front-panel
ON/STANDBY
switch to STANDBY.

[

Step 31 ——

Set the LINE VOLTAGE
SELECTOR ic the prop-
er range for your system.

O

Step 5w
Connect the power
cord from the
POWER connector
1o your power
system,

L

I — Step 4

Instali sampling
heads in the
front-panel
compartmants.

a

O

Step 7:
Set the froni-panel ON/
STANDBY swétcg It“o

Step 6:
Set the PRINCIPAL
gﬁWER SWITCH to

QOnce the CSA BO3C is installed, use the ON/STANDBY switch as a power

switch.

CSA 803C User Manual
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Introduction

Operating
Environment

The following environmental requirements are provided so that you can
ensure proper functioning and extend the operation of the instrument.

Operating Temperature

The instrument can be operated where the ambient air temperature is be-
tween 0° C and +50° C and can be stored in ambient temperatures from
~40° C to +75° C. After storage at temperatures outside the operating
limits, atlow the chassis to reach the safe operating temperature before
applying power.

Ventilation Requirements

The fan draws air through the side panels of the instrument and blows air
out through the rear to cool the instrument. To ensure that this cooling
process occurs properly, aliow at least two inches clearance on both sides
and the rear of the instrument. The top and bottom of the instrument do not

require ventilation clearance.

If air flow is restricted, then the instrument’s power supply may
temporarily shut down.

1-8
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At a Glance

This part of the manual 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 wilt be directed to the page in the Reference
section that discusses that feature. The Operating Basics section provides
several examples on using the instrument. Complete reference information
is contained in the Refererce section.

Front Pane! and Sampling Heads

The ACQUISITION button stops and starts trace
acquisition — see page 3-3. The AUTOSET button

The major menu buttons lei

you select which of the
major menus appears al
the botiom of the dispiay.
See page 1-14.

guickly sels the instrument parameters for a trace
display - see page 3-9. The HARDCGOPRY button
prints a copy of the display — see page 3-89. The
SEQUENCE SETTINGS button lets you cycle
through pre-set instrument setlings — see

page 3-177.

Use the ON/STANDRBY switch as the
power switch once the instrument is

The display shows the

traces and the menus, tl
which you touch to

actjvals.

See page 1-11. I

The Touch Panel On/Off

hutton lete you turn off .

the touch panel so that

instatied. See page 3-157.

These sampling head compariments
are “power only.” They are for use
with sampling heads like the SD-51,
ED-42 and 8D-46, See page 3-167.

|LLLLLL:“

]
i

)

You install sampling heads in the
sampling head compartments.
See page 3-167.

C

you can point to the

display without
inadvertently making
menu selections.

The two knobs control many
functions of the instrument.
You set the knobs to contro!
specific functions when you
make menu selections or
fouch icons. Using the knobs
is described on page 1-13.

The CALIBRATOR output provides a
known signal for calibration.

See page 3-19. The INTERNAL CLOCK
OQUTPUT is a trigger signal
synchronized with the CALIBRATOR.

There are iwo trigger inputs, DIRECT  See page 3-18.
and PRESCALE. DIRECT is
DC-coupled with a bandwidth of
3.0 GHz. PRESCALE is an
AC-coupled, digital prescaler which
extends the trigger bandwidth to
10 GHz. See page 3-212.

Internal
Clock Ouiput

Antistatic
Connector

CSA 803C User Manual
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At a Glance

Rear Panel

Power line controls include
the LINE VOLTAGE
SELECTOR SWITCH, the
fuse, the power connector,
and the PRINCIPAL POWER
SWITCH. See page 3-157.

The RS-232-C connector allows a
remote compuler to controf the
instrument through a serial interface.
it can also be used to drive serial
output devices, See page 3-163,

The GPIB connector allows &
remote computer to control the
instrument through an IEEE Std 488
paraliel interface. It can also be
used {o drive compatible plotters.
Three lights show the status of the
paraitel bus. See page 3-79.

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

1-10
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Display and Touch Panel

At a Glance

The dispiay shows the output of the instrument, such as traces and mea-
surement information. The display is combined with the touch panel to
provide a touch menu system. Touch the selectors that are displayed inthe
various menus o execute those items. Each menu selector has a shaded
top portion that names the selector and a lower portion that shows the
current status of the parameter that the selector controis.

—2EEmY A
: TPk

|

I TRES |
Sebiw

g BTG

GPIE Faraseiers

bR
s Selected irace (highlighted)

ST - and unselecied trace. Axis

e labels and readouts apply to

: the selected frace. Traces can
be selected by touching them.
See page 3-206.

N

A pop-up menu provides a
temporary dialog fo let you sef
specific parameters. This is the
GPIB/RS232C pop-up menu, which
is accessed by touching the
GPIB/RS232C selector in the
Utility1 major menu.

Several different major menus are available. You
display and use the major menus by pressing the
major menu butfons. This is the Utility1 major
menu. Touch the GPIB/RS232C selector o
display that pop-up menu. See page 1-14 for a
description of the various major menus.

el

The Knob Menu always shows the parameters
the knobs are currently assigned to conirol (top
two seleciors). You can also use the khob menu
to remove traces from the display. You can touch
the knob labels to see the Keypad Menu, which
lets you enter a numeric value for any
knob-controlled parameter. See page 1-13.

CSA 803C User Manual
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At a Glance

Ilcons

=*  Touch the horizontal icon to
assign the knobs to adjust ihe
trace horizontal size and
position. See page 3-105.

& s Dof Tra

Touch the Define Trace icon
to dispiay a pop-up menu
that lets you define a new
frace to be displayed.

See page 3-201.

andnig  Fi e

FFTmay

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

Window

Touch the window icon to
create a new frace thai
represents an enlarged poriion
of another frace.

See page 3-221.

Cursors

Touch the cursors icon fo
display bar or dot cursors for
measurements of frace
values, See page 3-29,

Hormatl

= Touch the frigger icon {0 assign Touch the vertical icon to .
the knobs to adjust the trigger t assign the knobs to adjust Ir?g?d?;isagﬁ%z ?r\]f?éﬁtbie.
fevel. If the instrument Is not the trace verlical size and g thatis disol ;d
triggered, Inot! appears above position. See page 3-217. meénu inat is cisplayec.
the word trig'd.

See page 3-271,

1-12

Getting Started



Knobs, Knob Menu, and Keypad Menu

At a Glance

If you touch the wrong knob tabel
by accident, the fop two selectors
et you choose the other knob
parameter for Keypad Menu
manipulation,

2

Mumeric Entruy

P Enob He

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

i {micro}, and m (milli) selectors let
you scale your number.

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

The Sel to Min and

: Set to Max selectors
/ let you quickly set a

. parameter {o either

‘ extreme of its range of
adjustment.

K

The knob labels always show the knob
assignmenis, the parameters thaf the knobs
will conirol. 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 to display the
Keypad Menu for that parameter.

o

™N

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

change color. When you turn a knob, the

labels reiurn to normal,

This selector lets you remove a trace from the
display. First select (highlight) the irace you
wani removed by touching i, then touch this
selector. A pop-up menu will ask you fo select
remove or clear. See page 3-208.

The Pan/Zoom selecior lets you expand any pant
of a trace using horizontal magnification. See
page 3-107. When the knobs are assigred to
vertical size and offsel, this selector may change
to provide more vertical control. See page 3-217.
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At a Glance

Major Menu Buttons

WAVEFORM

THIGGER
MEASURE
DISPLAY
MODES

STORE/
RECALL

” MENUS -‘

BERE:
Trace

uTHTY [::]

y

The Waveform major menu conirols frace
definition, acquisiiion, and the sampling
heads. See page 1-16.

An alternate form of the Waveform major
menu, the Trace Status menu, can be
displayed using the More... selector in the
Waveform major menu, See page 1-16.

The Trigger major menu conirols
triggering. See page 1-18.

The Measure major menu controls the
automatic measurement system.
See page 1-19.

The Display Modes major menu controls
display persistence, histograms and
mask testing. See page 1-20.

The Store/Recall major menu controls
storage and recall of trace data and
instrument seltings. See page 1-21.

1-14
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F MENUS

WAVEFORM

TRIGGER
MEASURE
DISPLAY
MODES

STORE/
REGALL

guogn

UTILITY

At a Glance

The Utility1 major menu controls
general instrument parameters
such as display colors, GPIB

and R8-232-C seltings, and
hardcopy parameters.
See page 1-23.

The Enhanced Accuracy menu
controls the calibration system.
See page 1-25.

The Utility2 major menu
provides access fo the
diagnoslic system.

See page 1-27.

LEE
=

At

ZdriHz

. w}/g

i 120 i3]

The Cursors major menu controls the
cursors, markers that you position on
your trace fo make measuremenis.

e x LI

‘Use the Cursors icon o display the

Cursors major menu. See page 3-28.

CSA 803C User Manual
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At a Glance

Waveform Major Menu

Mainframe

Channels

S

This pop-up menu lets you modify the trace
expression of the sefected trace. See page 3-207.

—MENUS-

WAVEFORM

TRIGGER

MEASURE
DISPLAY
MODES

STORE/
RECALL

UTHATY

 SPRERRERR——

[
]
L]
-
-

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

See page 3-206.

THMode

Samnling Head Functions

Head Type:

'Eidéntéfiiétion-ﬁ-”

tlash

- Windon

This pop-up menu controls the position
of window traces. See page 3-223,

Sampling head controls. See page 3-167.

1-16
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XY trace
controls,
See page
3-227.

<

oint
noint

Reference Soint

Hisplay Mods:

Dispiay Mode:

At a Glance

Record length controls.
See page 3-161.

a—— - Harizonial reference point

controfs. See page 3108

fAcguire Deecription

Stop Hooguisitien Onod

—MENUSq

WAVERORM

TRIGGER
MEASURE
DISPLAY
MODES

STCRE/
RECALL

UTILITY

1
]
-
]
[

Graticule and axis unit
conirols. See page 3-83.

\—\/_/ \ /
\'4
Averaging and  Acquisition control,
enveloping. See page 3-3.
See page 3-13.

¥ olnits

CSA 803C User Manua!l
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At a Glance

Trigger Major Menu

Select the frigger source using this pop-up meny. See page 3-211.

{rigger Source

4 Touch this selector to
Touch this selector to assign enable/disable high
the knobs to control trigger frequency holdoff.
fevel. See page 3-211. See page 3-211.
MENUS Sl
WAVEFORM D

TRIGGER Trigner Holdofd

MEASURE D
DISPLAY D Hormai
MODES ;

sy [ / I \
umy | Select Normal or Aulo Touch this selector to I
Trigger with this selecior, enable enhanced etuzl el

See page 3-211. triggering. See page 3-211.

Touch this selector fo change the
trigger slope. See page 3-211.

Set trigger holdoft
parameters using this
pop-up menu.

See page 3-211.
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Measure Major Menu

TRIGGER

MEASURE

DISPLAY
MODES

STORE/
RECALL

UTILITY

At a Glance

Use this pop-tip menu to specify
which measurements you want to
take. As you select measurements,
the readouts appear immediately in

the unused selectors of the major
menu. See page 3-139,

Touch a measurement readout to
display a pop-up menu that lets you
control the way the measurement is
taken. See page 3-147.

Min

Moasuremnsz

These six selectors are reserved for the readouts of
measurements that you select. This sample menu
shows that the measurement system is set up lo take
six measurements on the selected frace.

See page 3-135.

-
m .

o e Ra
O

O

Copiaye 2HE Refeérence

Use this pop-up menu to make your
measurement relative to a
reference value. See page 3-145.

CSA 803C User Manual
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At a Glance

Display Modes Major Menu

This menu enables you to select

several kinds of display persistence .

and to control the histogram display. Use this menu fo generale or edil masks
See page 3-43. used in mask lesting. See page 3-117.

Persist Masi Testing

enoesHistograms

Undef ined

P MENUE‘:-

WAVEFORM

TRIGGER

.
J
-
]

DISPLAY
MODES

STORES
RECALL

UTHATY

CUITT G.7HE Flectrical Standatds

[REs i |
Continuous ; —

Stangards

A

| Colar Graded Scale

Miecellansous Standards

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

Use this menu to select predefined telecommunication
masks for mask testing See page 3-117.
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At a Glance

Store/Recall Major Menu

These pop-up menus let you store and recall
dispiayed traces. See page 3-179,

i

cail Stured Trare

ot
5
Tt

[

clatils RAM

Butes

”MENUS“

WAVEF OAM

TRIGGER

[
]
—
[
]

DISPLAY
MODES

STQHE/
RECALL

UTHITY

F I DTG AL WEFCS T W0 AT F a2 T

SEQUENCE SETTINGS button on the
front panel. You can use that button to
change from one instrument selting to
the next. See page 3-177.

Menu Dispiayed with Stored Setting

tree [Non¥ola
24430 by

oo

This pop-up menu lets you store an instrument selting. See page 3-174.

TTEEEY BN . SR malandas antunios ow dicsbloe fho
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At a Glance

Delete stored traces using this pop-up
menu. See page 3-182

Ciear displayed fraces using this
pop-up menu. See page 3-5.

#M&NUS“

MEASURE D
DISPLAY

STORE/
RECALL

nLITY D

These pop-up menus let you recall or
delete settings. See page 3-175.

Rerall Front Fanel Setting (FFGSI Delese Frant Panel Setting (FRB}
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At a Glance

Utility1 Major Menu

This pop-up menu shows instrument and sampling head B ntem Tdentification
identification and firmware version numbers.
See page 3-185. CSREH3C Mainframe ID#
Executive Processor 4. 85
N Tiisplay : 4,08
Use this pop-up menu to set GPIB and RS-232-C parameters. Time Baze-Cantrallar: 4.03
: 9.8z

See page 3-80 for GPIB and page 3-164 for R§-232-C. Acguisition #1

T e e Do
GRIE-RSLIZC Parame?

Mainframe Sampling Heads

P Char M1 ¢ 1% Chan MZ : 18 Sh-24 Bpeusve
g% Chan Md

Optians

17T = Teiecomm Standard Masks Installsd
1@ - Prescalsr Not Instalied

Lebeling

”MENusq

WAVEFORM

TRIGGER
MEASURE
DISPLAY
MODES

STORES
RECALL

]
J
-
]
E]

UTIITY

Use this selecior lo initialize
the instrument to a known
state. See page 3-171.

Use this pop-up menu {o
fabel traces and seitings.
See page 3-113.
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At a Glance

BLE
Lolps

MENUS-

Hardeocopy Paramsisrs

Use this pop-up menu to
sef Hardcopy paramelers.
See page 3-91.

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

Hardcopy Hbort

WAVEFORM D

wersure [ g
H

Henurscy |

r—

e

DISFLAY
MODES

Y

-t-— Use this selecior to

access the Enhanced
Accuracy major menu,
See page 1-25.

Tpsteument Uptions

STORE/
RECALL

]

UTITY

Autoset controls are

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

described on page 3-9.

Turn on or off veciored

Touch this selector to assign
the knobs to conirol display
brightness. See page 3-41.

These selectors conirol FFT ———»
windowing and scaling

traces with this selector.
See page 3-215.

Control trace scaling, a
i property of traces, with this
E selector. See page 3-210.

Select shifted or centered

parameters, See page 3-65.

Use these controls to
set the instrument
clock. See page 3-199.

Time:
HERE-
Ontime:

Fowerups; 1Y°

filter mode. See page D-6,

Touch this selector to turn
on or off time and date
stamps for stored traces.
See page 3-179.
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At a Giance

Enhanced Accuracy Major Menu

Calibrate blowby compensation of the sampiing heads that use

this calibration. See page 3-49. Calibrate gain of sampling heads. See page 3-49.

tion i Lain

ibration

Binw

SZelected Channel -= M1

WAVEFORM

TRIGGER

MEASURE

DisPLAY
MODES

STORE/!
RECALL

UTHITY

i Lelibrate B

Zelected Channa! -— Wi

] This pop-up menu controls the
automatic self-calibration system.

This pop-up menu provides assistance in making all 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 menu to compensate for minor timing
Calibrate offset of sampling heads. See page 3-49. variations between sampling heads. See page 3-49,

Uffeet € aration glay Hdjustment

Selected Chanpnet —- Mg % ot Mol i Delected Channel -— M3

R MENUS Iy
WAVEFCRM

TRIGGER

MEASURE

DSPLAY
MODES

!

STORE/
RECALL

[
-
.
-
L]

UTILITY

Use this selector to access
the Ulility2 major menu,
See page 1-27.

¥

i TORE Amplitude Calibratian

Selected

Catibrate the TDR amplifude of those
sampling heads that suppori TDR.
See page 3-49.
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Utility2 Major Menu

FMENUS‘

WAVEFORM
TRIGGER

MEASURE

DISFLAY
MODES

STORES
RECALL

oo

UTILITY

Use this selector to initiate a
self-test and verify that the
instrument is operating
properly. See page 3-38.

At a Glance

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

Use this selector to return to
the Utility1 major menu.
See page 1-23.
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At a Glance
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Overview

This section presents ten examples that iliustrate how o use the

CSA 803C Communications Signal Analyzer, Examples 1 through 4 describe
how to define and display single and muitiple traces and how to perform
signal processing.

Examples 5 through 7 describe how to take autormated measurements, how
to use measurement annotations to control the measured portion of the
trace, how to select from the three types of measuremenis {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 803C Com-
munications Signal Analyzer that are beyond the standard set of oscifio-
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.

m  Example 1: Dispiaying a Trace

s Example 2: Managing Multiple Traces

s Example 3: Deﬁrﬁing ComplexTraces

®  Example 4; Using Signal Processing

= Example 5: Taking Automated Measurements

n  Exampie 6: Taking Delay Measurements

»  Example 7: Taking Comparison Measurements Using a Reference Trace
. ..Eﬁ(é;rhple éi.Cor'.f.l.p.é.r.?n'g”‘rré'ées”’eé Sio?éd Traces

r  Example 9: Creating a Histogram Display

s  Example 10: Taking TDR Measurements

Each example demonstrates 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
display. You will aiso become familiar with the hasic front-panel controls,

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

Major Menu Buttons

| A VENUS S
r Y

WAVEFORM

TRIGGER

MEASURE

DISPLAY
MODES

STORE/
BECALL

UTILITY

You will begin by initializing the C8A 803C to its default settings. Each
example in this manual begins with this step.

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

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 bution was
pressed last. Associated with each button is a major menu at the hottom of
the display.

You may wish 1o press different maior menu buttons and observethe .
changes on the display. Each major menu presents a group of controls that
are related to each other. '

a  WAVEFORM controls trace definition, sampling head control and ac-
quisition control.

m  TRIGGER controls triggering.
& MEASURE controls the automatic measurement system.

= DISPLAY MODES conirols histograms, mask testing and editing, and
other display features.

# STORE/RECALL controls storage and recalt of trace data and
(CSA 803C settings.

a8 UTILITY controis general CSA 803C parameters such as display colors,
GPIB and RS-232-C settings, and the clock. You can access the en-
hanced accuracy system, which performs internal calibrations of the
CSA B03C and installed sampling heads, through the Utility major
menus.

CSA 803C User Manual



Example 1: Dispiaying 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 803C to default settings using the Initialize selector, which
appears in the Utility1l 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 Huminates the UTILITY button’s light and dispiays the Utility1 major
menu, as shown in Figure 2-1.

DR

Utility1 Major Menu

iohnh
i Hoouracy

Figure 2-1: Utility1 Major Menu
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Example 1: Displaying a Trace

The Touch Panel

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

NOTE

The CSA 803C 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 haif of
each selector shows the name of the selector with a shaded background,
while the bottom displays the current status on a black background.

initialize Selector

i

Heoursny |

Figure 2-2: Initialize Selector in Utility’ 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

" gurrent state. Bright appearance indicates a seiector is aiready selecied of
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
setector, will always set the CSA 803C to a defauit state.

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

CSA 803C User Manual



Example 1: Displaying a Trace

To view the calibrator signal, you must connect a cable from the CALIBRA-
TOR output to any sampling head inpui connecior.

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

2-4).
CAUTION

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

Connecting Cables

OO Lo

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

Beside each sampling head input is a small SELECT CHANNEL bution,
Prassing it is a guick way to display that channel. The resulting yellow light
near the buiton tells you that the channel is being displayed.

Operating Basics



Example 1: Displaying a Trace

APC 3.5
input
Conneclors

SD-24
TORISAMPLING
HEAD

Figure 2-4: Sampling Head Control Panel (SD-24 shown)

[:] Step 5: Press the SELECT CHANNEL button nearest the sampling
head input you have connected fo the calibrator.

The yeliow light on the sampling head blinks, indicating that the channel is
being displayed.

e You don’t see a trace on the display because the trace is not triggered. The
e trigger icon (T ) at the left of the graticuie shows Inot! above it meaning the
CSA 803C is not triggered. This icon always shows you the trigger status.

The CSA 803C has an internal clock, which is synchronized with the calibra-
tor outnut. You wilf 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 selecior indicates that the
current trigger source is the External Direct. You need to change the source
to Internal Clock,
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Examplie 1: Displaying a Trace

Pop-Up Menus

Touching the Source selactor demonstrates a common operation of selec-
tors: they display pop-up menus. These menus are a temporary 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 & part of the graticule that has no traces on it.

D Step 7: Touch the Source seiector in the major menu.

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

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:

D Step 8: Touch the Interpal 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.

2-8
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Example 1: Displaying a Trace

Autoset

You now see a flat trace on the display. However, 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}, automaticaily
sets the horizontal, vertical, and trigger parameters to display the desired
portion of the trace.

The
AUTOSET
Bulton

ACOl}iSfTiON ALTOSET FRADCOSY Ségun%?glg O o p—
“ollo)o o A
STOP STANDBY

Figure 2-6: AUTOSET Button Location

|:[ Step 10: Press the AUTOSET button above the sampiing heads.

You will see several cycles of the calibrator signal on the display.
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Example 1: Displaying a Trace

Autoset Options You have used autoset to show several compiete cycles of the calibrator
signal. The Instrument Options pop-up menu of the Utility1 maior menu
controls autoset operation (see Figure 2-7).

Instrument Uptions

Butosst Upilons

Lentered

Figure 2.7: The Instrument Options Pop-Up Menu

[] step 11: Press the UTILITY major menu bution in the MENUS column
and touch the Instrument Options seiector 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 foliowing
groups of selectors:

s 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 {o On, use the Enabie All selector.

» Under Autoset Mode you can select Period Mode or Edge Mode.
Period mode is the inftialized default and displays several cycles of a
trace. Edge mode displays a single rising edge of the trace.
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Example 1: Displaying a Trace

Tne Stan Mask Autoset and Stan Mask Offset Adj selectors are used

in performing autoset 1o the selected standard mask, during mask
testing. Standard mask autoset is discussed in the Mask Testing section,

beginning on page 3-117.
The Undo Last Autoset selector restores the CSA 803C to the settings

L]
that existed before you pressed the AUTOSET button.

You want to display a single rising edge of the calibrator signal.

EI Step 12: Touch the Autoset Mode selector in the pop-up menu (to set
autoset to edge mode) and press the AUTOSET button above the

sampling heads.
A display shouid appear similar to the iilustration in Figure 2-8.

N B
-53. Swy
R e P
. i
" e
E : S
DE ﬁr:
Seay ;
T L TP A
f N
o
a
H
i
: H
trig's ;Z
K3 /i
o
EA P TP

brnanced
Feourany

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 times. You can always
look at the Knoh 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 hal-height and always show the
ourrent 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 value of that parameter,

\/\

A“"\/

Figure 2-9: The Knobs and the Knob Menu

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

NOTE

Always glanice at the knob 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 803C “counts clicks” io
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.

2-12
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Example 1: Dispiaying a Trace

[[] 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 left of the graticule are several icons as shown in Figure
2-10. These icons are always available on the display regardless of which
major menu is being shown. The trigger icon ( T ), 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 labels. Turning the knobs shows that the vertical characteris-
tics of the frace are altered.

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

CSA 803C User Manual
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Example 1: Displaying a Trace

Trigger —

FFT
Window  Magnitude Define Trace

Cursors

Horizontal

Tek

I NP THE R S I T S

e
o

trigh
i

Figure 2-10: lcons
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Example 1: Displaying a Trace

Keypad Pop-Up
Menu and Knob
Resolution

The knobs can be adjusied to finer or coarser resolution with the Keypad
pop-up menu. This menu also allows numeric entry of a parameter assigned
t0 a knob. The Keypad pop-up menu is displayed by touching either knob
label selector in the Knob menu {see Figure 2-11).

[:I 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-
nei 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 seleciors for Coarse, Medium. and Fine resolu-
tion. Vertical offset does not support medium resolution, so that selactor is
dimmed. The other two selectors show the knob click increment: coarse will
set the knob to add or subtract 5 mV for each knob click, while fine sets the
knob increment to 500 V. The Coarse selector is highlighted 1o 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 selectors.

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 trace possible.

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

7] step 18: Touch the Vert Size: M1 knob label. Then touch the following
seleciors: 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 compiete entry.

Vertical size is now set to 50 mV per division.
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Numeric Entry Plinot Res |

Figure 2-11: The Knob Menu and Keypad Pop-Up Menu

2-16 Operating Basics



Example 1: Displaying a Trace

M aiof Menu Knob Each major menu assigns the knobs 1o different parameters. Whenever you
: select a major menu, the knob assignments will be the assignments that
Asmgnments 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.
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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 traces.

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

[[] 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.

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 B03C.

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

D Step 4: Connect the INTERNAL CLOCK output to any available sam-
pling head input.

TO Ll ‘

Figure 2-12: Connections for Example 2

Display the trace coming from the calibrator.

[] step 5: Press the SELECT CHANNEL button of the channet you have
the CALIBRATOR ouiput connecied to.

You will need to setf the frigger source to Internal in order to display the
calibrator signat.

E] 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-uUp ment.
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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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Vectored Traces

Example 2: Managing Multiple Traces

The trace appears as individual dots on the display, so you cannot see the
rising and falling edges. For this example, you will want to change the trace
display so that the individual dots are connected.

[7] step 9: Press the UTILITY button to display the Utility1 major menu.

D Step 100 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.

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

The selector now shows On as status.

[] step 12: Select Exit to remove the pop-up menu.

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

Adding Another Trace Adding another trace to an existing display is easy: press the SELECT
CHANNEL button of the sampling head channel you wish to add.

B 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 labels apply to both traces. This
may not hold true for the vertical axis.

= While the CSA 803C can display up to 8 fraces at once, there is atways
one sefected 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 803C can disptay four different
colors, so that when up to four traces are displayed, each trace is dis-
played in a different color. if greater than four traces are dispiayed,
additional traces are displayed in the sarme colors used for the first four
fraces.

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

®»  The channel lights on the sampiing 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 Multipie Traces

Selecting Traces by
Touch

To select a different trace simply touch the desired trace. An outline box
indicates your potential selection. If only one trace passes through that
outlined 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 channei 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/Cir Trace n seiector of the Knob menu also shows the expres-
sion of the selected trace. (It also indicates that the Main time base is used.)

; iraoe

Cratus Main

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 803C when the trace is created. It should not be
confused with the frace exprassion. Trace numbers rangs from 1 through 8.
This selector always shows the number of the selected trace.

] Step 16: Select each trace by touch, and observe the Vertical Desc
and Remove/Cir Trace n seiectors and the sampling head lights.
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Selecting Traces
Using the Trace
Status Menu

Ancther method of selecting traces presents information about all displayed
traces simulfaneously. The Waveform major menu has an aiternate “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.

[[] step 17: Touch the More... selector in the major menu to see the Trace
Status menu.

Figure 2-17: The Trace Status Menu

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

The Trace Status menu presents one selector for each displayed trace.
These selectars 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 setector. 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 trace 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

You can label traces to 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 graticuie. You can use letters of the alphabet
{upper or lower case), Greek symbols, graphic symbois or numbers in your
label. The trace label moves with the trace as the signal changes. You can
change the position of the label relative to the trace. Use the Labeling
pop-up menu in the Utility1 major menu to control labels (see Figure 2-18).

