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WARRANTY

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

This warranty applies only to products returned to the designated Tektronix depot or the Tektronix authorized
representative from which the product was originally purchased. For products returned to other locations,
Customer will be assessed an applicable service charge. The preceding limitation shall not apply within the
European Economic Area, where products may be returned for warranty service to the nearest designated service
depot regardless of the place of purchase.

In order to obtain service under this warranty, Customer must provide the applicable office of Tektronix or its
authorized representative with notice 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 or its representative, with shipping charges
prepaid. Tektronix or its representative shall pay for the return of the product to Customer. Customer shall be
responsible for paying any associated taxes or duties.

This warranty shall not apply to any defect, failure or damage caused by improper use or improper or inadequate
maintenance and care. Tektronix shall not be obligated to furnish service under this warranty:

a) to repair damage resulting from attempts by personnel other than Tektronix representatives to install, repair or
service the product;

b) to repair damage resulting from improper use or connection to incompatible equipment;

c) to repair any damage or malfunction caused by the use of non-Tektronix supplies or consumables;

d) to repair a product that has been modified or integrated with other products when the effect of such
modification or integration increases the time or difficulty of servicing the product; or

e) to repair damage or malfunction resulting from failure to perform user maintenance and cleaning at the
frequency and as prescribed in the user manual (if applicable).

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

To Avoid Fire or
Personal Injury

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

Only qualified personnel should perform service procedures.

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

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.

Wear Eye Protection. Wear eye protection if exposure to high-intensity rays or
laser radiation exists.

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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General Safety Summary

Xii

Symbols and Terms

VAN

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.

/N

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 including the product.

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

AN A O

CAUTION WARNING Protective Ground
Refer to Manual High Voltage (Earth) Terminal
Mains Disconnected Mains Connected
OFF (Power) ON (Power) Standby
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Preface

This is the user manual for the oscilloscope. It covers the following information:

About This Manual

Describes the capabilities of the oscilloscope, how to install it and reinstall
its software

Explains how to operate the oscilloscope: how to control acquisition of,
processing of, and input/output of information

Lists specifications and accessories of the oscilloscope

This manual is composed of the following chapters:

Getting Started shows you how to configure and install your oscilloscope
and provides an incoming inspection procedure.

Operating Basics uses maps to describe the various interfaces for controlling
the oscilloscope, including the front panel and the software user interface.
These maps provide overviews of the product and its functions from several
viewpoints.

Reference comprises an encyclopedia of topics (see Overview on page 3-1)
that describe the oscilloscope interface and features, and gives background
and basic information on how to use them. (The online help onboard the
oscilloscope application describes the interface, features, and their usage;
detailed descriptions of all programming commands are found in the
TDS7000 Series Programmer Online Guide manual.)

Appendices provides additional information including the specifications,
measurements, and cleaning information.
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Related Manuals and Online Documents

This manual is part of a document set of standard-accessory manuals and online
documentation; this manual mainly focuses on installation, background, and user
information needed to use the product features. See the following list for other
documents supporting oscilloscope operation and service. (Manual part numbers
are listed in Accessories & Options on page 1-29.)

Manual Name Description

TDS7000 Series Online Help An online help system, integrated with the User Interface application that ships with this
product. The help is preinstalled in the oscilloscope.

TDS7000 Series References A quick reference to major features of the oscilloscope and how they operate

TDS7000 Series Programmer Online Guide | An alphabetical listing of the programming commands and other information related to
controlling the oscilloscope over the GPIB1.

TDS7000 Series Service Manual Describes how to service the oscilloscope to the module level. This optional manual
must be ordered separately.

1 Located on the TDS7000 Series Product Software CD. See CD instructions for installation instructions.

For more information on how the product documentation relates to the
oscilloscope operating interfaces and features, see Documentation Map on
page 2-2.
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Contacting Tektronix

Phone

Address

Web site
Sales support
Service support

Technical support

1-800-833-9200*

Tektronix, Inc.

Department or name (if known)
14200 SW Karl Braun Drive
P.O. Box 500

Beaverton, OR 97077

USA

www.tektronix.com
1-800-833-9200, select option 1*
1-800-833-9200, select option 2*
Email: support@tektronix.com

1-800-833-9200, select option 3*
1-503-627-2400

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

*  This phone number is toll free in North America. After office hours, please leave a
voice mail message.

