[';['een iS ||f€ ABN 43 064 478 842

© 231 osborne avenue clayton south, vic 3169
PO box 1548, clayton south, vic 3169

_ m t 0392657400 f 03 9558 0875
k/‘ freecall 1800 680 680

www.tmgtestequipment.com.au

Test & Complimentary Reference Material

Measurement
This PDF has been made available as a complimentary service for you to assist in

e sales evaluating this model for your testing requirements.

e rentals TMG offers a wide range of test equipment solutions, from renting short to long
term, buying refurbished and purchasing new. Financing options, such as

. . Financial Rental, and Leasing are also available on application.
© calibration
; TMG will assist if you are unsure whether this model will suit your requirements.
© repair

Call TMG if you need to organise repair and/or calibrate your unit.

© disposal

If you click on the “Click-to-Call” logo below, you can all us for FREE!

TMG Corporate Website TMG Products Website
n @ LeuelY
b Disposal
] Click-to-Call
TMG MNow
: Review & @ Leuel 5
RLEUBI 3 > Repalf Renew Reuiew & Renew
epair "
CUERY Calibration /| e
Calibration
Recycled
Y Acquisition &
Acquisition . —
Purchase 4 "".
Lease y :
Rent Solution Centre
Product Lifecycle Management System
Disclaimer:
All trademarks appearing within this PDF are trademarks of their respective owners. \  aw f"w%

........

Form 080/01 Tome e


http://www.tmgtestequipment.com.au/
http://www.tmgtestequipment.com.au/
http://www.tmgtestequipment.com.au/products
http://www.tmgtestequipment.com.au/sales.htm
http://www.tmgtestequipment.com.au/rentals.htm
http://www.tmgtestequipment.com.au/calibration.htm
http://www.tmgtestequipment.com.au/repair.htm
http://www.tmgtestequipment.com.au/disposal.htm
http://c2c.ulterius.net/c2c/e28162292c15232e394a00c4351b660a/call
http://www.nata.asn.au/
http://www.aidn.com.au/
http://www.ncsi.com.au/

User Manual

Tektron/ix

11801C
Digital Sampling Oscilloscope

070-9971-01

This document supports firmware version 4.05
and above.

Ce



Copyright© Tektronix, Inc. All rights reserved.

Tektronix products are covered by U.S. and foreign patents, issued and pending. Information in this publication supercedes
that in all previously published material. Specifications and price change privileges reserved.

Printed in the U.S.A.
Tektronix, Inc., P.O. Box 1000, Wilsonville, OR 97070-1000

TEKTRONIX and TEK are registered trademarks of Tektronix, Inc.



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 shall 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 responsible 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
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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 OF WHETHER TEKTRONIX OR
THE VENDOR HAS ADVANCE NOTICE OF THE POSSIBILITY OF SUCH DAMAGES.
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We

Tektronix Holland N.V.
Marktweg 73A

8444 AB Heerenveen
The Netherlands
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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 th
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
IEC 801-5 Power Line Surge Immunity

Low Voltage Directive 73/23/EEC:

EN 61010-1 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:
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AS/NZS 2064.1/2 Industrial, Scientific, and Medical Equipment: 1992

Tektronix, Inc. claims conformity to the standards for the following products when thg
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About This Manual

This is the user reference manual for the 11801C Digital Sampling
Oscilloscope. This manual has three sections. The Getting Started section
provides an introduction to the 11801C, 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 11801C Digital
Sampling Oscilloscope:

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

m  The 118071C Service Manual provides module-level repair and replace-
ment information about the 11801C. It also describes cleaning and
preventative maintenance procedures.

Notes on Previous
Products

This manual applies to the 11801C Digital Sampling Oscilloscopes that are
equipped with firmware Version 4.05 or later for the Executive Processor,
Display, and Timebase Controller. See System Identification in the Reference
section of this manual for information about obtaining the firmware version
number.

Note that the following features described in this manual do not apply to the
11801A Digital Sampling Oscilloscope.

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

m  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)

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

Contacting Tektronix

Product For application-oriented questions about a Tektronix measurement
Support product, call toll 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 97070-1000

ii About This Manual
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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 Summairy other system manuals for warnings 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.

CAUTION. Caution statements identify conditions or practices that could result in
! damage to 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 injury hazard not immediately accessible as you read the
marking.

CAUTION indicates a hazard to property includithg product.

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

A\ D VAN =

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

This section describes the safety precautions, power and signal connec-
tions, and procedures you should follow when you install the 11801C. It then
provides a high-level view of the 11801C Digital Sampling Oscilloscope and
its features.

11801C Description

The 11801C Digital Sampling Oscilloscope provides unprecedented capabil-
ities in capturing and accurately measuring high-speed electrical events.
Some of the main features of the 11801C are:

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

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

m 200 kHz sampling rate for high system throughput and real-time display.

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

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

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

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

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

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

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

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

m  AC coupled trigger prescaler to 10 GHz.

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

11801C User Manual
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Introduction

Display and
Touch Panel

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,
delay, width, duty cycle, and frequency. Measurement statistics provide
the mean and standard deviation of your measurements. Measurements
can be based on data in the color grading database, for example, fully
automatic noise and jitter measurements.

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

A unique statistical 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
Buttons Control Buttons

=\

OO
OD
\_ _/

[o)_qjlelle]

Knobs

Sampling Head
Compartments

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

Menu driven touch-screen operation that simplifies operator control of
the 11801C. It disables invalid selections and indicates to the operator
which choices are logical at any time.

Programmable control of the 11801C that allows it to be run from an
attached computer or instrument controller via the RS-232-C or GPIB
interfaces.

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

1-2
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Description of
Sampling

A traditional analog oscilloscope displays a trace dynamically as a beam is
swept across the display horizontally. The 11801C Digital Sampling
Oscilloscope separates a trace into discrete digital samples. The 11801C
captures a sample before any amplification or attenuation is used to manip-
ulate 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 11801C just by adding a new sampling head.

The 11801C Digital Sampling Oscilloscope uses sequential sampling to
sample one data point of the trace each time a trigger event occurs (up to
200K samples per second). Each successive trigger event samples the next
point to the right of (occurring later than) the previous points sampled. Once
the entire trace has been sampled and all data points are accumulated, the
display shows the entire trace result. For very slow trigger rates, a partial
trace is shown, even before all data points have been sampled.

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 or removing a cable from an SMA-compatible
connector, do not turn the cable, turn only the nut. Align the two connectors
carefully and engage the connector nut over the exposed threads on the
other connector. Use only finger pressure to make this 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 11801C:

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

11801C User Manual
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Higher bandwidth sampling heads may use other connectors that are not
SMA-compatible. Consult your sampling head manual for more information.

Electrostatic Discharge

¢ caurion 1 @

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

The input diodes used in the sampling heads are very susceptible to dam-
age from overdrive signal or DC voltages, and from electrostatic discharge.
Never apply a voltage outside the range printed on the front of the sampling
head. Operate the 11801C only in a static-controlled environment.

Connect the wrist strap provided with the 11801C to the ANTISTATIC CON-
NECTION, as shown in Figure 1-1.

Front Panel

Never install or remove a sampling head with the 11801C power
on.

The front panel has four compartments for sampling heads. At least one
sampling head must be installed in a 11801C configuration to allow the
11801C to sample signals.

The TRIGGER INPUTS, the INTERNAL CLOCK output, and the CALIBRA-
TOR output connector are located below the sampling heads. The tutorial

procedures in this manual describe the use of these connectors. See Fig-
ure 1-1.
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Sampling Head
Compartments

/ Internal Clock
Output

Calibrator
Output

\O’LOEIE

Antistatic . External
Connection Trigger Inputs

Figure 1-1: Front Panel Connectors

Rear Panel

The POWER plug provides AC power to the 11801C. The plug is an IEC-
style connector; the separate power cord supplied with the 11801C should
match the physical configuration of electrical outlets in your country.

Set the LINE VOLTAGE SELECTOR switch before connecting the
11801C to power.

Before connecting the power cord between your electrical outlet and the
11801C POWER plug, make sure that the adjacent LINE VOLTAGE SELEC-
TOR switch is set to match the voltage range of the electrical system of your
country. The main fuse is near these controls, as is the PRINCIPAL POWER
SWITCH. See Figure 1-2.
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Principal Line Voltage
Power Switch Selector Fuse

Power Cord —»
Connector

-~

OJOJOJO (ofoJoJo [OJO

'0YoYoXo, [oYoYoXo [oXo)

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 11801C. 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 11801C. The GPIB section similarly has an IEEE STD 488
PORT connector. Both of these connectors let you make the 11801C part of
an automated test and measurement system. Hardcopy information can
also be routed through either the RS-232-C or the IEEE STD 488 PORT
connector. See Figure 1-3.

GPIB
RS-232-C (IEEE-488)

=

° Printer
==2] ﬂ/
OJOJoJo, 'OJOXoJO [CJO)
{OXOXOJXO) (CXOXOXO, (CXO,

Figure 1-3: Rear Panel Printer and Data Connectors
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Installation

O

Step 1: ——

Set the PRINCIPAL
POWER SWITCH to

OFF.

O

Step 3: ——

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

O

N,
|

A
= [

Step 5: —— l

F\-l-l-l
o -]
® ®
(@) (@)

Install sampling
heads in the
front-panel
compartments.

O

Step 7: ——

Set the PRINCIPAL
POWER SWITCH to
ON.

\,
7 &

Follow this sequence when you install the 11801C:

Introduction

O

Step 2:

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

O

Step 4:

If you have optional
SM-11 Multi-Channel
Units, see the SM-11
Installation/User Guide
and connect them now.

O

Step 6:

Connect the power
cord from the
POWER connector
to your power
system.

L]

Step 8:

Set the front panel
ON/STANDBY
SWITCH to ON.

Once the 11801C is installed, use the ON/STANDBY switch as a power

switch.

11801C 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° Cto +75° C. After storage at temperatures outside the operating
limits, allow 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, allow 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.

Getting Started



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 will 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 Reference section.

Front Panel and Sampling Heads

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

See page 1-11.

The Touch Panel On/Off
button lets you turn off
the touch panel so that
you can point to the
display without
inadvertently making
menu selections.

The major menu buttons let

you select which of the
major menus appears at
the bottom of the display.
See page 1-14.

The ACQUISITION button stops and starts trace
acquisition — see page 3-3. The AUTOSET button
quickly sets the instrument parameters for a trace
display — see page 3-9. The HARDCOPY button
prints a copy of the display — see page 3-89. The
SEQUENCE SETTINGS button lets you cycle
through pre-set instrument settings — see

page 3-181.

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

See page 3-157.

bt'uul.l.;-

You install sampling heads in the

sampling head compartments.
See page 3-167.

Antistatic
Connector

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

The CALIBRATOR output provides a known
signal for calibration. See page 3-19. The
INTERNAL CLOCK OUTPUT is a trigger
signal synchronized with the CALIBRATOR.
See page 3-19. The PRESCALE and DIRECT
inputs let you connect an external signal for
triggering traces. See page 3-215.

11801C User Manual
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At a Glance

Rear Panel
Power line controls include
the LINE VOLTAGE The RS-232-C connector allows a
SELECTOR SWITCH, the remote computer to control the
fuse, the power connector, instrument through a serial interface.
and the PRINCIPAL POWER It can also be used to drive serial
SWITCH. See page 3-157. output devices. See page 3-163.

The GPIB connector allows a
/ remote computer to control the
instrument through an IEEE Std 488
parallel interface. It can also be

% ° used to drive compatible plotters.
S Three lights show the status of the
parallel bus. See page 3-79.

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

(| POPOPOOO®®
I | 1B A\l 0YoYoXo) [oYoXoXG [oY0

/I\

If your 11801C is equipped with
Option 1M, the SM-11 connectors let you
attach up to four SM-11 Multi-Channel
Units, which provide more sampling head
compartments. See the SM-11 Manual.
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Display and Touch Panel

At a Glance

The display 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 in the
various menus to execute those items. Each menu selector has a shaded
top portion that names the selector and a lower portion that shows the
current status of the parameter that the selector controls.

Cilbenis Fhndnn FETang Detlea

S Selected trace (highlighted)
and unselected trace. Axis
labels and readouts apply to
the selected trace. Traces can
be selected by touching them.
See page 3-210.

GFIB/RSZ32C Parameters

GPIE Parsmeters

oy

FSEE20 Parsmeters

Mede Seldriess Band o
Hate
Talklisten 1 192068 OFf
Tefminatar EEER Faditi Flaaaing
Debiig
EOT OFf Mone Soft
FEBR R G MerhnEe
Tek T & F
¥El.1 CRALE OFf

Tnitaalavelnstrunent Labeling

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

Inenting Calne

Upitin

Several different major menus are available. You
display and use the major menus by pressing the
major menu buttons. This is the Utility1l major
menu. Touch the GPIB/RS232C selector to
display that pop-up menu. See page 1-14 for a
description of the various major menus.

N N

The Knob Menu always shows the parameters
the knobs are currently assigned to control (top
two selectors). You can also use the knob 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.

11801C User Manual

1-11



At a Glance

Ilcons

<> Touch the horizontal icon to
assign the knobs to adjust the
trace horizontal size and
position. See page 3-105.

11imy

trid
S

Mindau EETong il ie—— Def Tra

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

See page 3-205.

—— FFTmag

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

Window

Touch the window icon to

create a new trace that
represents an enlarged portion

L of another trace.

See page 3-225.

Cursors
Touch the cursors icon to
display bar or dot cursors for

S0, EBus measurements of trace
values. See page 3-29.

e

-~ Touch the trigger icon to assign

the knobs to adjust the trigger
level and holdoff. If the
instrument is not triggered,
Inot! appears above the word
trig’d. See page 3-215.

ClrEan
Coon
08
Touch the vertical icon to Icons are always available,
assign the knobs to adjust regardless of the major

the trace vertical size and

position. See page 3-221. menu that is displayed.
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Knobs, Knob Menu, and Keypad Menu

At a Glance

If you touch the wrong knob label
by accident, the top two selectors
let you choose the other knob

Mumeric Entry & K

parameter for Keypad Menu
manipulation.
7 - e -

You can use the Keypad Menu to The Coarse, Medium, and
enter a numeric value for your 4 " - Fine selectors affect the
parameter instead of turning the - - knob resolution. When
knob until the parameter is set. Touch set to coarse, each knob
number selectors as if you were click represents a greater
typing the number, and end your 1 = = Fine change than when set to
entry by touching the Enter selector. L medium or fine.
CHS changes the sign of your tw¥
number, Back Space lets you correct o cps i e :
errors. The p (pico), n (nano), . - - gg? tf)elfﬂgc),(ns”gl,eac’:grs
M (micro), and m (milli) selectors let Zm .

let you quickly set a
you scale your number. a E rw/ parameter to either

extreme of its range of

adjustment.

SHEAmY -/ d v
Vet sl
P Ulrlhan
Trane Sl
M1 M1
Ma i
Touch either knob label to display the
Keypad Menu for that parameter.
\ /\
The knob labels always show the knob
assignments, the parameters that the knobs !
will control. The bottom half of each knob ) i /
SEEEAEE
label shows the current value of the TO0pe-diu
parameter. When you turn a knob, you will Ve e |
see the current value change, and you will Shns \

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 return to normal.

N\

This selector lets you remove a trace from the
display. First select (highlight) the trace you
want removed by touching it, then touch this

selector. A pop-up menu will ask you to select
remove or clear. See page 3-212.

\

The Pan/Zoom selector lets you expand any part
of a trace using horizontal magnification. See
page 3-107. When the knobs are assigned to
vertical size and offset, this selector may change
to provide more vertical control. See page 3-221.

11801C User Manual
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At a Glance

Major Menu Buttons

FMENUS-‘

WAVEFORM
TRIGGER
MEASURE

DISPLAY
MODES

STORE/
RECALL

UTILITY

UBHHH

Wertioal Craticules
Dean
M Single
Fast a, ¥
Sampling Marpe
Head Frg
Trace
Status
i
Main
188mY
SlHny
Eedien
Lo
Single
Tracs
Laiel High
FrEnenag
gy OFf
Slone Enbenced D ilniinasr
Trianering Holdarg
+ OFf Huto
Sus

Fise Foolh-FPeal Measiure-
mEnte
26 aa4 ., Bgg
58 my
Fomp&re 2
Fefeorentes
Fersaan Mash
Hictoaranmsl Tesiing
Mormal {Count OFF
Continuous
Srhre Favall Ciear
Trane Trane Trane
Stone Heoall Senienne
tiing Setting Seitinasn
OFf

The Waveform major menu controls trace
definition, acquisition, 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 controls
triggering. See page 1-19.

The Measure major menu controls the
automatic measurement system.
See page 1-20.

The Display Modes major menu controls
display persistence, histograms and
mask testing. See page 1-21.

The Store/Recall major menu controls
storage and recall of trace data and
instrument settings. See page 1-22.

1-14
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WAVEFORM

TRIGGER

MEASURE

DISPLAY
MODES

STORE/
RECALL

UTILITY

afa[a[a]ufs

—MENusq

ot Hentifty

balne

OFf

Gain

Calibrate Hime Base g
| Cal Mode Bmplituds ta
Fast Hrititud
HMenu
/
S lf oy
Test Disgrnnstin
Haae
1o
Hrilitul
HMenu

Lurenn

S 1980

At a Glance

The Utility1 major menu controls
general instrument parameters
such as display colors, GPIB
and RS-232-C settings, and
hardcopy parameters.

See page 1-24.

The Enhanced Accuracy menu
controls the calibration system.
See page 1-26.

The Utility2 major menu
provides access to the
diagnostic system.

See page 1-28.

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

11801C User Manual
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At a Glance

Waveform Major Menu

Yertival Desoription : i
Ertian vEscrimprien This pop-up menu lets you modify the trace
expression of the selected trace. See page 3-211.
Mainframe Channels 7 H 9 4
1 =
4 = = =
1 = =
= vV ENUS Ey
a o WAVEFORM i
TRIGGER D
. BReL B Hivil Erl
’ / MEASURE D
‘ Eand FEdmaat PR TARAEE L Biagae DISPLAY [::]
; MODES
= ,
: RECALL D
. Lt St PREEL
S UTILITY [::]
;
! Bal Dl
Shiace
Wertina
Decr .,
M3 The More... selector displays the alternate
. Fast Trace Status major menu. This displays the
. -*?W;wé 1 status of all traces on the display.
RERLEAE See page 3-210.
= Window Mode
\
Sampling Head Functions Fagitilon Mode
SZelected Channel - M1 Head Type: SD-24 Manual
. TOEATDT TDRE Trapkind i Lo
Polarity
On + On
2 TR Diff TDHR L Lea
Preset Freset Mede
Relative
Preset TOR TrEansition Slone
Clear & Delay Mimbier
~332. Zm 1 +
Eidieriing Top i Baes
Methog
E IEEE
External Channel Smoothing Eaat

Attenuation

[aTs):

OFf

Selected Channel
Identificatian
Flash

Exit

This pop-up menu controls the position
of window traces. See page 3-227.

Sampling head controls. See page 3-167.
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At a Glance

n Sample Inter
o Sample Inter

3]
Window
Reoond Leriath

- —

512 points

— Record length controls.
See page 3-161.

Finng <

— Horizontal reference point
controls. See page 3-109.