[[] step 20: Press the UTILITY button to display the Utility? major menu.
[} step 21: Touch the Labeling selector in the Utility1 major menu.

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

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

|___] Step 23: 1fit iz 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 let you type
the label. The selectors along the very bottom let you select the set of char-
acters from: Upper Case, Lower Case, Numbers {which includes most
punctuation}, Graphics (mathematical symbois 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 o type in your own label, for
~exampleCAL. .

D 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 trace. The Position selector in the Label-
ing pop-up menu to assigns the knobs to set the position of the label.

Trace labeis 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 movermnent of the label.

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

[[] step 28: Use the knobs to position the labels horizontally and vertically.
To select the label to move, simply touch it as you would touch a trace to
select it.

Note that each label is the color of its associated trace. When you touch a
label, you select that trace.
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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 tfraces on either graticule.

[:[ Step 29: Press the WAVEFORM button to display the Waveform major
menu.

D 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.

{ ] Step 31: Touch the Lower Graticule selector of the major menu (it was
Graticules). Touch Move Trace to Other Graticule, and observe the
selected trace move o the other graticule.

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

Y¥olnits

Figure 2-19: The Graticules Pop-Up Menu
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Yuins San i 5B nBes

Figure 2-2¢: 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-
tor, and then Remove Trace n in the pop-up meanu.

This wilt remove one of your traces, leaving one on the display. You could
rernove the rematning 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
biinking (the selected trace displays this channel). The operation of the
channel button depends on the light:

®  If the yellow light is off (channel not displayed), pressing the button
creates a trace of that channel.

w [fthe yellow light is on steady {channel displayed but not patt of the
selected trace) then pressing the bution selects that trace, causing the
light to blink.

»  If the yellow light is blinking (channel is part of the selected trace),
pressing the button wil entirely remove aif traces dispiaying that chan-
nel.

[[] step 34: Press the sampling head SELECT CHANNEL button beside
the biinking light to remove the remaining trace.
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Example 3:
Defining Complex Traces

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

For this example you will need a CSA 803C with at ieast one dual-channel
sampling head installed. Also, a power divider and two SMA cables of
differant length will be used (2 ns and 5 ns cables are recommended). You
may substitute a signal-splitting T adapter for the power divider. You will also
need a static protection wrist strap.

D Step 1: Initialize the CSA 803C (press the UTILITY button in the ME-
NUS 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 803C.

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

D Step 4: Connect cables from each branch of the power divider to sam-
pling head input conneciors.

L

= 1
LitLLL,

Power
Divider

OOl

Short Cable

Long Cable

Figure 2-21: Connections for Example 3

[[] step 5: Press the TRIGGER bution 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.

7] 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: Tum the top knob to the feft until the horizontal scale is 5 ns/div.
Don't use the AUTQSET button!

You shouid 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.

7] step 8: Press the UTILITY button and select Instrument Options in the
Utility major menu. Select Vectored Trace in the pop-up menu and
touch 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 1o 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 dispiay. The same pop-up menu is presented by the Vertical Desc
selector of the Wavefarm major menu. The menu selector allows you to view
and change the expression of an existing trace, white the DefTra icon
creaies a new trace.

NOTE

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

[] step 9: Touch the DefTra icon.

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

Channel Selectors specify an input channel.

NOTE

You don’t need to display the source traces fo create a complex
trace.

~ m Numeric Keypad allows entry of numeric constants and arithmetic

operators of addition, subtraction, muttiptication, and division.

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

n  Stored Traces specify a previously stored {race.

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

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 to.)

[:[ Step 10: Touch 1 (under Mainframe Channeis), — (in the numeric
keypad area), 2 (under Mainframe Channels), and Enter Desc, ali 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.

Mainframe Ohanngls

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 channet at a
time, even if the selected trace represents several inputs.

[] Step 11: Make the selected trace the single-source trace from the short
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 seiect 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: Turn 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-
cute,

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 frace is off the bottom edge of the display, and this means that the
complex trace that depends on it is affected as well.

[[] step 14: Turn the bottom knob to the right until the selected trace is
compietely 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 ventical size, a "Fast”
complex trace will have undefined vertical units. (High Precision
traces don't have this limiftation.)

[[] step 16: Turn the top knob to the left to return the selected trace to its
originat size of 200 mV/div.
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Figure 2-23: Complex Trace Aberration Caused by
Off-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 to do. Usually, when you display a complex trace,
you will not be displaying all the traces that represent the individual channet
signais.

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

Whenever the knobs are set to vertical size and offset, the Knob menu
selector at the lower right corner of the display becomes & Chan Sel selec-
tor {(see Figure 2-24}. Touch this selector to choose which channe! you wish
to move. Repeatedly touching the selector lets you choose from all of the
input channels that make up the complex frace.

Chan Sei Seleclor

Figure 2-24. The Chan Sel Selector in the Knob Menu
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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 1o the right to set the vertical size to 100 mV/div. You
may need to turn the bottom knob to position the trace completely on
the gratucule,

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

[T step 20: Turn the top knob to the right to set the vertical size to
100 mV/div. You may need to turn the bottom knob to position the trace
completely on the graticule.

Now the input channel traces and the complex difference trace are double
their original size.
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High Precision If your complex trace is a high precision trace, you can move it vertically
Traces using the knobs without changing the offset of any component channel.

High precision traces 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 Verdical 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 Options 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.

{:I 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 trace 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 Dispiay

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

NOTE

Window traces can be moved from one graticule to ancther, or
combined into 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 labels and the trace descriptions presented in the aiternate Trace
Status major menul.
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[] step 23: Touch the WAVEFORM 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.

D Step 24: Touch the horizontal icon (=<}, and turn the bottom Window
Pos knob left and right. The highlighted portion of the main trace moves
and the window trace tracks i.

[:] 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 originai main trace,
but you cannot take 2 window of a window. Since the window trace is the
selected one there is no Window icon above the lower graticule.

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

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

[C] step 27: Turn the bottom Window Pos knob. The second window trace
moves.

[[] Step 28: Turn 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 separaie
them vertically. Normally, the Chan Sel selector of the Knob menu (see
Figure 2-28), on successive touching, shows all the channels that are repre-
sented in the trace. For window traces, this selector also includes a Trace
Sep setting, which causes the knobs to move the selected window trace
veriically. This moves only the selected trace.

Chan Sel Selecior

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

[J step 29: Touch the vertical icon (), and the Chan Sel sefector in the
Knob menu unti 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
Point

Up to now, whenever you have changed the horizontal size of a trace, the
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.

[[] step 31: Select the main trace (top graticule) by touching it. Touch the
horizontal icon { <= ), and use the bottom knob fo position a critical
portion of your trace at the center of the graticule. Turn the top knob left
and right one click at a time, and observe that the critical part moves.
End by re-establishing the originat position with the critical 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 C 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 to get the most
information from the available 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 803C with at least one sampling head
installed, one SMA cable, and one static protection wrist strap.

D Step 1: Initiatize the CSA 803C (press the UTILITY button in the ME-
NUS 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 803C.

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

[siormm}

Figure 2-27: Connections for Example 4

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

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

[[] 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. The display should 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 displayad point of the resuliing trace is an
average of ali 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 coliected. 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{ selectors. Typically, an aver-
aged trace expressicn:

Avg(M1)
wouid be entered 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 Desc pop-up menu
provides Average N and Envelope N selectors to set these functions on
and off (see Figure 2-29).

[[] step 9: Press the WAVEFORM major menu button in the MENUS
column and touch Acquire Desc in the major menu.

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

The averaged trace appears less noisy. Whiie 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{ii}, showing ihat averaging has been added io your eariier expres-
ston.

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 803C to stop acquiring daia 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 803C slops acquiring data when the average is complete, leaving
a stable display (see Figure 2-30).
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HBoguire Desoription

don mnoauisition On

Figure 2-29: The Acquire Desc Pop-Up Menu
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Figure 2-30: Averaged and Normal Traces
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D Step 13: Touch Acquire Desc in the major menu and Average N in the
pop-up menu, to turn off averaging. Notice that the trace expression in

the Vertical Desc selector has removed the average function speciica-
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 availabie from the Acquire Desc pop-up menu.
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Variable Persistence

Ancther method of observing trace noise is using variable persistence,
avaitable through the Display Modes major menu. This leaves earlier trace
data on the disptay for a specified period of time as new data values are
added, buiiding 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).

E_I Step 15: Select Variable in the pop-up menu and seiect Exit to remove
the pop-up menu.

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

Color grading enabiles you to visually distinguish the relative density of trace
data on the display. As trace data values are accumulated, areas where
more trace record points fall are displayed in a different color from areas
where fewer points ocecur,
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Figure 2-31: The Persist/Histograms Pop-Up Menu
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C] Step 16: Select 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 maior menu,
you can select Color Grad Scale to see how colors are assigned o
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 frace display. Select Exit to remove the pop-up menu.
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Some sampling heads, including the SD-24, provide another way to reduce
apparent noise. To access it, you use the Sampling Head Fne's selector in
the Waveform major menu.

Smoothing

[ 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
jouch 1 (or whichever channel your trace is using} and Smoothing.
Touch the Exit selector in the pop-up menu.

NOTE

i you turn 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
Smoaothing to turn smoothing off. Touch the Exit selector in the pop-up

menu {(seé Figure 2-32}.

Note that neither smoaothing hor averaging can be applied to random data
displays, such as eye patterns,
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Sampling Mead Functions
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Figure 2-32: The Sampling Head Fn¢’s Pop-tip Menu

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 aiways shows the point count of the selected
trace.

D 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).

[J step 21: Turn the top Main Record Len knob one click at a time to the
teft 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.
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The bottom knob similarly controls the window record lengths.

You should be aware of the following aftributes of record fengths:

All main time base traces 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 4086 record length is
provided for these applications. The visual 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 auickly you can display a dynamic mea-
surement from a displayed trace.

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

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

[:| Step 1: Initialize the CSA 803C (press the UTILITY button in the ME-
NUS column, touch Initialize in the major menu, and touch Initialize in
the verification pop-up menu).

[[] step 2: Puton the wrist strap and ensure that i is connected to the
antistatic connector on the front pane! of the CSA 803C.

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

.db Elnw

Figure 2-33: Connections for Example 5

[[] step 4: Press the SELECT CHANNEL button 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 signal showing several
cycles, I 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
Measurements

The automated measurement system lets you specify a set of measure-
ments for every trace on the display. The readouts of these measurements
are continually updated to track changes in the signal. Up to twenty-eight
different measurements are avakable, as listed in the pop-up menu shown

on the next page. You may specify up to six measurements to be taken
simulianeously 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 let
you choose which measurements you want (see Figure 2-35).
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Figure 2-35: The Measurements Pop-Up Menu

{_] Step 8: Touch the Measurements seiector.

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 turmned on, that selector is highlighted in the menu. Also, one of the
selectors in the major menu area displays that measurement value.

D Step 9: Touch the RMS and Frequency selectors.

This pop-up menu does not disappear as soon as you select a measure-
ment, 8o that several measurements may be turned on at one time. The
measurements are displayed, but you may want to view the trace while
watching the measured values.

7] step 16: 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
2-38}. These values are updated continually.
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Figure 2-36. Measurements of a Trace
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Measurement
Parameters and
Annotations

For each measurement, more information is available and more control is
provided. Touching the measurement selector in the major menu area does
the following:

8 Displays annotation kines on the graticule. These annotation lines graphi-
cally show the portions of the trace that the measurement readout value
is based on.

u  Highiights the porttion of the trace that the measurement is based on,

m  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 ramoved.

D Step 12: Touch the RMS selector again in the major menu ares.

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

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

At the botiom of the menu, non-selectable readouts show the Mean, Stan-
dard Deviation, and Cutrrent N (the number of samples the statistics are
based on). A Set N selector lets you assign the knobs to controf 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 weil,

NOTE

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

[[] 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 mentt 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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i

Heasurement Yode:

Figure 2-37: The RMS Pop-Up Menu and Annotation Lines

"[J ‘step 15: Touch either the Left Limit or Right Limit selector, 1o assign
the two knobs to these parameters.

[] step 16: Touch the RMS selector in the major menu, to remove the
pOop-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 iimit bar moves
into the area of the trace previousily highlighted.

When you used the limit bar to exclude the portion of the trace where the
measurement was being taken, the CSA 803C 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 limit is effective for all measurements
on this trace, including the frequency measurement.
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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 paramsters.

if you are taking measurements on several traces 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 paramsters
are copied from the defauit 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 to 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 paramesters that the measure-
ments 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 to one or
two of the parameters. After setting the parameters as desired, all traces
created in the future will default to 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

[T] step 19: Touch the Left Limit or Right Limit selector, and turn the
bottom knob counter-clockwise to set the default right limit to 80%.

In addition, all the parameters of the selected trace can be set fo 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 Al 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,
measuremsants are taken from the digitized trace data record, the same data
that forms the trace 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 803C 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.

Tabte 2-1 compares the three types of measurements. It will help you dster-
mine the best measurement type for your appiication.

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

[[] 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 iming  Full range of mea-
except Noise, Jit-  measurements, surements avaii-
ter, and SNR avail- able, except fre-
able. guency domain
measuremeants.
Trace All trace expres- Only traces with-  All frace expres-
Complexity sions supported.  out arithmetic op-  sions, that include
Not for random erators or func- an active trace,
data, such as eye tions are allowed.  are supported. For
patterns. Averaging and en-  all types of traces,
veloping are al- including random
lowed, but the data such as eye
measurement is patterns.
taken from unav-
eraged samples.
Not for random
data, such as eve
patterns.
Display Any display mode. Any display mode. Color graded

Restrictions

mode only. One
frace per grati-

cule.

Resolution  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., av- smoothing will af-  functions (e.g., av-
eraging) and fect hardware eraging), smooth-
smoaothing. measurements. ing, and the use of

_ _ . o dual graticules.

Speed Slower Faster Updated when

color graded data-
base is updated
(selectable be-
tween 5 and 100
seconds) or when
a measuremert
parameter
changes, such as
mesiat level.

CSA 803C User Manual

2-63



Example 5: Taking Automated Measurements

Figure 2-33: The Hardware Measurements Pop-Up Menu

You have now converted all your measurements on this trace to hardware
measurements. Since hardware measurements cannot support amplitude or
area energy measurements, these do not 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-
quency 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.

D Step 22: Press the UTILITY button to display the Utility1 major menu.
Touch the Instruments Options selector 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.

[[] step 23: Press AUTOSET. You should now see the rising edge of the
calibrator signal. ‘
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[[] 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 button. Touch the Measurements selec-
tor. To enable 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.
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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 to make is not included in the list
of autornated measurements, you can use Cursors.

You will use the cursors to take two common measurements, trace ampli-
tude and delay between traces. The CSA 803C can do both of these as
automated measurements, so you can compare the method of using auto-
mated measurements {o using cursors.

For this example you wili need a CSA 803C with at least one dual-channel
sampling head installed two SMA cabiles of equal length, and a static protec-
tion wrist strap.

[[] step 1: initialize the CSA 803C (press the UTILITY button in the ME-
NUS 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 803C.

D Step 3: Connectthe CALIBRATOR output to a sampling head input.

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

0O Ll

Figure 2-41: Connections for Example 6

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

E:] Step 6: Press the UTILITY button and touch Instrument Gptions.
Select Vectored Trace in the Instrumerit Options pop-up menu.

CSA 803C User Manuai
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[] step 7: Press the SELECT CHANNEL button on the sampiing head
input channel you have connecied to the calibrator signal.

] 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
cursots to measure the defay between two different traces.

The recommended way of using cursors is to first display the trace(s}, 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
controt the cursor positions. However, the Cursors icon is unique in that &
behaves much like a maior menu buton. 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 nositions and

distance between cursors. You can select four types of cursors:

»  Vertical Bars, which you move with the knobs to the desired horizonial
position. The major menu shows the positions of the cursors and the
distance between them in X uniis. 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.

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

= Paired Dots, which you move with the knobs to the desired horizontal
position. The dots “fioat” 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. Also, if the X units are se-
conds, the inverse of the distance between the cursors is shown,

#  Split Dots, which operate like paired dots, but on two different fraces of
your choice. The same information is shown as for paired dots.
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Curscr  iups

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

The horizontal bar cursors are used to take amplitude 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.

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

To precisely position the cursors, set the knobs to 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 voltage values of each cursor, and AV
shows the distance between the cursors in volts. 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
Measuremenis in the maior 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 themn 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 will have one trace on each of
two graticules, but this is not required to use split dot cursors. You will foliow
the convention of displaying the traces betfore invoking the cursors.

D Step 12: Establish a duai graticule display (press the WAVEFORM
button, and touch the Graticules and Create Second Graticule selec-
tors).

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

[J step 14: Ii both traces are on a single graticule, move one to the other
graticuie 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 deiay time between these traces.

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

[[] step 16: Touch the Cursors icon and the Cursor Type selector. Touch
the Split Dots selector.
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Figure 2-44: The Cursor Type Pop-Up Menu in Split Dois 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 sstectors that allow curser choice, a second set of selectors
fists 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 trace descrip-
tion.

Initially, both dots are placed on the selected trace, so 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.

[[] step 17: Touch the selector in the pop-up menu for the other trace on
the display.

D Step 18: Move each cursor on ifs respeciive trace 1o 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 aiso shows the distance between the cursors along both axes.
The At readout shows the time between the leading edges, which is the
deiay time you want io measure.

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

The measurement value will be displayed in the PropDelay selector in the
major menu area, but will show zero because only one trace is being ex-
amined. To assign the second trace, touch PropDelay and, under the
heading Second Trace (at the bottom of the pop-up menuy}, touch the
Trace n selector 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 aceuracy 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 points). Dot cursors follow the trace vertically as you position
them horizontally, and provide readouts of actual trace data values.

Always use the fine knob resolution to perform the final cursor position-
ing. Setting one curser 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.

CSA 803C User Manual
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Example 7:

Taking Comparison Measurements

Using a Reference Trace

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

For this example you will need a CSA 803C 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.

[J step 1: Initialize the CSA 803C (press the UTILITY button in the ME-
NUS 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 803C.

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

‘LLLLLL:

-
uad
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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 io remove the pop-up menu.

[] step 5: Press the SELECT CHANNEL button on the sampling head
input that the calibrator signal is connected to.

[[] 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.

CSA 803C User Manuai
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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
compatrison.

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

[[] step 9: Touch Cross, and touch Exit if you want to observe the trace.

Setting X-Axis Units The measurement will be more useful to you if it is expressed in distance

rather than time: how much longer is the second cable? The Graticules
to Meters’ Feet, or selector on the Waveform major menu lets you choose feet, meters, or
Inches inches for the horizontal axis. See Figure 2-46.

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

Lraticules

¥ olmite

Stetys Mo

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 fo 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 cable 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 cables, 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.

CSA 803C User Manual
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Example 7: Taking Comparison Measurements Using a Reference Trace

Using the Reference
Value

You will use this measurement value as a reference value, The Compare &
References pop-up menu allows you to save this value and cause afl mea-
surements to be displayed as a difference from this value. See Figure 2-47.

<

mpare ane Reference Yalues

i}

iust References

i.‘
Main

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

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

You will see that this reference vaiue for the cross measurement is now very
clage to the cross measurement value in the major menu area (they may not
match exactly because of noise or horizontal jitier).

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 fo establish your own standard reference value.

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

] step 14: Touch the Compare selector to set compare on, 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 vaiue 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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Exampie 7: Taking Comparison Measurements Using a Reference Trace

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

7] 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 length of the
cabies by showing how much longer it takes a signal to travel through the
second cable. In a testing environment, this method of measuring can be
used to test a collection of cables 1o a specific tolerance, without altering the
setup on the CSA 803C.

CSA 803C User Manual 2-79



Example 7: Taking Comparison Measurements Using a Reference Trace

2-80 Operating Basics



Example 8:
Comparing Traces to Stored Traces

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

For this example you wiil need a CSA 803C with at least one sampling head
installed and one SMA connecting cable.

[] step 1: Initialize the CSA 803C (press the UTILITY button in the ME-
NUS 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 803C.

(] step 3: Connect the CALIBRATOR output to any sampling head input.

e T
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Figure 2-48: Connections for Example 8

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

[[] step 5: Press the SELECT CHANNEL button on the sampling head
input you have connected to the CALIBRATOR signal.

] 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 dispiay of the calibrator signal showing several
cycles. Make sure that all of the signal is on the display and that there are
no places where the trace axtends above or below the graticule area.

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

Storing a 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 fraces
and for storing frort 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, avaitable memory is shown under Free NonVolatile RAM.

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

The STORE/RECALL bution lets you store and recall traces and front-panel
setftings. In addition, you can clear traces {dgiscard 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
selact Trace 1 in the Store Trace pop-up menu.

The CSA 803C has stored a trace in memory, named "STO 17, Once the
trace is stored, there is no reason to leave its source on the dispiay.

[] step 9: Touch Remove/Cir 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 8: Comparing Traces to Stored Traces

[[] 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.

E:] Step 12: Touch the vertical icon (§) and adjust the top knob to set the
vertical size of the trace to 50 mV/div (the vertical size of the stored
frace).

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

This setup is useful in cases where you are tuning a circuit 1o a known
standard of performance. First, you save the desired signal frace from a
circuit of known performance; then you use the difference trace to observe
other circuit samples. These circuits can then be dynamically tuned to the
same performance.

To accurately guantify the signat variation from a straight line, you can use
the RMS measurement:

[7] step 13: Press the MEASURE button 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 “flattest” trace.

CSA 803C User Manual
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| Example 9:
Creating a Histogram Display

This exarnple demonstrates how you can create & histogram of a dispiayed
trace. As in Example 4, you will display the calibrator signal at very fine
hotizontal {fime per division) and vertical (volts per division) settings to
simulate a noisy signal.

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

D Step 1: Initialize the CSA B0O3C (press the UTILITY button in the ME-
NUS column, touch initialize in the major menu, and touch Initialize in
the verification pop-up menuy).

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

I:] Step 3: Connect the CALIBRATOR output to any sampiing head input.

Sieamm
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Figure 2-50: Connections for Exampie 9

7] 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.

[j Step 6: Turn the top knob to the right untii the horizontal scale is 1 ps/
div.

[[] step 7: Press UTILITY and touch Instrument Options. Touch Horizon-
tal Autoset untif the selector shows Off and touch Exit.

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

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

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

I:l Step 10: Select Vertical Histogram in the pop-up menu, and then
select Exit.

When you selected Vertical Histegram, 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 hox on the graticule outtines the limits of the histogram data; trace data
that fall outside these limits are ignored.

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

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

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

m  Mean is the mean vertical value of the trace data within the histogram
limits.

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

m  PkPKk is the peak-to-peak measurement of the tfrace within the histogram
limits.

®  Hits is the number of trace data points that fall within the histogram
Hmits.

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

s pt10 is the percentage of points that are within one standard deviation
(o) of the mean (). px 20 and pk30 are the percentages of points that

fall within two standard deviations and three standard deviations, re-
spectively, of the mean.
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Example 9; Creating a Histrogram Dispiay
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Figure 2-51: A Vertical Histogram Dispiay

You can adjust the hisiogram iimiis to restrict the range of trace record
points that the CSA 803C will recognize as valid data points.

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

I:] Step 13: Use the knobs to adjust the top and bottom limits 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 daia to be acquired. You can save time using Color
Graded mode because the trace data doesn't need to bea cleared.
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Example 9: Creating a Histrogram Display

You can also control the number of samples the CSA 803C uses to develop
the histogram. Using the Persist/Histograms pop-up menu, you can set a
number of waveforms (traces) or a number of samples (individual trace
record points, or “hits”) to acquire for the histogram before stopping acguisi-
tion.

[:] Step 14: Touch the Persist/Histograms seiector to redisplay the pop-
up menu.

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

[[] step 16: Turn either knob to set the Sampie N value.

[] Step 17: Select Stop N Samples in the Persist/Histograms pop-up
ment,

Trace acquisition stops when the number of Hits listed in the major menu
area is equal to the number of samples you set.
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Example 10:
Taking TDR Measurements

This example demonstrates the TDR (Time Domain Refiectometry) feature of
the SD-24 sampling heads when they are used in combination with the

CSA 803C. TDR is a method of examining and measuring a network or
transmission line by sending a step into the network and monitoring the
reflections.

For this exampie you will need a CSA 803C with at least one SD-24 sam-
pling head instaiied. You will also need one SMA cable, preferably of 5 ns
lengih, and a static protection wrist strap.

['_'] Step 1: Initialize the CSA 803C (press the UTILITY button in the ME-
NUS column, touch initlalize in the major menu, and touch Initialize in
the verification pop-up menu).

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

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

Not
Connected

|

Figure 2-52: Connections for Example 10
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(] 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 turn 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 Fne¢’s Pop-Up Menu

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

[___] 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 trace 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 10: Taking TDR Measuremenis
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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 usad in TDR.

When you setected TDR Preset, the CSA 803C automatically changed the
units of the vertical axis to units of rho (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. 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 hetwork or transmission line.

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

NOTE

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

Observe the Y Units section of the Graticules pop-up menu. The vertical
axis units are set {o rho, so Rho is selected. In addition, the Reference
Amplitude selector shows a reference amplitude of 250 mV. This is the
amplitude of the step that the SD-24 sampling head sends through the
cable.

Readouis are displayed in units of impedance {Q), as well ag in units of rho,
in the Cursors major menu.
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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 803C
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
required for a puise 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 kine.

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

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

[7] 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 iength of the
cable, in fest, 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 haHf, 42,
and you have the length of the cable.
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Acquisition

Acquisition is the process of digitizing data points from a signal and assem-
bling them into a trace record that is shown on the oscilloscope dispiay.
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 803C 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 acquired. See Figure 3-1.

When the trigger event is detected, the CSA 803C waits a specified period of
time before sampling and digitizing the first frace 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 803C 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 sampiing and
digitizing of the point is increased by the sample interval.

Sampie Interval

First Sampled and
Digitized Point
Trigger Event on
Trigger Signal

Horizontal Position

Figure 3-1: Acquisition of a Trace

The acquisition process continues until ali the points in the trace are
sampled 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 slow trigger rates with traces that do not involve math
functions or operations, a partial irace will be displayed even before all data
points are accumuiated.
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Acquisition

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

You can set the number of points in a trace record, cailed the record length,
to be 512, 1024, 2048, 4096, or 5120 points. Setting the record length is
described in more detail on page 3-161.

Determining the
Sampile 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 takes to sample and diglize the successive points in
the trace record. Since only one point is sampled and digitized after a trigger
event, the sampling rate is much slower than the sample interval.

To compute the sample interval, divide the time period that the trace record
displays by the humber 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 of time. (There are a few points outside the 10-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 tfraces on the main time base have the same record length and horizontal
size. Similarly, all traces on window time bases share the same record
length and horizontal size. This means that the CSA 803C uses one sample
interval for main traces and a different sample interval for window fraces.
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.

Reference



Acquisition

Controlling
Acquisition

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

ACQUISITION SEQUENGE . -
AUTOSET  MARDOOPY  SErTiNg Qo ;

AUN

- d | -

Figure 3-2: Front Panel Acquisition Lights

Next 1o 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 Acquire Desc pop-up menu in the Waveform major menu also controls
acquisition. You can specify that acquisition stop after all the data points are
sampied for a single record. if you use the averaging or enveioping features,
you can specify that acquisition stop after enough records have been ac-
guired to provide a compiete 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 dispiay, the number of sampies or wave-
forms acquired for a histogram, or the number of “hits” acquired in mask
testing. See the sections on Dispfay Persistence, page 3-43; Histograms,
page 3-97; and Mask Testing, page 3-117, for more information about these
acquisition 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, all waveforms will be reacquired
and acquisition will stop after a new, complete acquisition has been made
for each waveform.