Outside North America, contact a Tektronix sales office or distributor; see the

Tektronix web site for a list of offices.
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Product Description

Models

Key Features

This chapter describes the TDS7000 Series Digital Phosphor Oscilloscopes and
their options. Following this description are three sections:

B [nstallation shows you how to configure and install the oscilloscope, as well
as how to reinstall the system software included with the product.

B [ncoming Inspection provides a procedure for veritying basic operation and
functionality.

B Accessories lists the standard and optional accessories for this product.

This manual supports two very similar oscilloscopes, the:
®  TDS7104 Digital Phosphor Oscilloscope
®  TDS7054 Digital Phosphor Oscilloscope

Differences between the oscilloscopes will be called out when necessary,
otherwise, the material applies to all of the oscilloscopes. The word
“oscilloscope” refers to all products.

TDS7000 Series oscilloscopes are high performance solutions for verification,
debug, and characterization of sophisticated electronic designs. The series
features exceptional signal acquisition performance, operational simplicity, and
open connectivity to the design environment. Classic analog-style controls, a
large touch-sensitive display, and graphical menus provide intuitive control.
Open access to the Windows operating system enables unprecedented customiza-
tion and extensibility. Key features include:

®  Up to 1 GHz bandwidth and 10 GS/s real time sampling rate, depending on
the model

B Record lengths up to 16,000,000 samples, depending on option

®m  Fast acquisition at up to 200,000 acquisitions per second for analog
oscilloscope emulation and isolation of data-dependent failures during
conformance/performance testing and for examination of very low-level
signals in pseudo-random bit streams

B 1% DC vertical gain accuracy
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Product Description

Product Software

1-2

Four input channels (each with 8-bit resolution), CH 3 signal output, and
auxiliary trigger input and output

Sample, envelope, peak-detect, high-resolution, and average acquisition
modes

Full programmability, with an extensive GPIB-command set and a message-
based interface

Trigger modes include edge, logic, pulse, and sequence at up to 1 GHz
bandwidth

Powerful built-in measurement capability, including histograms, automatic
measurements, and measurement statistics

A large 10.4 inch (264.2 mm) color display that supports color grading of
waveform data to show sample density

An intuitive, graphical user interface (UI), with online help that is built in
and available on screen

Internal, removable disk storage

Wide array of probing solutions

The oscilloscope includes the following software:

®  System Software, which includes a specially configured version of

Windows 98, comes preinstalled on the oscilloscope. Windows 98 is the
operating system on which the user-interface application of this product runs,
and provides an open desktop for you to install other compatible applica-
tions. Do not attempt to substitute any version of Windows that is not
specifically provided by Tektronix for use with your oscilloscope.

TDS7000 Product Software. Comes preinstalled on the oscilloscope. This
software, running on Windows 98, is the oscilloscope application. This
software starts automatically when the oscilloscope is powered on, and
provides the user interface (UI) and all other oscilloscope control functions.
You can minimize or even exit/restart the oscilloscope application as your
needs dictate.

Support Software. Not preinstalled on the oscilloscope. The TDS7000 Series
Product Software compact disc, included with the oscilloscope, contains
additional software and files that may be useful to you:

®m  Readme file. This pdf file contains release notes and updates that could
not be included in other product documentation.
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®  GPIB Programmer Online Help software. This software, in an online
help format, contains the information you need to program the oscillo-
scope through its GPIB interface. A printable pdf file of this information
is also available on the compact disc.

B Performance Verification Procedures. The compact disc contains
software and instructions to perform a semi-automated performance
verification as well as instructions to perform a manual performance
verification.

See the instructions for the TDS7000 Series Product Software compact disc
for information about installing the support software.

Occasionally new versions of software for your oscilloscope may become
available at our web site. See Contacting Tektronix on page xv in Preface.

Firmware Upgrade

Tektronix may offer firmware upgrade kits for the oscilloscope. Contact your
Tektronix service representative for more information (see Contacting Tektronix
on page xv).
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Probes Supported

Table 1-1 lists the recommended probes for each oscilloscope. Descriptions of
each probe follow the table.