#Y Display Mode
Teace
Ml
Main

XY trace
controls.
See page
3-231.

ioguired

Trave

HBoguire Deccription

Ot

Hoguisition

5

e
Feo

Fd

i

Fun Hoguisition

Dt

-MENusq

WAVEFORM
TRIGGER

MEASURE

DISPLAY
MODES

STORE/
RECALL

UTILITY

UUOUDE

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

/

V
Averaging and Acquisition control.

enveloping. See page 3-3.
See page 3-13.

Refeenge i
HBrpilidzude Lorcent
250mY Off

Ttk
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At a Glance

-MENusq

WAVEFOHMi Mertical Hovivonnall Boguar Lratioules
Dest Do Do
TRIGGER :I M3 Main Continuous, Single
Fast @ 512 pie @, Y
Sampling Lirdo Saue Trace Mape il
MEASURE D Heoo Frelc | Heor
Traos
DISPLAY D Status
MODES
STORE/ D
RECALL
Y
UTILITY D Sawe Trace Description
- Trdce Desedvace Desodvane DesnTodoe Degn
= 8 i 2 i3

Saved trace description controls. See page 3-173.
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Trigger Major Menu

At a Glance

Select the trigger source using this pop-up menu. See page 3-215.

Trigaer Sourne

External
Direct

External
Prescaler

Exit

Use this pop-up with external

—MENusq

WAVEFORM

TRIGGER

MEASURE
DISPLAY
MODES Exterral
Direct
STORE/ Made
RECALL
Huto
UTILITY

Touch this selector to assign
the knobs to control trigger
level. See page 3-215. ac

direct triggering to select AC or
DC coupling and trigger
attenuation. See page 3-215.

Fxternal Option

Eateraal
Hidtenuation
w1

Eateraal
Loupling

Touch this selector to

enable/disable high frequency

Eoternal Hiah holdoff. See page 3-215.
Hptinns  Erenienny
OFf
Set trigger holdoff parameters
Enbenced D ilniinasr

Trianering Holdarg Vngg:’fa"gseP;g"’UsP

udoed

Select Normal or Auto
Trigger with this selector.
See page 3-215.

Touch this selector to change the
trigger slope. See page 3-215.

04 Huto
S48 Trigger Holdoff
Holdort
Made
Huto

Touch this selector to
enable/disable enhanced R
triggering. See page 3-215. Ret

11801C User Manual
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At a Glance

Measure Major Menu

Use this pop-up menu to specify

which measurements you want to Stadistice B Tep pomade
take. As you select measurements, Mode Hode Method
the readouts appear immediately in { ; IEEE

the unused selectors of the major

M

menu. See page 3-139 fmplitude Timing FreaEmergg
A Mean Eisa Fal E Hrea o
Mg EME Franiendy Bariind E Hrpa o
Touch a measurement readout to X
display a pop-up menu that lets you )
control the way the measurement is Min . Guee Heoplelay Lrdese o Eneray
taken. See page 3-147. shost i

8\ ENUS By
WAVEFORM :I Mo M
iy Hs Hog ]
11.8415 | ~174, 8040
TRIGGER D i
Hicn "
e
MEASURE - 4, 34572 o ;
e Compare and Reference Yalues
DiSPLAY [::] Cipare =
N Malipe s Fedorcnenc
sTORE/ D These six selectors are reserved for the readouts of bes
measurements that you select. This sample menu
UTILITY D shows _that the measurement system is set up to take B just Feferences
six measurements on the selected trace. Man i Min
See page 3-135. Bet Bet beg
@y @y @y
Hige Eorand Uoee
et Hed Hed
de de “

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

This menu enables you to select
several kinds of display persistence
and to control the histogram display.
See page 3-43.

At a Glance

Use this menu to generate or edit masks
used in mask testing. See page 3-117.

PersistencesHistograms Mask Testing
Fersist Refriogh Mo Magnd Hagna Hagnd
Time Hate
Je Ge Undefined Undetirned Undefired Undefined Undefined

-MENUS- " . .

ol =
WAVEFORM D Groding Mosiontrsd
1
TRIGGER E::] Wertioal  ¥ertical Histouran
Histnaran Limite Soaling
Liresr
MEASURE D
B e
DISPLAY Hizstoaram Linfite
MODES
STORE/ D Vertored
RECALL
Trane
On
UTILITY [::]
Eaii

Hoistnarans
Mormel
Continuous

4608 ta
9214

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

¥

Masgkilg

2
o
o
5L
L

Haghe Maghy Mokl

Undefined Undetirned Undefired Undefined Undefined

it lelote Lo Eune lreate
Mash Dedn Masy Uegn Hate eer Eus
1RGE

Fait

HNST =ONET » COITT =DH OUptical Standards
ol ool
Sligany i lane
COITT G.78HE Electrival Standards
Sim Fairn Dol Falape Fillee FEba Biiles
L ENE o HLddENE ddHREME L LEEL EERE
e Fulee B TEET FHOEL
TaHERRE 1B Ra SEohE
ANST T1.182 Electrical Standards
gl DRl i g
LoBdds LoBdds e B ddlidENE
e B SiSna
SliBdBME IR EENE BRI BNk

PO Haln e

fennn -

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

displayed traces. See page 3-183.

Stare  Trance Stored Trave
ST
M1
ERRS
SrnnEe G Sas M b
S0
Free Mon¥aolatile RAM
34488 butes
Fait Fait
SR VENUS Sy
WAVEFORM D
TRIGGER D
MEASURE D
DISPLAY D Heoall ClEar Uelete
MODES Trece Trace Trace
s ()
Heoall Snlienoe Uelete
triang Serdanasil Serndang
UTILITY :I OFf
A

Store Present Front Panel Detting (FPSY
FRE T
Meny Displaved with Stored Setting
- Waiasiann iThiaer Maasice

Single Tra All Tra

Status Status
Shibned Db Eare Hraidal i
Ferall
Siore Met Fres NarVolatile EAM
FEE 84488 bytes

T
o

Eaat

This pop-up menu lets you store an instrument setting. See page 3-178.

This selector activates or disables the
SEQUENCE SETTINGS button on the
front panel. You can use that button to
change from one instrument setting to
the next. See page 3-181.

1-22

Getting Started



At a Glance

Delete stored traces using this pop-up
menu. See page 3-186.

Delete Trane
Clear displayed traces using this . | e - -
fizplayed ranes Liored races
pop-up menu. See page 3-5.
Tiear Trace Trace Teage 2 Sang
. s M1 M
e HERRY HERRY
i k=
Main Main
Cleae A
Eaat

-MENusq

WAVEFORM
TRIGGER

MEASURE

DISPLAY
MODES

STORE/
RECALL

UTILITY

UEODDOO

These pop-up menus let you recall or
delete settings. See page 3-179.

RFerall Front Panel Setting (FPS) Delete Frant Fanel Setting (FFP51

FRb i FRb FRS 3 FRD 4 Fro 2 Fro g

Selected Bl Setdings Fait
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At a Glance

Utility1 Major Menu

This pop-up menu shows instrument and
sampling head identification and firmware
version numbers. See page 3-189.

Use this pop-up menu to set GPIB and RS-232-C parameters.
See page 3-80 for GPIB, and page 3-164 for RS-232-C.

GRIB REZ3ZC

Faramaters

| <> 1N

DefTra

System Identification

GRIE Parameters FSEZE0 Parameters
e HE Hudress Baiid Fobn Shan
Hate Bots
Talklisten it SEEREd On 1.5
Terminainry ERILE Faratu Elagding Daiiag
Debug
EOL OFF Mone Soft 2]
FOL B R ergEe == i
Tek C & F Dabug
YEL. L CRALF Oy OFf
Eait
' Tnenting Calne Herdeoong
Bitmap
Soresn
Initializellnsreument Labsling Hoaan
Hntinns ta
15554 OFF Erhanced
HE-FEH-93 Hroursan

WAVEFORM
TRIGGER
MEASURE

DISPLAY
MODES

STORE/
RECALL

UTILITY

gogodd

\

verify Initialize | yse this selector to initialize the

instrument to a known state.
| See page 3-111.

Ininaalize lancel

Use this pop-up menu to
label traces and settings.
See page 3-113.

Mainframe

Unit Select

118R1C Mainframe ID#

Executive Processor 4. 85
Display : 4,88
Time Base-Controller: 4.83
Acquisition #1 : 3.8z
Acquisition #2 3.8z

Mainframe Sampling Heads

Chan M1 B¥ Chan MZ 5+
Chan M3 B¥ Chan M4 5+
Chan MS 1% Chan MB 1¥ 5D-24 BHZHI78
Chan M7 B¥ Chan MB 5+
Options
1T — Telecomm Standard Masks Installed
1M - S5M-11 Compatability Mot Installed
GFIB ~ Color Hardcopy Main Size
RS23eC 753pssdiv
Bitmap Main Pos
Screen 36.1ns
Initializellnstrument| Labeling Fage
Options tao
17:57:82 Off Enhanced
27-FEBE-H1 Accuracy
Labeling
- B B
- Treoes Settibas
Label Mode
M1 Manual
HERRY
Digniag
Off
Fagition
i bl £ & 1 | L i 0 & :
: 5 o F e H 3 ! L
2 % 8 i o M M R BpEne
Mimkieg s Greel Eait
Lhlier AR BEREhing b
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At a Glance

Frinter Color Map
Use this pop-up menu to
g3 Fin 24 Pin | Beackoround  Trace
set Hardcopy parameters. Calar L
See page 3-91. roh: FFFH rogh: BOBH
Tek 4692 Tek 4696 Graticules Trace
Selectors Color 2
rogbs H99H rgh FESH
This pop-up menu Tek 4597 z Windai Trace
enables you to set the Teaie Calor 2
colors of various rogbe GFCH rghr BFEH
elements of the display.
See page 3-21. A1t Inklet HEGL Cursorss Trace
Meas Zones Color 4
rob FAPH rgh: 93CH
HE SERC
Preoinas Defanit Screen Direction Dats Default
Ceare Ceior Format Format  Color Map
G11 HiRee Horizontal TIFF
Dutput Hardonpy Bhart
FPart
GRIB
Exit
R VENUS Sy /
/
WAVEFORMD - ldent iy Lnlar Hardoong
B
Bitmap
TRIGGER D Sopesn
tnitiaiiee Lzeiing Pfc“‘ Use this selector to access
: o
MEASURE D Orf Frhancod the Enhanced Accuracy
Arrurant major menu. See page 1-26.
DISPLAY [::]
MODES
Iretrument Uptions
STORE/ D
RECALL N B
Hutoset Uptions
uTiLITY - WEERIEAD HAr I EAnr e Frahile Butueay
Hutoaet Hutoaet Hltoaet i Mode
n n n Feriod
Autoset controls are
. described on page 3-9.
fouch this selector to turn the -
audible beep on or off. L SE :ji: - MC‘;; |
See page 3-7. SRR R
Turn on or off vectored
traces with this selector.
Touch this selector to assign o s T See page 3-219.
the knobs to control display — Fondback Trace Donling O~
brightness. See page 3-41. On Off Optional [~~~ Control trace scaling, a
PET B R T e property of traces, with this
These selectors control FFT ——— . 5 Windew inmebate Mode  ~_| selector. See page 3-214.
windowing and scaling d B B-Harrie 0¥ eritered ~— .
parameters_ See page 3-65. Select shifted or centered
Holirs Minuies Bororos filter mode. See page D-6.
Use th trols t 15 B a2 523.Bhre "~ Touch this selector to turn
se e’s,e controls io Fowerupe: 197 times on or off time and date
" 2‘”8' e instr ‘;";3’;’ Mintn fay fear stamps for stored traces.
clock. See page 3-203. . . See page 3-183.
FEE i Hd
it
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At a Glance

Enhanced Accuracy Major Menu

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

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

Blowhy Compensation

Gain Calibration

Selevted Channel —-— M1

FMENUS‘

WAVEFORM

SGelevted Channel —- ME Lonp Gain

£

- Manual But
Calibrate Lal

T
s
i
o

Dinide By Tan
Made
Off

Fait

This pop-up menu provides assistance in making all
calibrations of a sampling head quickly. See page 3-49.

Telinn
TRIGGER D e
MEASURE D an e Paae
dode Hmplituds o
DISPLAY D 1 Hritlitus
MODES Meny
STORE/ D
RECALL
UTILITY llll
Y
Calibrate A1l
Selected Channel -- M1

05

e

e

This pop-up menu controls the
automatic self-calibration system.
See page 3-49.
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Calibrate offset of sampling heads. See page 3-49.

At a Glance

Use this pop-up menu to compensate for minor timing
variations between sampling heads. See page 3-49.

Jffeet Calibration Delay Hd justment
SZelected Channel ~— M2 OfFfest Mull Charnnel -~ M3
- Mannall Buddnatio Measure
Calibrate Lalibrans Chann
i B 4 Manial
(onstants Lalibrate
Ferall Eovall Ediltaring
Heee Donst Dedoulis -
Faiin Delsy
Lompensats
Off
Eait
R MV ENUS Sy
WAVEFORM D
TRIGGER D Teiag
B jist
MEASURE D
ThRE Peae
DISPLAY D Hmplitude fo
MODES Urilityd
Menu
STORE/
RECALL D
UTILITY llll
Use this selector to access
the Utility2 major menu.
See page 1-28.
TOE Amplitude Calibration
SZelected Channel —— M1
Maral Bidtoaatan
1 Calibrate Lalibrate
2 B
Cnnatanns
Ferall Ferall
bepr Uonst Hetanlis

Fait

Calibrate the TDR amplitude of those
sampling heads that support TDR.
See page 3-49.
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At a Glance

Utility2 Major Menu

FMENUS-

WAVEFORM
TRIGGER

MEASURE

DISPLAY
MODES

STORE/
RECALL

UTILITY

gUoodd

Use this selector to initiate a

self-test and verify that the Use this selector to enter the
instrument is operating extended diagnostics system.
properly. See page 3-38. See page 3-38.
Yerifuy Self Test Yerify Diagrnostins
Sailg Cannn] Fs ey CARRE]
et Disannstic

Disanastin

Heaae
1o
Hrilityl
Menu

Use this selector to return to
the Utilityl major menu.
See page 1-24.
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Overview

This section presents eleven examples that illustrate how to use the

11801C Digital Sampling Oscilloscope. Examples 1 through 4 describe how
to define and display single and multiple traces and how to perform signal
processing.

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

Examples 8 through 11 discuss advanced features of your 11801C Digital
Sampling Oscilloscope that are beyond the standard set of oscilloscope
features. These examples cover using a stored trace as a reference, saving
trace descriptions for later use, taking histograms of displayed trace data,
and taking Time Domain Reflectometry (TDR) measurements.

m  Example 1: Displaying a Trace

m  Example 2: Managing Multiple Traces

m Example 3: Defining Multiple Traces

m  Example 4: Using Signal Processing

m  Example 5: Taking Automated Measurements

m  Example 6: Taking Delay Measurements

m  Example 7: Taking Comparison Measurements Using a Reference Trace
m  Example 8: Using Saved Trace Descriptions

m  Example 9: Comparing Traces to Stored Traces
m  Example 10: Creating a Histogram Display

m Example 11: 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 also become familiar with the basic front-panel controls.

For this example you will need an 11801C with at least one sampling head
installed, one SMA connecting cable, and a static protection wrist strap.

Major Menu Buttons You will begin by initializing the 11801C to its default settings. Each example
in this manual begins with this step.

Read the Operator Overview section for information on installing
your 11801C.

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

the display.
F MENUS q You may wish to press different major menu buttons and observe the
changes on the display. Each major menu presents a group of controls that
WAVEFORM are related to each other.

m WAVEFORM controls trace definition, sampling head control and ac-

TRIGGER quisition control.
EASURE |: m  TRIGGER controls triggering.
] m  MEASURE controls the automatic measurement system.
?/'l%%"ég m  DISPLAY MODES controls histograms, mask testing and editing, and
other display features.
STORE/
RECALL m  STORE/RECALL controls storage and recall of trace data and 11801C
settings.
UTILITY
k ) m  UTILITY controls general 11801C 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
11801C and installed sampling heads, through the Utility major menus.
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Example 1: Displaying a Trace

Utility1 Major Menu

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 11801C to default settings using the Initialize selector, which
appears in the Utility1 major menu.

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

This illuminates the UTILITY button’s light and displays the Utility1 major
menu, as shown in Figure 2-1.

g Detlea

=W

188pa div
Inenting Calne HerdoonD

24, 4dins
£ {1

Bitmap

Sopesn
Tnitaalavelnstrunent Labeling Faae
Hntinns ta

1712013 OFf Erhanced

HE-FEH-93 Hroursan

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. Until you
remove your finger from the display, the 11801C indicates your potential
selection by outlining that selector. You can change your potential selection
by dragging your finger to the desired selector before withdrawing it.

NOTE

The 11801C does not perform any operation until you remove your
finger from the display.

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

ERLIR fnenning Calne Herdeoong
Initialize Selector Sitman
Soreen
\Shrument Laheling Paae
Lo
OFf Erhanced

Hrouraoy

Figure 2-2: Initialize Selector in Utility1 Major Menu

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

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

NOTE

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

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

This sequence, pressing the UTILITY button and then touching the Initialize
selector, will always set the 11801C to a default state.

[C] step 3: Puton the wrist strap and ensure that it is connected to the
antistatic connector on the front panel of the 11801C.
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Example 1: Displaying a Trace

To view the calibrator signal, you must connect a cable from the CALIBRA-

Connecting Cables
TOR output to any sampling head input connector.

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

2-4).

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

J100

] Il |

OO [l

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

Beside each sampling head input is a small SELECT CHANNEL button.
Pressing it is a quick way to display that channel. The resulting yellow light
near the button tells you that the channel is being displayed.
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Figure 2-4: Sampling Head Control Panel (SD-24 shown)

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

Example 1: Displaying a Trace

Z,

SELECT
CHANNEL

@)
/ +3V MAX ?

500 TDR
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A

b
0

SELECT
CHANNEL
SD-24
TDR/SAMPLING
HEAD

The yellow light on the sampling head blinks, indicating that the channel is

being displayed.

You don’t see a trace on the display because the trace is not triggered. The
trigger icon (7)) at the left of the graticule shows !not! above it meaning the

11801C is not triggered. This icon always shows you the trigger status.

The 11801C has an internal clock, which is synchronized with the calibrator
output. You will use this clock to trigger the trace. To set triggering, you need

to use the Trigger major menu.

D Step 6: Press the TRIGGER major menu button in the MENUS column.

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

to Internal Clock.

11801C User Manual



Example 1: Displaying a Trace

Pop-Up Menus

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

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

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

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

Trigaer Souros

External
Direct

External
Prescaler

Exit

 Leuet External High Main Size

Options Freguency Zhpsodiy

ITriternal OFf Main Pos

Clonk a5 . 7605 7ne
Mode Slope Enhanced | Trigger RemouesClePans
Triogering Holdaftf Trace 1 Foom
Mormel OFf Ruto Ml OFf

Bus Main

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

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

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

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

|:| Step 9: Touch Exit to remove the pop-up menu.
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Example 1: Displaying a Trace

Autoset You now see a flat trace on the display. 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), automatically
sets the horizontal, vertical, and trigger parameters to display the desired
portion of the trace.

The
AUTOSET
Button

ACQUISITION SEQUENCE

HARDCOPY  "SETTING O o |~
RUN D D ’l‘
sToP D STANDBY

Figure 2-6: AUTOSET Button Location

|:| Step 10: Press the AUTOSET button above the sampling heads.