When you wish to resume normal, continuous acquisition, touch the Contin-
uous selector under the heading Run Acquisition.
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Powmuire Deserinition

Figure 3-3: The Acquire Desc Pop-up Menu
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Acquisition

Clearing Traces

A trace may be displayed, but not currently 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 acauiring data, the trace record from
the last acquisition remains on the display. 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 illus-
trated on the next page. To clear a trace, touch the selector in the pop-up
menu that represents the trace 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 ali traces at once.

You cannot clear a trace that displays only stored trace data. For example, if
you have a trace that is defined to be STO1+STO2, then that trace will not
be listed in the Clear Trace pop-up ment,

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 fo clear the selected 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
selection has been noted and is being acted on. This beep can be turned on
or off.

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

Audio Feedback
Selector

imstrument Uptions

Futonset Options

Time:
Pate:
Ontime:
i?amerupg:

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

Adjusting an oscilloscope to display a stable trace of usable size and ampli-
tude can be a time-consuming process. The Autoset feature of the
CSA 803C can quickly give you a stable, meaningful trace display.

The AUTOSET
Button

ACQUISITION ooy SERNENEE oo
R - .
sToF SrANDBY

Figure 3-6: Front Panel Autoset Button

NOTE

The sampling head channels must be calibrated for autoset to work
properly. See Enhanced Accuracy, on page 3-49, for more informa-
tion on sampling head calibration.

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

s Vertical gain and offset; and for calculated traces, vertical size and
position

m  Horizontal size and position

& Trigger level, if appropriate to that trigger source

CSA 803C User Manual 3-8



Autoset

Undoing an Autoset

If you don't like the results of an autoset, you can restore the status of the
CGSA 803C by touching the Undo Last Autoset selector in the Instrument
Options pop-up menu of the Utility1 major menu. See Figure 3-7.

Autoset Options

The Instrument Options pop-up menu lets you set several auioset parame-
ters, so that you can {ailor the autoset operation o your needs.

inztrument Uptions

futoset Uptions

Time: ¢
Do Gate:
i B Hi ;o Untime:
Moweruge:

L Foouracy

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

The Autoset Options section has five selectors o 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 All selector sets the other three
selectors to 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 selactor tets you choose between Edge mode, which
shows a single rising or faliing edge of signa! across 20% or less of the
display, or Period, mode which shows three or more complete cycles of 2
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 803C can be configured to perform an autoset automatically
whenever 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 {o the
signat characteristics of the selected standard mask. By seiting Stan Mask
Autoset to Auto, the instrument performs the autoset when a standard
mask is selected. If Stan Mask Autoset is set io Manual, the standard
mask autoset occurs onty when you press AUTOSET at the front panel.
Note that after initialization, the instrument defaults to Marual. 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 803C 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 Magsk Testing, page 3-117, 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 1o 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 to enter any external attenuation that may be in the signal.
You can do this from the Sampling Head Fnes pop-up menu, in the Wave-
form major menu.

For bipolar signals, you-may want {o 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

CSA 803C User Manual
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work for inverted negative pulses, but only if Time Base Cal Mode is setto
Fast and not High Prec. Standard mask autoset will produce errors for
more compiicated trace expressions.

Setting the Stan Mask Offset Adj selector {0 On causes the instrument to
adjust the vertical offset during a standard mask autosei to make the wave-
form match the selecied standard mask more closely. Setting this selector to
Off turns off vertical offset adjustments during a standard mask auioset.

This feature only appiies to 19 of the standard masks. They are:

= |TU-T G.703 Standard Masks
Singie 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

M b AT
rulse o/ .i £

o3
2
&

= ANSI T1.102 Standard Masks
Digital Signal 1 (DS1) 1.544 Mb/s
Digital Signal 1 (DS1 old) 1.544 Mby/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 alt 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 enveioping functions allow you to examine and manage
noisy signals.

B Averaging reduces the apparent noise of a displayed trace and provides
a cleaner display. The CSA 803C presents a trace that is an average of
several accumulated trace records. Each sampie 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. It
is similar to averaging in that several trace records are accumulated and
a combined result is displayed. An enveloped trace shows the maximum
excursions of the individual trace records. This often resuits in a “thick-
er” trace that shows the limits of variation of the signal.
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Deﬁning an Averaged There are two ways of establishing an averaged or enveloped trace.

or Enveloped Trace

1. you are establishing a new trace, you ¢an 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 3-201.

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.

l:] 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 3-201.

[] step 2: If the trace isn't selected, touch the trace to select it.

D Step 3: To average the trace, press the WAVEFORM button, touch the
Acquire Desc selector in the major menu, and then touch the Average
N selector in the pop-up menu. See Figura 3-8.

[[] step 4: To envelope the trace, press the WAVEFORM button, touch the
Acqguire Desc selector in the major menu, and then touch the Envelope
N selector in the pop-up menu.

The Vertical Desc selector status, shows that the average or envelope
function is part of the trace expression.
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e Ciluuisition Un

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

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

Each knob click changes the current vaiue by a multiple of two in the coarse
setting. You can use the numeric keypad 1o enter specific values or change
the knob resolution.

CSA B03C User Manual
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Limiting Acquisition You can have the CSA 803C stop acquiring trace data when enough data is
accumulated to determine a complete average or envelope. This has the
effect of freezing the frace. The seiectors in the Stop Acquisition On section
of the Acquire Description pop-up menu let you specify 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
Avera gin g an d the measurements are takan from averaged data. However, some measure-
. ments can be adversely affected by averaging or enveloping. For example, if

Enveloping you take a fise 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 fraces. One way o
take an accurate rise time measurement on a signal with fitter is to use
statistical measurements on the unaveraged signal.

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

Baseline correciion holds the vertical pasition 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 turned on, the left-most region of the se-
lected trace is examined and the vertical screen placement of this frace
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 dispiay.
Thereafier, 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 1o access the Graticules pop-up menu.
Touch the Baseline Correction selector in the Graticules pop-up menu to
turn baseline correction on or off.

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

Example

The following example shows the value of Baseline Correction.

[] step 1: Turn baseline correction off.

[[] step 2: Puton the wrist strap and ensure that it is connected to the

antistatic connector on the front panei of the CSA 803C.

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

] step 4: Terminate the cable using a 50 Q terminator. Observe that the
impedance change moves the entire trace vertically on the display.

[C] step 5: Remove the 50 Q terminator.
[] step 6: Tum baseline correction on.

] step 7: Replace the 50 ( terminator on the cable. Observe that this
time, the baseline of the signal has not moved verticaily on the display.
instead, the vertical axis coordinates have adjusted fo the new trace
values being displayed.

CSA 803C 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
bottomn right of the front panel. See Figure 3-8,

I aJI—i.j..J

/ The CALIBRATOR

; &
3 Iy
{ and INTERENAL

..._.[;];— | cLock outputs
- T

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

OO o

The signal from the calibrator output is a fast risetime, 250 mV square wave
with a period of approxirately 10 ps.

The internal clock irigger source is synchronized with the calibrator output,
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, foliow these steps.

[[] step 1: Initialize the instrument (press the UTILITY button, touch Initial-
ize, then touch Initialize again).

[] step 2: Connectthe CALIBRATOR output to any sampling head input,
using an SMA cable.

[ step 3: Press the sampling head SELECT CHANNEL button for the
channel you are using.

[] step 4: Select the internal clock trigger source (press the TRIGGER
button, touch the Source selector in the major menu, and touch the
Internal Clock selector in the pop-up menu).

[[] step 5: Press the AUTOSET button.
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Color Display

Specific colors are assigned io 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 automaticaily to traces as the fraces 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 madify the display colors to suit your preferences using the Color
pop-up menu in the Utility1 maior menu. See Figure 3-10. You can change
the colors displayed and the overall intensity of the dispiay. You can aiso
reassign the color of the selected trace 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 dispiay
color, Next to each seiector 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.

w Hue is the characteristic associated with a color name, such asred. ltis
expressed in degrees on a range of 0° to 360°.

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

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

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

»  Default Color sets the selected display element to the factory default
color.

When no dispiay elements are selected, the All label is displayed below
the Default Color selector, and touching Default Color sets all eight
display elements 1o the factory default colors,
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Reassigning Trace
Colors

Although the four trace colors are assigned to traces in order as they are
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 to 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 selected trace. As you touch the Selected Tra Color selector, it cycles
through the four trace colors and window trace color. Touch the Window
Trace selector to change the color assignment of the window trace.

Setting the Display
Intensity

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

CSA 803C User Manual
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Constellation Diagrams

A constellation diagram is the result of displaying one data signal against
another in an XY format, resulting in a matrix dispiay of the various signal
levels.This section provides general instructions o help you display a
constellation diagram on the CSA 803C.

Displaying a
Constellation
Diagram

You will need the following equipment:

» A two-channei sampling head or two single-channel sampling heads
w3 SMA cables

E A static protection wrist strap

To display a consteflation diagram perform the following steps:

[[] step 1: Press the UTILITY button, touch Initialize in the Utility1 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 803C.

C| Step 3: Connect a cable from signal source 1 (often cailed 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 signal source
.2 (often called the "Q" signal) to Channef2. .

[[] 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
inputs.

[J 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 clock signal.
Touch Exit to remove the pop-up menu.

[[] step 7: Turn on Channel 2 by pressing the select channel button next to
the input connector,

"] Step 8: Turn on Channel 1 by pressing the select channel button next to
the input connector.
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7] step 9: To acquire a constellation diagram, you need to sample the
data on both channsis at a point where it is stabie {this is, not transition-
ing between states). See Figure 3-11.

Wi FEIRoY Tt e

Locate this region at
the left graiicule edge

Figure 3-11: Adjusting the Main Position

[[] step 10: Toset the CSA 803C for this condition, create a normal YT
waveform on each of the two channeis. Adjust the horizontal size and
position to expand a small section of the waveform horizontally and to fill
most of the screen vertically. The exact settings required to achieve this
result will depend on your signal. For fast signails, you can even set the
horizontal size to zero ps/div by keying in 0 on the knob pop-up keypad.
Repeat this process for both channels untit you have two waveiorms that
look something fike Figure 3-12.
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bt

lpsodiv 45 P1818ns

Figure 3-12: How the Expanded Waveforms Should Appear

[j Step 11: Adjust the Main size to 0 ps/div. You should see two or more

O
O
O

distinct voitage levels (depending on the signal) across the fuli screen. If
not, go back to 1 ns/div and reposition the four states on the left grati-
cuie edge.

[ step 12: Seiect chiannei 2 by touching it. You can determine which

channel is selected by the vellow blinking ight next to the input connec-
tor.

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 menu.

It & 45° line appears instead of a consteliation diagram, you have se-
lected the wrong trace as the “X” component. This results in plotting one
channet! against itself, which produces a diagonai line instead of a
constellation diagram. To select the correct channel, go back to the
Horizontal Desc pop-up menu and select the other (non-hightighted)
channel in the XY display mode section of the pop-up menu. See Fig-
urg 3-13.
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gt

B gt
B ‘uigg‘;iw 2

LG RS

Figure 3-13: The Display After Selecting the XY Display Mode

m Step 16: The channei 2 trace should now appear as a constellation
diagram and the channei 1 trace should remain unchanged. Now, delete
the channet 1 trace (touch the other signal display and use the Remove/
Clr pop-up menu} and adjust the constellation diagram to fill the screen.

To entarge the constellation diagram, agjust the size and position con-
trols as necessary.

You shouid 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)
hetween them.

w Vertical cursors are g pair of vertical bars. The position of the cursors
and the horizontal 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 smali, diamond-shaped dots resting
on the irace. As you move a dot cursor using the knob, # follows the
trace to the left of right. The cursor readout shows both the vertical and
horizontal positions, in the respective axis units.

s Split-Dets cursors appear similar 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 mea-
surements before using cursors.

You can use cursors 1o take several measurernents. However, the auto-
mated measurement system is easier, faster, and more accurate. You can
take many common measurements using the Measure major menu. See
Measurements on page 3-135 for more information.
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Cursor 0peration Before you use cursors, display the frace(s) that you want to measure. The
trace should be selected (highlighted). For split-dof cursors, either trace may
kxe the selected one.

To invoke the Cursor major menu, touch the Cursors 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 s own major menu. When the
Cursor menu is displayed, none of the lights of the major menu buttons are
lighted.

NOTE

Establish all trace displays before turning on the cursors.

When you touch the Cursors icon, the CSA 803C displays the cursors and
their readouts. Whenever 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 buttor.

e
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Foa T P
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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. If you select Vertical Bars, Horizontal Bars, or Paired Dots, the
CSA 803C removes the pop-up menu and shows the selected cursors. The
knobs control the cursor positions.

If you select Split Dots, the pop-up menu siays on the display, and the
lower half of the pop-up menu is active, The lower menu shows a selector
for each displayed trace (for example 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)
trace. 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 to a user-set horizontal point. This is
useful for making distance or time measurements using TDR or TDT. To
specify cursor readout based on cursor position, press the Set Zero seiec-
tor. 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 vaiue of Cursar 1 to 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
to return to normal mode. Touching Set Zero Rho enables you 1o position
the cursors on a portion of the trace that you wish to be used as the “zero
rho” {or 50 Q) position. (Set Zero Rho is not selectable uniess Y Units is set
io Rho in the Graticules pop-up menu.)

8 To undo the effect of setting zero rho, the selected trace must be re-
moved and redefined. However, you can aiso recalibrate the zero rho
point for batter results.
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Once you have positioned the cursors, select Proceed. The CSA 803C will
calculate a constant (RHOZERQ) 1o be saved with the selected trace. The
RHOZERO constant is added to the rho position (RHOPQS) for the selected
trace. Every time RHOPOS is recalculated for the selected trace (for exam-
ple, by baseline correction) RHOZERO will be added to RHOPOS again. This
makes the cursor readout (and the automated measurement system) 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 return to the previously selected major menu.

Additional Cursor Facts

w  Once cursors are established on a trace or frace paiy, touching another
trace selects that trace and moves both cursors to it.

wm  Split Dots cursors cannot be used on XY traces. Other cursor types
operate normally on XY traces.

»  fthe horizontal axis displays time (the normal case), then the horizontal
cursor readout shows the inverse of the delta (1/At), which can be used
o show frequency. The cursor readout also shows the absolute vaiues
of the cursor locations and the distance between them.

® A dot 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 display, placing dot cursors
on it will show vertical bars. This is because without trace data, there is
no known vertical position for the dot.

& When a trace is scaled in rho, and the cursor type is dots or Horizontal
Bars, ohms (Q) and ohmsx2 {(3x2) values will aiso be displayed for the
Cursor.
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Cursor Examples

Measuring Trace Amplitude

The following procedure shows how to use cursors to measure trace ampli-
fude.

D Step 1: Acquire and display a trace you want to measure. Make sure all
of the trace is within the graticule area, but make the trace as tall as
possible for best vertical resolution (use the vertical icon if necessary}.

{:] Step 2: Select the frace you want to measure.
[C] step 3: Touch Cursors, Cursor Type and Horizontal Bars.

[[] step 4: Use the knobs to move the cursor positions to the top and
bottom of the trace. Use the Cursor 1 or Cursor 2 selectors in the Knob
menu to increase the resolution of the knabs. This lets you position 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.

[] 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 fraces can be used to
get a much shorter time-per-division and stili have both cursor points on
the display)

(1 step 2: Leave either of these traces as the selected trace, and note the
number of the other trace.

[] 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 number, the trace description
appears in each selector.

[] Step 5: The cursors are now placed, one on each trace. Use the knobs
t0 move the cursors to the two locations from which you want to mea-
sure time difference. Then read the time difference (At} at the bottom of
ihe display.
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Diagnostics

The CSA 803C 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 autornaticaliy performed whenever the CSA 803C
is powered on. You can execute additional diagnostic tests at any time.

There are three categories of tests:

m  Power-On Diagnostics are basic functional tests. These ensure that the
various microprocessors are running and communicating with each
other. The power-on diagnostics take about 5 seconds to execute and
are run only ai power-on.

NOTE

The CSA 803C 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
executed as a group at power-on. You can aiso execute this group at
any time. This group of tests takes about 15 seconds to execute.

m  Extended Diagnostics are a complete set of tests which you can
execute either individually or as a group at any time. A separate menu
system controls the extended diagnostics. Any time the self-test diag-
nostics encounter a failure, the extended diagnostics menu remains on
the screen so that you are notified of the fallure.

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 completely. For complete information, see
the CSA 803C Service Manual.

NOTE

Do not touch the touch screen or press the front panel buttons
during any diagnostic tests. You may cause the diagnostics to
report spurious failures.
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Power-On
Diagnostics

The CSA 803C 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 te execute. During this time the
front panel fights will biink and the display will show the following message.
(If the display is not yet warmed up, you may not be able to see the mes-
sage.)

Diagnostics in Progress

Comm Test in Progress

It 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 foliowing indications will
notify you.

= The instrument emits a high-low heep.

®  The instrument freezes and a message appears on the display. For
axample;

Dsy Kernel Failure
RAM Data Bit

®  The instrument freezes and some of the front panel lights are turned on.
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Self-Test Diagnostics

The CSA 803C automatically executes the self-test diagnostics after the
power-on diagnostics are completed successfully.

The self-test diagnostics can aiso be initiated by touching the Self Test
selector, located in the Utility2 major menu (press the UTILITY button until
the Utility2 menu appears), and then touching Self Test in the verification
pop-up menu. See Figure 3-16.

Verify Self Test

Hritinyl
Henw

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 seif-test diagnostics are completed successfully, the instrument will
return to the state it was in before the seif-test ran. In the case where the
self-test diagnostics were executed after power-on, the instrument will return
to the state it was in when last powered off.

it the seif-test diagnostics Taii, the Exiended Diagnostic menu is displayed

and the failure is noted on the dispiay. 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 measuremenis taken. Call your service person to
repair the cause of any failures.

CSA 803C User Manua!
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Extended You can enter the extended diagnostic system by touching the Extended
Di agno stics Diagnostic selector, located in the Utility2 major menu (press the UTILITY
button untit the Utility2 menu appears), and then touching Extended Diag-
nostic in the verification pop-up menu, When selff-test diagnostics fail, the
extended diagnostic system is entered automatically. See Figure 3-17.

fer ity Diagnostics |

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 panei buttons 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 instrurnent 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 FAULT

a) Executive *hkk
b) Display ekl
¢} Time Base Tk
d) Main Acq ok

Figure 3-18: The Top Portion of the Extended Diagnostics Menu
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If the extended diagnostic system has been entered because of a test
failure, the asterisks in the INDEX column will be replaced with test resulits.
The three columns of this display have the following meanings:

® SUBSYSTEM lists the names of the subsystem tests.

m  |NDEX shows the test status for each subsystem. Four asterisks (****}
indicate the subsystem tests have vet to be executed. The word pass
indicates all tests in this subsystem have executed successiully. 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. Call your service person
for repair.

m  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 selector to set the all
parameter On, and then touching the (r) Run selector.

While the diagnostic tests are running, the (r) Run selector changes 10 a (q)
Quit selector. You can touch this selector, anyplace else on the screen or a
button to stop execution of diagnostic fests.

When the extended diagnosiic tesis are compilete, the (r) Run selector is
displayed again, and the test status appears in the INDEX and FAULT
columns.

selector twice in succession.

CSA 803C User Manual
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Display Intensity

To change the brightness of the display, use the instrument Options pop-
up menu from the Utilityt major menu. Touch the Display intensity selector
in this pop-up menu. This assigns the knobs to control the intensity of the

dispiay. You can then use either knob to adjust the intensity. See Fig-
ure 3-19.

Display intensity can also be changed in the Color pop-up menu, or in the
Persist/Histograms pop-up menu in the Display Modes major menu.

The Display
Intensity Selector

i
Bave: 17—
P Ontime: 165
Fowerups: 138

S
LS

imgs

Lrhgnaresny 3 Me:n

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/Histograms 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 803C accumuiates waveform data on
the screen for a user-specified period and then automatically removes 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 persistence is 200 ms to
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 occutring. Histograms and mask testing can be
displayed only in infinite persistence and color grading modes. if any dis-
played waveform has a record fength longer than 512 points when Variable
Persistence is selected, the record length is set 1o 512 points and a mes-
sage is displayed informing you of the change in record iength.

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 to 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 accumuiating all over.

If any displayed waveform has a record lengih longer 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 length.

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 peint on the screen can change in this mode, there
is an additional confrol 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 & s 10 180 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 conirol the refresh rate.

You can also set the refresh rate to 0 using the keypad pop-up menu, which
means the display is never updated. The coior 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 selecied, the record length is set to 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 to each pixel of the display. A bin can
represent a maximum of 65,535 hits. In a single-graticule disptay, the bins
are arranged in a 512 (horizontal) by 256 {vertical) matrix. In a dual-graticule
display, there are 512 (horizontal) by 128 {vertical} hins on each graticuie.

There are three algorithms used to assign colors to the display. The aigo-
rithm used depends on the maximum numiber of hits for any pixel in the
display. These algorithms are detailed in Appendix D, Algorithms. An exam-
pie 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 feast 16.

Table 3-1: A Sample Assignment of Colors to Hit Density

Hit Density Default Color Maps To
1/2MaxtoMax ~ Pale Yeliow Trace Color 1
1/4 Max to 1/2 Max —1 Hose Trace Color 2

1/8 Max to 1/4 Max -1 Purple Trace Color 4

1/16 Max to 1/8 Max —1 Light Blue Window Trace

1 to 1/16 Max Green Trace Color 3

To see the actual range of values representad 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 803C updates the color
graded display.

CSA 803C User Manual
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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 Utility1 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.

Although 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

rictht gide of the Color non-un menu
gnt glde o7 ine Lolor DOp-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 to that trace, for exam-
ple Trace Color 3. The box next to the selector 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 Color, the menu will be removed and you can see the color
graded display better. The knobs are assigned to 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 Coior Grad-
ing colors. To return to the Display Modes major menu, press the DISPLAY
MODES button.
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Limiting Acquisition

In color grading mode, every pixel on the screen is assigned a “bin” which
counts the number of samples that fall on that pixel. Each bin can hold a
maximum count of 85,535, if a sample falis into a bin which is full, an over-
flow is generated. You can limit 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-
fiow in N bins (that is, the total number of overflows in alt bins}. To stop
acquisition after a set number of overflows, touch Set N MaxContrast. This
assigns the knobs to limit the number of overfiows aliowed 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 ac-
guisition, which then continues until the specified number of overflows have
occurred. When the number of overfiows 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 timit acquisition by touch-
ing Set N MaxCeontrast 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

CSA 803C User Manuat
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Enhanced Accuracy

The Enhanced Accuracy menu allows you to control the continuous selff-cal-
ibration features of the CSA 803C. It also allows you to perform some user-
assisted calibration procedures on the sampling heads. You do not need
tools to make these calibrations; you use the front panel of the CSA 803C.
You can choose to have the CSA 803C calibrate the sampling heads auio-
maticalty, 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 803C to completely
warim up.

Figure 3-22: The Enhanced Accuracy Major Menu

The Enhanced Accuracy men is selected from the Utifity1 major menu by

selecting 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 adiustment.

» 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 sampling
head parameters. You can make each of these calibration adjustments
automatically with instrument assisiance, or you can make each calibra-
fion manually using the knobs.
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Control of Automated

The CSA 803C automatically calibrates the internal time base and vertical

s s amplifiers, without your intervention. You can specify whether you want the
Calibration calibration optimized for accuracy or for system 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 tefi in elther mode, it can drift out of specification.
The instrument should be left in Fast or High Prec mode for normal opera-
tion.
Table 3-2: Time Base Cai Mode Comparison
Setting Benefit Side Effects
Fast increases system throughput  Reduces accuracy slightly.
slightly.
High Prec increases accuracy slightly.  Slows system throughput
stightly.
Off Increases system through- System can drift out of speci-
put. fication i left in this mode.
Once Forces the instrument to per-  Generally used in OFF state
form one complete pass of 1o force calibration.
the time base and vertical
calibration, then return 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.
The CSA 803C periodically compensates the sampling head delay adjust-
ments without your intervention. This maintains the accuracy of the delay
adiustment calibrations you have performed earlier. You can specify whether
or not you want the CSA 803C to perform this automatic compensation.
Touch the Delay Compensate selector 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
slightty. of different sampling heads
to drift over time and temper-
ature.
On Compensates for driftin des-  Slows system throughput
kew adjustment between slightly.
sampling heads.
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Calibration
Assistance

The easiest way to calibrate the sampling heads is to use the Calibrate All
selector 1o perform all the calibration adjustments for a single sampling head
channel at once. The CSA 803C prompts you to make the signal connec-
tions that are needed to calibrate automatically. See Figure 3-23.

Calibrate Ri}

Setected Channed —- Bl

Figure 3-23: The Calibrate All Pop-up Menu

You should first decide which sampling head channe! you wani 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 All pop-up menu. Then touch the Measure Reference Channel
selector, and folfow the displayed directions to connect the calibrator output
to the selected channel. Touch the Proceed selector to measure that chan-
nel.

NOTE

With the Calibrate All pop-up menu, you must first establish the
reference channel before you can calibrate any channels.

CSA 803C User Manual
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Once the reference channel is calibrated, you can calibrate ail the channels,
including the reference channel. You select the channe! you want to cali-
brate using the selectors in the Selected Channel section of the Calibrate
All pop-up menu. Then you touch the Calibrate selector to begin calibrating
that channel. The sequence for calibrating the sampling head channel is:

1. A message prompts you fo connect the calibrator output to the selected
channel and touch the Proceed selector. The CSA 803C automatically
calibrates blowby, gain, and delay adjust.

2. Another message prompts you to connect a 50 Q terminator to the
selected channel and touch the Proceed selector. The CSA 803C auto-
maticaliy 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 touch the Pro-
ceed selector. The CSA 803C automatically calibrates TDR amplitude.

Once a channel is calibrated, you can select a different channe! using the
selectors in the Selected Channel section of the Calibrate Al pop-up menu
and calibrate that new channel.

When you have calibrated a channel, it is good practice 1o 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 to 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
menu will recall and use all the calibration values for the selected sampiing
head channel.

You can also recall the calibration vaiues that were set at the factory, by
touching the Recall Defaulis selector of the Calibrate All pop-up menu.
Since temperature and humidity variations affect calibration, these factory
detfauits may oniy approximate ideai 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 All pop-up menu ¢ calibrate the sampling head chan-
nel, you have already performed all the calibrations and there is no need to
repeat them individually. Note that for a dual-channel sampling head, cali-
brating one channel on a sampiing head head does not affect the other
channel; you need to calibrate both channels separateiy.

You should refer to the User/Instaltation Manual for the sampling head or
heads that you are using. This will tell you which calibrations are appropriate
1o that particular head. Some sampling heads do not require or allow certain
calibrations. Some calibrations are rarely needed on certain types of sam-
pling heads.

You can make five individual calibrations on the sampling heads.

®m Blowby Compensate adjusts the sampling head 1o 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
flat near the point of a large voltage change.

NOTE

Some sampling heads do not require blowby compensatior:. The
blowby sefecior is not selectable (dim) for this type of head.

u  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, particufarly at very
high sweep speeds. Trace noise can be increased when gain is greater
than unity (1). This calibration is temperature sensitive. If any of these

- conditions ocecur, chegk-the gain calibration. Mote that seme sampling

heads are not equipped to perform this calibration.

w  Offset adjusts the DC voltage accuracy by setting the reference level {o
zero. This calibration is temperaiure sensitive, and can also be affected
by gain calibration. If the temperature of your environment changes, if
the sampling rate changes significantly, or if you calibrate gain, also
calibrate offset.

= TDR Amplitude adjusts the DC voliage levels of the TDR pulse. TDR
Amplitude is thermally stable, and should rarely need 1o be calibrated. If
you notice the amplitude of the TDR pulse is not fo specification, you
should calibrate the TDR amplitude. The Reference Amplitude (in the
Graticules pop-up menuy) is used in rho mode and should be set to
match the voltage calibrated here {nominally 250 mV). Note that some
sampling heads are not equipped to perform this calibration.