Table 1-1: Recommended probe cross reference

Probe TDS7054 TDS7104
Passive, 10X P6139A P6139A
Active CMOS/TTL P6243 P6245
All Technology P6245 P6245
P6249 P6249
Differential Digital P6246, P6246,
P6247, P6247,
P6248 P6248
Current, AC Only CT-6 CT-6
Current, AC/DC TCP202 TCP202

B P6139A 10X, 500 MHz Passive probe

B P6243 Active, high speed digital voltage probe. FET. DC to 1.0 GHz

®  P6245 Active, high speed digital voltage probe. FET. DC to 1.5 GHz

®  P6246 Active, high bandwidth differential probe. FET. DC to 400 MHz
®  P6247 Active, high bandwidth differential probe. FET. DC to 1 GHz

®  P6248 Active, high bandwidth differential probe. FET. DC to 1.7 GHz
®  P6249 Active, high bandwidth differential probe. FET. DC to 4 GHz

m  TCP 202 Current Probe, DC to 50 MHz, 15 ADC

®  CT-6 Current probe — designed for temporary in-circuit installation.
250 kHz to 2 GHz, 50 Q input

1-4 TDS7104 and TDS7054 User Manual



Installation

This chapter covers installation of the oscilloscope, addressing the following
topics:

Unpacking on page 1-5

Checking the Environment Requirements on page 1-6
Connecting Peripherals on page 1-6

Powering On the Oscilloscope on page 1-8
Powering Off the Oscilloscope on page 1-9

Creating an Emergency Startup Disk on page 1-10
Backing Up User Files on page 1-10

Installing Software on page 1-11

Connecting to a Network on page 1-14

CAUTION. Be sure to create your emergency startup disk as described on
page 1-10. You may need that disk if you ever need to reinstall Windows 98 from
the oscilloscope hard drive.

Unpacking

Verity that you have received all of the parts of your oscilloscope. The graphical
packing list shows the standard accessories that you should find in the shipping
carton (probes depend on the option you ordered.) You should also verity that
you have:

The correct power cord for your geographical area.

The compact discs that include copies of the software installed on the
oscilloscope and additional support software that may be useful to you: the
Operating System Restore, Product Software, and Optional Applications
Software. Store the product software in a safe location where you can easily
retrieve it.
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NOTE. The certificate of authenticity (Windows 98 licence agreement) is attached
to the rear of your oscilloscope. This certificate proves your ownership of the
Windows operating system in your oscilloscope. If you lose or misplace this
certificate, you might have to purchase a new Windows license if the hard disk in
your oscilloscope ever needs rebuilding or replacement.

®  All the standard and optional accessories that you ordered.

Remember to fill out and send in the customer registration card. The registration
card is packaged with this manual.

Checking the Environment Requirements

Site Considerations

/N

Read this section before attempting any installation procedures. This section
describes site considerations, power requirements, and ground connections for
your oscilloscope.

The oscilloscope is designed to operate on a bench or on a cart in the normal
position (on the bottom feet). For proper cooling, at least three inches (7.62 cm)
of clearance is required on both sides of the oscilloscope, and the bottom
requires the clearance provided by the oscilloscope feet.

If you operate the oscilloscope while it is resting on the rear feet, make sure that
you properly route any cables coming out of the rear of the oscilloscope to avoid
damaging them.

CAUTION. Keep the bottom and sides of the oscilloscope clear of obstructions to
ensure proper cooling.

Operating Requirements

The Specifications in Appendix A list the operating requirements for the
oscilloscope. Power source, temperature, humidity, and altitude are listed.

Connecting Peripherals

1-6

The peripheral connections are the same as those you would make on a personal
computer. The connection points are shown in Figure 1-1. See Table 1-2 on
page 1-8 for additional connection information.

TDS7104 and TDS7054 User Manual



Installation

VAN

Description

Monitor (PC only, for
dual display
operation) ...... SVGA OUT @

g
Printer............. LPT

Keyboard ..............
USB..ovvooeeiieinn N3N
Audio lineout............... f;ﬁ\
Audio linein............. A
CD-ROMdrive .......... disc

GPB........ IEEE S%Pigs PORT

Oscilloscope monitor

(large-screen

oscilloscope display). .. SCOPE ONLY
VGA OUT

Figure 1-1: Locations of peripheral connectors on rear panel

Icon/Label

CAUTION. To avoid product damage, power off the oscilloscope before installing
any accessories except a USB mouse or keyboard to the oscilloscope connectors.
(You can connect and disconnect USB devices with the power on.) See Powering

Oft the Oscilloscope on page 1-9.