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

Autoset Options

You have used autoset to show the rising edge of the calibrator signal. The

Instrument Options pop-up menu
set operation (see Figure 2-7).
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Figure 2-7: The Instrument Options Pop-Up Menu

|:| Step 11: Press the UTILITY major menu button in the MENUS column
and touch the Instrument Options selector in the major menu. (If you
see a different major menu than the Utility1 menu, press the UTILITY

button again.)

The Instrument Options pop-up menu controls autoset with the following

groups of selectors:

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

m  Under Autoset Mode you can select Period Mode or Edge Mode.
Edge mode is the initialized default and displays a single rising edge of
the signal. Period mode displays several cycles of the trace.

2-10

Operating Basics



Example 1: Displaying a Trace

m  The Stan Mask Autoset and Stan Mask Offset Adj selectors are used
in performing autoset to the selected standard mask, during mask
testing. Standard mask autoset is discussed in the Mask Testing section,
beginning on page 3-117.

m  The Undo Last Autoset selector restores the 11801C to the settings that
existed before you pressed the AUTOSET button.

You want to display several cycles of the calibrator signal.

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

A display should appear similar to the illustration in Figure 2-8.
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Figure 2-8: The Calibrator Signal After Pressing AUTOSET in
Period 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 Knob menu to see what the knobs will adjust. This is called the
current knob assignment. The Knob menu appears on the display to the
right of the major menu (see Figure 2-9).

The top two selectors of the Knob menu are half-height and always show the
current knob assignment. At present they show that the top knob controls
the Main Size (time per division) parameter, and the bottom knob Main Pos
(main time base position). The bottom half of each selector shows the
current value of that parameter.
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Figure 2-9: The Knobs and the Knob Menu

Selectors may perform specific tasks, or assign the knobs, or do both. Each
knob assignment remains in effect until you change it with another selector
or a major menu button. Each major menu button “remembers” its current
knob assignment, meaning that if you change from one major menu to
another, 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 glance 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 11801C “counts clicks” to
measure knob motion. Depending on the value the knobs are assigned to,
each click changes the value by some linear increment, a multiplicative
factor, or the next number in a 1-2-5 sequence.
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Example 1: Displaying a Trace

|:| 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.

Ilcons

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 ( 7 ), the vertical icon (), and
the horizontal icon (<) assign the knobs. Since the current knob assign-
ment is horizontal (main) size and position, the horizontal icon (<) is
highlighted.

NOTE

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

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

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

11801C User Manual
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Example 1:

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

Keypad Pop-Up
Menu and Knob
Resolution

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

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

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

The Knob Res section has selectors for Coarse, Medium, and Fine resolu-
tion. Vertical offset does not support medium resolution, so that selector 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 pV. The Coarse selector is highlighted to show that it
is the current selection.

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

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

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

NOTE

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

[C] 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.

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

Vertical size is now set to 50 mV per division.

11801C User Manual
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Example 1: Displaying a Trace
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Figure 2-11: The Knob Menu and Keypad Pop-Up Menu
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Example 1: Displaying a Trace

Major Menu Knob
Assignments

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

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

NOTE

Major menu buttons perform knob assignments.

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

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

11801C User Manual
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Example 2:
Managing Multiple Traces

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

For this example you will need an 11801C with at least one sampling head
installed, two SMA cables, and a 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.

[C] step 2: Put on the wrist strap and ensure that it is connected to the
antistatic connector on the front panel of the 11801C.

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

|:| Step 4: Connectthe INTERNAL CLOCK output to any available sam-
pling head input.

Je_cllylly]

00 Ll

Figure 2-12: Connections for Example 2

Display the trace coming from the calibrator.

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

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

|:| 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 to remove the
pop-up menu.

11801C User Manual
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Example 2: Managing Multiple Traces

|:| Step 8: Press the UTILITY button to display the Utility major menu.
Touch the Instrument Options selector in the major menu area, and
select Autoset Mode in the pop-up menu to select Period as the auto-
set mode. Touch Exit to remove the pop-up menu.

|:| Step 9: Press the AUTOSET button (above the sampling heads).

You should see several cycles of the calibrator signal on the display, as
shown in Figure 2-13.
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Figure 2-13: The Acquired Calibrator Signal
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Example 2: Managing Multiple Traces

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.

|:| Step 10: 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 2-14).

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 11801C can display up to 8 traces at once, there is always one
selected trace. The selected appears brighter than other traces. Most
menu selectors, the knobs, the status displays, and autoset all operate
on the selected trace. The 11801C can display four different colors, so
that when up to four traces are displayed, each trace is displayed in a
different color. If greater than four traces are displayed, additional traces
are displayed in the same colors used for the first four traces.

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

The channel lights on the sampling head are lighted to show that both
channels are being displayed. The light for the selected trace blinks.
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Figure 2-14: Graticule with Two Traces

11801C User Manual

2-21



Example 2: Managing Multiple Traces

Selecting Traces by
Touch

To select a different trace simply touch the desired trace. An outline box
indicates your potential 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 11: 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
2-15). The Vertical Desc selector shows the trace expression of the selected
trace.

[[] step 12: 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 channel 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+MS3, as you will see in Example 3.

The Remove/Clr Trace n selector of the Knob menu also shows the expres-
sion of the selected trace. (It also indicates that the Main time base is used.)
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Figure 2-15: 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 11801C when the trace is created. It should not be con-
fused with the trace expression. Trace numbers range from 1 through 8. This
selector always shows the number of the selected trace.

[[] step 13: Select each trace by touch, and observe the Vertical Desc
and Remove/ClIr Trace n selectors and the sampling head lights.
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Example 2: Managing Multiple Traces

Selecting Traces
Using the Trace
Status Menu

Another method of selecting traces presents information about all displayed
traces simultaneously. The Waveform major menu has an alternate “Trace
Status” menu as shown in Figure 2-16. The WAVEFORM button is lit when
either alternative is displayed. The More... selector of the standard Wave-
form major menu displays this alternate.

|:| Step 14: Touch the More... selector in the major menu to see the Trace
Status menu.
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Figure 2-16: 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 selectors show status information about the trace they represent. The
selector for the selected trace is highlighted. You can make any trace the
selected trace by touching its selector. This highlights the new trace and the
representative selector in the Trace Status Menu.

|:| Step 15: Touch the trace selector that is not highlighted. Notice that it
becomes highlighted and that its trace is brightened on the graticule.

|:| Step 16: 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.

11801C User Manual
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Example 2: Managing Multiple Traces

Labe"ng Traces You can label traces to help you keep track of them. You can specify a label
of up to 10 characters for each trace, and you can have these labels dis-
played with the traces on the graticule. You can use letters of the alphabet
(upper or lower case), Greek symbols, graphic symbols or numbers in your
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 Utilityl major menu to control labels (see Figure 2-17).

|:| Step 17: Press the UTILITY button to display the Utility1 major menu.
|:| Step 18: Touch the Labeling selector in the Utilityl major menu.

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

|:| Step 19: Touch the Display selector to turn display of trace labels on.

|:| Step 20: If it is not already highlighted, touch the Displayed Traces
selector.

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

[C] step 21: 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 symbols and more), Greek (the
Greek alphabet), and Other (characters from non-English alphabets). Back
Space lets you correct errors. Exit removes the pop-up menu.

|:| Step 22: Use the keyboard selectors to type in your own label, for
example CAL.

|:| Step 23: 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 labels will always stay on the graticule. If the position or the movement
of the trace would take a label off the display, the edge of the graticule limits
the movement of the label.

|:| Step 24: Touch the Labeling selector in the major menu area, and
touch the Position selector in the pop-up menu.

|:| Step 25: 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.

2-24 Operating Basics



Example 2: Managing Multiple Traces
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Figure 2-17: 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
2-19). You can place traces on either graticule.

|:| Step 26: Press the WAVEFORM button to display the Waveform major
menu.

[C] step 27: Touch the Graticules selector in the major menu, and touch
Create Second Graticule in the pop-up menu (see Figure 2-18).

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

|:| Step 29: Touch the Upper Graticule selector of the major menu (it was
Lower Graticule). Touch Reduce to One Graticule.
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Figure 2-18: The Graticules Pop-Up Menu
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Figure 2-19: A Dual-Graticule Display
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Example 2: Managing Multiple Traces

Removing Traces [[] step 30: Below the knob labels, touch the Remove/Clr Trace n selec-
tor, and then Remove Trace n in the pop-up menu.

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

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

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

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

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

|:| Step 31: Press the sampling head SELECT CHANNEL button beside
the blinking light to remove the remaining trace.
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Example 3:
Defining Complex Traces

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

For this example you will need a 11801C with at least one dual-channel
sampling head installed. Also, a power divider and two SMA cables of
different 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.

|:| Step 1: Initialize the 11801C (press the UTILITY button in the MENUS
column, touch Initialize in the major menu, and touch Initialize in the
verification pop-up menu).

|:| Step 2: Put on the wrist strap and ensure that it is connected to the
antistatic connector on the front panel of the 11801C.

|:| Step 3: Attach the power divider to the CALIBRATOR output connector
of the 11801C.

|:| Step 4: Connect cables from each branch of the power divider to sam-
pling head input connectors.
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Figure 2-20: Connections for Example 3

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

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

|:| Step 7: Turn the top knob to the left until the horizontal scale is 5 ns/div.
Don’t use the AUTOSET button!

You should see the calibrator trace on the display twice. Because of the

different lengths of the cables you are using, the edges of these traces will
be separated by 3 ns.
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Example 3: Defining Complex Traces

Trace Expressions

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

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

NOTE

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

[] step 8: Touch the DefTra icon.

The selectors in this pop-up menu are keystrokes that you use to build a
trace expression (see Figure 2-21). As you enter keystrokes, the expression
is shown at the top of the menu. These selectors are available:

m  Channel Selectors specify an input channel.

NOTE

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

m  Numeric Keypad allows entry of numeric constants and arithmetic
operators of addition, subtraction, multiplication, and division.

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

m  Stored Traces specify a previously stored trace.

m  Syntax includes parentheses, Back Space (which can be used for
successive entries), and Enter Desc (which enters your completed
expression, removes the pop-up menu, and creates the trace). Cancel
removes 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 9: Touch Mainframe, then 1 (under Mainframe in the numeric
keypad area), — Mainframe, 2 (under Mainframe in the numeric key-
pad area), and Enter Desc, all in the pop-up menu.
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The difference trace is created. Notice that on the sampling heads, both of
the yellow lights for the source channels are blinking, indicating that both
channels are represented in the selected trace.
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Figure 2-21: The DefTra Pop-Up Menu

2-32

Operating Basics



Example 3: Defining Complex Traces

Vertical Adjustment
of Complex Traces

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

|:| Step 10: 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 select the right trace.

|:| Step 11: 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 12: 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-
cule.

The selected trace will change to be twice as high. The difference trace will
also change, becoming quite ragged (see Figure 2-22).

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

|:| Step 13: Turn the bottom knob to the right until the selected trace is
completely on the graticule. You will see the “noise” disappear from the
difference trace.

|:| Step 14: Continue to move the trace up to the top half of the display
and observe that as it moves, the difference trace moves up as well.

NOTE

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

|:| Step 15: Turn the top knob to the left to return the selected trace to its
original size of 200 mV/div.
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Figure 2-22: 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 channel
signals.

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

Whenever the knobs are set to vertical size and offset, the Knob menu
selector at the lower right corner of the display becomes a Chan Sel selec-
tor (see Figure 2-23). Touch this selector to choose which channel you wish
to move. Repeatedly touching the selector lets you choose from all of the
input channels that make up the complex trace.

Chan Sel Selector

Figure 2-23: The Chan Sel Selector in the Knob Menu
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[[] step 16: Touch the difference trace to make it the selected trace.

[] step 17: Observe the Chan Sel selector in the Knob menu, and then
turn the top knob to the right to set the vertical size to 100 mV/div. You
may need to turn the bottom knob to position the trace completely on
the gratucule.

|:| Step 18: Touch Chan Sel in the Knob menu to select the other input
channel. Observe that the knob labels reflect the channel change.

|:| Step 19: 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 u§|ng the !(I‘.lObS without changing the gﬁset of gny co.mporlwent 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 Vertical 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.

|:| Step 20: Select and remove each of the simple traces that represent a
single input channel. Use the Remove/Clir 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 21: Touch the Window icon.
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Figure 2-24: A Window Trace Display

The 11801C 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 displaying (see Figure 2-24).

NOTE

Window traces can be moved from one graticule to another, 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 alternate Trace
Status major menu.
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[] step 22: 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.

|:| Step 23: 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 it.

|:| Step 24: Turn the top Window Size knob left and right one click at a
time. The size of the highlighted area changes and the window trace
reflects that change.

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

[] step 25: 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.

[] step 26: Turn the bottom Window Pos knob. The second window trace
moves.

|:| Step 27: 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 separate
them vertically. Normally, the Chan Sel selector of the Knob menu (see
Figure 2-25), 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
vertically. This moves only the selected trace.

Trage

[2E)

Chan Sel Selector

Figure 2-25: The Chan Sel Selector in the Knob Menu

|:| Step 28: Touch the vertical icon (}), and the Chan Sel selector in the
Knob menu until it displays Trace Sep.

[[] step 29: 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 30: Select the main trace (top graticule) by touching it. Touch the
horizontal icon (<), and use the bottom knob to 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 original position with the critical portion of the
trace centered.

[[] step 31: 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 (volts 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 will need an 11801C with at least one sampling head
installed, one SMA cable, and one static protection wrist strap.

|:| Step 1: Initialize the 11801C (press the UTILITY button in the MENUS
column, touch Initialize in the major menu, and touch Initialize in the
verification pop-up menu).

|:| Step 2: Put on the wrist strap and ensure that it is connected to the
antistatic connector on the front panel of the 11801C.

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

el

o]0 _cJ[o]ly]

(eie)nrmm

Figure 2-26: Connections for Example 4

|:| Step 4: Press the SELECT CHANNEL button nearest the sampling
head input you have connected to 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 Exit 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 2-27.
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Figure 2-27: A Horizontally and Vertically Expanded Portion of the
Calibrator Signal
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Averaging and
Enveloping

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

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

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

Avg(M1)
would be entered with the selectors:

DefTra Avg( Mainframe 1)
Enter Desc

A short-cut is available to apply averaging or enveloping to 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 2-28).

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

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

|:| 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 11801C
to stop acquiring data after the required number of samples, you can use
the Average Complete selector in the section Stop Acquisition On.

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

The 11801C stops acquiring data when the average is complete, leaving a
stable display (see Figure 2-29).
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Figure 2-28: The Acquire Desc Pop-Up Menu
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Figure 2-29: Averaged and Normal Traces
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|:| Step 13: Touch Acquire Desc in the major menu and Average N in the
pop-up menu, to turn off averaging. Notice that the trace expression in

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

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

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

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

[] step 14: Press the DISPLAY MODES button in the MENUS column to
display the Display Modes major menu. Select Persist/Histograms in
the major menu area (see Figure 2-30).

|:| Step 15: Select Variable in the pop-up menu and select 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 trace data remains on the display as
new values are added, building a history of all displayed trace points.

Color grading enables you to visually distinguish the relative density of trace
data on the display. As trace data values are accumulated, areas where
more trace record points fall are displayed in a different color from areas
where fewer points occur.
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Figure 2-30: The Persist/Histograms Pop-Up Menu
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|:| 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 major menu,
you can select Color Grad Scale to see how colors are assigned to
regions of the histogram. Select Exit to remove the pop-up menu.

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

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

NOTE

If 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
Smoothing to turn smoothing off. Touch the Exit selector in the pop-up
menu (see Figure 2-31).

Note that neither smoothing nor averaging can be applied to random data
displays, such as eye patterns.
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Figure 2-31: The Sampling Head Fnc’s Pop-Up 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 always shows the point count of the selected
trace.

|:| 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).

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

NOTE

If the channel loop gain is not correctly calibrated, changing record
lengths can also change the trace appearance. See Enhanced
Accuracy in the Reference section of this manual.
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The bottom knob similarly controls the window record lengths.
You should be aware of the following attributes of record lengths:
m  All main time base traces share the same record length.

m  All window traces share the same record length.

m [nitialize sets both record lengths to 512.

m  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.

m  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 4096 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 quickly you can display a dynamic mea-
surement from a displayed trace.

For this example you will need a 11801C 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.

O

O
O

Step 1: Initialize the 11801C (press the UTILITY button in the MENUS
column, touch Initialize in the major menu, and touch Initialize in the
verification pop-up menu).

Step 2: Put on the wrist strap and ensure that it is connected to the
antistatic connector on the front panel of the 11801C.

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

001

o Ny |

00 Ll

Figure 2-32: 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.

[] step 6: Press the UTILITY button and touch Instrument Options in the

major menu. Touch Autoset Mode in the pop-up menu until Period
mode is selected, and touch Exit to remove the pop-up menu.
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[[] step 7: Press the AUTOSET button.

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

NOTE

Get a stable signal display before using the automated measure-
ment system.
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Specifying
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 available, as listed in the pop-up menu shown
on the next page. You may specify up to six measurements to be taken
simultaneously on the selected trace.

[] step 8: Press the MEASURE button.

Meacire
l ments

5

Camnans 8
Feferences

Figure 2-33: The Measure Major Menu

The Measure major menu is displayed (see Figure 2-33). 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 2-34).
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Figure 2-34: The Measurements Pop-Up Menu

[] step 9: Touch the Measurements selector.

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

|:| Step 10: Touch the RMS and Frequency selectors.

This pop-up menu does not disappear as soon as you select a measure-
ment, so 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.

|:| Step 11: 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
2-35). These values are updated continually.
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Figure 2-35: 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:

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

m  Highlights the portion 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 to assign the
knobs to various measurement parameters.

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

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

|:| Step 13: Touch the RMS selector again in the major menu area.

The annotation lines remain and you can see all of the display. (If you wish
to remove these annotation lines, push a different major menu button or
select a different trace by touch.) For now, closely examine the RMS pop-up
menu (see Figure 2-36).

|:| Step 14: Touch the RMS selector a third time to redisplay the menu.

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

NOTE

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

[[] step 15: Touch the Set N selector and turn either knob, observing the
change in N.

You can change measurement parameters without the pop-up menu in the
way. An example is the measurement limits: when the pop-up menu is
present, you can’t see these vertical lines. The measurement limits define
the portion of the trace that the measurement system is limited to examining.
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Figure 2-36: The RMS Pop-Up Menu and Annotation Lines

|:| Step 16: Touch either the Left Limit or Right Limit selector, to assign
the two knobs to these parameters.

|:| Step 17: Touch the RMS selector in the major menu, to remove the
pop-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 18: Turn the top knob clockwise, so that the left limit bar moves
into the area of the trace previously highlighted.

When you used the limit bar to exclude the portion of the trace where the
measurement was being taken, the 11801C 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 parameters.

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 parameters
are copied from the default 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 19: 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
2-37). Touching the Measurement Functions selector redisplays the original
Measurements pop-up menu.

The new pop-up menu shows the various parameters 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 2-37: The Default Parameters Pop-Up Menu

[C] step 20: 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 to default
values by using the Initialize All selector.

[] step 21: Touch the Initialize All selector, and then the RMS selector on
the major menu.

NOTE

Initialize All affects only the selected trace.