CSA B803C User Manual
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®  Delay Adjust lets you deskew different sampling heads 1o any one
sampitng head. The reference head you choose is measured, and the
detay of the other sampling heads is adjusted to match that reference
head. Calibrate delay adjust only when you need to measure delays
between two sampling heads 1o 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
unigue in that the delay adjust does not apply to individuat channsls but
to the sampling head as a whole. The delay adiust 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 typical method.

o make a sampling head calibration, touch the selector in the Enhanced
Accuracy major menu that names the parameter you want to calibrate.
These include Blowby Compensate, Gain, Offset, Delay Adjust, and TDR
Amplitude. Each of these displays a pop-up menu. All of these pop-up
menus are similar, and the illustration on the next page of the Offset pop-up
menu is typical of these menus.

When you use these pop-up menus, you first select the sampling head
channel you want to calibrate. The left side of the pop-up menu is reserved
for this. The Selected Channel line 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 manu are com-
mon to all five of the pop-up menus. All these common selectors operate
similarly, and give you the same options for each caiibration.

Each of the calibrations can be made manually or automaticaily. In addition,
you can set the calibration to the factory default or to be the same as a
calibration you made earlier.
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G fert Lalibration

Figure 3-24: A Typical Calibration Pop-up Menu

m  To calibrate automaticaily, touch the Automatic Calibrate selector. A
message will tell you to either connect the CALIBRATOR output o the
sampling head channel you are calibrating, or to attach a terminator to
the sampling head channel you are calibrating. (For most sampling
heads, a 50 Q) terminator is appropriate. Refer to the Installation/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 QOffset, have more than one calfbration
value. Automatic calibration adjusts all the calibrations associated
with that parameter.

= To save the current calibration values, touch the Store Constants selec-
tor in the pop-up menu. Any time you want to restore the cailibration to
the stored value, touch the Recall User Const selector in the pop-up
mernu.

»  When the CSA 803C 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 afier you finish each calibration,

®  Toreset the calibration value to the factory default, touch the Recall
Defaults seiector in the calibration pop-up menu.
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& o 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 fouch the desired calibration selector in the major menu
area. Select the sampling head channel you want {0 calibrate. Then
touch the Manual Calibrate selector 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 EXxit selector to
remove it.

NOTE

Once you assign the knobs to calibrate manually, the knob assign-
ment remaing untll you change it or go to another major menu. Be
careful not to 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 irigger divide by two
mode on or off. Normal operation of the CSA 803C internal clock requires
that this selector be set to Off. Set it to On only when calibrating loop gain.
This calibration does not apply to the SD-14 sampling head.

To calibrate loop gain manusally, 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 {0 500 ps/div. Center the
rising edge of the calibrator trace on the graticule. See the iilustration on the
next page. Touch the Divide By Two Mode selector to turn this mode On.

Adjust the calibration value 1o the display that aligns the single line portion of
the trace with the bottom of the high-amplitude pottion. If several settings
qualify, select the setting that gives the highest ampilitude.

Remember to turn off the Divide By Two Mode affer 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 sampting head channel you want to calibrate. Adjust
the vertical 8izé 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
frace segments.

Calibrating Offset Manually

To calibrate offset manually, first attach & 50 Q terminator to the sampling
head channel you want to calibrate. Establish a trace showing this channel,
with a vertical size of 50 mV/div. For the most accurate results, you shouid
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 to the same value that wilt be used in test. If you do not
provide a trigger, the CSA BO3C will automatically use the internal clock as a
trigger.

At the Acquire Description pop-up menu (selected at the Waveform major
menu}, 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 803C User Manual
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pop-up meny, touch 0 and Enter. This sets the vertical offset to zero, posi-
tioning O 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 to set the trace exactly on the centerlins 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 manuaily: 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 mendu.

Calibrating TDR Amplitude Manually

To calibrate TDR amplifude manually, first attach a 50 Q terminator to the
sampling head channel you want to calibrate. Establish a TDR trace show-
ing this channef, 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,
fouch € and Enter. This sets the veriical offset to zero, positioning 0V at the
center height of the graticule. Center the rising edge of the pulse horizontally
on the graticule.

Adjust the calibration vaiue to set the height of the first part of the trace
exactly at the bottom (+ TDR Polarity} or top (— TDR Polarity) of the grati-
cule,

There are two TDR Amplitude values o calibrate manually; one for each
polarity of TDR pulse. 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 Refarence 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 you wantto use as a
reference, and then calibrate the other heads to that standard,
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This catibration is not an attribute of any one sampiing head, so the values
for this calibration cannot be stored in the heads. There are no Store
Constants or Recall User Const seleciors in the Delay Adjust pop-up
menu,

To establish the reference channel, you select the desired channe! in the
Delay Adjust pop-up menu, and then touch the Measure Reference Chan-
nel selecior. The display wil 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 automaticaily.

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 channet manually.

Cnce you have determined the reference value, you can calibrate the other
heads to this value, either manually or automatically.

To manually calibrate delay adjust on other heads, first dispiay the calibrator
signai 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. Adiust the calibration
value so that the signatl event is placed at the same horizontal position as on
the reference channsal.

You can specify whether or not the CSA 803C should automatically maintain
thé results of delay adjust. Touch the Detay Compensate selecior 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 nult and offset gain.

The offset nuit adjustment removes unwanted DC offset that may be present
in the sampling probe. This adjustment effectively zeroes the offset circuitry
in the sampling probe so that a 0V input signal delivers a 0 V output,

The offset gain agjustment matches the requested offset from the user to
the sensitivity of the probe offset circuit.

If offset null and cffset gain are not both adjusted correctly, measurements
taken wili be incorrect. The absolute voltage values 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 digital data signal versus
time, with the display triggered by the data clock. This section provides
general instructions to help you display a consteflation or eye diagram on
the CSA 803C.

Displaying an Eye
Diagram

You will need the foliowing equipment:

At least a single-channei sampling head

m  Two SMA cables

® A static protection wrist strap

To display an eye diagram petform the following steps:

[[] step 1: Press the UTILITY button, touch initialize in the Utility1 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 803C.

[] step 3: Connect a cable from your data line to channel 1.

D Step 4: Connect a cable from your clock to the DIRECT trigger input on
the front panel or the PRESCALE frigger 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. . ' o

[} step 5: Press the TRIGGER button. Touch the Source selector in the
Trigger major menu. Touch External Direct. Touch Exit 1o remove the
pop-up menu.

[:I Step 6: Select channel 1 by pressing the select channel button next to
the input connector on the sampling head.

] step 7: Press the AUTOSET button. The signal may not be recogniz-
able at this point.

[] step 8: Because the signal is a random pulse train, the horizontal size
cannot be properly autoset. Adjust the horizontal size to display a useful
eye diagram. See Figure 3-26.
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NOTE

Eye Diagram Analysis can be relfably performed on signals up to
400 mV peak to peak in amplitude. Signals larger than 400 mV in
amplitude should be attenuated to achieve reliable results in Eye
Diagram Analysis.

Figure 3-26: An Eye Diagram Display

D Step 9: One 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, iouch the Variable selector in
the pop-up menu, and then touch Exit to remove the pop-up menu. For
additional information on variable persistence, see Setting the Persis-
tence Mode on page 3-44.
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[[] step 10: One of the most powerful dispiay modes in the CSA 803C is
color grading. Color grading adds statistical information to the display
by varying the color according to the number of “hits” for a given pixel.
Color grading adds a third dimension 1o the persistence display and
aliows accumulating data in a statistical database for later analysis with
histograms or masks. To turn on color grading, touch the Persist/Histo-
grams selector, touch the Color Grading selector in the pop-up menu,
and touch the Exit selector to remove the menu. For more information
on color grading, see Setiing the Persistence Mode on page 3-44.

[[] 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 butten,
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 3-135.
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Fast Fourier Transforms

You can use the Fast Fourier Transform {FFT) capability of the CSA 803C 1o
obiain a frequency domain display of a frace. You can display both the
magnitude and the phase of the frequency components of the signal, using
a linear or decibel verical scale,

You can perform Fast Fourier Transforms on any arbitrary trace. The record
length of the trace must be a power of two, up to a maximum of 4096 points.
Because the CSA 803C performs FFT calculaiions on a complete trace
record, you shouid use the shortest record length that provides adequate
resoiution; FFT traces update siowly at long record lengths.

The CSA 803C 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 speciral frequency, spectral magnitude,
and total harmonic distortion are intended for FFT traces. See Measure-
ments, on page 3-135, 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 dispiayed 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 {race description that is within the FFTmag( or FFTphase(
function may be any arbitrary trace.

FFTmagC and
FFTphase(
Selectors

Figure 3-27: The DefTra Pop-Up Menu
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Defining an FFT Display Using the FFTmag and FFTpha
lcons

You can display the magnitude of the frequency spectrum of a displayed
trace by selecting the trace and touching the FFTmag icon. The CSA 803C
creates a second graticule to dispiay the FFT magnitude of the trace. if the
display already shows two graticules, the FFT magnitude is displayed on the
iower graticule.

Once you have created a display of the magnitude of the frequency spec-
trum, the FFTpha icon appears above the lower graticule. See Figure 3-28.
Touch this icon fo display the phase of the frequency components of the
trace. The FFT phase trace appears on the lower graticule.

The FFTmag Icon
Lradis e e Dk
-43my
D e e
. i H
: E { i
EEmy :
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trig'd i
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H . :
i b g : BT A T I

Main

Figure 3-28: Location of the FFTmag Icon on the Display

CSA 803C User Manual

3-67



Fast Fourier Transforms

Amplitude Resolution Amplitude resolution is influenced by the windowing function used and by
the vertical adjustment of the time domain trace. For maximum amplitude
resolution, the time domain trace should be adjusted so that i is centered
vertically on the graticute and is as tall as possible without going beyond the
graticute, above or below.

Frequency Range The range and resolution of the frequency spectrum dispiayed by the

and Resolution CSA 803C are determined by the sample interval and record length of the
time domain trace. The sample interval is displayed in the Horizontal Desc
pop-up menu (in the Waveform major menu) and is determined by the time
base and record iength.

Atrace record of N points in the time dormain corresponds fo a record of the
same number of poinis in the freguency domain. However, for any real
signal, the frequency domain data will be symmetrical about DC, s0 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 fines computed by
the FFT; the N/2 odd-numbered points are added by linear interpolation.

The maximum freguency that can be determined by a Fast Fourier Trans-
form is the Nyquist frequency, which is equal to one-half the effective sampie
rate. In fact, the maximum frequency displayed by the CSA 803C, Fray, I8
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 displayed is from DC (0 Hz) to Fyay.

The frequency interval, 8F, is equal to the Nyquist frequency (the maximum
possible recognizable frequency) divided by the number of frequency lines
in the FFT display (half the record length of the time domain trace). Since
the Nyguist frequency is half the effective sample rate, this works out to the
effective sample rate divided by the record length.

1

effective sample rate = ———————
sample interval

effective sample rate

oF = record length

effective sample rate

5 - &F

Fmax =

Figure 3-29: Equations for Frequency Interval and Frequency Range
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Changing Horizontal You can change the horizontal and vertical size and position of the FFT trace
and Vertical Size display by selecting the vertical and horizontal icons and using the knobs to
adiust 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 resolution 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
al traces on that time base.

You can also use Pan/Zoom to 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 horizontal (frequency) resolution. For
more details about Pan/Zoom, including changing the pivot point and using
multitrace Pan/Zoom, see page 3-107.

You can aiso change the frequency interval and frequency range by chang-
ing the record length and horizontal size of the time domain trace. If the
record length increases, frequency resolution improves (OF decreases).
When the effective sample rate increases (due to a faster horizontal size
setting), Fnax and 8F both increase, giving the FFT trace a broader frequen-
cy range with less frequency resolution.

When you touch the vertical icon (}), the knobs are assigned to control
Vertical Mag: Tra and Vertical Pos: Tra, the vertical magnitude and position
of the trace. As with other calculated traces, the vertical controls of the FFT
trace affect only the appearance of the trace.
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FFT Scaling

The FFY Scaling
Selector

The FFT magnitude display may be scaled in either a ilinear or decibel
format. To set the vertical scaling of the FFT magnitude display, select the
FFT Scaling selector in the Instrument Options pop-up menu, 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 dBmj) into 50 (1

If you want to display the FFT magnitude of a trace in dB relative to 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 to disptay the FFT magnitude of the signal at channal
one relative to a 10 dB reference.

Trztrument Uptions

Futoret Lntiosns

Figure 3-30: The Instrument Options Pop-Up Menu
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Aliasing

Aliasing occurs when the input signal includes components at frequencies
higher than the Nyquist frequency. These frequency components appear in
the FFET trace display as peaks at lower frequencies. The higher-frequency
components are reflected around the Nyquist frequency. For example, a
frequency component 5 MHz above the Nyquist frequency will appear as a
peak 5 MHz below the Nyguist frequency in the FFT trace display.

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 sampie rate.

The best way to 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 limit. For exampie, to create a fifter to reduce aliasing, touch the
following selectors: defTra, FFTmag(, Filter{, M1, , 1, EEX, ~, 9,)) This
filter will limit signat risetime to 1 ns, or limit bandwidth to 350 MHz.

You can apply averaging to the source trace to reduce random noise and
prevent 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 803C provides six common FFT windowing functions,
which are accessible from the Instrument Options pop-up menu. Touch the
FFT Window selector to sequence through the six functions,
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Using Cursors to
Make Measuremenis

You can use the cursors to make measurements of an FFT trace display.
Selact the FFT trace and touch the Cursors icon {0 display the Cursors
major menu. See Cursors on page 3-29 for more information on using
CUISOIS.

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 aufomated frequency domain measurements are described in
Measurements, on page 3-135.

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 disptayed 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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Spiit dots cursors can be used to make phase measurements. With both the
magnitude and the phase of frace in the frequency domain displayed, you
can place one cursor on the FFT magnitude display and the other on the
FFT phase display. By adjusting the cursors horizontally so that the Af
readout is 0,000 Mz, you can easily maich the phase readout to the cotre-
sponding peak in frequency magnitude. See Figure 3-32.

e

4k, dkHzrdiw

Figure 3-32: Using Split Dots Cursors to Measure FFT Phase
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FFT Windowing The Fast Fourier Transform operates on the time-domain trace record ac-
Functions quired by the CSA 803C. 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 803C provides a rectangular FFT window, which does
not taper the time domain data, and five tapering FFT windows of different
shapes.

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

To select an FFT windowing function, repeatediy touch the FFT Window
selector in the Instrument Options pop-up menu, in the Utifity 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 trace 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 Rectanguiar Window

The rectangular window does not taper the time domain data. In the fre-
guency domain, the filter shape is sin(x)/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 to
measure frequency componenis near DC.

Set the FFT Window selector in the instrument Options pop-up menu to
Rectangle to select this windowing function. See Figure 3-33.
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Time Window

Frequency Filter

Main

Figure 3-33: FFT Magnitude Displayed Using Rectangular Window

The Triangular Window

The triangular (or Bartlet) window is the convolution of two rectangies half
the width of the window, so the frequency spectrum of the triangular window
is the product of the rectangular window’s spectrum with #self.

Set the FFT Window selector in the Instrument Options pop-up menu to
Triangle 1o seiect this windowing function. See Figure 3-34.
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Figure 3-34: FFT Magnitude Displayed Using Triangular Window

CSA 803C User Manual

3-75



Fast Fourier Transforms

Time Window

— - 40

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 menu to
Blackman to select this windowing function. See Figure 3-35.
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Figure 3-35: FFT Magnitude Displayed Using Biackman Window

The Blackman-Harris Window

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

Set the FFT Window sealector in the Instrument Options pop-up menu to
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 rejec-
tion.

Set the FFT Window selector in the Instrument Options pop-up menu 1o
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 resotution of frequencies that are
very close togethet.

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 Displayed Using Hamming Window
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GPIB Parameters

The CSA 803C can be controlied by a remote computer, through one of two
interfaces. These intetfaces are industry standards IEEE Std 488 and
RS-232-C. IEEE Std 488 is also known as the General Purpose Interface Bus
or GPIB.

This manual does not discuss the details of connecting a remote compuier
to the CSA 803C or the syntax and capabilities of remote commands. That
information is found in the CSA 803C and 118071C Programmer Manual.

GPIB Connection Connect the cable from your GPIB controller (computer} to the IEEE STD
488 PORT connector on the CSA 803C rear panel. See Figure 3-39. Three
red lights show the internal GPIB status of the CSA 803C:

m  SRQ (Service Request) is lighted whenever the CSA 803C activates the
Service Request line. This indicates to the controller that the CSA 803C
has requested service,

» NRFD (Not Ready For Data) is lighted whenever the CSA 803C is not yet
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.

N
A

GPIB Area

Figure 3-39: GPIB Rear-Panel Connector and Lights
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Setting GPIB
Parameters

Communication between the devices on a GPIB bus can occur only if ali 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 LHility1 major menu to set these
GPIB parameters directly, before you attempt to communicate with other
devices on the bus. See Figure 3-40.

Figure 3-40: The GPIB/RS8232C 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 1o either Talk/Listen, Talk Only or Off
Bus. Off bus effectively disconnects the CSA 803C from the bus. The
CSA 803C 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 803C.

Address — assigns the knobs to the GPIB address of the CSA 803C.
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 803C.
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Terminator — lets you select between two types of message termina-
tions. Alt message terminations assert the EOI (End Or Identify) signal in
the interface. You can choose to have the CSA 803C recognize a Line
Feed (LF) character as a massage terminator in addition to EOI, by
setting the Terminator selecior to EOI/LF. The CSA 803C will then
append a Line Feed character to the end of all messages. Set the Termi-
nator selector o EOI to have only the EQI line recognized as a message
terminator.

GPIB Debug — lets you turn the debugging feature On or Off. When
you turn debug on, the CSA 803C displays each command from the
GPIB controller as it is executed. The messages appear at the top of the
display. Debug off is the normal mode of operation. Set debug on if you
need to watch the resuit of each CSA 803C command of a controfiing
program running in the GPIB controller. When debug mode is on, it
slows the GPIB interface throughput significantly.

CSA 803C User Manual
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Graticules

The grid on the dispiay where traces appear is called & 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 voltage 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 traces 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.

C35A 803C User Manual 3-83



Graticules

You can display two different graticules, each being half the height of a
single-graticule disptay. In this case, sach 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 frace. See Figure 3-42. '

The menu selectors act on and report the status of the selected trace.
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Figure 3-42: Dual Graticules with Multiple Traces

You can make any trace the selected trace by touching it. If you select the
wrong one because the traces are close together, touch again until the
desired trace is selected and becomes brightened. Other methods of select-
ing traces are discussed in Trace Definltion and Management on

page 3-201.

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
Graticuie, depending on which graticule has the icons and the selected
trace.
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Lraeticules

Hnits

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
disptay 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 graticute. 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 to move the trace. After the trace is moved, it remains the
selected trace. The horizontal icon { =) and vertical icon {(}) move to the
new graticule.

When two graticuies are being displayed, you can combine the traces from
both graticules into a single-graticule display. Touch the Reduce to One
Graticule selector o combine the traces onto one large graticute. The trace
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 graticuie.
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Changing Axis Units

Usuatly, 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 meaningful if expressed in other units. Horizontal units of distance are
appropriate for TDR and TDT measurements. The CSA 803C allows you to
specify the horizontal axis units to be feet, meters or inches. You can also
specify 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 to TDR measurements are either
units of rho {p) or of impedance (Z). The CSA 803C lets you specify units of
rho for the vertical axis. Rho values can be converted to impedance vaiues
by using the following equation {where Zg is usually 50 Q):

1+p
1—p

Z =2y

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 verticat axis is scajed 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 labeied Y Units
governs the vertical axis units.

You can touch either the Volts or Rho selectors to set the vertical axis labels
to those units. The current setting is highlighted.

Rho is not selectable unless the following are true:

» The selected trace can be displayed in Volts units, as opposed to 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 iraces can be displayed in Volts or Rho,

®  TDR must be on in ali channels in the selected trace.

CSA 803C User Manual
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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
in rho of 1.

The Baseline Correction selector is discussed in Baseline Correction,

page 3-17, in this manual. The baseline correction feature of the CSA 8030
is used to hold the vertical position of a trace on the display 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 shifi 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 seiected; it turns off when Volts is selscied.

Horizontal Axis Units

To change the horizontal axis units, use the Graticules pop-up menu in the
Waveform major menu. The section of this pop-up menu labeled X Units
governs the horizontal axis units.

You can touch the Seconds, Meters, Feet or Inches sclectors 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 signal 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.

Fropagation 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-insulated cable. The default value of 0.7 applies to
most 50 (2 SMA coaxial cables with plastic dielectric.
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A variety of printers and plotters are supported for producing a paper copy
of the display. This section will cover how to configure your system for most
printers. Also, refer to your printer manuat for the proper printer settings.

Instaﬂing the Printer Connect the printer to the CSA 803C. 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—‘—“m PRINTER Connectlor

Figure 3-44: Printer Connectors on Rear Panel

»  PRINTER is the appropriate connector for Centronics®-compatible
printers. This is the standard interface for the CSA 803C and no special
configuration of the CSA 803C is required.

®  GPIB is the General Purpose Interface Bus parallel interface connector.
Use a standard cable fifteen meters or less in length. If you are not using
a controller to initiate the hardcopy, set the GPIB Mode parameter of the
CSA 803C 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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s  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
fines must be connected. Do not use a null modem cable. The
C8A 803C acts as a DCE device. Connecting the CSA 803C to a com-
outer also requires a straight-wired cable, but soft flagging may be used.

The RS-232-C parameters baud rate, parity, and number of stop bits, of
the CSA BO3C 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 1o set the RS-232-C flagging to Hard. Setting RS-232-C parame-
ters is explained on page 3-164.
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Set the printing properties of the CSA B03C using the Hardcopy pop-up
menu in the Utility1 maior menu. See Figure 3-45. This menu includes
selectors for seven types of printers and for specific options available with
some printers.

Hardcopy Parameters

Heirdoopy Parameters

Frinter Color Map

Bitmap
Dump

\R’V¢ "VW /?/W(({.p Sy

/ . c w é‘gﬁgwg %Mf //?f//%
JZ Ed [IR3 Cnhanced

1*.”%3“53@ Sreyracy Main i

Figure 3-45: The Hardcopy Pop-up Menu

Printer Selections

The selectors in the Printer section of the Hardeopy pop-up menu deter-
mine the printing configuration of the CSA 803C. The settings of the other
hardcopy parameters will vary according to the printer that is sefecied.
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 803C.
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NOTE

Printer selection and the associated parameters are not affected by
initialization.

8 Pin supports several eight-pin dot-matrix printers, inctuding the Epson-
® FX80 and Epson EX800. The IBM® ProPrinter® and Epson RX80 may
also be used, but only the HiRes screen format provides useful ouiput
for these printers. All the supporied 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 Perf Skip, and inbuf On.

24 Pin supports the Extended Epson command set for 24-pin dot-matrix
printers, including the Epson LQS500, Epson LO1000, NEC® P6, and
NEC P7. These printers typically use the PRINTER (Centronics) connec-
tor.

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

Lsrdet B/W supports the HP ThinkJet and HP LaserJet printers. The
ThinkdJet should be used in HP graphics mode, not Epson emulation
mode. For the HP Thinkdet, either Draft or HiRes screen mode may be
used, but HiRes mode will be very siow. Only Draft screen mode wiit
produce usable output with the HP LaserJet. Either the PRINTER (Cen-
tronics ) connector, R$-232-C connector or the GPIB connector may be
used.

Bitmap Dump provides the ability to acquire the screen data for external
mroemsanims oy svamasmla s o son gaos Hhie mmbian b onnd than Aliomioog
}Auuudun '3' B \JI\I‘.A.I!IPI\J, yuu LTS RV = L 1) \JFJLIUII (A =LV TR LW Y i L) ulay:ay
data to a computer. The format of this information is determined by the
Data Format selector. (Data format is discussed on page 3-93.) You will
typically want to use the GPIB or RS-232-C connector for this type of

transfer,

HPGL supports the HPGL color plotter command set. When HiRes is
selected under Screen Format, an HPGL hardcopy wili show graticules,
axis labels, ali waveforms and the major menus at the bottom of the
screen. You can suppress the plotling of the major menus by selecting
Draft under Screen Format. Color graded dispiays are not plotted with
HPGL. Supported plotiers 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
R8-232.C connector.

Deskdet Clr supports the HP color inkjet printers. For the DeskdJet,
Screen Format can be set to: Dithered, Draft, Reduced, or Screen.
Either the PRINTER (Centronics ) connector, R$-232-C connector or the
GPIB connector may be used.
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Color Map

The selections in the Color Map section of the menu become available
wheneaver a colar printer or plotier is selected. A color selector is available
for selected elements of the dispiay. To change a color, simply select the
element in the menu, then use the control knobs or keypad pop-up menu 10
adjust the setting. To restore the color map to its factory default settings,
touch the Default Color Map selector.

The color selections are expressed in terms appropriate to the seiected
printer. When DeskdJet Clr is selected, the colors are expressed as hexade-
cimai RGB vatues. HPGL supports pen numbers 0to 8.

Screen Format

The Screen Format selector provides several quaiities of hardcopy output.
Different format selections are available for different printer types.

» HiRes produces an enhanced contrast display on printers with limited
gray-scaie capability (not avaitble for HP 560C). Selected items, includ-
ing windows, are highlighted for easy identification.

= Draft produces hardcopies faster than HiRes mode, but sacrifices some
gray-scale capability.

» Reduced produces low-resolution hardcopies a quarter of the size of
Draft hardcopies. Advantages are quicker printing and use of less
memaory.

®  Screen produces an exact color replica of the screen without reformat-
ting 1o enhance features. Available for color printers and plotters only.

m  Dithered reduces saturation and incre_ases contrast by dithering icons
and selector backgrounds. Dithered can be used with Deskdet Cir and
Bitmap Dump. i

Direction

The Direction selector controls whether information is sent to a printer as
norizontal 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
quickly 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 comner of the display.

Data Format

When Bitmap Dump is selected, the screen data is transferred as an ASCII
title block followed by a pixel data block. The format of the pixei data is
determined by the Data Format seiting. Touch this selector to cycle through
the six available formats.
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»  TIFF sends a TIFF image. This format conforms to Rev. 6.0 of the TIFF
specification. Screen and Dithered screen formats generate Paletie
Color (Class P) prints; Hires, Draft, and Reduced formats create Bilevel
{Class B) prints.

®m  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 TIFF.

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

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

®  BinHex mode converts every four bits into a hexadecimal character.
Each line is terminated by a new-line character,

5 BinHex Compacted mode pixel data are comprassed 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 803C ID number. The second and third lines give the
number of pixels per display line and the number of dispiay lines, respective-
ly. In Binary made, 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, two pixels are stored in the six low-ordet bits of the data
byte, and the two high-order bits are a repetition encoding with the following
meaning:

abie 3-4: Repelition Encodings

Bit7 Bit6 Meaning

0 1 Pattern repeats once

1 0 Pattern repeats twice

1 1 Pattern repeats three times

0 | Following byte(s) contain repetition count

If the second byte of the pixel block has a value in the 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 Output Port selector allows you to choose GPIB, RS$232C, or Centron-
ics (the PRINTER connector). The selection must match the rear panel
connection.
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Making a Hardcopy Once you have installed a printer and configuzed’the CSA 803C properly,
you can make a hardcopy of the screen by pressing the HARDCOPY button
on the front panel.

The
HARDCOPY
Button

ACQUISITION T, -
H=EIEGE

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 length of time that the display is frozen depends on the hardcopy mode,
complexity of the display, and memory availabie for hardcopies. During this
pause the CSA 803C formats and buffers the print commands.

After the pause, the CSA 803C returns fo normal operation and continues to
print the hardcopy. When the display becomes active again, you may oper-
ate the CSA 803C without affecting the hardcopy being printaed.