Locations
o R i
AT LPT
L . =/
© € J % % cow 10101 SVGA QUT
L0.0500 o Jp

GPIB
IEEE STD 488 PORT

o oq/(zﬁb @@@

SCOPE ONLY
T
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Table 1-2: Additional accessory connection information

Item Description

Monitor If you use a non-standard monitor, you may need to change the
Windows 98 display settings to achieve the proper resolution
for your monitor.

Printer Connect the printer to the EPP (enhanced parallel port)
connector directly. If your printer has a DB-25 connector, use
the adapter cable that came with your printer to connect to the
EPP connector. For information on printer usage, see Printing
Waveforms on page 3-238.

Rackmount Refer to the TDS7000 Rackmount Installation Instructions for
information on installing the rackmount kit.
Other Refer to the Readme file on the TDS7000 Series Product

Software CD for possible additional accessory installation
information not covered in this manual.

Powering On the Oscilloscope
Follow these steps to power on the oscilloscope for the first time.

1. Either one of the following fuse sizes can be used, each size requires a
different fuse cap. Both fuses must be the same type. See Table 1-3 and
Figure 1-2.

Table 1-3: Line fuses

Line voltage Description Part number
100 V to 250 V operation UL198G and CSA C22.2, No. | Tektronix 159-0046-00
59, fast acting: 8 A, 250 V Bussman ABC-8
Littelfuse 314008

IEC127, sheet 1, fast acting | Tektronix 159-0381-00
“F”, high breaking capacity: Bussman GDA-6.3

6.3A, 250V Littelfuse 21606.3
1] Q <
Switch Fuses AC power

Figure 1-2: Line fuse and power cord connector locations, rear panel
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CAUTION. Connect the keyboard, mouse, and other accessories before applying
! power to the product.

2. Connect the power cord.

3. If you have an external monitor, connect the power cord and power on the
monitor.

4. Turn the Power switch on at the rear panel. (See Figure 1-2 on page 1-8 for
switch location.)

5. If the oscilloscope does not power up, push the On/Standby switch to power
on the oscilloscope (see Figure 1-3 for the switch location).

010
0'p

O
O

o0 oo 00
o mOD O

D 0000000
00 00000

O
om0

@]
00
00

O
omo

O
O
O

On/Standby —={[ )

e (e 0 0660 & -

L J J

|

Figure 1-3: On/Standby switch location

Shutting Down the Oscilloscope

When you push the front-panel On/Standby switch, the oscilloscope starts a
shutdown process (including a Windows shutdown) to preserve settings and then
removes power from most circuitry in the oscilloscope. Avoid using the
rear-panel power switch or disconnecting the line cord to power off the oscillo-
scope.

NOTE. If you do not use the On/Standby switch to shut down the oscilloscope,
before powering off the oscilloscope, the oscilloscope will be in the factory
Default Setup when powered on the next time.

To completely remove power to the oscilloscope, perform the shutdown just
described, set the power switch on the rear panel to off, and then remove the
power cord from the instrument.
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Creating an Emergency Startup Disk

Now that you have completed the basic installation process, you should create an
emergency startup disk that you can use to restart your oscilloscope in case of a
major hardware or software failure. You should create this disk, and then store it
in a safe place.

recover your Windows 98 installation without rebuilding the entire oscilloscope

é CAUTION. Create this disk and store it in a safe place. It may allow you to
hard disk.

The emergency startup disk contains basic files to restart your oscilloscope. It
also contains files to check and format the hard disk.

Follow these steps to create the emergency startup disk:

1. Minimize the oscilloscope application by selecting Minimize in the File
menu.

Click the Windows Start button, point to Settings, and click Control Panel.
In the Control Panel window, double-click Add/Remove Programs.

Click the tab for the Startup Disk page.

LU

Insert a floppy disk into the disk drive and follow the on-screen instructions
to create the startup disk.

Backing Up User Files

You should always back up your user files on a regular basis. Use the Back Up
tool to back up files stored on the hard disk. The Back Up tool is located in the
System Tools folder in the Accessories folder.