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

Up to now, the measurements you have been using have been software
measurements. However, there are actually three measurement modes:
software mode, hardware mode, and statistics mode. In software mode,
measurements are taken from the digitized trace data record, the same data
that forms the 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 11801C uses special timer
circuits to take hardware measurements. The advantage of hardware mea-
surements is that they are performed faster than software measurements. In
statistics mode, measurements are taken from color graded waveform data
and are based on histograms computed at the crossing levels. You can use
statistical measurements to measure “random” data such as eye diagrams.

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

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

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

[] step 22: Touch the Measurements selector in the major menu; then
touch Hardware Mode in the pop-up menu.
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Table 2-1: Measurement Mode Comparison

Software Hardware Statistics
Functions All measurements Limited to 7 timing  Full range of mea-
except Noise, Jit- measurements. surements avail-
ter, and SNR avail- able, except fre-
able. quency domain
measurements.
Trace All trace expres- Only traces with- All trace 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 eye
patterns.
Display Any display mode. Any display mode. Color graded

Restrictions

mode only. One
trace 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-
smoothing. measurements. ing, and the use of

dual graticules.

Speed Slower Faster Updated when

color graded data-
base is updated
(selectable be-
tween 5 and 100
seconds) or when
a measurement
parameter
changes, such as
mesial level.
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Figure 2-38: 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 2-38.

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 selected in
software or hardware measurement mode, are selectable in statistics mode.

|:| Step 23: 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 24: Press AUTOSET. You should now see the rising edge of the
calibrator signal.
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[] step 25: 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 26: 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 2-39.
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Figure 2-39: 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 automated measurements, you can use cursors.

You will use the cursors to take two common measurements, trace ampli-
tude and delay between traces. The 11801C can do both of these as auto-
mated measurements, so you can compare the method of using automated
measurements to using cursors.

For this example you will need a 11801C with at least one dual-channel
sampling head installed two SMA cables of equal length, and a static protec-
tion wrist strap.

|:| Step 1: Initialize the 11801C (press the UTILITY button in the MENUS
column, touch Initialize in the major menu, and touch Initialize in the
verification pop-up menu).

[C] step 2: Put on the wrist strap and ensure that it is connected to the
antistatic connector on the front panel of the 11801C.

|:| Step 3: Connect the CALIBRATOR output to a sampling head input.

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

()22 (O]

JUL

OO Dlowwrer,
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Figure 2-40: Connections for Example 6

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

|:| Step 6: Press the SELECT CHANNEL button on the sampling head
input channel you have connected to the calibrator signal.
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|:| Step 7: 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 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
Menu
cursors to measure the delay 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
control the cursor positions. However, the Cursors icon is unique in that it
behaves much like a major menu button. It replaces the major menu with
the special Cursors major menu and highlights the Cursors icon instead of
lighting any major menu button. See Figure 2-41.

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

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

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

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

m  Split Dots, which operate like paired dots, but on two different traces of
your choice. The same information is shown as for paired dots.
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Figure 2-41: 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 2-42.

[[] step 8: Touch the Cursors icon, and then the Cursor Type selector.

[[] step 9: Touch the Horizontal Bars selector. Select Exit to remove the
pop-up menu.

|:| Step 10: Use the upper and lower knobs to move the bars over the
upper and lower levels of the trace.

NOTE

To precisely position the cursors, set the knobs 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 2-42: Horizontal Bar Cursors Placed Over a Trace

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

NOTE

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

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

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

|:| Step 11: Establish a dual graticule display (press the WAVEFORM
button, and touch the Graticules and Create Second Graticule selec-
tors).

|:| Step 12: Press the SELECT CHANNEL button of the sampling head
channel to which you have connected the INTERNAL CLOCK output.

|:| Step 13: If both traces are on a single graticule, move one to the other
graticule by touching either Lower Graticule or Upper Graticule and
Move Trace to Other Graticule.

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

|:| Step 14: 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 15: Touch the Cursors icon and the Cursor Type selector. Touch
the Split Dots selector.
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Figure 2-43: The Cursor Type Pop-Up Menu in Split Dots Mode
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When you first select split dots cursors, both dots are on the selected trace.
The Cursor Type pop-up menu remains on the display until you select the
trace you want to move the other cursor to. See Figure 2-43.

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

NOTE

Each trace selector for the second cursor shows the 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 16: Touch the selector in the pop-up menu for the other trace on
the display.

|:| Step 17: Move each cursor on its respective trace to a point halfway up
the rising edge. Use the fine knob control for precise positioning. Some
vertical noise is to be expected.

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

The automated measurement system can take the same delay measure-
ment. If you want to see how this is done, select the trace with the earliest
transition, and then press the MEASURE button. Touch 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 menu), touch the
Trace n selector of the other trace. Touch Prop Delay again to remove the
pop-up menu.
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Cursor Accuracy
Considerations

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

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

Use dot cursors to take a more precise measurement (when record
length is greater than 512 points). Bar cursors are best for visual com-
parison and are positioned with display resolution (when record length
is 512 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 cursor knob to fine will also set the other.

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

Using a Reference Trace

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

For this example you will need a 11801C with at least one sampling head
installed, two SMA cables of different length (2 ns and 5 ns cables are
recommended), and a static protection wrist strap.

|:| Step 1: Initialize the 11801C (press the UTILITY button in the MENUS
column, touch Initialize in the major menu, and touch Initialize in the
verification pop-up menu).

|:| Step 2: Put on the wrist strap and ensure that it is connected to the
antistatic connector on the front panel of the 11801C.

[[] step 3: Connect the short cable from the CALIBRATOR output of the
11801C to a sampling head input.
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Figure 2-44: Connections for Example 7

[[] step 4: Press the TRIGGER button, and touch Source and Internal
Clock. Touch Exit to 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.
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You will measure the difference in propagation time down the two cables
which are different lengths. The cross measurement, which shows the time
delay from the trigger to the rising edge of a signal, will be the basis of your
comparison.

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

D Step 9: Touch Cross, and touch Exit if you want to observe the trace.

Setting X-Axis Units
to Meters, Feet, or
Inches

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
selector on the Waveform major menu lets you choose feet, meters, or
inches for the horizontal axis. See Figure 2-45.

[C] step 10: Press the WAVEFORM button and touch the Graticules
selector.
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Figure 2-45: The Graticules Pop-Up Menu
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The pop-up menu shows an X Units section near the bottom. You can select
seconds, meters, feet, or inches. In addition, the Propagation Velocity
selector, can be used to assign the knobs to let you indicate the signal
speed of your cable. The default 0.7 indicates that the horizontal axis labels,
if inches, feet or meters, will be based on a cable that passes signals at

0.7 times the speed of a 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 Tektronix 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.
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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 all mea-
surements to be displayed as a difference from this value. See Figure 2-46.
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Figure 2-46: The Compare & References Pop-Up Menu

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

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

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

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

|:| Step 14: Touch the Compare selector to set compare 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 value being displayed is at or near zero. The zero value
shows that this cable deviates very little from its own signal propagation
characteristics.
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Once the 11801C 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:

|:| 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
cables 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 to a specific tolerance, without altering the
setup on the 11801C.
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Example 8:
Using Saved Trace Descriptions

This example demonstrates how saved trace descriptions can extend the
capabilities of the 11801C. When you save a trace description, you save the
parameters that control acquisition for a trace, but you do not save any data
points. With saved trace descriptions, you can effectively control up to

40 traces at a time (450 traces with four SM-11 Multi-Channel Units at-
tached). Saved trace descriptions can be used while they are not being
displayed.

In Example 7 you compared a trace to a stored reference measurement
value, and in Example 9 you will compare a trace to a stored static trace. In
this example, you will compare a trace on the display to a trace being ac-
quired in the background. You could do this using two traces on the display,
but in this example you will use a saved trace description and display only
the trace that is to be measured.

For this example you will need an 11801C with at least one dual-channel
sampling head installed. Also, a power divider and two SMA cables of
different length will be used (2 ns and 5 ns cables are recommended). A
signal splitting T adapter may be substituted for the power divider. You will
also need a static protection wrist strap.

|:| Step 1: Initialize the 11801C (press the UTILITY button in the MENUS
column, touch Initialize in the major menu, and touch Initialize in the
verification pop-up menu).

|:| Step 2: Put on the wrist strap and ensure that it is connected to the
antistatic connector on the front panel of the 11801C.

|:| Step 3: Attach the power divider to the CALIBRATOR output of the
11801C.

|:| Step 4: Connect each cable from the power divider to a sampling head
input connector.

Figure 2-47 shows these connections.
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Figure 2-47: Connections for Example 8

[] step 5: Press the TRIGGER button, touch Source and Internal Clock.

D Step 6: Press the SELECT CHANNEL button on the sampling head
input channel to which you have connected the long cable.

D Step 7: Turn the top knob to set Main Size to 10 ns/div.
You should see the calibrator signal displayed.

You will now save this trace description using the Waveform major menu’s
Save Trace Desc selector. See Figure 2-48.

[] step 8: Press the WAVEFORM button, and touch the Save Trace Desc
selector.

Selectors Trace Desc 9 through Trace Desc 40 (or higher) are locations for
saved trace descriptions. They start with 9 because the active visible traces
are numbered 1 through 8. If a trace description is already saved in a loca-
tion, the selector will indicate its channel and time base.

The selectors at the bottom of the pop-up menu allow you to copy the
description of the selected trace into a storage location, recall a saved trace
description into the next available visible trace, or to delete a trace descrip-
tion. Touching the Select All Desc selector will highlight all the locations that
are not empty.
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Figure 2-48: The Save Trace Desc Pop-Up Menu

|:| Step 9: Ifitis not already highlighted, touch Trace Desc 9 (or any other
number of your choice) to highlight it. Then touch Save Trace Desc in
the pop-up menu. This selector will show Tra1 to Tra9 (or whichever
location you used).

When you save the trace description, you are not saving data points as
when you store a trace. Instead the 11801C saves all the parameters to
create that trace when needed. Just as with a visible trace on the display,
the data of a saved trace description will change with the input signal. The
parameters saved are:

m  Trace definition, including the input channel used and averaging.
m  The window information, if it is a window trace.
®  The measurements associated with the trace (hardware measurement

mode only).

NOTE

Saved trace descriptions are not cleared by initializing the 11801C.
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Saved trace descriptions do not save the size and position of traces on the
main time base, or window size of traces on a window time base. When the
saved trace description is recalled, these parameters are set to match the
current time bases.

Saved trace descriptions must be of simple one-channel traces, and cannot
be of traces that use any arithmetic operator such as subtraction or multi-
plication. Averaging is the only trace function that can be applied to a saved
trace description.

NOTE

The limitations on saved trace description complexity are identical
to hardware measurements.

|:| Step 10: Delete the visible trace by touching Remove/Cir Trace 1 and
verifying that you want it removed in the query pop-up menu.

|:| Step 11: Press the SELECT CHANNEL button of the sampling head
input channel to which you have connected the short cable.

The propagation delay measurement allows you to make a measurement to
a second trace. In hardware mode only, that second trace may be a saved
trace description.

[] step 12: Press the MEASURE button and touch Measurements,
Hardware Mode, Prop Delay, and Exit Menu.

|:| Step 13: Touch Prop Delay, and at the bottom of the pop-up touch
Trace 9 (or whichever location you used).

You can read the propagation delay from Prop Delay selector in the major
menu area. If you touch this selector to remove the pop-up menu, you will
see that only one trace is on the display, and seven more can still be dis-
played.
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Comparing Traces to Stored Traces

This example demonstrates how to store a trace that is a “snapshot” of a
particular moment, and how to use the stored trace as a basis for 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 will be
saved as a reference.

For this example you will need a 11801C with at least one sampling head
installed and one SMA connecting cable.

|:| Step 1: Initialize the 11801C (press the UTILITY button in the MENUS
column, touch Initialize in the major menu, and touch Initialize in the
verification pop-up menu).

|:| Step 2: Put on the wrist strap and ensure that it is connected to the
antistatic connector on the front panel of the 11801C.

[[] step 3: Connect the CALIBRATOR output to any sampling head input.
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Figure 2-49: Connections for Example 9

|:| Step 4: Press the TRIGGER button and select Source in the Trigger
major menu. Select Internal Clock and touch 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 Autoset Mode. Select
Period mode.

[[] step 7: Press the AUTOSET button.

You should have a stable display 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 extends above or below the graticule area.
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Example 9: Comparing Traces to Stored Traces

You will store this trace and then define a new trace that shows the differ-
ence between 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 traces
and for storing front panel settings. As you store traces and front panel
settings, the instrument keeps a running total of the available memory. In the
pop-menu below, available memory is shown under Free NonVolatile RAM.
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Figure 2-50: The Store/Recall Major Menu and Store Trace Pop-Up
Menu

The STORE/RECALL button lets you store and recall traces and front-panel
settings. In addition, you can clear traces (discard accumulated data and
force re-acquisition) and delete traces. See Figure 2-50.

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

The 11801C has stored a trace in memory, named “STO 1”. Once the trace
is stored, there is no reason to leave its source on the display.

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

|:| 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.

|:| Step 11: Create a difference trace by touching the DefTra icon, then
touch Mainframe , then 1 (or whatever channel number you are using),
under Trace Functions —, Stored Traces, STO1, and Enter Desc.
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Example 9: Comparing Traces to Stored Traces

|:| 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
trace).

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 to a known
standard of performance. First, you save the desired signal trace from a
circuit of known performance; then you use the difference trace to observe
other circuit samples. These circuits can then be dynamically tuned to the
same performance.

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

[[] step 13: Press the MEASURE 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.
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Example 10:
Creating a Histogram Display

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

For this example you will need a 11801C with at least one dual-channel
sampling head installed, one SMA cable, and a static protection wrist strap.

|:| Step 1: Initialize the 11801C (press the UTILITY button in the MENUS
column, touch Initialize in the major menu, and touch Initialize in the
verification pop-up menu).

|:| Step 2: Put on the wrist strap and ensure that it is connected to the
antistatic connector on the front panel of the 11801C.

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

00 Ll

Figure 2-51: Connections for Example 10

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.

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

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.

O 0O o O 0Od

11801C User Manual 2-87



Example 10: Creating a Histrogram Display

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

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

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

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

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

The amount of noise you see in the displayed signal will depend on the
sampling head you have installed. The illustration in Figure 2-52 shows the
calibrator signal as acquired using an SD-24 sampling head. If you are using
a lower-noise sampling head, such as the SD-22, you will see less noise on
the display.

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

= Top, Btm, Lft, 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.

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

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

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

m Wfms is the number of traces (waveforms) acquired for the histogram.

m  pt10 is the percentage of points that are within one standard deviation
(o) of the mean (). p£20 and p£30 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 10: Creating a Histrogram Display
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Figure 2-52: A Vertical Histogram Display

You can adjust the histogram limits to restrict the range of trace record

points that the 11801C will recognize as valid data points.

|:| Step 11: Touch Persist/Histograms to redisplay the pop-up menu.

[[] step 12: Select Vertical Limits in the pop-up menu.

The knobs are now assign

ed to Top and Bottom.

|:| 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 data to be acquired. You can save time using Color
Graded mode because the trace data doesn’t need to be cleared.
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Example 10: Creating a Histrogram Display

You can also control the number of samples the 11801C 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 acquisi-
tion.

|:| Step 14: Touch the Persist/Histograms selector to redisplay the pop-
up menu.

|:| Step 15: Touch Set N Samples to assign the knobs to control the
number of samples for the histogram.

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

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

Trace acquisition stops when the number of Hits listed in the major menu
area is equal to the number of samples you set.
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Example 11:
Taking TDR Measurements

This example demonstrates the TDR (Time Domain Reflectometry) feature of
the SD-24 sampling heads when they are used in combination with the
11801C. TDR is a method of examining and measuring a network or trans-
mission line by sending a step into the network and monitoring the reflec-
tions.

For this example you will need a 11801C with at least one SD-24 sampling
head installed. You will also need one SMA cable, preferably of 5 ns length,
and a static protection wrist strap.

|:| Step 1: Initialize the 11801C (press the UTILITY button in the MENUS
column, touch Initialize in the major menu, and touch Initialize in the
verification pop-up menu).

|:| Step 2: Put on the wrist strap and ensure that it is connected to the
antistatic connector on the front panel of the 11801C.

|:| Step 3: Attach one end of the cable to any SD-24 sampling head input.
Leave the other end unattached.

Not
Connected

OO Elaww,

Figure 2-53: Connections for Example 11

|:| Step 4: Press the WAVEFORM button, and touch the Sampling Head
Fnc’s selector. See Figure 2-54.

|:| Step 5: Touch Mainframe, 1 (or whichever channel you are using) and
then TDR Preset to define a trace and turn on TDR.

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 11: Taking TDR Measurements

Selevted Channel —- M1 Head Type: SD0-24
- TORZTDT TOR
Polarity
n +
2 TOR Diff TDE
Preset Freset
Prieset TOR
Clear A Delay
~332. Zm
External Channel | Srioothing
Attenuation
w1 OFf
[aTs):
Selected Channel
Identificatian
Flash
Exit
Vertical Horizontal Beguire [Braticules Main Size
Desc Desc Desc Zhpsodiy
M1 Main Continuous, Single Main Pos
Fast % 512 nis ) 35, 76852 ne
. Window |[Save Tracel More... RemouesClrPans
Mode Desc Trace 1 Zoon
Traons Ml OFf
Status Main

Figure 2-54: The Sampling Head Fnc’s Pop-Up Menu

|:| Step 6: Adjust the display sizes and positions to show a trace similar to
that shown in Figure 2-55. 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 11: Taking TDR Measurements
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Figure 2-55: TDR Step and Reflection
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Example 11: Taking TDR Measurements

Changing Graticule
Units for TDR

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

When you selected TDR Preset, the 11801C 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 7: 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 network 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 to 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.

Readouts are displayed in units of impedance (Q), as well as in units of rho,
in the Cursors major menu.
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Example 11: Taking TDR Measurements

Measuring Distance
with TDR

One of the common uses of TDR is measuring distance. The 11801C 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 pulse to travel down a transmission line (for example, a cable
or circuit board run) and for its reflection to return. The measured distance is
dependent on the propagation velocity of the transmission line.

[] step 8: Touch the Cursors icon to display the Cursors major menu.

|:| Step 9: Touch Cursor Type, touch Vertical Bars in the pop-up menu
and then touch Exit.

|:| Step 10: Use the knobs to position Cursor 1 at the first rising edge and
position Cursor 2 at the second rising edge.

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

How Traces are When the 11801C acquires trace records, it bases the sampling process on
Acquired a trigger event, an electrical event that occurs on the trigger signal. The
q trigger signal is independent of the signal being acquired. See Figure 3-1.

When the trigger event is detected, the 11801C waits a specified period of
time before sampling and digitizing the first trace point. This time period is
the horizontal position of the trace, which is set using the knobs. After the
first point is digitized, the 11801C waits for another trigger event before
sampling and digitizing the second point of the trace record. For the second
point, the waiting time between the trigger event and the sampling and
digitizing of the point is increased by the sample interval.