You can also initiate a new hardcopy at this point. The CSA 803C will auto-
matically queue multiple screen displays for hardcopy output. The number
of hardcopies that can be queued is subject to the amount of availabie
When the hardcopy is printed, a message is displayed. The hardcopy is not
complete until this message appears. You should not turn off the CSA 803C,
perform self-test diagnostics, or use the Extended Diagnostics menu until

the hardcopy is compiete, or the hardcopy will be terminated before it is
finished.

NOTE

Do not turn off the CSA 803C or perform diagnostics until the
hardcopy 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 canceiled.

You can also terminate the hardcopy while the screen is stiit frozen by press-
ing the HARDCOPY button a second time.

Hardcopy Defaults

The following table sumrmarizes the factory default settings associated with
each printer selection in the Hardcopy pop-up menu. These setftings are not
affected by initialization.

Table 3-5: Hardcopy Defaults

Printer Screen Direction Data Output Port
Format Format

8 pin HiRes N/A N/A Centronics

24 pin HiRes N/A N/A Centronics

LsrJet B/W  Draft Horizontal N/A Centronics

Deskdet Clr  Screen 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 803C can display histograms constructed from the selected trace’s
waveform data. You can display sither a vertical {voltage) or horizonial (time)

histogram. Only one type of histogram can be displayed at a time. See
Figure 3-47.

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 1o either finear or logarithmic. 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 button, touch
Persist/Histogram and then fouch either the Verticat Histogram or Hori-
zontal Histogram selector. This changes the dispiay mode to infinite persis-
tence if the current mode is normal or variable. If the current display mode is
color-graded, it won't change. When the histogram display is turned on, the
waveform record length is set to 512 points. If the record length was greater
than 512, you will see a message informing you 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 sampies from
non-selected traces in the histogram data (if the histogram box encom-
passes any non-selected trace). Therefore, when using the color-graded
mode, display only one trace or maintain enough vertical separation be-
tween traces so they don't overlap. Also, histograms can be displayed
{calculated) after waveforms have been accumulated in color-graded mode
(even if acquisiion has been stopped), whereas they cannct in infinite
persistence mode.

By using dua! graticules, you can acquire color-graded information on two
traces simultaneously. Display one trace on each graticute, and setup a
histogram for each trace. Both histograms are acquired, but only the histo-
gram for the selected 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 acauired or the number
of histogram samples acquired. You can set how often the histogram display
is updated with new data and you can set scaling to logarithmic or linear. Al
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 krob to Lower
Limit. Touching Horizontal Limits assigns the top knob to Left Limit and
the bottom 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 dispiay, touch either Vertical
Limits or Horizontal Limits tirst 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 dispiay will reappear. This enables you to display several
fraces, each with a different histogram display. (Remember that only one
nistogram, that of the selected trace, can be displayed at a time.)

Histogram Hmits are expressed in axis units (usually voits and seconds), but
are actually determined by screen position. The histogram limits will remain
fixed on the screen regardless of changes in veriical or horizontal size and
position.

In color-graded mode, the histogram is initialized from the color-graded
database when the box limits change. This will occur even when in Acquisi-
tion STOP mode.

Limiting Acquisition

You can Hmit acquisition based on either the number of waveforms 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 limit the number of waveforms acquired. The range for the number
of waveforms acquired is 1 to 232—1 (approximately four billion). To begin
conditional acquisition, touch Stop N Waveforms. Acquisition will stop
when N waveforms have been acquired.

The number of waveforms left to acquire is shown in the lower-left corner of
the display.

To limit acquisition based on the number of histogram hits,first touch Set N
Samples. This assigns the knobs to limit the number of samples acquired.
Using the knobs, set the number of samples you wish to acquire. The range
for the number of samples acquired is 1 to 2321 (approximately four bil-
lion). To begin acquisition, touch Stop N Samples. Touching this selector
starts acquisition, which then continues until N samples have been ac-
quired.

The number of samples left to acquire is shown in the lower-left corner of the
display.

Thus, there are two steps to stop acguisition based on the number of sam-
ples acquired:

[] 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 Wims or Stop N
Samples.

If you want to stop the acquisition before the conditional acquisition com-
pletes, press RUN/STOP

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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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
10 three minutes (180 seconds). To change how ofien the histogram display
is updated, touch Refresh Rate. You can now turn either of the conirol
knabs to change the time between updates or you can 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. Setting the dis-
play update rate to zero seconds allows the instrument to build the histo-
gram more rapidly, unti the number of waveform samples equals the num-
ber set by Set N Sampiles, 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 better
illustrates the relative guantity of various data, while logarithmic scaling
provides better detail at the edges of the histogram. Histogram scaling is a
display feature; it does not affect the histogram data.

Clearing the Histogram Data

To clear 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/Clir pop-up menu

Histograms cannot be displayed for stored traces. Histograms can be
disptayed for calculated traces if the calculated trace contains at least one
active channel, even if the calculated trace contains a stored trace.

CSA 803C User Manual 3-103



Histograms

The Histogram
Readout

in the major menu area of the display is a readout of histogram characteris-
tics. Included in the disptay are the values for the position of sach 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

®  Top, Bim, Lft, and Rgt represent the position of each of the sides of the
histogram box, in appropriate axis units. That is, Top and Btm vaiues are
given in volts; Lt and Rgt are given in seconds.

®  Mean is the average value of all the acquired points within the histogram
box. Pk-Pk is the difference between the most positive acquired point
and the least positive acquired point, when Vertical Histogram is se-
lected. When horizontal Histogram is selected, Pk-Px 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). u+1c
represents the percentage of waveform points which fell within one
standard deviation of the mean. u+2¢ and p+3¢ represent the percent-
age of waveform points which fell within two and three standard devi-
ations of the mean, respectively.

M 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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The harizontal controls let you set the horizantal size and placement of your
traces. Touch the horizontal icon { -} to access these conirols,
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Figure 3-51: Horizontal Controls

3-106

CSA 803C User Manual



Horizontal Controis

Setting Horizontal
Size and Position

You ¢can change the horizontal magnification, or size, of a trace. You can
aiso 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 1o adjust the horizontal size
{top knob) and position (bottom knob) of the selected irace.

The axis labe! for the left edge of the graticule is slightly different than the
horizontal position of a trace. This is because fraces extend slightly beyond
the edges of the graticule. The itustration 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 to select it. Then you can use the knobs to adjust horizontal
size and position.

NOTE

Totich a knob label to display the Keypad pop-up menu. This lets
vou set horizontal size and position numerically, or quickly set them
to mexdmum or minimum limits. It also lets you set the knob resolu-
tion.

Interactions With Other Traces

The knob labeis 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 all 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 will change the horizon-
tal size of all window fraces. Each window trace can have a unigue horizon-
tal position.
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Pan/Zoom

.Y S . da 3 i E
Vou-can use horizontal magnificatior

Pan/Zoom allows you to magnify any portion of the selected trace to ex-
amine it more closely. You can magnify (zoom) the selected trace to the
point where each digitized sample appears on the display, and you can
move the magnified 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 3-161. The trace display
area is 512 pixels wide, so you can magnify a 5120-point trace up to 10
times. A 512-point trace aiready 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 trace data 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 bottom knob, Horz Pos Gr, to
position the segment of the trace that you want to view onto the display. The
knob label 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

to zero, you display the teftmost portion of the trace.

mdien i b
(i T A

record. Set horizontal magnification to the maximum and turn off trace
vectoring. Trace Vectoring is discussed in the Vectored Traces section, page
3-215, The display will show each sampled data point of the frace. See
Figure 3-52.
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Figure 3-52: Horizontal Magnification with Pan/Zoom
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Horizontal Controls

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 expansicn or cordraction of the trace occurs is calted the horizon-
tai reference point.

You may find that having the horizonial reference point at the left edge of the
display is not appropriate for your task. For exampie: 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 fo 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 horizonial size. In the
sxample above, before you changed the horizontal size, you could change
the horizontal reference point to 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
display after the the horizontal size changes. The current setting for horizon-
tal reference point is indicated by a fetter next {o 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 to horizontai size. In Pan/Zoom
mode, the Horz Pos Gr setting serves 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 controt {time per division) may
force the horizonial 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 detay for the trigger point. Further in-
creases in the main size will cause the horizontal position to be moved to
maintain the minimum detay for the first sample of the record. However, the
oscilloscope remembers any forced horizontal position changes and re-
stores the position to its original location when the main size is set to smailer
values. If the user adjusts the main position, when the setting has been
forced to change, the CSA 803C does nof restore the old position when
main size is decreased.
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HY Digplay Mode: Hefcguired Trace

Figure 3-83: The Horizontal Desc Pop-up Menu
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Initialization

Whenever you begin a new task using the CSA 803C, you should initialize
the systern so that all settings are at “factory default.” That way you do not
get unexpected results because of settings remaining from the last use of

the CSA 803C.

To initialize the system settings to default, touch the initialize seiector in the
Utility1 major menu, then touch Initialize in the Verify Initialize pop-up menu,
as shown in Figure 3-54.

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 following settings are not affected when you initialize:

u S%ofed %rébeé and storéd sét.ting's -

»  Sampling head calibration values

#  Time and Date

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

a  The following RS-232-C parameters: Baud Rate, Echo, Stop Bits, Parity,
Flagging, Delay, and EOL String

= Hardcopy parameters
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Initializing and
Erasing Nonvolatile
RAM

You can erase all information stored in nonvolatile RAM by holding down
both the WAVEFORM and TRIGGER major menu butions when you turn on
the CSA 803C. Release the buttons when the Hights next io 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 803C writes the
hexadecimal value DEAD over all nonvolatile 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 803C
Accumuiated time the CSA 803C has beenon
Number of times the CSA 803C has been powered on

Factory calibration constants, which are established at the factory and
cannot be changed by the user or by the CSA 803C

Enhanced Accuracy calibration constants, which are periodically calcu-
lated and updated

Time and Date

3-112

Reference



Labeling

You can labet active traces, stored traces, and stored setlings 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 Displayed with Active Traces
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Creating Labels

You can create and edit labels by using the Labeling pop-up menu, shown
on the next page. Select Labeling in the Ulilityl 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 fraces, stored traces, or stored
settings appear. if there are more stored traces or stored settings than can
be dispiayed 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 exampie, select Stored
Trace,. Then select the stored trace you want to label. You can then type the
tabel 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 letters, Lower
Case letters, Numbers (which include some punctuation and symbols),
Graphics, Greek letters, or Other characters. 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 for a
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. If you wani to enter a label without leaving the Labeling

menu, touch the selector for the labsled item in the menu.

You cannot use the same label for two items of the same type (for example,
two active fraces or two stored traces). If you attempt to enter & duplicate
label, the error message “Duplicate label - iahel not changed” appears on
the display and the previous iabel is restored.

NOTE

You cannot enter the sarne label for two jtems of the same type.

You can use automatic labeling if you don’t want to enter labels yourseif.
Automatic labeling labels the trace with its trace description. For example, if
you tum on channel 2, the labe!l attached to the trace will be M2. If 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 frace that displays a
stored trace, the label will be copied to the new trace, uniess this would
duplicate a labe! 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 iabel of
the trace. ) ) o ) ) ) )
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Displaying Labels
with Traces

Labels of displayed traces may be displayed on the screen with the traces.
When Displayed Traces is selected, Display and Position selectors appear
10 the right of the trace selectors in the Labeling pop-up menu. Turning on
Display will cause the labels to appear with the fraces. Labe!s will appear in
the selectors for all traces whether Display is turned on or off.

Labels that are displayed on the screen move with the traces. You can
position each label relative to its trace. Select Position 1o assign the knobs
to set the vertical (fop knob) and horizontal (bottom knob) position of the
label. The label position is relative to a specific point on the trace. By chang-
ing the horizontal position of the label, you are changing the paoint the label
wilt follow. By changing the vertical label position, you can specify the verti-
cal offset of the label 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 grati-
cule.

You can select a trace by touching its displayed label.
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Mask Testing

The CSA 803C 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 coliection of several
predefined telecommunication masks. These permanent masks inciude 18
ITU-T standard masks, eight SONET/SDH standard masks, eight Fibre
Channel standard masks, ten ANSI T1.102 standard masks, and three
miscellaneous standard masks, The Standard Masks pop-up menu is
accessed from the Dispilay Modes major menu.
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Figure 3-57: Mask Testing on an Eye Diagram

CSA 803C User Manual 3-117
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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
masks, 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 aiso
lets you specify that acquisition stop after a set number of frace acquisitions
or after a set number of mask hits have been acquired. To remove the Mask
Testing menu, touch Exit.

3-118 Reference



Mask Testing

Using Predefined To view the standard masks, you first need to have a trace acquired. With a
: : trace acquired, press the DISPLAY MODES button, and then touch Stan-

Telecommunication dard Masks. This brings up the Standard Masks pop-up menu (see Fig-

Masks ures 3-58, 3-59, and 3-60). This menu lists the masks available in four cate-
gories: SONET/SDH and Fibre Channel optical standards, ITU-T G.703
electrical standards, ANSI 71.102 electrical standards, and Miscellaneous
standards. The ITU-T G.703 electrical standards and the SONET/SDH opti-
cal standards masks are contained on multipie pages. Touch PAGET and
PAGE/ to view the remaining masks available.

CUNE T -50H Uptica: & Fibre Channel Stds

AMSI T1.:182 Elecirical Standards

f

Mormal |Lount OF
Lontinuous

Figure 3-58: The Standard Masks Pop-up Menu
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I GONET-5DH Optical 2 Fibre Channsl Stds

s

Figure 3-59: Page 2 of the SONET/SDH Optical Standards

T Tiectrical Siandesrds !

Figure 3-60: Pages 2 and 3 of the ITU-T Electrical Standards

As shown in Figure 3-89 and Figure 3-60, some of the optical and electrical
standards masks are contained on multiple pages. The 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 signal displayed. After
selecting a standard mask the CSA 803C performs the following.

1 |f 2 user mask (not predefined) is currently displayed, the instrument will
ask you to store the mask in a setting. lf you choose not {o siore 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).

B The CSA 803C displays the mask vou selected.

. The CSA 803C resets the time-per-division setting appropriaie for the
selected mask. Note however that you are free to change the time-per
division setting without altering the mask.
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u  The instrument updates the two-line Standard Masks label on the
Display Modes major menu to indicate which mask is displayed.

®m  The instrument displays the message A front panel AutoSet will now
use a mask-specific algorithm while 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 ingtrument perform this Autoset to Standard auto-
matically whenever you sefect 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 controlled from the Instrument Options
pop-up menu, under the Utility major menu. Note that the Autoset to
Standard feature is only availabie 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 3-126.

Note that for all standard masks except eye pattern masks, i you press the
AUTOSET button or configure for automatic autoset, the instrurment auto-
matically turns on waveform averaging. See Averaging and Enveloping,
page 3-13, and Autoset, page 3-9.

To perform testing using standard masks, see Starting Mask Testing on
page 3-128.
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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
maior menu. See Figure 3-61.

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, Mask1. 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
bottom knob is assignhed to Mask Cursor Y.

i A
Continuous

Vi

Figure 3-61: 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 10 add a point. Touch Add Point. To delete
a point from a mask, locate the cursor over the point to he deleted. Touch
Delete Point. When you are finished creating the mask, touch Exit Mask
Editing. See Figure 3-62.
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i ateitell Clpebr Fhashil FETaoe Hihes

Figure 3-62: 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 two points share the same horizontal position along either
the left or right edge of the mask, then the diagonai runs from the top ieft-
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 Defini-
tion.

CSA 803C User Manual
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Hints for Creating User Masks

To ensure the best results when creating masks, remeamber the following
and refer to Figures 3-63 and 3-64:

»  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 ines along the
edge; just place one point further left or right than the others on the
edge.

®m  Points are connected ieft to right.

m  Ali points above the imaginary line between the left-most point and the
right-most point are grouped together as the “top.” All points below the
imaginary line between the left-most and right-most point are grouped
together as the “bottom.” Thus, an added point that falls betow the
imaginary line witt 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 1o the top group of points.

Top/Bottom
These Points Form Dividing Line
the Top of the Mask {Not Displayed}

Lefi-Most These Points Form Right-Most
Point the Botiom of the Mask Poini

Figure 3-63: Creating a User Mask

® If you wish to create a mask with a concave area, create several masks
to cover the same area. Data falling into two overiapping masks is
counted only once as part of Total.
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Mask With Point Added
Below Top/Boltom
Dividing Line

Mask With Point Added
Above Top/Botiom
Dividing Line

Figure 3-64: How Points are Connected in a User Mask

Storing Mask Definitions

Masks are saved with stored settings, so you can save sets of masks 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 B03C.

NOTE

For more details on Stored Settings, see page 3-173.

CSA 803C User Manual 3-125



Mask Testing

Modifying a User Mask

To modify an existing user mask, 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 praviously.

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, Maskz,
Mask3, and Mask4, which you edit separately. The Maskt component is
always at the top of the screen, Mask?2 is the second from the top, 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, Mask?1, high-
fighted with a biue x at each of its verices.

To add & point 1o 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 from 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 Defn. Now Mask?2 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
oh 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 vou
create one custom eye mask per setting from an existing standard eye
mask. This User Eye Mask is similar to standard eye masks, because the
mstrument can perform Standard Mask Autosst for user eye masks that you
create.

To create & custom user eye mask, first acquire a trace and then select the
Standard Masks pop-up menu. The defauit user eye mask is 2 9.9533 Gb
mask that is similar in appearance to the OC48/8TM16 mask available from
this menu. To use the default mask as a base, fouch User Eye 9.9533Gb.
However, you can select any eye mask that has exactly three components or
use Edit Mask Defu 1o create masks 1, 2, and 3. Standard masks with more
or less components cannot be used. After selecting the desired eye mask,
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you need to set the rate for the mask. Touch Mask Testing, touch the User
Eye Rate selector, 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 able 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 Setlings, page
3-173, for more information. The following conditions apply 10 user eye
masks:

There must be three component masks.

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 1o the extreme right of the display.

There cannot be more than 24 vertices in alt three component masks.

Each component mask must have at least three vertices.

CSA 803C User Manual
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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
initiate mask testing, dispiay the Mask Testing menu. Then select either
Pass/Fail Test or Count Mask Hits. If you seiect Pass/Fail Test, the instru-
ment acquires a set number of waveforms and then looks for any sample
that falls inside the mask (a mask hit}. One or more mask hits is a faiiure,
and Failure is indicated in red beneath the Mask Testing selector. If 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 defaults
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 turns on Count Mask Hits and
also turns on Stop on N Waveforms.

If you select Count Mask Hits, the instrument begins counting mask hits,
but does not indicate passing or faidure. Mask hit counts are allowed only in
infinite or Color Grading display modes. If the display mode is either Normal
or Variable when mask testing is initiated, the display mode is swiiched {0
infinite Persistence. If the display mode is Color Grading, then the display
mode isn’t changed. If the dispiay 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-
fween traces o prevent overlap. Masks are not allowed on stored traces,
though masks can be applied to calculated traces with stored components
(for example, M1 — 8T01).

in both Pass/Fail and Couni Mask Hits mode, the mask count readow, 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 3-85.

The numbers in the three boxes are:

= Total number of hits (data points within all masks)
wm  Total number of waveforms acquired

m  Number of hits in each mask

Total is the sum of data points that fall inside alf of the defined masks. This
number takes into account the overlap between masks. That is, 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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1o turn on mask
counting, select
Count Mask Hits in
the Mask Testing
pop-up mentl.

Mask Testing

Figure 3-65: Mask Count Readout

Mask1 through Mask10 show the number of data points that have fallen
inside the named mask.

When mask testing is inftiated, the readouts are active as long as Mask
Testing is seiected (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 redisplayed if
you again select the Display major menu.

Masks are global. That is, ali traces share the same masks. However, only
data from the selected trace is counted when mask testing is on, even if
other traces fall within the mask boundaries. (As described earlier, mask
testing in Color Grading mode is an exception; samples from all traces 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 add#ion 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/Clr 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
pop-up menu.

To limit acquisition based on the number of waveforms acquired, dispiay the
Mask Testing pop-up menu and touch Set N Wims (see Figure 3-66). This
assigns the knobs to limit the number of wavetorms acquired, in the same
fashion that Pass/Fait testing works. The range for the number of waveforms
acquired is 1 to 232 (approximately four biliion). To begin conditional acquisi-
tion, touch Stop N Wfms. Acquisition will stop when N waveform records
have been acquired. The number of waveforms left to acquire 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:

] Step 1: Set the number of waveforms using Set N Wfms.
[] step 2: Begin the acquisition by selecting Stop N Wims.

if you want to stop the acquisition before the conditional acquisition com-
pletas, press RUN/STCOP

Number of
waveforms feft o
acquire is shown

here

Figure 3-66: Using Stop N Wims
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Standard Mask
Definitions and
Requirements

Mask Testing

The following tables define the standard telecommunication masks that are
stored in the CSA 803C.

ITU-T Electrical Standards Masks

Signa! Requirements:

75 () signals require a 75-t0-50 Q converier

with signal attenuation entered.

Table 3-6: ITU-T Electrical Standards Masks

Mask Name Data Rate Trigger Data Signal
Signal

Symmetrical 2.048 Mb/s Sameasdata 120 (1 AlS, ali ones

Pair

Coaxial Pair 2.048 Mb/s Sameas data 75 () AIS, all ones

Pulse 8.448 Mb/s Sameas daita 75 Q, AIS, all ones

Pulse 34.368 Mb/s Same asdata 75 () AIS, all ones

Zero Pulse 139.26 Mb/s Same as data 75 , CMI all zeroes

One Pulse 139.26 Mb/s Same as data 75 £), CMI ali ones

STM1 155.52 Mb/s Clockordata 75 Q) CMI PRBS or live
Data

CEPT 565 Mb/s Clockordata 500, PRBS orlivedata

Single Puise 64 kb/s Same as data 110 Q AlS, all ones

Double Pulse 84 kb/s Same as data 110 Q, AlS, all ones

DataPulse 64 kb/s Sameasdata 110 0, AlS, all ones

Timing Puise 64 kb/s Sameasdata 110 AIS, all ones

Pulse 1.544 Mby/s Sameas data 100 (), B8ZS,
10060000100000001000
0000...

Symmetrical 8.312 Mb/s Sameasdata 110 Q, B6ZS,

Patr 100000100000100000...

Coaxial Pair 6.312 Mb/s Same as data 75 {2, B8ZS,
100000001000000601000
00040...

Puise 32.064 Mby/s Same as data 75 (O, B3ZS,
100100100...

Pulse 44.736 Mb/s Same as data 75 (), B3ZS,
100100100...

Pulse 97.728 Mb/s Same as data 75 ), AlS, All ones
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SONET/SDH Optical Standards Masks

Signal Requirements:

Data Type:

Trigger Signal:

Tabie 3-7: SONET/SDH Opticat Standards Masks

Ciock, recovered clock, or data signal.

O/E converter should comply with ANSI
specifications.

NRZ, PRBS, SONET/SDH Frame or five data.

Mask Name Data Rate

OC1 51.84 Mb/s

OC3/STM1 155.52 Mb/s
0C9 466.56 Mb/s
0C12/5TM4 622.08 Mby/s
0OC18 833.12 Mb/s
0C24 1.2442 Gb/s
0OC36 1.86862 Gb/s
0OC48/STM16 2.4883 Gb/s

Table 3-8: Fibre Channel Standards Masks

Mask Name Data Rate
FC133 132.81 Mb/s
FC266 265.6 Mb/s
FC531 531.2 Mby/s
FC1063 1062.5 Mb/s
FC133E 132.81 Mb/s
FC266E 265.65 Mb/s
FC531E 531.25 Mb/s
FC1063E 1062.5 Mb/s
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ANSI T1.102 Electrical Standard Masks

Signal Requirements:

attenuation entered.

Mask Testing

75 (2 signals require 75-50 converter with signal

Table 3-9: ANSI T1.102 Electrical Standard Masks

Mask Name Data Rate Trigger Data Signal
Signal

DSt 1.544 Mb/s Same as data 100 Q, BBZS,
100000001 00000001600
0000...

PS1 oid 1.544 Mb/s Same as data 100 (, B8ZS,
10000000100000001000
0000...

Ds1C 3.152 Mby/s Sameas data 100 Q BBZS,
100000001 00000001000
0000...

ns2 6.312 Mb/s Same asdaia 110 () B82S,
100000100000100000...

DS3 44,736 Mb/s Same as data 75 (), B3ZS,
100100100...

DS4NA 130.26 Mb/s Same asdata 75 Q, CMI PRBS or live
data

DS4XNA 139.26 Mb/s Same as data 75 (), CMI PRBS or live
data

STS1 51.84 Mb/s Clock ordaia 75 Q, PRBS or live data

8783 15552 Mb/s- - Clockordata 750, PRBS or live data

STSX3 155.52 Mb/s Ciock ordata 75 (), PRBS or live data

Table 3-10: Miscellaneous Standards Masks

Mask Name Data Rate Trigger Data Signal
Signal
GbEthernst 1.25 Gb/s Clock ordata  NRZ, PRBS or live data
FDD! Halt 125 Mb/s Clock ordata  11111000001111100000
1111100000...
User Eye Programmable Clock ordata  NRZ, PRBS or live data

CSA B03C User Manual
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Measurementis

Measurements are numeric readouts of properties of a trace. Measurements
are updated continuously so that as the signal changes the numaeric read-
outs change aiso. You can select up to six measurements for each of your
fraces. The readouts of the measurements of the selected trace appear in
the Measure major menu. The measurements are listed in the table below
and on the next page. Refer to Appendix D for a detailed discussion of each
of these measurements.
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Table 3-11: Measurementis

Selector

Measures

Amplitude Measurements:

Max Maximum amplitude, the most positive peak voltage/rho
value.

Min Minimum amplitude, the most negative peak voltage/
rho value.

Mid Middle amplitude, halfway between maximum ampli-
tude and minimum amplitude.

Mean Arithmetic mean of all signat points.

RMS True Root Mean Sguare 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-
mum ampiitude, expressed as a percentage of the dif-
ference between the topline and baseline values.

Amplitude The difference between the fopline and baseline values.

Extinct Ratio Extinction ratio can be measured using three methods.
The default method is for extinct equal to be the topline
value divided by the baseline value. Using the Measure-
ments pop-up, you can set this measurement equal to
FDDI {100(baseline/topling))or
SONET {10x {log10{topling/baseline)).

Noise The vertical dispersion of a trace. (Available in Statistics

mode only.) The noise measurement can be taken at
the toptine 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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Measurements

Table 3-11: Measurements {Cont.}

Selector Measures

Timing Measurements:

Rise The transition time of a rising pulse edge.

Fall The transition time of a falling pulse edge.

Frecquency The reciprocal of the period.

Period The time taken for one complete signat cycie.

PropDelay The time between mesial crossings of two different
traces or two points on the same trace.

Cross The time from the trigger point to a specified level
crossing.

Width The time the signal takes to go from a voltage level
crossing to 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.

Jitter The horizortal 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 mend to On. This ensures a
more accurate measurement.

Area and Energy Measuremenis;

Aroa + . The area under the curve of a trace.

Areg ~- The difference beiween 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 to yieid power measurements.

Fregquency Domain Measurements:

Spectral This provides frequency tracking for the fundamental

Frequency and user-specific harmonic as well as spectral peak
frequency measuremeris.

Spectral This provides amplitude tracking for the fundamental

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

THD Total harmonic distortion.
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Setting Up
Measurements

Measurements are faken from displayed traces. The trace on which mea-
surements are based must be adjusted so that all areas that are needed to
iake 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 full cycle, as in frequency or period measurements, then adjust
the horizontal size to show at least one complete cycle of the signal. lfa
measurement requires a rising or falling edge, as in rise or cross measure-
ments, then adjust the horizontal size and position to show the compiete
rising or falling edge.

Hardware measurements, described on page 3-141, 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 button 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 3-67.