1. Minimize the oscilloscope application by selecting Minimize in the File
menu.

2. Click the Windows Start button.
3. Select Programs, Accessories, System Tools, Backup in the Start menu.

4. Use the backup tool that displays to select your backup media and to select
the files and folders that you want to back up. Use the Windows online help
for information on using the Backup tool. You can back up to the floppy
drive, or to a third-party storage device over the printer port (rear panel).
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Installing Software

Software Release Notes

Accessory Software

The oscilloscope system and application software is preinstalled at the factory. If
you have to reinstall the software for any reason, refer to the instructions that
accompany the CDs that are shipped with the oscilloscope. If you need to restore
the operating system, you also need the Windows licence information from the
Certificate of Authenticity that is shipped with the oscilloscope.

Read the software release notes README.TXT ASCII file on the product-soft-
ware CD before performing installation procedures. This file contains additional
installation and operation information that supercedes other product documenta-
tion.

To view the README.TXT file, open the Notepad Windows accessory and open
the file on the TDS7000 Series Product Software CD.

The TDS7000 Series Product Software CD also contains accessory software and
files that you can choose to install in the oscilloscope or in another computer.
Refer to the instructions that accompany the CD for installation information.

GPIB Programmer Online Help Software. You can install the GPIB Programmer
online help on the oscilloscope, but it may be more convenient to install it on the
PC that is functioning as the GPIB system controller. From the system controller,
you can copy and paste commands from the help directly into your test pro-
grams. The programmer information contains the following content:

®  GPIB configuration information for the oscilloscope

®m  Lists of the command groups and the commands they contain
B Detailed command descriptions including syntax and examples
®  Status and error messages

®  Programming examples

The CD also contains a printable version of the programmer information, in the
form of a PDF file.

Semi-Automated Performance Verification Procedure. This software provides a
semi-automated method to verify the oscilloscope performance. The installer
installs the software and a PDF file that provides instructions to perform the
procedure. The PDF file also lists the specific test equipment required to perform
the procedure.
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1-12

Desktop Applications

You should not install this software on the oscilloscope, but rather on the PC you
plan to use as a GPIB controller. The GPIB controller must be equipped with a
National Instruments GPIB Controller card and software, and must run Windows
95/98 or NT.

Manual Performance Verification Procedure. This is a printable PDF file that
describes a manual method to verify the oscilloscope performance using generic
test equipment.

Optional Accessory Software. The Optional Applications Software CD contains
programs that you can install and run five times per application. You can then
purchase an upgrade from Tektronix if you decide that you want to continue to
use the application. Refer to the instructions that accompany the CD for
installation information.

You can install desktop application software on the oscilloscope. The oscillo-
scope has been tested with the following software products installed:

®  Microsoft Office 98 (Word, Excel, Powerpoint, etc.)
m  MathCad
= MATLAB

Other software products may be compatible but have not been tested by
Tektronix. If the oscilloscope malfunctions after you install software you should
uninstall the software and then reinstall the oscilloscope application to restore
proper operation.

Exiting the Oscilloscope Application. Before installing other desktop applications,
you should exit the oscilloscope application. Follow these steps to exit the
oscilloscope application:

1. Connect a keyboard and mouse to the oscilloscope.
2. While holding down the CTRL and ALT keys, press the DELETE key.

3. In the Close Program dialog box, select TDS7000 and then select End Task
to stop the oscilloscope application.

4. If a confirmation dialog box appears, select End Task again.
S. Press the CTRL, ALT, and DELETE keys again.

6. In the Close Program dialog box, select Windowsscopeservices and then
select End Task.

7. 1If a confirmation dialog box appears, select End Task again.
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8. Press the CTRL, ALT, and DELETE keys a third time.

9. In the Close Program dialog box, verify that the tasks TDS7000 and
Windowsscopeservices are not running, and then select Cancel to close the
dialog box.

The oscilloscope application will restart after you restart the entire system,
following the installation of the desktop application software.

TDS7000 Options ~ Some TDS7000 options contain software that needs to be installed and/or
enabled. To do the installation, follow the specific instructions that come with
the option.

Tektronix provides a key that you must enter (one time) to enable all the options
that you have purchased for your oscilloscope. To enter the key, select Option
Installation in the Utility menu, and then follow the on-screen instructions.
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Enabling Your LAN and Connecting to a Network

You can connect the oscilloscope to a network to enable printing, file sharing,
internet access, and other communications functions. Before you make the
connection, do the following steps to enable network access to the oscilloscope:

1.

2
3.
4

10.

Begin with the oscilloscope power shut down.
Attach a keyboard and mouse to the oscilloscope.
Power on the oscilloscope.