Sample Interval

First Sampled and ‘
Digitized Point

Trigger Event on
Trigger Signal

‘ |

Horizontal Position

Figure 3-1: Acquisition of a Trace

The acquisition process continues until all 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 trace will be displayed even before all data
points are accumulated.
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Acquisition

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

You can set the number of points in a trace record, called 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
Sample Interval

The sample interval is the time difference represented between successive
points on the trace record. This is different from the sampling rate, which is
the actual time that it takes to sample and digitize 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 number of points in the trace record. For example, if you are
display a trace at 20 ns per division, the trace displays a little more than

200 ns 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 traces 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 11801C uses one sample
interval for main traces and a different sample interval for window traces.
You can see what the current sample intervals are by looking at the top of
the Horizontal Desc pop-up menu in the Waveform major menu.

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 technique lets you stop live traces to
examine them more closely.

ACQUISITION SEQUENCE
AUTOSET HARDCOPY SETTING o ON —
STOP STANDBY

Figure 3-2: Front Panel Acquisition Lights

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

The 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
sampled for a single record. If you use the averaging or enveloping features,
you can specify that acquisition stop after enough records have been ac-
quired to provide a complete average and/or envelope.

NOTE

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

You can also stop acquisition based on the number of samples or wave-
forms acquired for a color-graded display, the number of samples or wave-
forms acquired for a histogram, or the number of “hits” acquired in mask
testing. See the sections on Display Persistence, page 3-43; Histograms,
page 3-97; 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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Figure 3-3: The Acquire Desc Pop-up Menu
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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 acquiring 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 all 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 menu.

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

Clear Trace
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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 Utility1 major menu. Touch the Audio Feedback selector in
this pop-up menu to turn the beep off or on. See Figure 3-5.
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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 11801C
can quickly give you a stable, meaningful trace display.

The AUTOSET
Button

ACQUISITION SEQUENCE
HARDCOPY  “SETTING O o |~
sTOP STANDBY

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 11801C to examine the signal and adjust the following controls
for optimum display:

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

m  Horizontal size and position

m  Trigger level, if appropriate to that trigger source
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Undoing an Autoset

If you don't like the results of an autoset, you can restore the status of the
11801C by touching the Undo Last Autoset selector in the Instrument
Options pop-up menu of the Utilityl major menu. See Figure 3-7.

Autoset Options

The Instrument Options pop-up menu lets you set several autoset parame-
ters, so that you can tailor the autoset operation to your needs.
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Figure 3-7: The Instrument Options Pop-up Menu

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

Standard Mask Autoset

The 11801C can be configured to perform an autoset automatically whenev-
er a standard mask is selected from the Standard Mask pop-up menu,
which is available in the Display Modes major menu. A standard mask
autoset sets the horizontal, vertical and trigger parameters to the signal
characteristics of the selected standard mask. By setting Stan Mask Auto-
set to Auto, the instrument performs the autoset when a standard mask is
selected. If Stan Mask Autoset is set to Manual, the standard mask auto-
set occurs only when you press AUTOSET at the front panel. Note that after
initialization, the instrument defaults to Manual. You can turn off the trigger
parameter adjustments during standard mask autoset from the Instrument
Options pop-up menu. Setting Trigger Autoset to Off causes the 11801C to
leave trigger parameters unchanged during a standard mask autoset.

Also, when Stan Mask Autoset is set to Auto, then whenever you perform a
standard mask autoset, either by first selecting the standard mask or by
pressing the AUTOSET button, the instrument immediately begins counting
mask hits and also enables Stop N Waveforms on the Mask Testing pop-up
menu. This feature helps simplify your testing sequence, because you can
select a particular standard mask and the instrument will immediately per-
form standard mask autoset and begin mask testing. You can change the
signal source, press AUTOSET at the front panel, and the instrument will
perform standard mask autoset and begin mask testing on the new signal
source. See Mask Testing, page 3-117, 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 to control the speed
and accuracy of autoset for pulse masks.

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

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

11801C User Manual

3-11



Autoset

Setting the Stan Mask Offset Adj selector to On causes the instrument to
adjust the vertical offset during a standard mask autoset to make the wave-
form match the selected standard mask more closely. Setting this selector to
Off turns off vertical offset adjustments during a standard mask autoset.
This feature only applies to 19 of the standard masks. They are:

m  [TU-T G.703 Standard Masks
Single Pulse 64 kb/s
Double Pulse 64 kb/s
Data Pulse 64 kb/s
Timing Pulse 64 kb/s
Pulse 1.544 Mb/s
Sym Pair 2.048 Mb/s
Coax Pair 2.048 Mb/s
Sym Pair 6.312 Mb/s
Coax Pair 6.312 Mb/s
Pulse 8.448 Mb/s
Pulse 32.064 Mb/s
Pulse 34.368 Mb/s
Pulse 44.736 Mb/s
Pulse 97.728 Mb/s
m  ANSI T1.102 Standard Masks
Digital Signal 1 (DS1) 1.544 Mb/s
Digital Signal 1 (DS1 old) 1.544 Mb/s
Digital Signal 1C (DS1C) 3.152 Mb/s
Digital Signal 2 (DS2) 6.312 Mb/s
Digital Signal 3 (DS3) 44.736 Mb/s

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

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

m  Averaging reduces the apparent noise of a displayed trace and provides
a cleaner display. The 11801C presents a trace that is an average of
several accumulated trace records. Each sample in a record is numeri-
cally averaged with the same sample in all the other records. The result-
ing trace is displayed.

m  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 results 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. If you are establishing a new trace, you can use the AVG( or ENV( trace
functions as you define your trace. These can be selected from the Def
Tra menu. For more information on this method, see Trace Definition
and Management on page 3-205.

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.

[[] 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 3-205.

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

|:| 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 Figure 3-8.

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

The Vertical Desc selector status, shows that the average or envelope
function is part of the trace expression.
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Figure 3-8: The Acquire Desc Pop-up Menu

Terminating
Averaging or
Enveloping

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

Record Count

Several complete trace records are combined to form an averaged or envel-
oped trace. You can set the number of records that the 11801C accumulates
and combines.

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

Each knob click changes the current value by a multiple of two in the coarse
setting. You can use the numeric keypad to enter specific values or change
the knob resolution.
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Limiting Acquisition You can have the 11801C stop acquiring trace data when enough data is
accumulated to determine a complete average or envelope. This has the
effect of freezing the trace. The selectors in the Stop Acquisition On section
of the 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
. the measurements are taken from averaged data. However, some measure-

Averagu?g and ments can be adversely affected by averaging or enveloping. For example, if

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

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

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

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

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

Baseline correction works on all channels (up to 12) 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: Put on the wrist strap and ensure that it is connected to the
antistatic connector on the front panel of the 11801C.

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

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

Step 5: Remove the 50 Q terminator.

Step 6: Turn baseline correction on.

ooo 0O

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

11801C User Manual
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Calibrator

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

The CALIBRATOR
and INTERNAL
CLOCK Outputs

00 Ll

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

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

The internal clock trigger source is synchronized with the calibrator output,
and provides a trigger event approximately 23 ns prior to the rising edge of
the calibrator signal (45.5 ns for option 1M). This synchronized trigger signal
is available at the INTERNAL CLOCK connector, located below the sam-
pling heads.

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

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

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

|:| 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 to the items on the display. The background,
graticule and selectors, and cursors and measurement annotations are
displayed in distinct colors for easy identification. In addition, there are up to
four colors for traces and an additional color for window traces.

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

Color Selection

You can modify the display colors to suit your preferences using the Color
pop-up menu in the Utility1 major menu. See Figure 3-10. You can change
the colors displayed and the overall intensity of the display. You can also
reassign the color of the selected 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 display
color. Next to each selector is a box the color of that display element, and
beneath the selector is a readout of the hue, lightness, and saturation values
of that color.

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

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

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

To change the color of a display element, select the element in the Color
pop-up menu. The knobs are automatically assigned 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 to the colors they
had when you displayed the Color pop-up menu.

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

When no display elements are selected, the All label is displayed below
the Default Color selector, and touching Default Color sets all eight
display elements to 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 brightness, of the display. Touch the
Display Intensity selector in the Color pop-up menu to assign the knobs to
control the intensity of the display. Display intensity can be from 0% to 100%.

11801C 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 display of the various signal
levels.This section provides general instructions to help you display a
constellation diagram on the 11801C.

Displaying a
Constellation
Diagram

You will need the following equipment:

m  Atwo-channel sampling head or two single-channel sampling heads
m 3 SMA cables

m A static protection wrist strap

To display a constellation 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 11801C.

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

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

|:| Step 5: Connect the third cable from your trigger source to the TRIG-
GER INPUT connector on the front panel. Be sure not to exceed the
maximum input voltage shown below each of the trigger inputs.

[[] step 6: Press the TRIGGER button. Touch the Source selector in the
Trigger major menu. Touch External Direct.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.

|:| Step 9: To acquire a constellation diagram, you need to sample the
data on both channels at a point where it is stable (this is, not transition-
ing between states). See Figure 3-11.
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Figure 3-11: Adjusting the Main Position

[[] step 10: To set the 11801C for this condition, create a normal YT wave-
form on each of the two channels. Adjust the horizontal size and posi-
tion 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 signals, 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 until you have two waveforms that
look something like Figure 3-12.

3-26

Reference



O

O

O
O
O

Constellation Diagrams

Cilbenis Fhndng FRTwag Detlea

278w

Tpsodiv 45 2181l dns

Figure 3-12: How the Expanded Waveforms Should Appear

Step 11: Adjust the Main size to 0 ps/div. You should see two or more
distinct voltage levels (depending on the signal) across the full screen. If
not, go back to 1 ns/div and reposition the four states on the left grati-
cule edge.

Step 12: Select channel 2 by touching it. You can determine which
channel is selected by the yellow blinking light 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.

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

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

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

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

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

m  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.

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

m  Split-Dots 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 to take several measurements. 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 Qperation Before you use cursors, display the trace(s) that you want to measure. The
trace should be selected (highlighted). For split-dot cursors, either trace may
be 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 its 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 11801C 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 button.

Cursor Tupe
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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
11801C 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 stays 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 selec-
tor. The Set Zero pop-up menu is displayed. See Figure 3-15.

Set to Jero

SR ClEar Set ey Prooees Eaat
Cen Llnsnrs ko

e

Tune
Faired .
Dotz SE.d
e 24, 5 Eenauaalle
25 s lrace 1
5.1188ns M1

Me i

Figure 3-15: The Set Zero Pop-up Menu

To set the current horizontal value of Cursor 1 to zero, touch the Set Cur1
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 to 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 unless Y Units is set
to Rho in the Graticules pop-up menu.)

m  To undo the effect of setting zero rho, the selected trace must be re-
moved and redefined. However, you can also recalibrate the zero rho
point for better results.
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Once you have positioned the cursors, select Proceed. The 11801C will
calculate a constant (RHOZERO) to be saved with the selected trace. The
RHOZERO constant is added to the rho position (RHOPQOS) for the selected
trace. Every time RHOPOS is recalculated for the selected trace (for exam-
ple, by baseline correction) RHOZERO will be added to RHOPQOS 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

m  Once cursors are established on a trace or trace pair, touching another
trace selects that trace and moves both cursors to it.

m  Split Dots cursors cannot be used on X-Y traces. Other cursor types
operate normally on X-Y traces.

m  [f the horizontal axis displays time (the normal case), then the horizontal
cursor readout shows the inverse of the delta (1/At), which can be used
to show frequency. The cursor readout also shows the absolute values
of the cursor locations and the distance between them.

m 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.

m  When a trace is scaled in rho, and the cursor type is dots or Horizontal
Bars, ohms (Q) and ohmsx2 (Qx2) values will also 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-
tude.

|:| 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).

[C] step 2: Select the trace you want to measure.

|:| Step 3: Touch Cursors, Cursor Type and Horizontal Bars.

|:| Step 4: Use the knobs to move the cursor positions to the top and
bottom of the trace. Use the Cursor 1 or Cursor 2 selectors in the Knob
menu to increase the resolution of the knobs. 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 traces can be used to
get a much shorter time-per-division and still have both cursor points on
the display)

|:| Step 2: Leave either of these traces as the selected trace, and note the
number of the other trace.

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

|:| 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
to 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
the display.
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Diagnostics

The 11801C features a diagnostic system that performs comprehensive
tests of the instrument. This ensures you that your instrument is operating
correctly. A set of tests is automatically performed whenever the 11801C 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 at power-on.

NOTE

The 11801C executes the power-on and self-test diagnostics when-
ever the power is turned on.

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

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 failure.

The extended diagnostics menu is primarily intended as an aid for those
servicing the instrument. This manual introduces the menu but does not
discuss the extended diagnostics completely. For complete information, see
the 11801C 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.

11801C User Manual 3-35



Diagnostics

Power-On
Diagnostics

The 11801C executes the power-on diagnostics whenever you turn the
power on; this is the only time these tests are executed. The power-on
diagnostics test the most fundamental operations of the microprocessors
and the communication paths between microprocessors.

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

Diagnostics in Progress

Comm Test in Progress

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

If the power-on diagnostics fail, one or more of the following indications will
notify you.

m  The instrument emits a high-low beep.

m  The instrument freezes and a message appears on the display. For
example:

Dsy Kernel Failure
RAM Data Bit

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

The 11801C automatically executes the self-test diagnostics after the power-
on diagnostics are completed successfully.

The self-test diagnostics can also 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.
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Figure 3-16: The Self Test Pop-up Menu in the Utility2 Major Menu

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

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

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

. . Diagnostic selector, located in the Utility2 major menu (press the UTILITY
Dlagnostlcs button until the Utility2 menu appears), and then touching Extended Diag-
nostic in the verification pop-up menu. When self-test diagnostics fail, the
extended diagnostic system is entered automatically. See Figure 3-17.
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Figure 3-17: The Extended Diagnostic Pop-up Menu in the Utility2 Major
Menu

The extended diagnostic system is an independent subsystem of the instru-
ment. While in this system, few of the front panel 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 instrument will return to the state it was in before the extended
diagnostics were entered. In the case where extended diagnostics were
entered after power-on, the instrument will return to the state it was in when
last powered off.

The top portion of the Extended Diagnostics menu shows three columns
with the status of the diagnostic tests.

SUBSYSTEM INDEX FAULTS

a) Executive Fkkk
b) Display Fkkk
c) Time Base Fkkk
d) Main Acq fakabeled

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 results.
The three columns of this display have the following meanings:

m  SUBSYSTEM lists the names of the subsystem tests.

= INDEX shows the test status for each subsystem. Four asterisks (****)
indicate the subsystem tests have yet to be executed. The word pass
indicates all tests in this subsystem have executed successfully. Any
other number or letter sequence indicates a diagnostic failure.

NOTE

Do not rely on any measurements taken from an instrument that
does not pass all extended diagnostics. 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 to a (q)
Quit selector. You can touch this selector, anyplace else on the screen or a
button to stop execution of diagnostic tests.

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

When you are done with the extended diagnostic tests, touch the (e) Exit
selector twice in succession.
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Display Intensity

To change the brightness of the display, use the Instrument Options pop-
up menu from the Utility1 major menu. Touch the Display Intensity selector
in this pop-up menu. This assigns the knobs to control the intensity of the
display. 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.
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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.
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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 11801C accumulates 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 occurring. Histograms and mask testing can be
displayed only in infinite persistence and color grading modes. If any dis-
played waveform has a record length longer than 512 points when Variable
Persistence is selected, the record length is set to 512 points and a mes-
sage is displayed informing you of the change in record length.

Infinite

In infinite persistence mode, accumulated waveform data points remain on
the screen indefinitely until some instrument set-up change occurs which
causes the process 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 accumulating all over.

If any displayed waveform has a record length 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 point on the screen can change in this mode, there
is an additional control available in color grading mode that is not available
for infinite persistence mode. This is the Refresh Rate. The screen is not
refreshed after every acquisition; instead, the screen is refreshed at a specif-
ic, user-selectable rate. The Refresh Rate controls how often the screen is
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updated with new data (this also applies to histogram displays). The range
for refresh rate is 5 s to 180 s. To change the refresh rate, display the Per-
sist/Histograms pop-up menu and touch Refresh Rate. Both of the knobs
are now assigned to control the refresh rate.

You can also set the refresh rate to 0 using the keypad pop-up menu, which
means the display is never updated. The color graded database is not
affected by the refresh rate (only the display is), so setting the refresh rate to
0 may speed some computations, such as measurements.

If any displayed waveform has a record length longer than 512 points when
Color Grading is selected, the record length is set 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 display, the bins
are arranged in a 512 (horizontal) by 256 (vertical) matrix. In a dual-graticule
display, there are 512 (horizontal) by 128 (vertical) bins on each graticule.

There are three algorithms used to assign colors to the display. The algo-
rithm used depends on the maximum number of hits for any pixel in the
display. These algorithms are detailed in Appendix D, Algorithms. An exam-
ple of the assignment of colors is shown in the table below. Max in the table
represents the maximum number of hits in any bin, which for this algorithm
must be at least 16.

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

Hit Density Default Color Maps To

1/2 Max to Max Pale Yellow Trace Color 1

1/4 Max to 1/2 Max —1 Rose Trace Color 2

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

1/16 Max 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 represented by each color, press Color
Grad Scale in the Display Modes major menu. The Color Grad Scale
pop-up menu shows the hit density for each of the five waveform colors. The
hit density readouts are updated when the 11801C updates the color
graded display.
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Figure 3-21: The Color Grad Scale Pop-up Menu

Changing Colors

There are five colors used in the color graded display. The colors can be
changed, from the Color pop-up menu in the 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
right side of the Color pop-up menu.

The selectors at the right side of the pop-up menu show the number of the
color (HLS: hue, lightness and saturation) assigned 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 attributes. 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 Color 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 65,535. If a sample falls 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-
flow in N bins (that is, the total number of overflows in all bins). To stop
acquisition after a set number of overflows, touch Set N MaxContrast. This
assigns the knobs to limit the number of overflows allowed before the digitiz-
er is stopped. The range for the number of overflows is 1 to 65,535. To begin
acquisition, touch Stop N MaxContrast. Touching this selector starts ac-
quisition, which then continues until the specified number of overflows have
occurred. When the number of overflows have occurred, acquisition stops.
Thus, there are two steps to stop acquisition based on the number of over-
flows:

|:| Step 1: Set the number of overflows used to limit acquisition by touch-
ing Set N MaxContrast and using the knobs

|:| Step 2: Begin the acquisition by touching Stop N MaxContrast

If you want to stop the acquisition while still acquiring data, press RUN/
STOP.
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Enhanced Accuracy

The Enhanced Accuracy menu allows you to control the continuous self-cal-
ibration features of the 11801C. It also allows you to perform some user-as-
sisted calibration procedures on the sampling heads. You do not need tools
to make these calibrations; you use the front panel of the 11801C. You can
choose to have the 11801C calibrate the sampling heads automatically, 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 11801C to completely
warm up.
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Figure 3-22: The Enhanced Accuracy Major Menu

The Enhanced Accuracy menu is selected from the Utility1 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 adjustment.

m  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 assistance, or you can make each calibra-
tion manually using the knobs.
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Control of Automated

The 11801C automatically calibrates the internal time base and vertical

Calibration amplifiers, without your intervention. You can specify whether you want the
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 left in either 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 Cal Mode Comparison
Setting Benefit Side Effects
Fast Increases system throughput Reduces accuracy slightly.
slightly.
High Prec Increases accuracy slightly.  Slows system throughput
slightly.
Off Increases system through- System can drift out of speci-
put. fication if left in this mode.
Once Forces the instrument to per- Generally used in OFF state
form one complete pass of to 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 11801C periodically compensates the sampling head delay adjustments
without your intervention. This maintains the accuracy of the delay adjust-
ment calibrations you have performed earlier. You can specify whether or not
you want the 11801C 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
slightly. of different sampling heads
to drift over time and temper-
ature.
On Compensates for drift in 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 to perform all the calibration adjustments for a single sampling head
channel at once. The 11801C prompts you to make the signal connections
that are needed to calibrate automatically. See Figure 3-23.
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Figure 3-23: The Calibrate All Pop-up Menu

You should first decide which sampling head channel you want to use as the
reference channel for delay adjust. The delay adjustment of the other heads
will be calibrated to match the time position of this head. Select the refer-
ence channel using the selectors in the Selected Channel section of the
Calibrate All pop-up menu. Then touch the Measure Reference Channel
selector, and follow 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.
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Once the reference channel is calibrated, you can calibrate all the channels,
including the reference channel. You select the channel you want to cali-
brate using the selectors in the Selected Channel section of the Calibrate
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 to connect the calibrator output to the selected
channel and touch the Proceed selector. The 11801C 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 11801C automat-
ically 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 11801C automatically calibrates TDR amplitude.