Figure 3-67: Measure Major Menu

Touch the Measurements selector to display & 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 iltustration beiow shows the Measurements pop-up menu with two
measurements, Frequency and RMS, selected. The numeric readouts for
these two measurements are in the major menu area. See Figure 3-68.
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Measuremenis

Measurements

d Gmaol i tude

freafners \:z

Select
measurements
here

N

Remove the pop-p ———— = 15
menu here

View the
readouls here

Figure 3-68: Measurements Pop-up Menu with Frequency and RMS
Selected

When the measuremenis you want are selected, you can 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, touch 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 measurements you want to remove. As you fouch the
measurement selectors, they will turn off highlighting and the measurement
readouts will be removed from the major menu area. Clear AH deletes all
measurements. When you are finished removing measurements, touch the
Exit selector to remove the pop-up menu,

Topline/Baseline
Calculation

The Top/Base Method selector allows you to 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 atternate
method is particularly suited to pulse waveforms with ringing or other anom-
alies. Try this method whenever the [EEE method produces unstable topline
and baseline results. This choice also affects Automatic Windows; see

page 3-223 for more information.

The |IEEE method is always used for statistics mode measurements,
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Measurement Mode

Measurements may be taken in sofiware mode, hardware mode, or statistics
mode. In software mode, measurements are taken from the digitized trace
data record, the same daia 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 803C uses special timer circuits to take hardware measure-
ments. The advantage of hardware measurements is that they are per-
formed faster than sofiware 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 cther measurements on waveforms with significant
jtter 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 to one trace per graticule. (Stored traces may be
jeft 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 can be taken as statistical measurements.
in software mode, all measurements except Noise, SNR, and Jitter are
available. Only seven timing measuremenis {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 mea-

surement can be taken as a software measurement, a hardware measure-
ment, or a statistical measurement. The RMS measurement is not a timing
measurement and cannot be taken as a hardware measurement.

You cannot take measurements in different modes on the same trace. You
can, however, create two or three identical fraces and take measurements in
different modes on each. You can display only the measurements for the
seiected trace at any one time.

Frequency Domain Measurements

The frequency domain measurements Spectral Freq, Spectral Mag, and
THD may be taken on FFT -magnitude waveforms only. These sefectors are
available on the Measurements pop-up menu only when an FFT magnitude
waveform is selected and only in the Software Mode.
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Statistical Measurement Considerations

A number of faciors 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 f not enough trace records have been
acquired. Eye diagrams and signals with significant noise or jitter are
examples of signals that wili require many trace records for accurate
measuremenis.

if & rising or falling edge is nearly instantaneous (relative 1o the horizon-
tal size), no data may be acquired on that edge, and timing measure-
ments will be incorrect or will report an error.

The CSA 803C may not be able to 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
adiust the proximal and distal parameters so that they pass through
these areas, and adjust the mesial so that it does not. (Refer 1o the Eye
Pattern discussion, page 3-61, for additional information.)

If the measurement zone left limit passes through the crossing of an eye
diagram, the statistics mode algorithm will automatically move the left
limit for timing measurements. To reset the left limit, use the default
parameters or the parameters of another measurement, such as Rise,
to move the lefi limit to the left of the first eye crossing.)

if you use dual graticules, each graticule has only 128 vertical values
(compared to 256 for a single graticule), so set the vertical size as large
as possible for betier precision.

The time required to iake statistical measurements can vary from a few
hundred milliseconds 1o 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 Measurements pop-up menu
to On.

Refer to the table on the next page o determine the best measurement type
for your application.
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Table 3-12: Measurement Mode Comparison

Software

Hardware

Statistics

Functions

All measurements
except Noise, Jit-
ter, and SNR avaii-
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-
tions are aliowed.
Averaging and en-
veloping are &l-
lowed, but the
measurement is
taken from unav-
graged samples.
Not for random
data, such as sye
patterns.

All irace expres-
slons that include
an active channej
are supported. For
random data such
as eye patterns.

Dispiay
Restrictions

Any disptay mode.
Measurements are
taken froma
single trace re-
cord, regardless
of display mode.

Any display mode.
Measurements are
taken from a
single frace re-
cord, regardless
of display mode.

Color graded
mode only. One
active trace per
graticule.

Resolution Affected by dis- Unaffected by dis- Affected by dis-
played vertical play or functions.  played vertical
size and trace Only sampling size and trace
functions (e.g., av- head smoothing functions (e.g., av-
eraging} and will affect hard- eraging), smooth-
- BMGothing. - warg-measyre- - -ing; and duatgrat--
ments. icules Limited to
512-point record
length,
Speed Slower Faster Updated when

color graded data-
base is updated
{selactable be-
tween 5 and 100
seconds) or when
a measurement

parameter
changes, such as
mesial level.

CSA 803C User Manual 3-143



Measurements

Use the Measurements pop-up menu of the Measure major menu to 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 Cycle,
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 trace measurements, and a message
appears on the display to warn you that some measurements have been
removed. Any timing measurements that were established are kept and
changed to hardware mode measurements,

When you select Software Mode, all existing timing measurements are kept
and converted to 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, all existing measurements, except for the
Freguency Domain measurements, are converied to statistical measure-
ments. You must be in the color graded display mode in order to use statis-
tics mode.

Frequency dormain 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 reference values for your measurements and have the
CSA 803C display the measurement readouts as the amount of variance
from the reference value. For example, you can store the propagation deiay
through the cabies that connect to your device under test. 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 parts.

You can also teli the CSA 803C to save the current measurement readouts
as the reference values for those measurements. If you then tum on the
compare feature, you can observe how much the signal deviates from those
references as you tune the circuit under test.

NOTE

If you change the axis units on a trace, for example from volts 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 vaiues are being displayed. For exampie, 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 estabiish for one trace will not affect the reference
values for other fraces.

. The compare feature affects all measuremenis on all traces. Whenyouturm

on compare mode, all measurement readouts show A comparison values,
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 3-69.
When you touch this setector, ali the reference values for the measurements
established on the selected trace are copied from the current measurement
readouts.
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Campare and Heference Yelues |

Figure 3-69: Compare & References Pop-up Menu

When compare mode is off, you can use the knobs or keypad menu fo 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, o enter the numeric
reference value.
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Changing
Measurement
Parameters

Once you have established a measurement on a trace, you can find out
more information about the measurement and you can control the way the
CSA 803C takes the measurement by changing the measurement parame-
ters,

Touch the measurement readout selector in the major menu area to see the
additional information. This displays a pop-up menu for the individual mea-
surement, It also displays annotation lines that overiay the selected trace
displayed on the graticule. These lines show the vaiue of the measurement
parameters that periain to that particular measurement.

In addition to the annotation lines, the portion of the trace that is used by the
CSA B03C 1o determine the measurement valus is highlighted when in
Normal display mode, or marked by dashed vertical lines in other display
modes.

Figure 3-70 shows a typical pop-up menu for an individual measurement,
atong with the annotation lines and the highlighted portion of the trace.

Many of the selectors in the measurement pop-up menu set the knobs to
adjust the measurement parameters. As you turn the knob, the annotation
lines move 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 §/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 measurement.

When you remove the measurement pop-up menu by touching its selector
in the major menu area, the annotation lines remain on the dispiay. The
knob settings remain also; so you can set the knobs in the pop-up menu,
remove the pop-up menu from the display, and ad;ust the measurement

) "pardm@wr wiitvthe annotation iines onine trace.

NOTE

You can remove the annotation lines completely by pressing the
MEASURE major menu button.
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Figure 3-70: A Typical individual Measurement Pop-up Menu

in Figure 3-70, the Left Limit measurement parameter is set 1o 36%. The ieft
limit vertical line is positioned 36% of the way across the graticuie, and the
CSA 803C measures the frequency from the first complete cycle to the right
of the left limit. The highlighted portion of the frace shows the area being

measured,

The fallowing table shows the measurement parameters. Some apply only
1o hardware measurements, some only to software measurements, some
only to statistical measurements, and some apply to all three. No pop-up
menu for an individual measurement uses alt these parameters; only the
ones that apply io that particular measurement are shown in the pop-up
menu.

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 3-13: Measurement Parameters

SW HW Stat Name

Definition

7 P e Baseline

The 0% level on which proximal, mesial,
reference level, and distal levels are
based. When tracking mode is Both or
Baseling, the CSA 803C repeatedly de-
terminas the baseline and you cannot
adjust it. When tracking mode is Off or
Topline, you can set baseline or you can
have the CSA 803C set it once by
touching the Setup selector.

P P Data Intervai

Determines whether the measurement
will be taken from one cycle of the trace
or the entire measurement zone.

o 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.

I » - Distai

The distat {most distant from the origin}
voltage tevel. Rise and fall times are
measured between the proximal and
distal voitage levels, which are typically
10% and 90% of the baseline to topline
voltages. May be set as a relative {per-
cend), an absolute (volts) value, or a
delta voltage from the baseline or {op-
line.

- Filtering

The number of successive samples that
must cross a thrashoid ievel before the

L e e o IhE 1 gt - ied N Eai H
transition s considered valid. Noisy sig--

nais will be most affected by filtering.

- Harmonic
Number

For frequency domain maasurements;
used with the harmonic search mode.
(See Search Mode, below.)

I Histogram
Points

The number of points in the histograms
taken for Jitter and Noise measure-
ments. This parameter cannoct be ad-
justed, but appears in the Jitter and
Noise pop-up menus as Hist Pts.

» Jitter Level

The level at which the Jitter measure-
ment is taken, in volis, This parameter
cannot be adjusted, but appears in the
Jitter pop-up menu as Jitt Lvl. This pa-
rameter will be affected by the Jitter
Location setting.
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Table 3-13: Measurement Parameters (Cont.)

SW HW

Stat

Name

Definition

-

Jitter
L.ocation

The location of the histogram for the
Jitter measurement. May be Mesial or
Evye Cross. if the CSA 803C does not
recognize the signal as an eye diagram,
only Mesial is available.

Left Limit

The beginning of the trace measure-
ment zone.

Leveal Mode

In absolute level mode, you set proxi-
mal, distal, mesial, and reference level
in absolute voltage values. In refative
tevel mode, you set these parameters in
terms of percentages of the baseline to
topline distance. In delfa level mode,
you set a delta voltage with from the
baseline or topline.

Mesial

The middle voltage level, expressed as
a percentage of baseline 1o topline dis-
tance. May be se&t as a relative {percent)
value, an absolute (volts) value, or a
delta voltage from the baseline or top-
line.

Noise
Location

The location of the histogram for the
Noise measurement. May be Baseline
or Topline.

Peak index

For freguency domain measurements;
used with the Peak search mode. (See
Search Mode, below.)

Proximal

The proximal (closest from origin) volt-
age level. Rise and fall times are mea-
sured beiween the proximal and distal
voltage levels, which are typically 10%
and 90% of the baseline to topline volt-
ages. May be set as a relative {percent},
an absolute (volts) vaiue, or a defta 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 to Both or Baseling, the
CSA B03C repeatedly determines the
reference baseline and you cannot ad-
just it. When reference tracking mode is
set to Topline or Off, you can set the
reference baseline or you can have the
CSA 803C set it once by touching the
Setup selector in the Prop Delay or
Pulse measurement pop-up mentu.
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Table 3-13: Measurement Parameters (Cont.)

SW HW Stat Name Definition
- Reference The fitering constant on the reference
Filtering trace used for propagation delay and
phase measurements,
- e - Reference The transition crossing voltage level.
Level May be set as a relative (percent) value,
an absolute (volts) 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
measuremenis. {See the Search Mode
parameter.)
- - P~ 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.
- e - Reference The voltage level used in propagation
Mesiai delay and phase measurements on the
reference trace. May be set as a relative
{percent) value, an absolute (volis) val-
ue, or a delia voltage from the reference
baseline or reference topline.
- - Reference The right limit of the measurement zone
RM Zone used in propagation delay and phase
measuremenis on the reference trace.
- - -~ Reference The direction the waveform must pass
Slope ihrough a reference level for the Prop
Delay measurement,
g Reference SN The amplitude of a noise rejection band

Ratio centered on the raference mesial level.
Transitions through the reference mesial
level are qualified by S/N ratio by the
reguirement 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. S/N ratio may be setto
any value from 1 t¢ 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 3-13: Measurement Parameters (Cont.)

SW HW Stat Name Definition
- - I Reference The 100% level on which the reference
Topiine mesial level is based. When reference
tracking is set to Both or Topline, the
CSA 803C repeatediy determines the
reference topline for itself and you can-
not adiust it. When reference tracking is
set to Baseline or Off, you can set the
topline or you can have the CSA 803C
set it once by touching the Setup setec-
for.
e P - Heference The track mode on the reference trace
Tracking for propagation delay and phase mea-
surernents,
- Reference The transition number on the reference
Transition trace used in propagation delay and
Number phase measuremants.
- 15 Right Limit The end of the trace measurement
zone.
I Search Mode For frequency domain measurements.

When search mode is set 1o Harmonic,
the instrurment 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,

&
-3

mle
spectral peak is defmed 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.

Bare
U!Eells@ IIIIC
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Table 3-13: Measurement Parameters (Cont.)

SW HW Stat Name

Definition

v S/N Ratio

The ampiitude of a noise rejection band
centered on the mesiai level. Transitions
through the mesial level are qualified by
S/N ratio by the requirement that the
signai 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. S/N ratio may be setto any
value from 1 to 89. The reciprocat of the
number is the fraction of the topline to
baseline distance that the noise rejec-
tion band extends above and below the
mesiai line. For a 1V peak-to-peak sig-
nal, /N ratio of 20 creates a noise re-
jection band 0.05 V above and 0.05 V
below the measial level.

12 - v Second
Trace

The Prop Delay and phase measure-
ments shows the timing difference be-
tween two traces. One of the fraces is
always the selected trace. Second Trace
lets you select to which trace the se-
lected trace is compared. For Hardware
Meode, this can be a Saved Trace De-
scription.

b~ - - Slope

The direction the trace must pass
through a reference level.

v - I Topline

The 100% level on which proximal, me-

sial, distal, and reference ievels are
" based. When tracking mode is Bothor

Topiine, the CSA 803C repeatedly deter-
mines the toptine for itself and you can-
not adjust it. When tracking mode is Off
or Baseline, you can set topline or you
can have the CSA 803C set it once by
fouching the Setup selector, and then
adjust the values with the knobs.

v 1 g Tracking

With tracking set to Both, the topline
and baseline are repeatedly determined
by the CSA 803C. Tracking Off allows
you to set topline and baseline. When
tracking is set 1o 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 abso-
ute.

» 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 803C coliects measurement statistics automatically when in either

Statistics software or hardware mode. (Statistics are not coliected 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 samples taken so far, the mean,
and the standard deviation (see Figure 3-71). The Set N selector sets the
krobs to control the N parameter.

Max

D Meazursment Mode:

Reported Statistics < 2

Figure 3-71: 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
trace are initialized by copying them from a set of default parameters. There
is ane set of default parameters for the CSA 803C. You can set the defauit
parameters to the values you want. This does not change the measurement
parameters of any existing traces, but will set the initialized state of all new
traces that you define.

You might want to change the default parameters i you are about to create
a number of traces and take measurements from them, knowing that they
wilt all need the same measurement parameters, Setting the default parame-
ters before creating the fraces saves time 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 dispiayed,
it shows a list of measurements, and the Measurement Functions selector
is hightighted. If you touch the Default Parameters selector, the menu
changes to show the default parameters.

Defaulis for either software, hardware, or statistics mode are shown, de-
pending on whether Software Default, Hardware Default, or Statistics
Default is highlighted at the top of the menu (see Figure 3-72). You can
change 1o 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 to set. A knob will be assigned to set the value
of that default parameter.

Once you have the defaults set the way you want them, you can change all
the measurement parameters of the selected trace to the detault setlings 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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rements

whioie Zone

Figure 3-72: Measurements Pop-up Menu with Software Defaults
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Installation Before you first power on your CSA 803C, you should make certain it is
correctly instalied. The instaliation sequence involves the following controls,
connectors and switches on the rear panel (see Figure 3-73):

® POWER Connector

= FUSE

s LINE VOLTAGE SELECTOR switch
»  PRINCIPAL POWER SWITCH

Power Area

(L
Fﬂ

Figure 3-73: Power Connector, Fuse, and Switches

~ Inaddition, you will need to know the location of the ON/STANDBY switch

on the front panel (see Figure 3-74}.

The
ON/STANDBY
Switch

gr——
ACQUISITION surosEr wepoore SEGUENES
l - 3 l (N i g

Figure 3-74: Front Panel ON/STANDBY Switch
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The following steps describe the installation procedure for the CSA 803C.
[] step 1: Set the PRINCIPAL POWER SWITCH to OFF.
[[] step 2: Setthe front panel ON/STANDBY switch to STANDBY.

[ Step 3: Set the LINE VOLTAGE SELECTOR to the proper range for
your power system.

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

D Step 5: With a grounding wrist strap properly attached to your wrist and
caonnected 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 instalf or remove a sampling head with the CSA 803C power
on.

To install a sampling head, place it inte a compartment and push it in with
firm pressure. Once it is seated, turn the screw shaft on the sampling head
1o tighten the head into place. Sampling heads are described on page
3-167.

[[] step 6: Connect the power cord from the POWER connector to your
power system.

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

The PRINCIPAL POWER SWITCH controls all AC power to the instrument.
The ON/STANDBY switch controls power to most of the instrument’s
circuits, but continues to supply power to certain circuits even when set to
STANDBY.

[[] step 8: To operate the instrument, set the front panel ON/STANDBY
switch to ON.

Once the CSA 803C 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 803C, 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 1o
executs, If these diagnostics fail, the instrument will freeze and you will
not be able to operate it.

NOTE

Complete descriptions of the diagnostics are on page 3-33.

The self-test diagnostics are performed, and take about 15 seconds {0
execute. If these diagnostics fail, the extended diagnostic system is
entered, and the extended diagnostic menu is displayed.

The system restores ali the settings and traces that it can. if 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 803C to warm up after power-on. You
shouid perform any enhanced accuracy calibrations only when the instru-
ment has warmed up and achieved thermal stability. The enhanced accura-
cy 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
select record lengths of 512, 1024, 2048, 4096, and 5120 samples (see
Figure 3-75). 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 sampie sizes are not seiectable.

Binieds ER oy Pafles

L2, dhbns EApgsdin

Figure 3-75: Traces with Record Lengths of 512 (lop) 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.

Variable, 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 selecied, 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 sampies) 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 record lengths that are a power of two.
The 4096-point record length is provided as a convenience, and the visual
truncation is a natural result.

You control the record iength by using the Horizontal Desc pop-up menu in
the Waveform major menu. The Main Recerd 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 3-76.
T Horizantei LDEscripiion o
Focowiring Timebase: Main
Matn Samole Tnterual
Record Length i w Sample Ioterwal
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Figure 3-76: The Horizontal Desc Pop-up Menu
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RS-232-C Parameters

The CSA 803C can be controlled by a remeote computer, through one of two
interfaces. These interfaces are industry standards |EEE Std 488 (GPIB) and
RS-232-C.

This manual does not discuss the details of connecting & remote computer
to the CSA 803C or the syntax and capabilities of remote commands. That
information is found in the CSA 803C and 11801C Prograrmmer Manual.

RS-232-C Connection Connectthe cable from your computer to the RS-232-C connector on the
CSA 803C rear pane! (see Figure 3-77). The CSA 803C is configured as data
communications eguipment (DCE), and the computer must be configured
as data terminat equipment (DTE}.

AS-232-C Connector

Figure 3-77: Location of RS-232-C Connector
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Setting RS-232-C Communication between the CSA 803C and the attached computer can
Parameters occur only if the two are configured in a compatibie manner.

Use the GPIB/RS232C pop-up menu in the Uiility1 major menu to set the
RS-232-C parameters directly, before you attempt to communicate with the
aitached computer. See Figure 3-78.

Figure 3-78; The GPIB/RS232C Pop-up Menu

The following list describes each selector in the R8232C Parameters sec-
tiorn of this pop-up menu:

m  Baud Rate — assigns the knobs to adjust baud rate and delay. You can
set the baud rate to 110, 150, 300, 600, 1200, 2400, 2400, 4800, 9600,
or 19,200. You should set the baud rate to match the computer you are
using.

NOTE

The RS-232-C parameters are not changed when you initialize the
CSA 803C.

m  Echo — leis you set echo to ON or OFE Hf 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 ex-
pected, echo might be set to off inappropriately.
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Stop Bits — iets you select among 1, 1.5, or 2 stop hits. Touch the
selector repeatedly uniil the appropriate number is shown in the selec-
tor. You should set the number of stop bits to match the computer you
are using.

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

Flagging — lets you select among Hard flagging, Soft flagging. or
None. Touch the selector repeatedly until the appropriate setting is
displayed in the selector. Flagging is used by the CSA 803C 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 803C sends a Ctrl-S (decimal
13} to signal the other device to stop transmission, and recognizes
Cirl-S as a signal to stop transmitting, Ctri-Q restarts transmission. When
hard flagging is selected, the CSA 803C uses the RS-232-C DSR/DTR
signal to control data transmission. You should set the type of flagging
o match the computer you are using.

Delay — assigns the knobs to baud rate and delay. Delay is the mini-
mum time that the CSA 803C will wait before responding to a command
sent from the computer. The delay setting can be 0 to 60 seconds.

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

Verbose — lets you set verbose ON or OFF. When verbose is on, the
CSA 803C posts to the computer a message indicating the success or

iz

“fatiure of each command sent 1o the T3A 803, Whernrverbose is off; the

computer can specifically guery the CSA 803C about the success or
fatiure of each command if so programmed.

RS232C Debug — lets you set debug ON or OFF. When debug is on,
the CSA 803C displays each command from the computer as it is

executed. The messages appear at the top of the display. Debug off is
the norma! mode of operation. Set debug on if you need to watch the
result of each CSA 803C command of a program that is running in the
computer. When debug mode is on it slows performance significantly,
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Sampling Heads

A sampling head is a small plug-in device that samples electrical signals and
converts them to a much lower speed analog output signal. At least one
sampling head must be installed in the CSA 803C to acquire signals.

Several types of sampling heads are available. The type and number of
sampiing heads you will use depends on the tasks you are performing with
the CSA 803C.

The CSA 803C mainframe provides four compartments for sampling heads,
as shown in Figure 3-79. 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-acauisition heads such as the SD-51 Trigger Head or the
$D-42 and SD-46 Optical-io-Electrical Converters. Some sampling heads
have two separate channels; others have only one.

Acquisition Sampling
Head Compartmenis

OO [l

Power Only Sampling
Head Compariments

Figure 3-79: Location of Sampling Head Compartments
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installing Sampﬁng Power off the instrument before installing or removing sampling heads. To

Heads install a sampling head, place the head in the compartment and slowly push
it in with firm pressure. Once the head is seated, turn the screw shaft on the
sampling head to tighten the head into place.

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

Sam p[ing Head Front The front panel of a typical sampiing head is shown in Figure 3-80. The
Panel sampling head illustrated, the SD-24 TDR/Sampling Head, has two chan-
nels.

SELECT
CHANNEL Button

Screw Shaft

Channel Indicator
Light (Yellow}
g > Top Channel

Signal Connector -

TODR ON Light (Red) ~—

> Bottom Channel

SPp-24
TOR/SAMPLING
HEAD

Figure 3-80: Sampling Head Conirol Panel (SD-24 shown)

Each channel has a signal connector for signal input and for TDR step
output. Each channel also has a SELECT CHANNEL bution and an
associated yellow channel indicator fight, and a red TDR ON indicator light.

Applying a voltage outside the range printed on the sampling head
can result in damage. Static electricity is a hazard.
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The input diodes in sampiling 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 1o the ANTISTATIC CONNECTION on the CSA 803C when you
are making connections o a sampling head or handling the device under
test.

The channel indicator light can have three states: off, on steady, or biinking.
The operation of the channel indicator light is controlled by the Selected
Channel Identification selecior, located in the Sampling Head Fne's
pop-up menu. The Selected Channe! Identification selector has two modes,
Fiash or Quiet, Fiash is the default mode. When Selected Channet Identifica-
tion is set to Flash, the operation of the SELECT CHANNEL button is as
foliows:

®  If the yellow light is off, the channel is not displayed. Pressing the button
creates a trace of that channel.

m [Ifthe yellow ight 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.

m I the yellow light is blinking, the channel is part of the selected trace.
Pressing the button wili remove all iraces displaying that channel.

When Select Channe! Identification is set to Quiet, blinking is suppressed
and the SELECT CHANNEL button operates as follows:

m [f the yellow light is off, the channel is not displayed. Pressing the button
creates a trace of that channel.

= Ifthe yellow light is on, the channel is displayed. I the channel is not the
selected channei, pressing the button will make it the seiected channel.
_ Fthe channel is the selected channel, pressing the button will remove alf
traces displaving thai channel. . ... .. .

NOTE

You can always identify the selected channel by displaying the
Trace Status menu using the More... selector in the WAVEFORM
menu.

Setting Select Channel Identification to Quiet minimizes displayed jitter at
norizontal settings of 50 ps/div or less,

The red TDR ON light indicates whether or not the sampling head is send-
ing out a TDR (Time Domain Reflectometry) step through the signal connec-
tor. You control the TDR function from the Sampling Head Fnc’s pop-up
menu (see Controliing TDR and Smoothing Functions).
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Controlling TDR and
Smoothing Functions

The fime domain reflectometry (TDR) and smoothing functions cannot be
controlled from the sampling head front panel. These functions are con-
trolled using the Sampiing Head Fnc’s pop-up menu in the Waveform
major mendu.

The teft part of the Sampling Head Fnc’s pop-up menu lets you select the
sampling head channei on which to set TDR or smoothing. The selectors in
the right part of the pop-up menu aiways reflect the status of the TDR or
smoothing for the sampling head channel selected in the left part.

Time-Domain Refiectometry (TDR) and
Time-Domain Transmission (TDT)

Timme Domain Reflectometry, or TDR, is 2 method of characterizing a trans-
migsion 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 technique that allows you 1o measure the response
of a system by sending steps through a device and monitoring the output of
the device on ancther channel. The measurements are made on signals
transmitted through the device, rather than refiections from the device (as in
TERY.

The selectors in the Head Type section of the Sampling Head Fnc’s pop-
up menu (see Figure 3-81) let you control the TDR functions of a sampling
head that has the TDR feature. The TDR/TDT selector turns the feature On
or Off. The TDR Polarity selector sets the polarity of the TDR step to + or

—. TDR ADelay assigns the knobs fo set the delay between the TDR steps
generated by the two channels of the samptling head.

TDR Preset turns on the TDR step generator, selects Internal Clock trigger,
creaies g wavelorm o the setected channél, turhs on tho scaling, wirns on
haseline 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 partially undoes
TDR and Diff TDR settings by turning off TDR generators {waveforms are not
delated}, and if no channels have TDR on, trigger source is set to external,
trigger mode is set to Auto, baseline correction is turned off and vertical
scaling is set to Volts {instead of rho}.
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Eampling Head funciidns

Seigcied Channel -- Ml

“Belected Lhanpel
ldentificaiiohn::
Flawh

Figure 3-81: 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 defauit), the instrument then uses the total aftenuation 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 disptayed in the ldentify pop-up menu of the Utility1 major menu.

External attenuation can be specified either as a scaling factor (2, 5, 10 elc.)
or in decibels (dB). Decibels (dB) is related to the attenuation factor by the
formula:

dB = 20 x log,, (attenuation factor)

The range for dB is —120 to +120.

Negative dB values or fractional attenuation factors indicate gain, rather than
attenuation.

External channel attenuation 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 to the digitiza-
tion of a trace, 1o reduce noise. When smoothing is on, the sampling head
samples each trace sample, or dot, 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 turn on smoaothing for one channel of a dual-channel sam-
pling head, both channels are smoothad.

You turn smaothing on or off with the Smoothing selector in the Sampling
Head Fnc’s pop-up menu. Not all sampling heads provide smoothing, so
Smocthing may not be selectable 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 also adjust offset. Refer to
Adjusting Parameters in your sampling head manual.

To adjust Channel A Delay, press the WAVEFORM menu button on your
mainframe instrument and select Sampling Head Fnc's from the Waveform
major menu. Touch the Channel A Delay selector to set the knobs o con-
trol 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 803C, you recail a stored front panel setting that
was established at the factory. You can save your own front panel settings
for guick recall.

if you establish a test setup, you might want to store the setting and go to
ancther task. After the setting has been changed because of the intervening
work, you could 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 available for saving siored
settings and stored traces. The number of front panel settings you can save
depends on how much memory is being used to store traces. Assuming
that no traces are stored, you can store approximately 50 front panel set-
tings. You can recal a stored front panel setting anytime. You can aiso use
the SEQUENCE SETTINGS button to recall stored settings in a specific
order. This is useful if your work requires several instrument setups for
standardized tests.

Stored settings are saved when you power off the instrument. They will be
avallable when you power on.

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

m  Siored traces

»  GPIB and RS-232-C parameters, except GPIB address is saved

.. =__Enhanced accuracy calibrations, except Delay. Compensate and Time .. . .

Base Cal Mode are saved

» Display colors and intensity, audio feedback, vectored trace mode, and
hardcopy mode

m  Sequence settings mode
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Storing Settings

Use the Store Setting pop-up manu in the Store/Recall major menu to store
a setting. After you setup the instrument, touch the Store Setting selector fo
display the pop-up menu. See Figure 3-82.

Displeged with Stored Sstting

Figure 3-82: The Store Setting Pop-up Menu

You can choose which major menu you want to 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 recalled 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 9999. If you choose a number that is already
in use, the word “Exists!” appears under the Store Next FPS label. If you
store the setting under that number, the previcusly siored 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 Setling pop-up menu.
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The Store Setting pop-up menu keeps track of the amount of non-volatile
RAM available to store both settings and fraces. This information is listed
under “Free NonVolatile RAM”. This number will decrease after you store
settings or traces, and increase after you delete sellings or fraces.

Recalling Stored
Settings

You can recall a stored setting using the Recall Setting pop-up menu in the
Store/Recall major menu {see Figure 3-83). Touch the FPS n selector, where
n is the setiing number you want to recall.

The Recall Setting pop-up menu also provides a way to initialize the

CSA 803C. The Initialize Setting selector operates the same as the Utility1
major menu Initialize selector. Initiakization is described completely on
page 3-111.

Hecall Front Parel Sensing (FPRESI

Figure 3-83: The Recall Setting Pop-up Menu
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Deleting Stored Use the Delete Setting pop-up menu in the Store/Recall major menu to
Settinas delete a stored setting. Select the setting or settings to delete by touching
g the selectors in the top part of the pop-up menu (see Figure 3-84). If more

than 15 settings are stored, touch PageT and Pagel to scroll through the
menu. As you touch these selectors, they highlight to show that they will be
deleted when you touch the Delete Selected Settings selector. Touch a
highlighted selector a second time to remove it from the list of settings to
delete. The All Settings salector is a quick way to select all the stored
settings, :

lelete tront Penel Setting (FPL)

Figure 3-84: The Delete Setting Pop-up Menu
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Sequencing Through
Stored Settings

if you have several seftings saved, you can quickly cycle through the set-
tings. This is useful if you have a series of test set-ups that you want to use
repeatediy.

The sequencing order of stored settings is the same as the order in which
they appear in the Store Setting pop-menu. That is, seftings will recall or
sequence in ascending numerical order. Therefore, you must set the se-
guencing order of stored setlings 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 setector is set to Off. the SEQUENCE SETTING button on
the front panel (see Figure 3-85) does not operate. When it is set to On, the
Sequence Settings selector 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 button to recall
the next setting of the sequence. This button is located above the sampling
head compariments, near the ON/STANDBY switch.

The SEQUENCE
SETTING Button

ACQUISITION
AUTOSET HARRCOPY o o
0
o 0 0

Figure 3-85: Front Panel SEQUENCE SETTING Button
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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 exampie, you couid define a trace to be
M1-STO3. This trace acquires data from sampling head channel M1 and
subtracts from each sample the data recorded in stored irace number 3.

Stored traces are saved when you power off 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
iocation with the lowest available number, unless you select otherwise,

“ree NorVolatile RANM
a4t bytes

Figure 3-86: The Siore Trace Pop-up Menu

Use the foltowing steps to 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 3-86.

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 wanti to set this
number to one other than the next available, touch the Set Next Sto
selector and adjust the kncbs o select a number. You can choose any
number between 1 (if no trace is currently stored) and 9999, You cannot
store a trace where ancther trace is already stored.

EI 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 amount of non-volatile
HAM availabte to 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 selector to store ail the displayed traces as
separate stored traces. In this case, the Next Storage: notation teils you the
first storage number that will be used.
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Reca“ing Stored Once a trace is stored, you can use it when creating a trace expression. To
Traces create a trace that displays a stored trace, touch the Def Tra icon, then in
the pop-up menu touch the Stored Traces selector, the selector for the

stored trace you want to dispiay, 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 bution and touch the Recall
Trace selector to display the pop-up menu. In the pop-up menu, touch the
setector for the stored trace you want to display. See Figure 3-87.

Figure 3-87: The Recall Trace Pop-up Menu
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Deieting Stored You can delete stored traces by using the Delete Traces pop-up menu in
Traces the Store/Recall major ment. This pop-up menu may also be used 1o delete
dispiayed traces. See Figure 3-88.

in the Delete Traces pop-up menu, touch the selectors for the displayed
and stored traces you want to detete. The traces are not deleted until you
touch the Delete Selected Traces selector. You may select several fraces o
be deleted before touching the Delete Selected Traces sefector. As you
select traces to delete, their selectors highlight to telf 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 dispiayed and stored traces, touch
the All Traces selector.

You cannot delete a stored trace if it s being used as part of a displayed
trace. In Figure 3-88, stored trace 1 is used in the trace definition of dis-
played trace 3. The selector for stored trace 1 cannot be selected,

Figure 3-88: 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 in the
stored 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 ali 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 maior menu, and the Labeling pop-up menu in the
Utility 1 major menu.
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You can determine the configuration of your system by looking at the Identi-
fy pop-up menw in the Liility1 major menu. See Figure 3-89.

System ldentification

CSABA3LC Mainframe ID#

Executive Processor 4,85
Display : 4,88
Time Base-Controller: 4,083
Feguisition #1 ; 3,682

Mainframe Sampling Heads

Chan M1 1% Chan M2 : 1% SD-24 BAZASTE
Chan M3 B¥ Chan M4 @x
Options
1T - Teiecomm Standard Masks Tagtalled
18 -~ Pregscaler Hot Installsd

B T
&“g ldentify

Eitmap

17:38:24 | 0Fff. .| Enhanced ML REFL L
P7-FER-B1 | | Aecuracy | Main | ]

Figure 3-89: The Identify 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 middie portion of the ldentify pop-up menu shows which channeis have
sampling heads installed (1X, 10X, etc.) and which channels are not avail-
able (0X). For those channels that have sampiing heads, the sampling head
type and serial number is shown.

The lower section of the Identify 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 siep generalor,
which gives both channels TDR measurement capabilities. You can use the
outputs of both generators to perform differential and common mode TDR
measurements.

The SD-20 Loop-Thru Sampling Head is capable of performing single-ended
TDR when used with an external signai 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
hiased to conduct current to the output, When the diode switch opens, the
step occurs. Figure 3-90, a simpiified diagram, shows the switch and the
current source.

Acquisition Point

T

Figure 3-90: Step Generator Simplified Schematic Diagram

Because of the architecture of the step generator, the output voltage of the
step depends on the DC resistance to ground of the device under test. The
foliowing sections describe the operation with a short circuit, an open circuit,
and & 50 Q load.
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Operation Into a Short Circuit

Initially, the diode switch is conducting — 10 mA. Since the step generator
autput is initially shorted, the resistance to ground is 0 Q 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 connector) is 25 Q,
because the internal termination resistance is 50 {2 and the connector
impedance is 50 0. The voltage at the acquisition point rises 1o +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 dispiayed from the first transition 1o the second transition is the propa-
gation time from the acquisition point to the short in the device under test
and back, See Figure 3-91.

ov

Figure 3-91: Step Generator with a Shorted Output

Operation Into a 50 Q Load

Initiafly, the diode switch is conducting. Since the step generator output is
connected 10 a 50 ) load, the resistance to ground at the acquisition point is
25 Q (because of the internal 50  impedance). The 10 mA current source

~ places ~250 mV at the acquisition point.

—-250 mV

Figure 3-92: Step Generation with a 50 Q 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 peint to remain at 0 V. See Figure 3-92.

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 B0 G {because of
the internal 50 Q impedance). The —10 mA current source piaces -500 mV
at the acquisition point, as & starting condition.
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—250 MV — — ——

— 808 mV

Figure 3-93: Step Generation with a 50 2 Load

When the diode switch opens {reverse-biased), apparent resistance to
ground at the acquisition point {and at the channel connector) is 25 {),
because the internal circuit impedance is 50 Q and the connector imped-
ance is 50 Q. This causes the acquisition point to rise to —250 mv.

The transition propagates to the open in the device under test and is re-
flected back to the acquisition poini, 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 acquisition
point to the open in the device under test and back. See Figure 3-93.

Baseline Correction

Baseline correction is a feature of the CSA 803C 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 measurements. With-
out baseline correction, changes in the DC resistance to ground for the
cabie or device under test would cause the entire step to move vertically on
the display. -

* Baseline correction keeps the baseline in one location vertically. Forthe

CSA 803G, 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-
tion on baseline correction, see page 3-17.
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Example: Taking TDR
Measurements

This example demonstrates the TDR (Time Domain Reflectometry) feaiure of
the SD-24 sampling head. TDR is a method of examining and measuring a
network or tfransmission tine by sending a step into the network and moni-
toring the reflections.

For this example you will need ant CSA 803C with at least one SD-24
installed. Also, you will need one SMA cable, preferably of 5 ns length.

[:I Step 1: Initialize the CSA 803C (press UTILITY, touch initialize and
touch Initialize again).

[] step 2: Attach one end of the cable to any SD-24 sampling head input.
Leave the other end unattached.

OO Ll

Not Connected

Figure 3-94: Connections for Example

7] step 3: Press the SELECT CHANNEL button on the sampling head
input channet 1o which you have connected the cabie.

You see only a flat trace on the display because there is no sighal on the
channel. But, when the TDR feature is used, the sampling head supplies the
signal for you. As with the calibrator signal, the TDR step is synchronized
with the internal clock.

[[] step 4: Press the WAVEFORM button, and touch the Sampling Head
Fne'’s selector.

[:I Step 5: To turn on TDR, touch TDR Preset. The TDR Preset function
acts to turn on the step generator for the selected channei, creates a
trace from that channel, sets the graticule to rho scaling, turms on base-
line correction, and autosets the TDR waveform.

The sampling head will turn 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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E] Step 6: Adjust the display sizes and positions to show a trace similar 1o
that shown in Figure 3-95. AUTOSET may make this iob easier, and the
vertical (}) and horizontal { <) icons will let you make fine adjust-
menis.
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Figure 3-95: 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
cabie.

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

measurements by using the Graticules selector on the Waveform major
menu.
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Graticules

Statug Main

Figure 3-96: 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 3-98}. 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, acceptthe 0.7
default. This unitless number represents the fraction of the speed of light
that signais 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 constanito a
propagation velocity using the following equation:

1

Prop velocity =
Jdielectric constant

The horizontal axis is 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 parameter, so you don’t need to change this parameter
when using the SD-24.

For the 8D-20, the step amptlitude 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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Exam p;e: Differential The CSA 803C can perform differential and common mode TDR measure-
ments with the SD-24 sampling head. As described sarlier, the sampling
and Common Mode head has two sampling input channels and two independent step genera-

TDR {ors.

The step generator output for each channel is selectable for positive or
negative polarity and amplitude, This example will show you how 10 use the
two channeis and step generators of an SD-24 1o perform differential and
common mode TDR measurements.

For this example you need af least one SD-24 installed in tha left acquisition
siot of the CSA 803C. You aiso need one SMA cable, preferably of 5 ns
fength.

D Step 1: Initialize the CSA 803C (press UTILITY, touch Initialize and
touch Initialize again).

[:] Step 2: Attach one end of the cable to any S5D-24 sampling head input.
teave the other end unattached.

['_:] Step 3: Press the SELECT CHANNEL buttor: on the sampling head
input channel to which you have connected the cable.

U Step 4: Touch the Sampling Head Fnc's selector.
[[] step 5: Touch TDR Preset,

[[] step 6: Attach the loose end of the cable to the lower channei connec-
tor on the same sampling head.

I:] Step 7: Adjust the display size and position to show a trace similar to
that shown in Figure 3-97.

In Figure 3-97, notice that there is only one rising edgs, that of the incident
termination in the receiving channel connector matches the impedance of
the cable.

[[] step 8: Press the 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).

[] step 9: Touch Sampling Head Fnc’s and touch Mainframe 2 under
Selected Channel. Touch TDR/TDT to furn on the step 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 touch Exit to 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 adijust-
mentg, the mainframe displays the two traces in Figure 3-88.
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Figure 3-97: Single Channel TDR

CSA 803C User Manual 3-195



TDR

e WS WD FRIR mernB

Affimp

Ao : fitgrmermared

£righd ==
w

Zrigochin F4.3ns

Figure 3-98: Channels 1 and 2 TDR

Notice that there are two rising edges on each trace. On the upper trace, the
left-most edge is the step transmitied by the step generator of the upper
channel, M1. The second rising edge is the step transmitted by the step
generator of lower channel, M2,

On the lower trace, 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 fraces, common mode operation appeaars 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
channel 2. This varies the time 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 fimes by the two channels.

m Step 11: Press the WAVEFORM button. On the dispiay, 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 asserting a negative TDR step. This is
equivalent to differential TDR. Note that in both traces, the step appears as
though the cabie is shoried at the center of the cable (since the two steps
meet and cancel to zero volis).

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 channeis are the same polarity (both posi-
tive 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 TDR traces, and how they relate to each
othet.

Differential TDR is quickly set up by using the Diff TDR Preset selector on
the Sampling Head Fnc's pop-up menu. This preset automates the setup
for differential TDR by:

& Turing on both channeis of the SD-24

»  Turing on both step generators

m |nverting the polarity on one step generator
®  Autosetting both fraces

»  Tuming on Baseline Correction

m  Changing the vertical scaling from volts 1o rho

"TDT Measurements

You can make forward and reverse Time Domain Transmission (TDT) mea-
surements using the SB-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 channeis and sample the
transmitted signal on the other channel to perform 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 reflactions had to trave! 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 incideni steps, T1,
equal but opposite in sign to the delay between the reflected steps, T2,

[J step 1: Press the WAVEFORM button and touch the Sampling Head
Fne’s selector,

[] step 2: Touch TDR A Delay and then adjust the knob.

For some measurements and comparisons, you may want to visually line up
the teading 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.

CH1

CcHz2

| Reflected Pulses

incident Pulses

|
|
|
I Set Tt = T2
|
|
|

Figure 3-99: Ensuring Puises Arrive at the Reference Plane at the Same
Time
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The GSA 803C has an internal clock, with battery back-up, that keeps track
of the time and date. You can set the clock using the Instrument Options
pop-up mentt in the Utility1 major menu. When you touch the Hours, Min-
utes, Seconds, Month, Day, or Year selector, one of the knobs is assigned
to set that clock parameter. See Figure 3-100.

Next to the time and date selectors is a readout showing how many times
the GSA 803C has been powered on, and how many hours it has been on,

Time and Date

Selectors ]\ P

Figure 3-100:
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The Instrument Options Pop-up Menu
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Displaying 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 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 undemeath any stored trace selector in alf 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 maijor menu,
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Traces are the visibie representation on the display of the electrical signal, or
combination of signals, that the CSA 803C samples and digitizes. You can
define and display up to eight traces simuitanecusly.

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

CSA 803C samples and digitizes from the specified sampling head input
channel.

An example of & complex trace expression is Log(M1+ M2}, which specifies
that the signals from mainframe channels 1 and 2 are o be algebraically
added, and the base 10 log of the sum is to be shown as the final trace.
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Defining New Traces

NOTE

You define fraces on a window fime base using the Window icon,
described on page 3-221.

Defining Traces Using the DefTra Icon

You enter trace expressions using the DefTra icon. A DefTra icon appears
above the fop 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 pop-up menu covers the entire display, as shown in Figure 3-101.

You use the selectors of the DefTra pop-up menu to “type” your trace ex-
pression. As you type, the trace 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{STO01,5)), is en-
tered as 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 803C presents only those channel numbers where a sampling

head is.installed.

a  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
frace function selectors are shown. Touch the Trace Functions selector
to highlight it if the stored fraces list is shown.

NOTE

Trace Functions and Stored Traces can both be included in a single
frace expression.
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Vertical Description

Trace Expression ——*
Being Eniered y

Channel Seleclors <

Meinframs

Channels

Numeric Keypad

Trace Funclions or
Stored Traces

N
Syniax Selectors {

Lol jnuod
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Figure 3-101: The DefTra Pop-up Menu

» _Stored Traces — list all the traces that have been storedinthe
CSA 803C. For a discussion of stored traces, see Stored Traces on page
3-179. This area of the menu is shared with the trace functions selectors
described above. If the Stored Traces selector is highlighted, the siored
trace selectors are shown. Touch the Stored Traces seiector to highlight
it if the trace functions list is shown.

»  Syntax Selectors — { and ) let you specify the order of mathematical
operations. Each opening parenthesis must be matched with a closing
parenthesis. Use the , selector to separate arguments to functions that
require more than one argument, as does Smooth(. Use Back Space 10
correct errors as you enter the trace expression. Always finish your trace
expression by touching the Enter Desc selector. Cancel allows you to
leave the DefTra pop-up menu without implementing the trace sxpres-
sion entered. Cancel can be selected at any time.

NOTE

All trace functions have an opening parenthesis. You must use a
closing parenthesis to enclose the function arguments.

CSA 803C User Manual

3-203



Trace Definition and Management

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 built from the function being applied to each

sample.

Tabie 3-14: Trace Functions

Function Trace Functions

Abs(.} The absoiute value of the argument trace.

Avgl..) The average of several trace record acquisitions of the
argument. The number of records acquired is controlled
by the knobs after touching the Avg N selector in the
Acqguire Desc pop-up menu.

NOTE
Average and envelope can be applied lo a frace
that Is alreadly defined and being dispfayed. 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 acquired is con-
trolled by the knobs after touching the Env N selector in
the Acquire Desc pop-up menu.

Exp(...) The natural antiiog of the argument.

FFTmag (...) The magnitude of the frequency spectrum of the selected
trace.

FFTphase (..} - The phase of the frequency specirum of the selected
trace :

Filter(...) Applies the Smooth function to a trace fwo times. Like
Smoothy, 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-
tate the number of dots 1o be used in the smoothing algo-
sithm. Filtering may be centered or shifted. A centered
filter is non-causat and uses an average that is centered
on each point, A shifted filier 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 integral of the argumernt.

Ln(...) The natural logarithm of the argument,

Log(...) The base 10 logarithm of the argument.

Signumy(...) The sign of the argument. Signum returms 1 if an argu-

ment is greater than zero and —1 if less than zero.
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Table 3-14: Trace Functions (Cont.)

Function Trace Functions
Sqrt{...) The square roct 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 samples in the moving average. if the second
argument is 9, then 4 samples before each point and 4
sampies after each point are averaged with the point
value, if the second argument is an even number, one is
added to it to make it odd. Smooth{ can be applied to
stored traces or a singie channel live irace.

NOTE
Stored fraces are described on page 3-179.

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
o this method:

= The channel must not be dispiayed as part of any other trace being
displayed. If the yellow channel light is on, either steady or blinking, this
method of defining a trace cannct be used.

®»  The trace expression will consist only of this channel. You cannot use
this method to enter complex trace expressions.

Trace Numbers When you define a new trace, the CSA 803C assigns it a trace number,
Trace numbers range from 1 through 8. New iraces 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 aiways one selected trace. The graticule iabels and axes
match the color of the selected trace.

The selectors, knobs, and buttons operate on the selected trace. The grati-
cule axis labels show the vertical and horizontal size and position of the
selected trace. Selsctors 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 to 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 to select a
trace; touch the trace on the display or on its dispiayed 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 trace is to touch it on the display or on its dis-
played label. When you touch the graticule area of the display, a box is
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 by the touch box, one
becomes the selected trace when you remave your finger. Touching the
same area repeatedly will select different traces. You can select traces by
touching the same spot on the display repeatedly, until the trace you want is
setected.

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 Wave-
form major menu. See Figure 3-102.
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Figure 3-102: 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 sampiing head channel is not already part of the selected trace,
you can press the Select Channel button on the sampling head.

You can look at the channel light on the sampling head to determine if that
channel is part of the selected frace. If the light is on and blinking, then the
channel is part of the seiected trace, and pressing the channe! button will
remove the selected trace. if the light is on and not blinking, that indicates
that the channet is displayed but is not part of the selected trace. Pressing
the channe! button will select a trace that contains that channel.

Modifying Traces You can change the trace 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 at the top of the pop-up

“miehi You'edn use the Back Space selecior to aiter the trace, oryoucan

extend the trace expression. When you touch the Enter Desc selector, the
new trace 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 selector in the Remove/Clr pop-up menu, using the Select Chan-
nei button on the sampiing head, or using the Delete Trace selector in the
Store/Recall menu.

Removing Traces Using the Remove Selector

The Remove selector in the Remove/Clr pop-up menu always shows the
numbert, the trace expression, and the time base of the selected trace. The
Remove/Clr selector menu is displayed at all times, and so the Remove
selector is available regardless of which maior menu is displayed.

As shown in Figure 3-103, 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 irdiniie persistence waveforms. Touching Clear
causes the selectad function to start over, removing all current waveform
data. The selected waveform remains on-screen; its description is unaliered.

Werifu RemovesClear Trace

Figure 3-103: The Remove Selector in the Remove/Cir Pop-Up Menu

Removing Traces Using the Sampling Head Channel Button

You can use the Select Channel button on the sampling head to remove ail
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 channei light on the sampling head is on and blinking. i you
press the channel button on the sampling head when the light is blinking, alf
traces displaying that channel are removed.

Removing Traces Using the Store/Recall Delete Trace
Selector
You can delete dispiayed 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.
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In the Delete Traces pop-up menu, touch the selectors for the displayed
and stored traces you want to delete. The traces are not deleted untii 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 to telf 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 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 aper-
ate significantly faster than high precision traces. High precision traces use
floating-point arithmetic to provide highest precision.

Normally, the trace is defined to be fast unless 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 to be defined as high precision traces by
using the Instrument Options pop-up menu in the Utility 1 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. Sirngle-channel traces without wave-
form math are always acquired in Fast mode. See Figure 3-104.

Once a trace is defined, its trace scaling cannot be changed. The setting of
the Trace Scaling selector affecis only the definition of new traces,

Futasst Optionsg

Trace Scaling
Selector

Chphanoed FRRE I
L Hoeyrscy | Main i

Figure 3-104: The Instrument Cptions 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 mont-
tored by the trigger circuits, passes through a specified voltage leve/ 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 1o the left of the graticule
as either trig’d or Inot! trig’d.

The trigger source can be the internal clock or a signal that you apply to one
of the trigger input connectors on the front panel. You can connect the
signal being sampled to the trigger input connectors using a signal splitter
or power divider, so that the sampled signal is also the trigger signal. What-
ever 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 evert if it preceded the observed event by at least 21 ns.

NOTE

When you use an external trigger source, the CSA 803C may not be
supplied with triggers. To restore operation, supply a trigger signal
to one of the trigger inputs or select the Aufo mode.

External triggers can be connected to either the DIRECT or PRESCALE*

_connectors on the 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 prescaler’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 instalied.
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You can assign the knobs to set the trigger level of the selecied trace by
touching the T icon to the left of each graticule. Use the Trigger major menu
to access all other trigger controis. See Figure 3-105. The selectors in this
menu are:

NOTE

Use the trigger icon (7 ) to assign the knobs to set the trigger
level.

a  Source — dispiays a pop-up menu that lets you select the signal that
the CSA 803C monitors for the trigger event. The External Direct source
is the DIRECT connector on the front panel. The internal Clock source
is synchronized with the CALIBRATOR output on the front panel. The
External Prescaler source is the PRESCALE connector on the front
panel. (External Prescaler is dimmed if the prescaler option is not
installed.)

Trigger Souros

Figure 3-105: The Trigger Major Menu and Source Pop-up Menu

m  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 — selects between Normal mode and Auto mode. Auto mode
supplies unsynchronized trigger events in the absence of trigger evenis
on the trigger signal.
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Slope — selects between + (a rising slope trigger event) and — (a fal-
ling slope trigger event).

Enhanced Triggering — controls the state of the metastable trigger
reject in the Direct trigger path. Enhanced Triggering On causes the
timebase to detect trigger events that are metastable and to reject the
acquired data. The point is re-acquired on the nexi trigger event. En-
hanced Triggering Off allows metastable trigger events to be displayed.
Touching the Enhanced Triggering icon toggles the setting between On
and Off.

High Frequency - controls the state of the irigger hysteresis in the
Trigger Input trigger paths. High Frequency On removes trigger hyster-
esis and improves sensitivity, but should be used only 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 frequancy. Generally, it should
always be used below 1 V/ns slew rate, or a 320 mV,_, sinusoid at

1 GHz. it can be used at all frequencies if there is sufficient trigger signal
amplitude to reliably trigger the oscilloscope. Touching the High Fre-
quency icon toggles the setting between On and Off.

Trigger Holdoff — displays a pop-up menu that allows you to select
auto or manual holdoff mode. See Figure 3-106. For Auto mode, the
trigger holdoff is automatically programmed to the minimum possible
hoidoff value, 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 holdeff under Requested Holdoff {0 extend the
trigger hoidoff to periods longer than the auto mode minimum value, up
to 2.5 seconds. Touching the Holdoff Mode toggles the setling between
Auto and Manual modes.

in Auto holdoff mode, the Actual Holdoff setting for the trigger ighiores

- 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 Holdoff 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 s and 2.5 seconds. Touching Requested Holdoff aliows you to enter
a new value for requested holdoff,
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Figure 3-106: 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 traces by efiminating any gaps or discontinuities. See Figure 3-107.

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 lccation. For a trace of 5120 samples, each horizontal place
shows tha 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 sample to the bottom sample.

The CSA 803C normatly does not extend the columns 1o “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 fo touch adjacent columns,
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Figure 3-107: ldentical 512-Point Traces without Trace Vectoring (iop)
and with Trace Vectoring (bottom)
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Vectored 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-sample trace, with trace vectoring turned off, the
individuat samples of the trace show as dots, When you dispiay 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 3-107.

You turn trace vectoring on or off using the Instrument Options pop-up
menu in the Utility1 major menu. Touch the Vectored Trace selector to set it
to Off or On. See Figure 3-108.

Trace vectoring can also be turned on or off in the Persist/Histograms
pop-up menu in the Display Modes major menu.

Tnsirument Options

Sutosset Options

ﬂe‘v

Time:
Tate:
Gntime
Powerups:

Tnhenced i
Hoouracy Main

Figure 3-108: The Instrument Options Pop-up Menu
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Vertical Controls

The vertical controig let you set the vertical size and piacement of your
traces. Touch the vertical icon { }) to access these controls. See Fig-
ure 3-109.

ARl B

/--—._.._\W _~ Knob Labels

Lontinuous

Chan Sel
Selector

Figure 3-109: 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
adiust 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
trace 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 limits. 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 adijust the vertical size of only one channel at a time. This has the
following side effects:

a  Changing the channel size or offset for this trace changes the channel
size or offset for all the other fraces that display that channel.