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

When you have calibrated a channel, it is good practice to store its calibra-
tion values using the Store Constants selector. This stores the current
calibration values into sampling head non-volatile memory. When the system
is powered on, it calibrates the sampling heads 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 sampling
head channel.

You can also recall the calibration values that were set at the factory, by
touching the Recall Defaults selector of the Calibrate All pop-up menu.
Since temperature and humidity variations affect calibration, these factory
defaults may only approximate ideal performance of your sampling heads.
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Sampling Head
Calibrations

You can perform individual calibrations on the sampling heads. If you have
used the Calibrate All pop-up menu to 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 sampling head head does not affect the other
channel; you need to calibrate both channels separately.

You should refer to the User/Installation Manual for the sampling head or
heads that you are using. This will tell you which calibrations are appropriate
to 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 to 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 compensation. The
blowby selector is not selectable (dim) for this type of head.

m  Gain (loop gain) adjusts the dot transient response of a sampling head
channel. A channel that is out of adjustment will change the shape of
the displayed trace as you change the horizontal size, particularly at very
high sweep speeds. Trace noise can be increased when gain is greater
than unity (1). This calibration is temperature sensitive. If any of these
conditions occur, check the gain calibration. Note that some sampling
heads are not equipped to perform this calibration.

m  Offset adjusts the DC voltage accuracy by setting the reference level to
zero. This calibration is temperature 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.

m  TDR Amplitude adjusts the DC voltage levels of the TDR pulse. TDR
Amplitude is thermally stable, and should rarely need to be calibrated. If
you notice the amplitude of the TDR pulse is not to specification, you
should calibrate the TDR amplitude. The Reference Amplitude (in the
Graticules pop-up menu) is used in rho mode and should be set to
match the voltage calibrated here (nominally 250 mV). Note that some
sampling heads are not equipped to perform this calibration.
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m  Delay Adjust lets you deskew different sampling heads to any one
sampling head. The reference head you choose is measured, and the
delay of the other sampling heads is adjusted to match that reference
head. Calibrate delay adjust only when you need to measure delays
between two sampling heads to close tolerance. When the Delay Com-
pensate selector is set to Off, compensation of the sampling head
delays is not done automatically and the deskew calibration is not
maintained automatically by the system. This calibration parameter is
unique in that the delay adjust does not apply to individual channels but
to the sampling head as a whole. The delay adjust value is not stored in
the sampling head, but in the instrument mainframe, and there is no
factory default value.

Typical Calibration Method

The five available sampling head calibrations are made in a similar way. The
following description is of the options used when making a typical calibra-
tion. Further discussion of the manual method of making each individual
calibration follows the description of the typical method.

To 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 menu 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 calibration.

Each of the calibrations can be made manually or automatically. 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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Figure 3-24: A Typical Calibration Pop-up Menu

To calibrate automatically, touch the Automatic Calibrate selector. A
message will tell you to either connect the CALIBRATOR output to 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 Offset, have more than one calibration
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 calibration to
the stored value, touch the Recall User Const selector in the pop-up
menu.

When the 11801C is powered on, the sampling head calibration values
are taken from the stored user constants. It is a good idea to store
calibration values immediately after you finish each calibration.

To reset the calibration value to the factory default, touch the Recall
Defaults selector in the calibration pop-up menu.
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m  To calibrate manually, you will need to establish a specific trace display
before beginning to calibrate. Once the proper trace display is estab-
lished, press the UTILITY major menu button, touch Page to Enhanced
Accuracy and touch the desired calibration selector in the major menu
area. Select the sampling head channel you want to 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 Exit selector to
remove it.

NOTE

Once you assign the knobs to calibrate manually, the knob assign-
ment remains until 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 trigger divide by two
mode on or off. Normal operation of the 11801C 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 manually, first establish a display of the calibrator
signal on the sampling head channel you want to calibrate. Adjust the
vertical size to 50 mV/div and the horizontal size to 500 ps/div. Center the
rising edge of the calibrator trace on the graticule. See the illustration on the
next page. Touch the Divide By Two Mode selector to turn this mode On.

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

Remember to turn off the Divide By Two Mode after the loop gain has been
calibrated.
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AT

Figure 3-25: Loop Gain Calibration (in Vectored Trace Mode)

Calibrating Blowby Compensation Manually

To calibrate blowby compensation manually, first establish a display of the
calibrator signal on the sampling head channel you want to calibrate. Adjust
the vertical size to 50 mV/div and the horizontal size to 500 ps/div. Center
the rising edge of the calibrator trace on the graticule.

Adjust the calibration value to the display that gives the flattest horizontal
trace segments.

Calibrating Offset Manually

To calibrate offset manually, first attach a 50 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 should
provide the trigger for this calibration that will be used to perform measure-
ment and testing of the input signal. If possible, you should also set the
trigger hold-off to the same value that will be used in test. If you do not
provide a trigger, the 11801C 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
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pop-up menu, touch 0 and Enter. This sets the vertical offset to zero, posi-
tioning 0 V at the center height of the graticule. This calibration does not
apply to the SD-14 sampling head.

NOTE

You should calibrate gain before calibrating offset.

Adjust the calibration value to set the trace exactly on the centerline of the
graticule. Repeat the process using a vertical size of 2 mV/div. You can set
the knob resolution to fine adjust the calibration value more accurately. You
can also use waveform averaging or the mean measurement to calibrate
offset null.

There are two offset values to calibrate manually: normal sampling mode
and smoothing mode. Calibrate both separately by setting the sampling
head in the desired mode before making the calibration. Smoothing is
selected from the Sampling Head Fnc’s pop-up menu of the Waveform
major menu.

Calibrating TDR Amplitude Manually

To calibrate TDR amplitude manually, first attach a 50 Q terminator to the
sampling head channel you want to calibrate. Establish a TDR trace show-
ing this channel, with a vertical size of 50 mV/div and a horizontal size of

1 ns/div. Touch the vertical icon ( }) and the Vert Offset:## knob label
selector to show the Numeric Keypad pop-up menu. On the pop-up menu,
touch 0 and Enter. This sets the vertical offset to zero, positioning 0 V at the
center height of the graticule. Center the rising edge of the pulse horizontally
on the graticule.

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

There are two TDR Amplitude values to 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 Fnc’s pop-up menu of the Waveform major
menu.

After calibrating TDR amplitude, check to see that the Reference Amplitude
(in the Graticules pop-up menu) is set to match the voltage calibrated here.

Adjusting Delay Adjust Manually

The delay adjust calibration corrects for minor deviations in time coincidence
between sampling heads. You select which head you want to use as a
reference, and then calibrate the other heads to that standard.

3-58

Reference



Enhanced Accuracy

This calibration is not an attribute of any one sampling head, so the values
for this calibration cannot be stored in the heads. There are no Store
Constants or Recall User Const selectors in the Delay Adjust pop-up
menu.

To establish the reference channel, you select the desired channel in the
Delay Adjust pop-up menu, and then touch the Measure Reference Chan-
nel selector. The display will show a message for you to connect the calibra-
tor output signal to the specified channel. When you have done so, touch
the Proceed selector and the system will measure the delay automatically.

NOTE

The two channels of dual-channel sampling heads are locked in
time coincidence. When you have calibrated one channel, there is
no need to calibrate delay adjust on the other.

There is no need to calibrate the reference channel manually.

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

To manually calibrate delay adjust on other heads, first display the calibrator
signal on the reference channel, and note the horizontal position of the
rising edge. Then, using the same signal, cables and settings, display the
signal on either channel of the sampling head that you want to calibrate.

The top knob is assigned to the calibration value. Adjust the calibration
value so that the signal event is placed at the same horizontal position as on
the reference channel.

You can specify whether or not the 11801C should automatically maintain
the results of delay adjust. Touch the Delay Compensate selector of the
Delay Adjust pop-up menu to set the delay adjust parameter to either On
(maintain delay adjustment) or Off (do not maintain the delay adjustment
automatically).
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Offset for Sampling Sampling probes such as the SD-14 use an automated offset adjustment
Probes that sets both both offset null and offset gain.

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

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

If offset null and offset gain are not both adjusted correctly, measurements
taken will 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 constellation or eye diagram on
the 11801C.

Displaying an Eye
Diagram

You will need the following equipment:

m At least a single-channel sampling head

m  Two SMA cables

m A static protection wrist strap

To display an eye 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: Select Instrument Options and touch Vectored Trace to turn
vectored traces off.

Step 3: Put on the wrist strap and ensure that it is connected to the
antistatic connector on the front panel of the 11801C.

[[] step 4: Connect a cable from your data line to channel 1.

Step 5: Connect a cable from your clock to the TRIGGER INPUT on the
front panel. Be sure not to exceed the maximum input voltage for the
external attenuation you have selected.

[[] step 6: Press the TRIGGER button. Touch the Source selector in the
Trigger major menu. Touch External Direct; then touch Exit to remove
the pop-up menu.

|:| Step 7: Select channel 1 by pressing the select channel button next to
the input connector on the sampling head.

[[] step 8: Press the AUTOSET button. The signal may not be recogniz-
able at this point.

|:| Step 9: 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

Correct gain calibration is critical to see an eye pattern properly.

Eye Diagram Analysis can be reliably performed on signals up to
400 mV peak to peak in amplitude. Signals larger than 400 mV in
amplitude should be attenuated to achieve reliable results in Eye
Diagram Analysis.
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Figure 3-26: An Eye Diagram Display

|:| Step 10: 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, touch 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 11: One of the most powerful display modes in the 11801C 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 to the persistence display and
allows 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 Setting the Persistence Mode on page 3-44.

|:| Step 12: After enabling color grading, measure eye pattern characteris-

tics such as risetime, jitter, and noise in the Statistical Measurement
Mode. To turn on Statistical measurement, press the MEASURE button,
touch the Measurements selector, touch the Statistics Mode selector,
and then touch the desired measurement, for example risetime. For
more information on statistics mode, see Measurement on page 3-135.
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Fast Fourier Transforms

You can use the Fast Fourier Transform (FFT) capability of the 11801C to
obtain a frequency domain display of a trace. You can display both the
magnitude and the phase of the frequency components of the signal, using
a linear or decibel vertical scale.

You can perform Fast Fourier Transforms on any arbitrary trace. The record
length of the trace must be a power of two, up to a maximum of 4096 points.
Because the 11801C performs FFT calculations on a complete trace record,
you should use the shortest record length that provides adequate resolution;
FFT traces update slowly at long record lengths.

The 11801C offers a choice of six FFT windowing functions which modify the
time domain data to minimize “leakage” of energy across frequency compo-
nents.

The three automated measurements spectral 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
Trace

FFTmag and FFTphase
Selectors

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

Defining an FFT Display Using the DefTra Pop-up Menu

You can define a trace that displays the FFT magnitude or FFT phase using
the DefTra pop-up men, which is displayed when you select the DefTra
icon. The FFTmag( and FFTphase( selectors can be used to define a
display of the magnitude or the phase of the frequency spectrum of a trace.

See Figure 3-27

The part of the trace description that is within the FFTmag( or FFTphase(
function may be any arbitrary trace.
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Figure 3-27: The DefTra Pop-Up Menu
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Defining an FFT Display Using the FFTmag and FFTpha
Icons

You can display the magnitude of the frequency spectrum of a displayed
trace by selecting the trace and touching the FFTmag icon. The 11801C
creates a second graticule to display the FFT magnitude of the trace. If the
display already shows two graticules, the FFT magnitude is displayed on the
lower 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 to display the phase of the frequency components of the
trace. The FFT phase trace appears on the lower graticule.

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

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

Frequency Range
and Resolution

The range and resolution of the frequency spectrum displayed by the
11801C 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 length.

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

The maximum frequency that can be determined by a Fast Fourier Trans-
form is the Nyquist frequency, which is equal to one-half the effective sample
rate. In fact, the maximum frequency displayed by the 11801C, F,5y, is
slightly lower than the Nyquist frequency; it is equal to the Nyquist frequency
minus the frequency interval, &F, the interval between frequency lines. The
frequency range displayed is from DC (0 Hz) to F,ay-

The frequency interval, &F, 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 Nyquist 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
record length

OF =

effective sample rate

Fmax= P

— oF

Figure 3-29: Equations for Frequency Interval and Frequency Range
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Changing Horizontal
and Vertical Size

You can change the horizontal and vertical size and position of the FFT trace
display by selecting the vertical and horizontal icons and using the knobs to
adjust size and position.

When you touch the horizontal icon (<), the knobs are assigned to control
Frequency Span/div and Frequency Resolution. The Span/div function
changes the Main Size (time base) setting (or, for windows, the Window
Size setting). The 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
all 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 also 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 (0F decreases).
When the effective sample rate increases (due to a faster horizontal size
setting), Fmax and OF 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 Sca"ng The FFT magnitude display may be scaled in either a linear or decibel
format. To set the vertical scaling of the FFT magnitude display, select the
FFT Scaling selector in the Instrument Options pop-up 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 dBm) into 50 Q.

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 display the FFT magnitude of the signal at channel
one relative to a 10 dB reference.
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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 FFT 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 Nyquist 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 sample 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 example, to create a filter to reduce aliasing, touch the
following selectors: defTra, FFTmag(, Filter(, Mainframe, 1, , ,1,EEX,—,9,))

This filter will limit signal 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(, Mainframe,1,)).

You can also average the FFT trace, for example, Avg(, FFTmag(, Main-
frame, 1))).

Another way to decrease aliasing is to select an appropriate FFT windowing
function. The 11801C 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 Measurements

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

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

NOTE

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

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 displayed with the FFT magnitude is twice the actual DC
amplitude. This value does not include any vertical offset of the sampling
heads. When making measurements near DC, use the rectangular window
function.
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Split dots cursors can be used to make phase measurements. With both the
maghnitude and the phase of trace in the frequency domain displayed, you
can place one cursor on the FFT magnitude display and the other on the
FFT phase display. By adjusting the cursors horizontally so that the Af
readout is 0.000 Hz, you can easily match the phase readout to the corre-
sponding peak in frequency magnitude. See Figure 3-32.
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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 11801C. The FFT algorithm assumes that the signal is com-
posed 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 11801C provides a rectangular FFT window, which does
not taper the time domain data, and five tapering FFT windows of different
shapes.

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

To select an FFT windowing function, repeatedly touch the FFT Window
selector in the Instrument Options pop-up menu, in the Utility major menu.
This selector cycles through the available windowing functions. The selected
FFT windowing function, shown in the selector’s status area, applies to all
FFT 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 Rectangular Window

The rectangular window does not taper the time domain data. In the fre-
quency 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 components 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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The Triangular Window

The triangular (or Bartlett) window is the convolution of two rectangles half
the width of the window, so the frequency spectrum of the triangular window
is the product of the rectangular window’s spectrum with itself.

Set the FFT Window selector in the Instrument Options pop-up menu to
Triangle to select this windowing function. See Figure 3-34.
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The Blackman Window

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

Set the FFT Window selector in the Instrument Options pop-up menu to
Blackman to select this windowing function. See Figure 3-35.
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Figure 3-35: FFT Magnitude Displayed Using Blackman Window

The Blackman-Harris Window

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

Set the FFT Window selector 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 to
Hanning to select this windowing function. See Figure 3-37.
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Figure 3-37: FFT Magnitude Displayed Using Hanning Window
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The Hamming Window

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

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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GPIB Parameters

The 11801C can be controlled by a remote computer, through one of two
interfaces. These interfaces are industry standards IEEE Std 488 and
RS-232-C. IEEE Std 488 is also known as the General Purpose Interface Bus
or GPIB.

This manual does not discuss the details of connecting a remote computer
to the 11801C or the syntax and capabilities of remote commands. That
information is found in the CSA 803C and 11801C Programmer Manual.

GPIB Connection Connect the cable from your GPIB controller (computer) to the IEEE STD
488 PORT connector on the 11801C rear panel. See Figure 3-39. Three red
lights show the internal GPIB status of the 11801C:

m SRQ (Service Request) is lighted whenever the 11801C activates the
Service Request line. This indicates to the controller that the 11801C has
requested service.

m  NRFD (Not Ready For Data) is lighted whenever the 11801C is not yet
ready for the next data byte.

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

GPIB Area
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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 all bus
devices are configured in a compatible manner. For example, each device
on the bus must have a unique identifying address.

Use the GPIB/RS232C pop-up menu in the Utilityl major menu to set these
GPIB parameters directly, before you attempt to communicate with other
devices on the bus. See Figure 3-40.
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Figure 3-40: The GPIB/RS232C Pop-up Menu

The following list describes each selector in the GPIB Parameters section of
this pop-up menu:

m  Mode — lets you set the mode to either Talk/Listen, Talk Only or Off
Bus. Off bus effectively disconnects the 11801C from the bus. The
11801C 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 11801C.

m  Address — assigns the knobs to the GPIB address of the 11801C. The
GPIB address can be from 0 to 30. No other device on the bus can use
the address that you assign to the 11801C.
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Terminator — lets you select between two types of message termina-
tions. All message terminations assert the EOI (End Or Identify) signal in
the interface. You can choose to have the 11801C recognize a Line Feed
(LF) character as a message terminator in addition to EOQI, by setting the
Terminator selector to EOI/LF. The 11801C will then append a Line
Feed character to the end of all messages. Set the Terminator selector
to EOI to have only the EOI line recognized as a message terminator.

GPIB Debug — lets you turn the debugging feature On or Off. When
you turn debug on, the 11801C 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 result of each 11801C command of a controlling
program running in the GPIB controller. When debug mode is on, it
slows the GPIB interface throughput significantly.
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Graticules

The grid on the display where traces appear is called a graticule. The grati-
cule axis labels show you the horizontal and vertical scale factors of the
selected trace, most often expressed in time per division and 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 trace. 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.
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You can display two different graticules, each being half the height of a
single-graticule display. In this case, each graticule shows one trace brighter
than any others on that graticule. In addition, the graticule with the selected
trace has the vertical (}) and horizontal (<) icons. The bright trace on the
graticule with icons is the selected trace. See Figure 3-42.

The menu selectors act on and report the status of the selected trace.

Icons

Cilbenis FE Lo Detlea
,,,,,,,,,,,,,,,,,,,,,,,,,,, i -
triy'd
S

Shpe st &%, P5ns
FEETmag Detlea

W

Selected Trace Shmy r#

~d4EEmY
G2 . dbns 188pardiv &3, d6ns

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 Definition and Management on

page 3-205.