» Ifthe trace you are adjusting has more than one channel in iis irace
expression, changing the vertical size of one channel does not change
the size of the other channels. If the vertical scale factors of all the
channels. in.a trace do not match, the vertical size of the frace is unde-
fined.

For example, in the case of the trace M1+M2, if M1 has a vertical size of
50 mV/div and M2 has a vertical size of 100 mV/div, the trace wiit have
undefined vertical units.

You can select which channel of the trace you want 1o adjust with the knobs.
Whenever the § icon is highlighted, the lower right corner of the display
shows the Chan Sel sslector. This selector always shows which channel the
knobs are set to adjust. You can fouch this selector until it shows the chan-
nel you want to adjust with the knobs.

Adjusting High Precision Traces

High precision traces use fioating-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 Desc selector in the Waveform major mentu.

You can adjust the vertical size and offset of high precision traces, without
adjusting a channel.

3-218

Reference



Vertical Controls

NOTE

See Trace Scaling on page 3-210 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 specify the individuai
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 veriical size and offset
of other traces displaying that channel.

Trace Separation

When you adjust the vertical 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 fo
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 i from other window traces or the main time base
trace.
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Windows

A window trace is a trace that represents a portion of another tfrace 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 803C creates a second grati-
cule to show the window trace. The portion of the main trace that is win-
dowed is highlighted. The display in Figure 3-110 is the result of touching
the Window icon when the top trace was dispiayed atone on a single-grati-
cule display.
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Figure 3-110: A Window Trace Display

The window trace has the same {race 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 iime 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 frace is
established, you can remove the main trace or move the window trace from
graticule to graticule,

CSA 803C User Manual 3-221



Windows

You can create more than one window trace from a single main trace. You
cannot create a window trace of a window trace.

If you remove all windows, the display automatically returns to a single
graticule dispiay.

Changing Window
Size and Position

You can change the size and position of a window trace just as you do with
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 3-105 and vertical size and offset is
on page 3-217.

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 traces share the same time base, and so all have the same horizon-
tal size and position. Each window trace has its own time base, and so each
can have a different horizontal position. However, all window time bases
have the same horizontal size.

As you change the horizontal size or position of a window trace, the high-
lighted portion of the main trace changes size and position. This allows you
to always see the portion of the main trace that the window trace is magnify-
ing. (In display modes other than Normal, the main trace 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 to setect 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 selecior 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 803C 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 traces that do not use arithmetic operators or
trace functions.

NOTE

The limitations on window complexity when automatic positioning /s
used are identical to the complexity limitations on hardware mea-
surements.

You initiate and control automatic window positioning using the Window
Mode pop-up menu in the Waveform major menu. Touch the Position
Mode selector in this pop-up meny o set the positioning mode to Automat-
ic or to Manual. See Figure 3-111,

Trece 11 E
Stetug MiT o

Figure 3-111: 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 feve/ in the
specified direction (the slope) 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 seiectors 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 803C positions the window based on
an electrical event on the main trace).

Automatic window positioning has a resolution equal to one Main record
sample interval. i the Main record sampie interval is large compared to
the window size. the position may appear to “jump.” In most cases, this
will not affect the accuracy of measurements because the CSA 803C
automatically compensates for the change in position.

w  Transition Number — assigns a knob 1o specify the number of times
ihe 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
falling slope transition event).

& Filtering — assigns a knob 1o set the number of successive trace sam-
ples that must cross the transition level before the transition is counted
as valid. Noisy signals will be affected most by filtering. This affects oniy
an automatic window with tracking on, or an auiomatic window when
iocate window is performed.

e |evel Mode — selects between Absolute (you specify the transition
lavel in terms of volts) or Relative {you specify the transition level in
terms of percentage of baseline-to-topline height of the trace).

w  Level — assigns a knob to set the transition voliage level in the mode
determined by the Level Mode selector.

® Tracking — This aifects only an automatic window with tracking on, or
an automatic window when iocate window is performed. Three types of
tracking are available:

Relative tracking — Baseline and topling are recalculated and used to
calculate an absolute 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.

» Locate Window — meaningfut only when Position Mode is Automatic
and Tracking is Off, tells the CSA B03C to position the window frace.
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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 IEEE meth-
od (histograms) or an alternate method that smooths and differentiates
the waveform data before calculating topline and baseline. The alternate
method works better than the IEEE method for ramps, triangular or
rregular square waves.

The Top/Base Method parameter affects all window traces. It also
affects how automatic measurements are performed on all traces. You
can also change this parameter from the Measurements pop-up menu
in the Measure major meant.
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XY Traces

Most traces show a signal voliage {the vertical axis) as it varies over time
{the horizonial 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 voitage of one trace on one axis against the signal voltage of the
other trace on the other axis. See Figure 3-112.
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Figure 3-112: An XY Trace

NOTE

You can have only one XY trace. You cannot take measurements of
XY traces. This XY trace is a constellation diagram. Constelfation
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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A AY Dizplay Mode: Wefooguired Trace

XY Trace Section <
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Figure 3-113: The Horizontal Desc Pop-up Menu
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in the Waveform major menu. See Figure 3-113. Two sections of the menu
are fitled XY Display Mode, one for displayed traces and one for stored
traces.

erizontal Desc po

Use the following sequence 1o create XY traces:

[J step 1: Define a trace that shows the information you want on the X
axis (the horizontal axis). This trace may be a displayed trace or a stored
trace.

[7] step 2: Define and display a trace with the information you want on the
Y axis {the vertical axis).

Step 3: Select the trace that displays the Y-axis information.

0 0O

Step 4: Press the WAVEFORM major menu button, and touch the
Horizontal Desc selector to display the pop-up mentl
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D 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. l 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 trace and the X-axis information
trace, Once the XY trace is established, you can remove the trace displaying
the X-axis irformation,

To restore an XY trace to normal YT mode, select the XY trace and touch the
Normal YT selector in the Horizontal Desc pop-up menu.

Conslellation diagrams are a common application of XY traces. See Constel-
Iation Diagrams, on page 3-25, for more details,

CSA 803C User Manual
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Appendix A:
Accessories

Standard
Accessories

The CSA 803C instrument package includes the following standard acces-
sories:

m (CSA 803C User Manual (this manual}.

® (CSA BO3C and 11801C Programmer Manual, Tektronix part number
070—-9970—-XX.

®  (SA 803C Service Manual, Tekironix part number 0709974 —XX.,

m  Power Cord {North American 120 V), Tektronix part number
161006600,

m  Two 8%-inch SMA interconnecting cables, Tektronix part number
174—1120-00.

= 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 cortact your
local Tekironix field representative.

Optional Accessories

The following optional accessories have been selected from our catalog
specifically for the CSA 803C. For detailed information and prices, see a
Tektronix products catalog or contact your local Tektronix field representa-
tive.

= Option 1R Rack Mount, converts the CSA 803C for rack mounting.

m  Option 10, Delete Prescaler, deletes the Prescaler trigger input.

»  GPIB cable, two meter, Tektronix part number 012—0891-00.

®  RS-232-C cable, ten foot, Tektronix part number 012-0911-00.

m  Ten-foot Centronics printer cable, Tekironix part number 012 —0555-00.

m  Sampling head extender cable, one-meter, Tektronix part number
012-1220-00.

®  Sampiing head extender cable, two-meter, Tektronix part number
M2-1221-00.

®  Sampling head panel, blank, Tektronix part number 200-3395-00.

CSA 803C User Manual
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Acquisition extender, Tektronix part number 067—1323-00.
Acquisition System extender, Tekironix part number 0671324~ 00.
Caiibration puiser, Tektronix part number 0671338 -00.
Calibration Head, Tektronix part number 067 —-1413-00.

Power Cord Options

The following power cords are available for the CSA 803C.

Option A1 Universal European 220 V/BA, 50 Hz, Tektronix part number
161-0066~09.

Option A2 United Kingdom 240 V/BA, 50 Hz, Tektronix part number
161~-0066-10.

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

Option A4 North American 250 V/10A, 60 Hz, Tekironix part number
161006612,

Option A5 Switzeriand, 240 V/6A, 50 Hz, Tektronix part number
161-0154~00.

A-2
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Appendix B:
Specifications

The CSA 803C elecirical characteristics apply to the following conditions:

B The instrument has had a 20-minute warm-up period.

s The instrument is operating in an environment that meets the limits
described in Environmental Specifications in this section,

Table B-1: CSA 803C 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 resolution

Trace data

8 bits

Hardware measurements

‘54_ bits

Input sensitivity 2 mV/div to 255 mV/div in 1 mV/div steps
Offset accuracy 2 -
Ofifset range 2V

Offset resolution 0.26 my

Measurement level 2 mvV

accuracy

Vertical acquisition resoiution

Single graticule

25 points/div

Dual graticule

25 points/div

Vertical display resolution

Single graticule

50 pixels/div

Dual graticule

25 pixels/div

CSA B0O3C User Manual

B-1



Appendix B: Specifications

Table B-2: CSA 803C Time Base Specifications

Characteristic

Specification

internal reference clock

Crystal-controllied osciliator

Sample rate

200 kHz maximum

Record length

User selectabie, 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

Time interval measurement
accuracy

8 ps + 0.01% x (interval) + 0.001% x (posk-

tion}, guaranteed;

4 ps + 0.004% x (interval) + 0.0004% x
{positiony}, typical, where interval = 1 ns;

2.5 ps + 0.0004% x {position),
typical, where interval = 100 ps;
1ps + 0.0004% x (position),
typicat, where interval < 10 ps
Notes:

1) For intervals < 100 ps, the above holds for

time/div £ 20 ps/div

2) For other intervals not listed above,
linearity interpolate the cardinal points
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Table B-3: CSA 803C Input and Qutput Specifications

Characteristic

Specification

Touch pansl Infrared beam touchabie array, 22 rows of
11 columns
Knobs 2 general-purpose knobs, set by user to

desired function

Calibrator output step

Voltage 500 mV open circuit or
250 mV into 50 O

Frequency Approximately 100 kHz (50 kHz if divide-by-
wo mode selected)

Risetime Approximately 250 ps into 50

Internal clock output

Synchronized with TDR and calibrator output

Voitage

Positive pulse from 0to 2.0V

Source impedance

50 ()

Repetition rate

Approximately 100 kHz {50 kHz if divide-by-
two mode selected)
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Table B-4: CSA 803C Trigger Specifications

Characteristic

Specification

Jitter 1.1 ps RMS + 4 ppm of position (typical)
2.0 ps BRMS + 5 ppm of position max
Freq = 2.5 GHz, Vin = 200mV .,
HF = Off, Enhanced = On
May require trigger levet adjustment to avoid
250 ps pulse width when triggering on trailing
edge
Trigger source External Direct, Internal Clock, or
Exiernal Prescaler
Trigger mode
Auto Free runs affer 20 ms timeout
Normal Acquisition only after trigger event

Maximum p-p trigger input

Direct 1Voap
Prescaler 25V,
Maximum safe trigger input
voltage
Direct =15V
Prescaler +25V
Trigger level ~1Vio+1V
Trigger level resolution 1my

Trigger accuracy

10% of full scale

Trigger sensitivity

Direct — DC coupied

50 mV, DC fo 4 GHz (typical)

100 mV, DC 1o 3 GHz

{Auto, Enhanced Cff, Auto holdoff, HF Off}
May require trigger level adjustment {0 avoid
250 ps puise width when triggering on trailing
edge for stable triggering

Prescaler - AC coupled

800 mV peak-peak from 2 GHz t0 3 GHz
< 1V, 10 GHz to 12.5 GHz (typical)

Metastabiiity

0 ppm (typical)
{tested with 250 K trigger events) at 2.5 GHz,
100 mV, , trigger, Enhanced = On
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Table B-4: CSA 803C Trigger Specifications

Characteristic

Specification

Main and window position

Minimum 23 ns pre-trigger required

Initial window detay

<23 ns to 50 ms in steps of 1% of main re-
cord size

Strobe skew adjustment

+1.5ns

Table B-5: CSA 803C Display Specifications

Characteristic

Specification

CRT 8% inch diagona, color, magnetic deflection.
Vertical raster orientation. Nominal screen
size:

6.087 inches vertical by
4.496 inches horizontal
Character display
Character height 0.10 in (upper case)
Character cell 16 pixel vertical by 10 pixel horizontal

Table B-6: CSA 8083C AC Line Power Specifications

Characteristic

Specification

..Voltage ranges ...

9010 132 Vs or 180 t0 250 Vame

Voitage ranges apply to trace distoriidn, -
which reduces peak line voltage 5%

installation Category Il

Frequency 48 Hz to 440 Hz

Power 320 W

Current 4.6 Agums at 50 Hz, 90 V line with 5%
clipping

Fuse 6 A, 250 V normal blow

Table B-7: CSA 803C Environmental Specifications

Characteristic Specification
Temperature Meets MIL—~T—~28800E, Type lil, Class 5
Operating 0° Ctob0° C

CSA 803C User Manual
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Table B-7: CSA 803C Environmental Specifications

Characteristic

Specification

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 Upto 4.5 km (15,000 )

Non-operating

Up to 15 km (50,000 ft)

Vibration Operating, sampling heads not installed:
meets MIL-~T-28800E, Type lll, Class 5 (sec-
tion 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 Il
Class 5 (section 4.5.5.4.3)

Packaged product vibration
and bounce

Packaged product, sampling heads not
installed: meets NSTA Proj. 1A

Drop of packaged product

Packaged product, sampling heads not
installed: meets NSTA Proj. 1A

Electrostatic immunity

No disruption or degradation of performance:
up to 10 kV. No damage to instrument; up 1o
20 kV

B-6
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Table B-8: CSA 803C Certifications and Compliances

Characteristic

Specification

Approvals

UL3111-1 -~ Standard for electrical measur-
ing and test equipment

CAN/CSA C22.2 No. 1010-1 — Safety require-
ments for electrical equipment for measure-
ment, control and laboratory use

Instaliation Category De-
scriptions

Terminais on this product may have different
installation category designations. The instal-
lation categories are:

CAT Il Distribution-level mains (usually
permanertly connected). Equipment
at this level is typically in a fixed
industrial location.

CAT Il Local-level mains (wal sockets).
Equipment at this level includes
appliances, portable tools, and
similar products. Equipment is
usually cord-connected.

CAT | Secondary {signal level) or battery
operated circuits of electronic
equipment.

Conditions of Approval

Safety Certifications/Compliances are made
for the following conditions:

Altitude (maximum operation): 2000 meters

IEC Characteristics

Equipment type:
Test and Measuring
Poliution Degree 2, rated for indoor use

 Safety Class 1, grounded product

(IEC1010-1)

CSA 803C User Manual
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Appendix C:
User Service

This appendix provides brief information on cleaning the exterior surfaces
and the CRT screen. it also provides information on packaging the instru-
ment for transport.

Cleaning the
Instrument

The instrument should be cleaned as often as operating conditions require.
Dirt in the instrument can cause overheating and component breakdown.
Dirt on components acts as an insulating blanket and prevents efficient heat
dissipation. Dirt also provides an electrical conduction path which may
cause the instrument to fail. The side panels reduce the amount of dust that
reaches the interior of the instrument, Keep the side panels in place for

safety and cooling.

Avoid the use of chemical cleaning agents which might damage the
plastics used in this instrument. Use a nonresidue ype of cleaner,
preferably isopropyl alcohol or totally denatured ethyl alcohol.
Before using any other type of cleaner, consult your local Tektronix
setvice center or representative.

Exterior

Dust on the instrument can be removed with a soft cloth or small brush. The
brush is aiso useful for dislodging dirt on and around the front panel con-
frols. Dirt that remains can be removed with a soft cloth dampened in a mild
detergent and water solution. Do not use abrasive cieaners.

CRT

Facepiates are cleaned with a soft, lint-free cloth dampened with denatured
alcohol.

Interior

To clean the interior of the instrument, refer a qualified service person to the
maintenance procedures in the service manual.
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Packaging for If you ship the CSA 803C, pack it in the original shipping carton and packing
Shioment material. If the original packing material is unavailable, package the instru-
P rment as follows:

D Step 1: Obtain a corrugated cardboard shipping carton with inside
dimensions at least 15 cm (6 in) taller, wider, and deeper than the instru-
ment. The shipping carton must be constructed of cardboard with 375
pound test strength.

[:I Step 2: If you are shipping the CSA 803C to a Tektronix field office for
repair, attach a tag o 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.

] step 3: Wrap the instrument with polyethelene sheeting or equivalent
material to protect the finish.

[] Step 4: Cushion the instrument on ali 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 ot an industrial stapler.
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Appendix D:
Algorithms

Digitized fraces are a sequence of samples stored as16-bit signed integers.
The samples are numbered from 0 through the record length fess one; &
512-point record numbers sampies from 0 through 511.

Three sampie values represent invalid data points.

®  The value --32,768 (hexadecimal 8000) represents nuff, an unacquired
data point. A trace that is defined but has never been acquired containg
nuli values. Clearing a trace fills it with null values. A trace is either
completely filled with null values or it contains no null vaiues; null values
and non-null 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 dispiayed trace.

»  The value +32,787 (hexadecimal 7FFF) represents a data value above
the dynamic range of the digitizer. This is called overrange. Overrange
vaiues do not appear on a displayed trace.

When a trace function encounters one of these three data vaiues, 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

Absoiute Value
Abs(r) = Win)
forwWin) = 0
Abs(n)y = — Wn)
forWin) < 0
where:

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

CSA 803C User Manual
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Average
Avg,(n) = Win)
forp = 1
[Win) = Avg, ()]

ZINT(EDgZ(p/ fope 20

Avgp(”) = Avgpwl(n’) +

forl <p <P

[W(ny — Avg, ()]
P

Avg,(n) = Avg,_,(n) +
forp = P
where:
n = index into record of data points

W(n) = input sampled data point
p = record number

P = total number of records specified for average

INT = integer part of

Differentiate
Diff(n) = [W(1) — W(O)|/T

forn = 0

Diff(ny = [W(n + 1) — Win — D]/(2T)
forl=n=s(R~1)

Diff(R — 1) = [W(R — 1) - W(R —~ D}/T
formn =R~ 1

where:

n = index into the record of data points

W{n) = input sampled data point

T = time interval belween successive samples

R = record length

D-2
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Envelope
Env,(n) = Wn)
forp = 1
Env,(n) = Minimum of [Env,_(n), W(n), W(n + 1)]
forp > landn even(2,4,6,...,R — 1)
Env,(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 points
W(ny = input sampled data point
p = record number
R = record length

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

Exponential

Exp(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.

Fast Fourier Transform

The instrument computes an integer radix-2 FFT of a complex sequence:

x(n) = Win) + jb(n)

where;
W(n) = the time-domain waveiorm point
bin) =0

X(k) , the complex sequence representing the Discrete Fourier Transform of
the sequence x(n; , is computed as:

k-1
X = 2, xm) x W "

no= 4

Jor k= [0-- R~ 1]

where
R, the record length, is a power of 2

CSA 803C User Manual
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il
W, = ¢ iZ%
RT €

The linear magnitude (FFTiag) and the phase (FFTppase) Of the FFT are
computed as:

FFT,.(ky = JA(R® + B(ky

Bk
FFT, (k) = acrtan(%ki)

where
Afk) = real part of X(k)
Bik) = imaginary part of X(k)

The magnitude and phase for negative freguencies are discarded and linear
interpolation is used o expand the positive frequencies to fili the entire
record length.
The magnitude of the frequency spectrum in decibels is given as:

FFT pagan(k) = 20l0g(FFT, (%))

where the 0 dB point is defined as the sine wave 0f 0.316 V peak
(0.224 Vi), which gives 1.0 mW into 50 .

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:

»  Rectangular
R -1
xny = | I
n o= 0

w  Triangular

R R-1
2 i | n
xny = 1 2- 2~§} b EQ - 27-‘;)
no= 0 2
" Hanning
R-1
xmy= | 0.5 - cos(2n iy
nom {) R
® Hamming
R-1

xny = | 0.54 - 0.46(] — cos(2n %))
=4
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B Blackman

R -1

0.42 — 0.5cos(2n ) + 0.08 costdn )
o R R

# -

x(n) =
i

® Blackman-Harris

1
o _ i
xin) = " G(}. 35875 — 0.48829 cos(2n R)

+ 0.]4128 cos(4n %) — 0.01168 cos(6 %)

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 fable in Frederic J. Harris:
Handbook of Digital Signal Processing. edited by Douglas F. Elliot, Academn-
ic Press, San Diego, 1987, pp. 254—255.

Table D-1: Filter Characteristics of FFT Windowing Functions

Windowing  Highest Noise 3dB 6dB Scallop Worst

Function Side- Band- Band- Band- Loss Loss
lobe 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 1.80 1.44 2.00 142 3.18
" Hamming ~ —43 1.36 130 1.81 1.78 3.30
Blackman —58 1.73 1.68 2.35 1.10 3.47
Blackman- —92 2.00 1.90 272 0.83 3.85
Harris
where
bins refers to the frequency bins, the even numbered points in the FFT
waveform.

highest sidelobe is the minimum stopband attenuation, which indicates
how well leakage is biocked.

noise bandwidth is the equivalent noise bandwidth (the width of an
equivalent rectangular spectral response that wouid 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.
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scallop loss is the attenuation of the windowing function at the odd-
numbered (interpolated) points in the FFT waveform.

worst loss is the worst-case processing loss (the sum of the scallop
loss and the equivalent noise bandwidth, in dB),

Filter

Filter(n)y = Smooth(Smooth(n))
Centered Mode (Non-Causal) Filter Algorithm —

Smooth(n) = (1/5) rj§“:h¥'f’f/(rn) +{(h —n) % W(O)}

_m.tD
forn < k
F -+ h
Smooth(n) = (1/s)| > Wm)
m=n—k

forh=n=R~1-h

Smooth(n) = (1/5) RZj Wim)+ (M —1—n) x WiM - E):l

m=n-h
forn >M~—-1-—~h

where:
n = ingdex into record of data points
Wi(n) = input sampled data point
"5 = smoothing intérval = Round (sf)

f = risetime
{time per dot} % 1,10557

risetime = the second argument o Filter

where:
risetime > 10 ps and < 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
poeints of the original trace on either side of the comresponding point. The
number of points on either side is derived from the smoothing interval, the
second argument of the Smooth function. Near the ends of the trace, nonex-
istent points beyond the ends of the trace are required for averaging. The
nonexistent points are assumed 1o be the value of the corresponding end
points. This method of extending the trace is arbitrary, so the results within a
smoothing interval of the ends of the trace must be interpreted accordingly.

D-6

Appendices



Appendix D: Algorithms

Shifted Mode {Causal) Filier Aigorithm —

n
Smooth(n) = & > W) + (s = n — DHWO)
m =0
forn<s
4]
Smooth(n) = é: Z Wim)

m=n -5+ 1

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.

integrate
Intg(n) = 0

forn = 0

Inig(n) = [1/2W(0) + i Wim) + 1/2W(n):| x T

JE

forl = n <R

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

N %4 ek 1 by ks 1
1 = Uime iMerva oetween SUtCess

)
=
o
oy
]
o

R = record length in points

Logarithm
Log(n) = logy,yW(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 suppori-
ing routines.
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Natural Logarithm
Lun{(n) = log, Win)

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.
Rho

Rho is normalily calculated to be between +1and -1 by:

For trace M1:

volfs

rho = W - rhopos
_ (Ref Voliage)
rhopos = (RA X pol) + 1 + rhozero
where:

R4 = Reference Amplitude (normally 250 mV); where the reference
amplitude is equivalent to the change in voits that corresponds to a
change of 1 in rho

pol = +1 if M1 has positive polarity, —1 if M1 has negative polarity
volts = the voltage at any point in M1

Ref Voliage = the voltage of M1 measured as early in time as possible.
Baseline correction keeps remeasuring the reference voltage, and will
force a recalculation of rhopas any time it changes by more than a few
miliivolts

rhiozero = 0 by defauit. The cursor feature Set Zero Rho $6is this vaiue.

For trace “M1—M2,” where M1 has positive polarity and M2 has negative
polarity:

tho = volis

= m - i‘hOpOS

_ (RhoPos of M1) + {RhoPos of M2)

rhopos = + rhozero
P i 7

RhoPos of M. (Ref Voltage M) + 1
oPos of M, = ‘
! (RA x (pol of M)

where:
volts = voltage at any point in M1~-M2
if = rhotactor; 2 for this trace
Mj =M1 orM2

D-g
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For trace “M1 — STO1,” where STC1 was created from M1:

rho = Jvolls rhopos

(RA X 1f)

(RhoFos of M1) (RhoPos of STOL)
rho = 7 - 7

(Ref Voltage M)
(RA % (pol of M)

+ rhozero

RhoPos of M, =

where:
RhoPos of STO1 = RhoPos of STO1 at the time STO1 was created

rf = rhofactor; 2 for this trace
Mj = M1 or M2

Fortrace "Gy < Ts + ... + Gy x Ty

o _ VOlls -
rho = RA * ) rhopos
il . .
rhopos = Cr X o )X’;Bhopos oA L), .

C, x {poln) x (RhoPos of T,)
f

+ rhozero

where:
G = a numeric constant (for example, 1.0 or 0.5)
1; = a channel or stored trace
polj = +1 or 1 polarity if Tj 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 (polt) + ... + Cn x (poln)
however, if this is 0, then:

_ABS(C, X (pol1)) + .. + ABS(C, X (poln))
- 2

Trace functions Smooth, Filter, and Avg have no effect on the formulas used
for rho.

Fortrace “Co + C1 X Ty + ... + Gy x T,” the rho values produced are the
same as if Co was 0.
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Signum

Signum(n) = 1.0
forWiny > 0
Signumin) = 0
forWin) = 0
Signumin)y = — 1
forWin) < 0
where:

n = index into record of data points
W{n) = input sampied data point

Square Root
Sqgri(n) = 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.

Smooth

Centered Mode {Non-Causal) Algorithm —

Smooth(ny = (1/5) ?W(m) + (h ~ n) x W(O):l

_mmo

forn < h

Smooth(n) = (1/s) f W(m)}

m=n-—h
forhsn<sR-1-th

Smoothi{n) = (1/s) RZI Wim) + (M ~ 1~y x WM — 3)}

m=n-h

forn>M~1~-h
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where:
n = index irto record of data points
W(n) = input sampled data point
s = smoothing interval in samples; the second argument
h = halfinterval: (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 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 results within a smoothing interval of the ends of the trace
must be interpreted accordingly.

Shifted Mode (Causal) Algorithm —

n
Smooth(n) = 1 > Wom + (5 = n — DHWO)
m o= {}
forn<s
Pt
Smooth(n) = + > W
m=a-5-+1
fornzs

The shified 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.
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Appendix D: Algorithms

Software
Measurements

Measurements are taken using the measurement parameters. You can
directly set many the measurement parameters, or you can specify that
some are to be determined automatically by the CSA 803C. it is common to
have the CSA 803C dynamically measure topline and baseline,

You specify automatic topline and basetine positioning by turning tracking
on in the individual measurement pop-up menus. The mesial level, when
topline and baseline are automatically positioned by tracking, is calculated:

mesial = [(m%/100) x (topline ~ baseline)} + baseline

where m% is the percentage of topline to baseline height to use for mesial
level, Proximal, distal, and reference levels are calcutated similarly from
percentage levels, These percentage levels are set using the knobs.

When you use tracking, the topline and baseline are determined either from
the IEEE histogram method or from an alternate method. The IEEE method
of determining topline and baseline, is as foliows:

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

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

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

4. Determine the median value, haliway 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 to twice the second-largest point count, the value associated with
the point count is the topline. If the largest point count is not twice the
second-iargest point courd, then the maximum value is used as the
topline.

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-iargest point count, then the minimum value is used as the
baseline.

The Alternate method of determining topline and baseline, is as foliows:
1. Smooth the raw waveform data,

2. Differentiate the smoothed waveform data,

3. Smooth the differentiated data.
4

Search the smoothed, differentiated data for the largest negative and
positive peaks. The peaks must be equal to at