You can control the number of graticules, the placement of traces on the
graticules, and the graticule axis units by using the Graticules pop-up menu
in the Waveform major menu. See Figure 3-43. When dual graticules are
displayed, the Graticules selector is renamed Upper Graticule or Lower
Graticule, depending on which graticule has the icons and the selected
trace.
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Figure 3-43: The Graticules Pop-up Menu
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Managing Graticules
and Traces

When only one graticule is being displayed, you can create a dual-graticule
display using the Graticules pop-up menu from the Waveform major menu.
Touch the Create Second Graticule selector in this pop-up menu. The
selected trace and all traces from window time bases will be placed on the
lower graticule. The upper graticule will show all other traces.

When two graticules are being displayed, you can move the selected trace
from the graticule it is on to the other. Touch the Move Trace to Other
Graticule selector 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 graticules are being displayed, you can combine the traces from
both graticules into a single-graticule display. Touch the Reduce to One
Graticule selector to combine the traces onto one large graticule. The 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 graticule.
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Changing Axis Units

Usually, the graticule axis labels are units of time on the horizontal axis and
units of voltage on the vertical axis. For some tasks these axis labels are
more meaningful if expressed in other units. Horizontal units of distance are
appropriate for TDR and TDT measurements. The 11801C 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 11801C lets you specify units of rho
for the vertical axis. Rho values can be converted to impedance values by
using the following equation (where Zg is usually 50 Q):

d+e

Z=12y
1—p

NOTE

Changing axis units on one graticule also changes the axis units of
all graticules displayed.

However, readout of impedance is available from the Cursors menu whenev-
er the vertical axis is scaled in rho units.

The status area of the Graticules selector in the Waveform major menu
always shows the number of graticules and the axis units of measure.

Rho is not selectable for vertical axis units unless the selected trace is dis-
played in Volts units and TDR is turned on.

Vertical Axis Units

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

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

Rho is not selectable unless the following are true:

m  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 traces can be displayed in Volts or Rho.

m  TDR must be on in all channels in the selected trace.

11801C User Manual

3-87



Graticules

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 11801C 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 shift vertically. Baseline Correction automatically turns on
when TDR Preset or Differential TDR Preset is selected in the Sampling
Head Fnc’s menu. In the Graticules pop-up menu, Baseline Correction also
turns on when Rho is selected; it turns off when Volts is selected.

Horizontal Axis Units

To change the horizontal axis units, use the Graticules pop-up menu in the
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 selectors to set the
horizontal axis labels to those units. The current setting is highlighted.

The Propagation Velocity selector assigns the knobs to let you specify the
fraction of the speed of light at which the 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.

Propagation velocity is relative to an air-line transmission cable, so a setting
of 1.0 indicates that your transmission line or network passes signals at the
same speed as an air-insulated cable. The default value of 0.7 applies to
most 50 Q 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 manual for the proper printer settings.

Installing the Printer

Connect the printer to the 11801C. 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
=== @

OJoJoJo  lofoJoJo [Ofo;

‘cYoYoXo) loYoXoXo, [oXC,

—— PRINTER Connector

Figure 3-44: Printer Connectors on Rear Panel

PRINTER is the appropriate connector for Centronics®-compatible
printers. This is the standard interface for the 11801C and no special
configuration of the 11801C 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
11801C to Talk Only and set the printer to Listen Only or Listen Always
mode (address 31). Setting GPIB parameters is explained on page 3-80.

RS-232-C is a serial interface connector. Use a standard, straight-wired
cable with male connectors on both ends. Hard flagging is used, so all
lines must be connected. Do not use a null modem cable. The 11801C
acts as a DCE device. Connecting the 11801C to a computer also
requires a straight-wired cable, but soft flagging may be used.

The RS-232-C parameters baud rate, parity, and number of stop bits, of
the 11801C should be set to match those of the printer or computer.
When you connect a printer to the RS-232-C connector, you may also
need to set the RS-232-C flagging to Hard. Setting RS-232-C parame-
ters is explained on page 3-164.
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Hardcopy Parameters Setthe printing properties of the 11801C using the Hardcopy pop-up menu
in the Utility1 major menu. See Figure 3-45. This menu includes selectors for

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

Hardcopy Parameters

Printer Color Map

: FFFH raob:

: 999H rgh:

: 3FCH rgh:

: FBEBEH rgh:

Default
Color Map

TIFF

Screen  Horizontal

Hardcopy Abort

HaFdEDpH

Screen

Enhanced
Accuracy

Figure 3-45: The Hardcopy Pop-up Menu

Printer Selections

The selectors in the Printer section of the Hardcopy pop-up menu deter-
mine the printing configuration of the 11801C. The settings of the other
hardcopy parameters will vary according to the printer that is selected.
When you change one of these parameters, you are setting its default value
for the selected printer type. These settings are not changed when you

initialize the 11801C.

NOTE

Printer selection and the associated parameters are not affected by

initialization.
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®m 8 Pin supports several eight-pin dot-matrix printers, including the Epson-
® FX80 and Epson EX800. The IBM® ProPrinter® and Epson RX80 may
also be used, but only the HiRes screen format provides useful output
for these printers. All the supported printers typically use the PRINTER
(Centronics) connector.

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

m 24 Pin supports the Extended Epson command set for 24-pin dot-matrix
printers, including the Epson LQ500, Epson LQ1000, NEC® P6, and
NEC P7. These printers typically use the PRINTER (Centronics) 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.

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

= Bitmap Dump provides the ability to acquire the screen data for external
processing. For example, you can use this option to send the display
data to a computer. The format of this information is determined by the
Data Format selector. (Data format is discussed on page 3-92.) You will
typically want to use the GPIB or RS-232-C connector for this type of
transfer.

m  HPGL supports the HPGL color plotter command set. When HiRes is
selected under Screen Format, an HPGL hardcopy will show graticules,
axis labels, all waveforms and the major menus at the bottom of the
screen. You can suppress the plotting of the major menus by selecting
Draft under Screen Format. Color graded displays are not plotted with
HPGL. Supported plotters include the Tek HC100, HP-7475, and
HP-7550. These printers can be connected to the PRINTER (Centronics)
connector. The HP-7474 and HP-7550 may be connected to the GPIB or
RS-232-C connector.

m  Deskdet Cir supports the HP color inkjet printers. For the DeskJet,
Screen Format can be set to: Dithered, Draft, Reduced, or Screen.
Either the PRINTER (Centronics ) connector, RS-232-C connector or the
GPIB connector may be used.

Color Map

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

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

Screen Format

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

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

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

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

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

m  Dithered reduces saturation and increases contrast by dithering icons
and selector backgrounds. Dithered can be used with DeskdJet Clir and
Bitmap Dump.

Direction

The Direction selector controls whether information is sent to a printer as
horizontal rows or as vertical columns. For most printers, this has the effect
of rotating the image by 90°. Some printers will produce an image more
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 corner 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 pixel data is
determined by the Data Format setting. Touch this selector to cycle through
the six available formats.

m  TIFF sends a TIFF image. This format conforms to Rev. 6.0 of the TIFF
specification. Screen and Dithered screen formats generate Palette
Color (Class P) prints; Hires, Draft, and Reduced formats create Bilevel
(Class B) prints.
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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.

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

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

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

= BinHex Compacted mode pixel data are compressed and then con-
verted into BinHex characters.

Title Block — consists of three character strings terminated by new-line
characters. The first line contains the firmware version numbers, time and
date, and the 11801C ID number. The second and third lines give the num-
ber of pixels per display line and the number of display lines, respectively. In
Binary mode, the title block is terminated by a NULL character.

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-order bits of the data
byte, and the two high-order bits are a repetition encoding with the following
meaning:

Table 3-4: Repetition Encodings

Bit 7 Bit 6 Meaning

0 1 Pattern repeats once

1 0 Pattern repeats twice

1 1 Pattern repeats three times

0 0 Following byte(s) contain repetition count

If the second byte of the pixel block has a value in the range 4—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, RS232C, or Centron-
ics (the PRINTER connector). The selection must match the rear panel
connection.

11801C User Manual

3-93



Hardcopy

Making a Hardcopy

Once you have installed a printer and configured the 11801C properly, you
can make a hardcopy of the screen by pressing the HARDCOPY button on
the front panel.

The
HARDCOPY
Button

ACQUISITION SEQUENCE
AUTOSET HARDCOPY SETTING O o |~
sTOP D STANDBY

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 available for hardcopies. During this
pause the 11801C formats and buffers the print commands.

After the pause, the 11801C returns to normal operation and continues to
print the hardcopy. When the display becomes active again, you may oper-
ate the 11801C without affecting the hardcopy being printed.

You can also initiate a new hardcopy at this point. The 11801C will automati-
cally queue multiple screen displays for hardcopy output. The number of
hardcopies that can be queued is subject to the amount of available
memory.

When the hardcopy is printed, a message is displayed. The hardcopy is not
complete until this message appears. You should not turn off the 11801C,
perform self-test diagnostics, or use the Extended Diagnostics menu until
the hardcopy is complete, or the hardcopy will be terminated before it is
finished.

NOTE

Do not turn off the 11801C or perform diagnostics until the hardco-
py is complete.
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Terminating A
Hardcopy In
Progress

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

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

Hardcopy Defaults

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

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

Lsrdet B/lW  Draft Horizontal N/A Centronics

DeskJet CIr  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 11801C can display histograms constructed from the selected trace’s
waveform data. You can display either a vertical (voltage) or horizontal (time)

histogram. Only one type of histogram can be displayed at a time. See
Figure 3-47.
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Figure 3-47: A Histogram Displayed on an Eye Diagram

To create a histogram, use the Persist/Histograms pop-up menu. You can
specify the section of the selected trace used to determine the histogram
and set histogram scaling to either linear or 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 touch either the Vertical Histogram or Hori-
zontal Histogram selector. This changes the display 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 samples 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 acquisition has been stopped), whereas they cannot in infinite
persistence mode.

By using dual graticules, you can acquire color-graded information on two
traces simultaneously. Display one trace on each graticule, and set up 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 acquired 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. All
the histogram controls are located in the Persist/Histograms pop-up menu.

Changing the Size of the Histogram Box

To change the section of the selected trace used for the histogram, touch
either Vertical Limits or Horizontal Limits. Touching the Vertical Limits
selector assigns the top knob to Upper Limit and the bottom knob to Lower
Limit. Touching Horizontal Limits assigns the top knob to Left Limit and
the 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 display, touch either Vertical
Limits or Horizontal Limits first without touching either the Vertical Histo-
gram or Horizontal Histogram selector. This way, you can set up your
histogram limits before you begin acquiring your data.

Histogram limits are set separately for each displayed trace. And because a
histogram applies only to the selected trace, if you select a different trace,
the histogram display will disappear. If you then reselect the original trace,
the histogram display will reappear. This enables you to display several
traces, each with a different histogram display. (Remember that only one
histogram, that of the selected trace, can be displayed at a time.)

Histogram limits are expressed in axis units (usually volts and seconds), but
are actually determined by screen position. The histogram limits will remain
fixed on the screen regardless of changes in vertical 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 limit 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 232—1 (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 acquisition based on the number of sam-
ples acquired:

|:| Step 1: Set the number of waveforms or samples using Set N Wfms or
Set N Samples.

|:| Step 2: Begin the acquisition by selecting Stop N Wfms or Stop N
Samples.

If you want to stop the acquisition before the conditional acquisition com-
pletes, press RUN/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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Figure 3-49: Using Stop N Wfms

Changing the Display Update Rate

The rate the histogram display is updated can be varied from zero seconds
to three minutes (180 seconds). To change how often the histogram display
is updated, touch Refresh Rate. You can now turn either of the control
knobs to change the time between updates or you 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, until the number of waveform samples equals the num-
ber set by Set N Samples, or the number of waveforms acquired equals the
number set by Set N Wfms. 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 quantity 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/Clr pop-up menu

Histograms cannot be displayed for stored traces. Histograms can be
displayed for calculated traces if the calculated trace contains at least one
active channel, even if the calculated trace contains a stored trace.
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The Histog ram In the major menu area of the display is a readout of histogram characteris-
Readout tics. Included in the display are the values for the position of each of the
sides of the histogram box, statistical values and measurements. See Fig-
ure 3-50.
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Figure 3-50: Histogram Readout Appears Below the Trace Display

m  Top, Btm, Lft, and Rgt represent the position of each of the sides of the
histogram box, in appropriate axis units. That is, Top and Btm values are
given in volts; Lft and Rgt are given in seconds.

m  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-Pk is the difference
between the left-most data point and the right-most data point within the
histogram box.

m  RMSA is the RMS deviation (also known as standard deviation). p=1o
represents the percentage of waveform points which fell within one
standard deviation of the mean. u=2c and u+3a0 represent the percent-
age of waveform points which fell within two and three standard devi-
ations of the mean, respectively.

m  Wfms 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 horizontal controls let you set the horizontal size and placement of your
traces. Touch the horizontal icon (<) to access these controls.

Horizontal Icon
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Figure 3-51: Horizontal Controls
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Setting Horizontal
Size and Position

You can change the horizontal magnification, or size, of a trace. You can
also move the trace left or right to see different portions of the trace. This is
called adjusting the horizontal position. To do either of these, touch the
horizontal ( <) icon. This assigns the knobs to adjust the horizontal size
(top knob) and position (bottom knob) of the selected trace.

The axis label for the left edge of the graticule is slightly different than the
horizontal position of a trace. This is because traces extend slightly beyond
the edges of the graticule. The illustration on the previous page shows the
main position (the knob label) is 59.5 ns, and the left edge of the graticule
is 58.5 ns.

If you want to change the size or position of a different trace, touch the
desired trace to select it. Then you can use the knobs to adjust horizontal
size and position.

NOTE

Touch a knob label to display the Keypad pop-up menu. This lets
you set horizontal size and position numerically, or quickly set them
to maximum or minimum limits. It also lets you set the knob resolu-
tion.

Interactions With Other Traces

The knob labels tell you whether the selected trace is from the main time
base or a window time base.

All traces from the main time base share the same size and position. If you
change the size or position of one main trace, you will change the size or
position of 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 traces. Each window trace can have a unique horizon-
tal position.
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Pan/Zoom

Pan/Zoom allows you to magnify any portion of the selected trace to 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 already displays only one digitized sample per pixel
and cannot be magnified.

NOTE

Pan/Zoom does not change the way trace data is sampled and
recorded. It only changes the way the 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 leftmost portion of the trace.

You can use horizontal magnification to see the exact data points of a trace
record. Set horizontal magnification to the maximum and turn off trace
vectoring. Trace Vectoring is discussed in the Vectored Traces section, page
3-219. The display will show each sampled data point of the trace. See
Figure 3-52.
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Figure 3-52: Horizontal Magnification with Pan/Zoom
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Changing the
Horizontal Reference
Point

When you change the horizontal size of a trace, you magnify or compress
the horizontal scale. Normally, the same point of the trace shows at the left
edge of the display after the horizontal size is changed. The point about
which the expansion or contraction of the trace occurs is called the horizon-
tal reference point.

You may find that having the horizontal reference point at the left edge of the
display is not appropriate for your task. For example: you have a trace that
shows a rising edge of a pulse near the center of the display. When you
increase the horizontal size of the trace, the rising edge moves off the right
edge of the display. You must move the trace to the left with horizontal
position in order to view the rising edge of the pulse at its new size.

You can change the horizontal reference point to keep the interesting portion
of the trace on the display whenever you change horizontal size. In the
example above, before you changed the horizontal size, you could change
the 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 letter next to the horizontal icon (<)

L indicates the horizontal reference point is set to Left, C indicates Center
and R indicates Right.

The horizontal reference point applies only to horizontal 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 control (time per division) may
force the horizontal position to change. For example, with the reference
point set to Center, small main position settings may cause the first point of
the record to reach the minimum delay for the trigger point. Further in-
creases in the main size will cause the horizontal position to be moved to
maintain the minimum delay for the first sample of the record. However, the
oscilloscope remembers any forced horizontal position changes and re-
stores the position to its original location when the main size is set to smaller
values. If the user adjusts the main position, when the setting has been
forced to change, the 11801C does not restore the old position when main
size is decreased.
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Initialization

Whenever you begin a new task using the 11801C, you should initialize the
system 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
11801C.

To initialize the system settings to default, touch the Initialize selector in the
Utility1 major menu, then touch Initialize in the Verify Initialize pop-up menu,
as shown in Figure 3-54.
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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:

m  Stored traces, stored settings, and saved trace descriptions

m  Sampling head calibration values

m  Time and Date

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

m  The following RS-232-C parameters: Baud Rate, Echo, Stop Bits, Parity,
Flagging, Delay, and EOL String

m  Hardcopy parameters
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Initializing and You can erase all information stored in nonvolatile RAM by holding down
. . both the WAVEFORM and TRIGGER major menu buttons when you turn on
Erasmg Nonvolatile the 11801C. Release the buttons when the lights next to the major menu
RAM 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 11801C 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:
m  Serial number of the 11801C

m  Accumulated time the 11801C has been on

m  Number of times the 11801C has been powered on

m  Factory calibration constants, which are established at the factory and
cannot be changed by the user or by the 11801C

m  Enhanced Accuracy calibration constants, which are periodically calcu-
lated and updated

m  Time and Date
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Labeling

You can label active traces, stored traces, and stored settings for easier
identification.

A label is a string of up to ten letters, numbers, or spaces that appears next
to a displayed trace or as part of a trace or stored setting selector in menus.
See Figure 3-55.
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Figure 3-55: Labels 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 Utilityl major menu to display the
pop-up menu. The uppermost section of this menu contains selectors for
Displayed Traces, Stored Traces, and Stored Settings. Beneath these
selectors, the selectors for individual active traces, stored traces, or stored
settings appear. If there are more stored traces or stored settings than can
be displayed at once, use the Paget and Page ] selectors to scroll through
the menu.

To create or change a label, select the item you want to label from the
Labeling pop-up menu, shown in Figure 3-56. For example, select Stored
Trace,. Then select the stored trace you want to label. You can then type the
label by touching the character selectors in the lower half of the menu.
(Letters are laid out as if they were on a standard keyboard.) The selectors
beneath the characters allow you to choose Upper Case 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 want to enter a label without leaving the Labeling
menu, touch the selector for the labeled item in the menu.

You cannot use the same label for two items of the same type (for example,
two active traces or two stored traces). If you attempt to enter a duplicate
label, the error message “Duplicate label — label not changed” appears on
the display and the previous label is restored.

NOTE

You cannot enter the same label for two items of the same type.

You can use automatic labeling if you don’t want to enter labels yourself.
Automatic labeling labels the trace with its trace description. For example, if
you turn on channel 2, the label 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 trace that displays a
stored trace, the label will be copied to the new trace, unless this would
duplicate a label on another trace in the same class.
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Figure 3-56: The Labeling Pop-up Menu

Labeling

Changing the trace description of an active trace will not change the label of

the trace.
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Displaying Labels
with Traces

Labels of displayed traces may be displayed on the screen with the traces.
When Displayed Traces is selected, Display and Position selectors appear
to the right of the trace selectors in the Labeling pop-up menu. Turning on
Display will cause the labels to appear with the traces. Labels will appear in
the 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 to assign the knobs
to set the vertical (top knob) and horizontal (bottom knob) position of the
label. The label position is relative to a specific point on the trace. By chang-
ing the horizontal position of the label, you are changing the point the label
will follow. By changing the vertical label position, you can specify the verti-
cal offset of the 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 11801C 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 collection of several
predefined telecommunication masks. These permanent masks include 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 Display Modes major menu.
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Figure 3-57: Mask Testing on an Eye Diagram
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Masks are selected and created using the Mask Testing pop-up menu. The
Mask Testing menu lets you perform mask testing using the standard
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 also
lets you specify that acquisition stop after a set number of trace acquisitions
or after a set number of mask hits have been acquired. To remove the Mask
Testing menu, touch Exit.
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Using Predefined 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 T1.102 electrical standards, and Miscellaneous
standards. The ITU-T G.7083 electrical standards and the SONET/SDH opti-
cal standards masks are contained on multiple pages. Touch PAGE+ and
PAGE! to view the remaining masks available.

SONET~SDH Optical & Fikbre Channel Stds

ITU Electrical Standards

AMSI T1.182 Electrical Standards

Miscellaneous Standards

Figure 3-58: The Standard Masks Pop-up Menu
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SONET~SDH Optical & Fikbre Channel Stds

Figure 3-59: Page 2 of the SONET/SDH Optical Standards

ITU Electrical Standards

ITU Electrical Standards

Figure 3-60: Pages 2 and 3 of the ITU-T Electrical Standards

As shown in Figure 3-59 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 11801C performs the following.

m [f a user mask (not predefined) is currently displayed, the instrument will
ask you to store the mask in a setting. If you choose not to store the
mask, it is removed. If a standard mask is currently displayed, it is
removed without asking you to store it (because any standard mask can
easily be selected again).

m  The 11801C displays the mask you selected.

m  The 11801C resets the time-per-division setting appropriate for the
selected mask. Note however that you are free to change the time-per
division setting without altering the mask.
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®m  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 instrument perform this Autoset to Standard auto-
matically whenever you select a standard mask from the Standard Mask
pop-up, or to perform Autoset to Standard only when you push the
Autoset button. This feature is controlled from the Instrument Options
pop-up menu, under the Utility major menu. Note that the Autoset to
Standard feature is only available for standard masks and is not avail-
able for masks that you create or modify, except for the User Eye. See
Autoset on page 3-9 and Autoset Options on page 3-10 for more in-
formation.

You can also create a new mask that uses a standard mask as a base. See
Creating a New Mask from a Standard Mask, page 3-126.

Note that for all standard masks except eye pattern masks, if you press the
AUTOSET button or configure for automatic autoset, the instrument auto-
matically turns on waveform averaging. See Averaging and Enveloping,
page 3-13, and 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
major 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 assigned to Mask Cursor Y.
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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 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 creating the mask, touch Exit Mask
Editing. See Figure 3-62.
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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 diagonal runs from the top left-
most point to the bottom right-most point. Points below the diagonal form
the bottom boundary of the mask; points above it form the top boundary.
Thus, it is difficult to make masks that have concave sides. (See Hints for
Creating Masks, below.)

The illustrations on the following pages show how mask points are con-
nected when you edit a mask.

Deleting User Masks

To delete a mask, first display the Mask Testing menu. Select the mask to
delete by touching the MaskN selector and then touch Delete Mask Defini-
tion.
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Hints for Creating User Masks

To ensure the best results when creating masks, remember the following
and refer to Figures 3-63 and 3-64:

m  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 lines along the
edge; just place one point further left or right than the others on the
edge.

m  Points are connected left to right.

m  All 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 below the
imaginary line will be added, in left-to-right order, to the bottom group of
points. And an added point which falls above the imaginary line will be
added to the top group of points.

Top/Bottom
These Points Form Dividing Line
the Top of the Mask (Not Displayed)

Left-Most These Points Form Right-Most
Point the Bottom of the Mask Point

Figure 3-63: Creating a User Mask

m  [f you wish to create a mask with a concave area, create several masks
to cover the same area. Data falling into two overlapping masks is
counted only once as part of Total.
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Mask With Point Added
Below Top/Bottom
Dividing Line

Mask With Point Added
Above Top/Bottom
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 11801C.

NOTE

For more details on Stored Settings, see page 3-177.
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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 previously.

Creating a New Mask From a Standard Mask

You can use one of the many standard masks as a basis for creating a new
user mask. To do this, first select the desired standard mask from the Stan-
dard Masks pop-up menu, as described previously. Then touch Mask
Testing in the Display Modes major menu. Each standard mask is com-
posed of two, three, or four mask components, numbered Mask1, Mask2,
Mask3, and Mask4, which you edit separately. The Mask1 component is
always at the top of the screen, Mask2 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, Mask1, high-
lighted with a blue x at each of its vertices.

To add a point to the Mask1 component, use the knobs to locate the cross-
hair cursor over the location where you want to add a point. Touch Add
Point. To delete a point 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 Mask2 is highlighted with a blue x at each of it vertices.
You can now edit Mask2 as you did Mask1, and so on for the Mask3 and
Mask4 components, if present.

When you are finished creating the new user mask, touch Exit Mask Edit-
ing. Note that modifying a standard mask creates a user mask and has no
affect on the standard mask. Also, Standard Mask Autoset is not available
on a user mask, even though the user mask may have been created from a
standard mask. The only exception is the user eye mask.

Creating a User Eye Mask

The Create User Eye selector in the Mask Testing pop-up menu lets you
create one custom eye mask per setting from an existing standard eye
mask. This User Eye Mask is similar to standard eye masks, because the
instrument can perform Standard Mask Autoset for user eye masks that you
create.

To create a custom user eye mask, first acquire a trace and then select the
Standard Masks pop-up menu. The default user eye mask is a 9.9533 Gb
mask that is similar in appearance to the OC48/STM16 mask available from
this menu. To use the default mask as a base, touch User Eye 9.9533Gb.
However, you can select any eye mask that has exactly three components or
use Edit Mask Defu to create masks 1, 2, and 3. Standard masks with more
or less components cannot be used. After selecting the desired eye mask,
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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 Settings, page
3-177, for more information. The following conditions apply to user eye
masks:

m  There must be three component masks.

m  The three component masks are numbered 1 through 3, from the top to
the bottom of the screen. Masks 1 and 3 must extend from the extreme
left to the extreme right of the display.

m  There cannot be more than 24 vertices in all three component masks.

m  Each component mask must have at least three vertices.
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Starting Mask Testing

After you have a user mask or standard mask selected, the mask remains
on the display. However, mask testing does not begin automatically. To
initiate mask testing, display the Mask Testing menu. Then select either
Pass/Fail Test or Count Mask Hits. If you select Pass/Fail Test, the instru-
ment acquires a set number of waveforms and then looks for any sample
that falls inside the mask (a mask hit). One or more mask hits is a failure,
and Failure is indicated in red beneath the Mask Testing selector. 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 failure. 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 switched to
Infinite Persistence. If the display mode is Color Grading, then the display
mode isn’t changed. If the display mode is Color Grading when mask test-
ing is turned on, the mask count data is initialized with data from the color
graded display.

Note that the color graded display mode makes no distinction between
selected and non-selected traces. Thus, if your mask overlaps a non-se-
lected trace in Color Grading mode, the mask will contain samples from the
non-selected trace. To avoid this, maintain enough vertical separation be-
tween traces to prevent overlap. Masks are not allowed on stored traces,
though masks can be applied to calculated traces with stored components
(for example, M1 — STO1).

In both Pass/Fail and Count Mask Hits mode, the mask count readout, just
above the Mask Testing selector, begins displaying results. There are three
boxes located on the Display major menu which contain the mask count
readout. See Figure 3-65.

The numbers in the three boxes are:

m  Total number of hits (data points within all masks)
m  Total number of waveforms acquired

m  Number of hits in each mask

Total is the sum of data points that fall inside all 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.

Wifms is the number of waveforms which have been acquired.
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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 initiated, the readouts are active as long as Mask
Testing is selected (Mask Testing is highlighted). Like the histogram dis-
play, the counting is continued in the background as long as the Display
Modes major menu is displayed even if you select the Persist/Histograms
pop-up menu. If you select another major menu, the mask is removed and
counting is cancelled. However, the last displayed masks is redisplayed if
you again select the Display major menu.

Masks are global. That is, all traces share the same masks. However, only
data from the selected 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 addition to clearing the waveform
data for the selected trace. Like histograms, these counters are cleared by
any implicit or explicit clearing of the waveform data such as selecting Clear
Trace from the Remove/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 controlled 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, display the
Mask Testing pop-up menu and touch Set N Wfms (see Figure 3-66). This
assigns the knobs to limit the number of waveforms acquired, in the same
fashion that Pass/Fail testing works. The range for the number of waveforms
acquired is 1 to 232 (approximately four billion). 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 Wfms.

If you want to stop the acquisition before the conditional acquisition com-
pletes, press RUN/STOP
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Figure 3-66: Using Stop N Wfms
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Definitions and
Requirements

Mask Testing

The following tables define the standard telecommunication masks that are
stored in the 11801C.

ITU-T Electrical Standards Masks

Signal Requirements:

75 Q signals require a 75-t0-50 Q converter

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 Same asdata 120 Q, AlS, all ones

Pair

Coaxial Pair 2.048 Mb/s Same asdata 75 Q, AlS, all ones

Pulse 8.448 Mb/s Same asdata 75 Q, AlS, all ones

Pulse 34.368 Mb/s Sameasdata 75 Q) AIS, all ones

Zero Pulse 139.26 Mb/s Same asdata 75 Q, CMI all zeroes

One Pulse 139.26 Mb/s Same asdata 75 (Q, CMI all ones

STMA1 155.52 Mb/s Clock ordata 75 Q, CMI PRBS or live
Data

CEPT 565 Mb/s Clock ordata 50 Q, PRBS or live data

Single Pulse 64 kb/s Same asdata 110 Q, AlS, all ones

Double Pulse 64 kb/s Same asdata 110 Q, AIS, all ones

Data Pulse 64 kb/s Same asdata 110 Q, AIS, all ones

Timing Pulse 64 kb/s Sameasdata 110 Q, AIS, all ones

Pulse 1.544 Mb/s Same asdata 100 Q, B8ZS,
10000000100000001000
0000...

Symmetrical 6.312 Mb/s Same asdata 110 Q, B6ZS,

Pair 100000100000100000...

Coaxial Pair 6.312 Mb/s Same as data 75 Q, B8ZS,
10000000100000001000
0000...

Pulse 32.064 Mb/s Same as data 75 Q, B3ZS,
100100100...

Pulse 44,736 Mb/s Same as data 75 Q, B3ZS,
100100100...

Pulse 97.728 Mb/s Same asdata 75 Q, AlS, All ones
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SONET/SDH Optical Standards Masks

Signal Requirements:

Data Type:

Trigger Signal:

Table 3-7: SONET/SDH Optical Standards Masks

Clock, recovered clock, or data signal.

O/E converter should comply with ANSI
specifications.

NRZ, PRBS, SONET/SDH Frame or live data.

Mask Name Data Rate

OCH 51.84 Mb/s

OC3/STM1 155.52 Mb/s
0C9 466.56 Mb/s
0OC12/STM4 622.08 Mb/s
0OC18 933.12 Mb/s
0C24 1.2442 Gb/s
OC36 1.8662 Gb/s
OC48/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 Mb/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 Q signals require 75-50 converter with signal

Table 3-9: ANSI T1.102 Electrical Standard Masks

Mask Name Data Rate Trigger Data Signal
Signal

DSH1 1.544 Mb/s Same as data 100 Q, B8ZS,
10000000100000001000
0000...

DS1 old 1.544 Mb/s Same as data 100 Q, B8ZS,
10000000100000001000
0000...

DS1C 3.152 Mb/s Same asdata 100 Q, B8ZS,
10000000100000001000
0000...

DS2 6.312 Mb/s Same asdata 110 Q, B6ZS,
100000100000100000...

DS3 44.736 Mb/s Same asdata 75 Q, B3ZS,
100100100...

DS4NA 139.26 Mb/s Same asdata 75 Q, CMI PRBS or live
data

DS4XNA 139.26 Mb/s Same asdata 75 Q, CMI PRBS or live
data

STSH1 51.84 Mb/s Clockordata 75 Q, PRBS or live data

STS3 155.52 Mb/s Clock ordata 75 Q, PRBS or live data

STSX3 155.52 Mb/s Clock ordata 75 Q, PRBS or live data

Table 3-10: Miscellaneous Standards Masks

Mask Name Data Rate Trigger Data Signal
Signal
GbEthernet 1.25 Gb/s Clock ordata  NRZ, PRBS or live data
FDDI Halt 125 Mb/s Clock ordata  11111000001111100000
1111100000...
User Eye Programmable Clock ordata  NRZ, PRBS or live data
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Measurements

Measurements are numeric readouts of properties of a trace. Measurements
are updated continuously so that as the signal changes the numeric read-
outs change also. You can select up to six measurements for each of your
traces. The readouts of the measurements of the selected trace appear in
the Measure major menu. The measurements are listed in the table below
and on the next page. Refer to Appendix D for a detailed discussion of each
of these measurements.
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Measurements

Table 3-11: Measurements

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 signal points.

RMS True Root Mean Square voltage.

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

Overshoot The difference between the maximum amplitude and
the topline value, expressed as a percentage of the
difference between the topline and baseline values.

Undershoot The difference between the baseline value and the mini-
mum amplitude, expressed as a percentage of the dif-
ference between the topline and baseline values.

Amplitude The difference between the topline and baseline values.

Extinct Ratio

Extinction ratio can be measured using three methods.
The default method is for extinct 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/topline))or

SONET (10x (log10(topline/baseline)).

Noise

The vertical dispersion of a trace. (Available in Statistics
mode only.) The noise measurement can be taken at
the topline or baseline.

Signal to Noise

Ratio

The amplitude divided by the noise. (Noise is always
calculated as RMS for this measurement, regardless of
how the Dispersion parameter is set.) The amplitude is
equal to the baseline subtracted from the topline. Noise
is measured at the topline or baseline, depending on
how the noise location parameter is set. This measure-
ment is only available in Statistical Measurement mode.
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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.

Frequency The reciprocal of the period.

Period The time taken for one complete signal cycle.

PropDelay The time between mesial crossings of two different
traces or two points on the same trace.

Cross The time from the trigger point 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 horizontal dispersion of the trace. (Available in Sta-

tistics mode only.) When measuring jitter for a trace that
is an eye pattern, set the Eye Pattern selector in the
Measurements pop-up menu to On. This ensures a
more accurate measurement.

Area and Energy Measurements:

Area + The area under the curve of a trace.

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

Energy The energy represented under the curve of a trace. This

integral of the squared voltages can be divided by the
resistance of the circuit to yield power measurements.

Frequency Domain Measurements:

Spectral This provides frequency tracking for the fundamental

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

Spectral This provides amplitude tracking for the fundamental

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

THD Total harmonic distortion.

11801C User Manual

3-137



Measurements

Setting Up Measurements are taken from displayed traces. The trace on which mea-
surements are based must be adjusted so that all areas that are needed to

Measurements take the measurements are visible on the display. No part of the trace
should extend above or below the graticule display area. If a measurement
requires a full cycle, as in frequency or period measurements, then adjust
the horizontal size to show at least one complete cycle of the signal. If a
measurement requires a rising or falling edge, as in rise or cross measure-
ments, then adjust the horizontal size and position to show the complete
rising or 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.

Measlirer
men e

Compare 2
Feferennea

Figure 3-67: Measure Major Menu

Touch the Measurements selector to display a pop-up menu with all the
measurement selectors available. Touch the individual measurement selec-
tors to take measurements of your trace. As you select each measurement,
the result of the measurement is immediately displayed in one of the selec-
tor areas of the Measure major menu.

The illustration below 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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Figure 3-68: Measurements Pop-up Menu with Frequency and RMS
Selected

When the measurements 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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Measurements

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 touch the
measurement selectors, they will turn off highlighting and the measurement
readouts will be removed from the major menu area. Clear All deletes all
measurements. When you are finished removing measurements, touch the
Exit 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 alternate
method is particularly suited to pulse waveforms with ringing or other anom-
alies. Try this method whenever the IEEE method produces unstable topline
and baseline results. This choice also affects Automatic Windows; see

page 3-227 for more information.

The IEEE method is always used for statistics mode measurements.
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Measurements

Measurement Mode

Measurements may be taken in software mode, hardware mode, or statistics
mode. In software mode, measurements are taken from the digitized trace
data record, the same data that forms the trace on the display. Software
mode is the default.

In hardware mode, measurements are taken from the analog signal output
from the sampling head before it is digitized and assembled into a trace
record. The 11801C uses special timer circuits to take hardware measure-
ments. The advantage of hardware measurements is that they are per-
formed faster than software measurements.

In statistics mode, measurements are taken from color graded waveform
data and are based on histograms computed at the crossing levels. You can
use statistical measurements to measure “random” data such as eye dia-
grams. Statistics mode also provides jitter and noise measurements, and
can be more accurate for other measurements on waveforms with significant
jitter 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
left on the display; they are ignored by the statistical measurement algo-
rithm.) Whenever making Statistics Mode measurements of an eye pattern
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 measurements (Rise, Fall, Frequency, Period,
Prop Delay, Cross, and Width) can be taken as hardware measurements.
Duty Cycle and Phase are software measurements; Jitter, Signal to Noise
Ratio, and Noise are statistical measurements. For example, the Rise 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 traces and take measurements in
different modes on each. You can display only the measurements for the
selected 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 selectors 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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Measurements

Statistical Measurement Considerations

A number of factors can affect measurements in statistics mode. Most of
these limitations result from the need to collect histograms to determine the
topline, baseline, and crossings of the trace. Note that you must be in color
graded mode to use statistics mode.

Measurements may be incorrect if not enough trace records have been
acquired. Eye diagrams and signals with significant noise or jitter are
examples of signals that will require many trace records for accurate
measurements.

If a rising or falling edge is nearly instantaneous (relative to 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 11801C 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
adjust the proximal and distal parameters so that they pass through
these areas, and adjust the mesial so that it does not. (Refer to 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 left 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 better precision.

The time required to take statistical measurements can vary from a few
hundred milliseconds to over a second, depending on which measure-
ments are selected and what the measurement parameters are.

Whenever making Statistics Mode measurements of an eye pattern
trace, set the Eye Pattern selector in the Measurements pop-up menu
to On.

Refer to the table on the next page to determine the best measurement type
for your application.
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Table 3-12: Measurement Mode Comparison

Software Hardware Statistics
Functions All measurements Limited to 7 timing  Full range of mea-
except Noise, Jit- measurements. surements avail-
ter, and SNR avail- able, except fre-
able. quency domain
measurements
Trace All trace expres- Only traces with- All trace expres-
Complexity  sions supported. out arithmetic op-  sions that include
Not for random erators or func- an active channel
data, such as eye tions are allowed. are supported. For
patterns. Averaging and en- random data such
veloping are al- as eye patterns.
lowed, but the
measurement is
taken from unav-
eraged samples.
Not for random
data, such as eye
patterns.
Display Any display mode. Any display mode. Color graded

Restrictions

Measurements are
taken from a
single trace re-
cord, regardless
of display mode.

Measurements are
taken from a
single trace re-
cord, regardless
of display mode.

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-
smoothing. ware measure- ing, and dual grat-

ments. icules Limited to
512-point record
length.

Speed Slower Faster Updated when

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