As the oscilloscope begins to boot, press the F2 key on the keyboard
repeatedly until the message “Entering SETUP” (Loading SETUP on some
instruments) appears.

In the BIOS Setup Utility use the right-arrow key on the keyboard to
highlight the Advanced menu at the top of the screen.

Use the arrow down key to highlight PCI Configuration (Peripheral
Configuration on some instruments) in the Advanced screen, and then press
Enter.

Use the arrow down key to highlight Embedded Ethernet Controller (LAN
Device on some instruments) in the Peripheral Configuration screen, and
then press Enter.

Use the arrow up or down key to highlight Enabled and then press Enter.

Press the F10 key to save and exit. Confirm the Save of Configuration
changes when you are prompted on screen.

Use the Windows network setup utility to define the oscilloscope as a
network client and configure it for your network. You can find the network
setup utility in the Windows Start menu if you select Settings > Control
Panel and then double click Network. You should consult your network
administrator for specific instructions to make these settings.

NOTE. If you want to disable network access for the oscilloscope, perform the
above procedure except substitute Disabled for the command listed in step 8. The
oscilloscope will boot faster with network access disabled.

Setting up a Dual Display

Use the following steps to set up the oscilloscope for dual display operation. You
can operate the oscilloscope while having full use of Windows and other
applications on the external monitor.

1-14
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1. Shut down the oscilloscope using the On/Standby switch so you can connect
an external monitor to the rear of the oscilloscope.

2. Connect a keyboard and mouse to the oscilloscope.

3. Connect an external monitor to the upper SVGA port of the rear panel of the
oscilloscope.

4. Power on the oscilloscope and the external monitor.

5. Watch for a message on the external monitor telling you that Windows has
successfully initialized the display adapter.

6. The oscilloscope should detect that the new monitor was connected. Follow
the instructions on the oscilloscope display to install new drivers for the
monitor.

7. Type a Control-M to minimize the oscilloscope application.

8. In the Windows desktop, right click the mouse and then select Properties to
display the Display Properties dialog box.

9. Select the Settings tab and click the grayed-out monitor in the display box.

10. Click yes when you are prompted to enable the new monitor.

.

11. Set the resolution you want to use on the external monitor.

12. Click on the external monitor in the display box and drag it to the correct

orientation

.
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CAUTION. Do not change the resolution or color settings for the internal LCD
monitor. The internal resolution must be 640 x 480 and the color setting must be
High Color (16 bit).

13. Click OK to apply the settings. The new monitor will display additional

desktop area.

To make the best use of the new display area, do these additional steps to move
the Windows controls to the external monitor:

1.

Click (and hold) on the Windows task bar in the area shown in Figure 1-4
and then drag it upwards and toward the external monitor. The task bar will
first go to the side of the internal monitor, then to the side of the external
monitor and finally to the bottom of the external monitor.

start| | @8 3 | |[TekScope / “BEm | s09aM
Click here to drag task bar

Figure 1-4: Drag area for Windows task bar

2.
3.

1-16

Release the mouse when the task bar is where you want it to be.

Select all the Windows desktop icons on the internal monitor and drag them
to a position on the external monitor.

If you use the oscilloscope help system, you can drag the help windows to
the external monitor so that you can read them while you operate the
oscilloscope.

When you open any Windows application, drag the windows from the
application to the external monitor.
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Incoming Inspection

This chapter contains instructions for performing the Incoming Inspection
Procedure. This procedure verifies that the oscilloscope is operating correctly
after shipment, but does not check product specifications. This procedure
contains the following parts:

B Self Tests on page 1-17 provides instructions for performing the internal
self tests.

B Functional Tests on page 1-18 measures the time- and amplitude-reference
signals at the PROBE COMPENSATION connector.

®m  Perform Extended Diagnostics on page 1-26 provides instructions for
performing internal self calibration and the extended diagnostics.

If the oscilloscope fails any test within this section, it may need service. To
contact Tektronix for service, see Contacting Tektronix on page xv of Preface.

Make sure you have put the oscilloscope into service as detailed in Installation
starting on page 1-5. Then assemble the following test equipment and precede
with the procedures that follow.

Assemble Equipment

Self tests do not require any test equipment. The functional tests require the
following test equipment:

B One BNC cable, such as Tektronix part number 012-0076-00
B One 1.44 Mbyte, 3.5 inch formatted disk

Self Tests

This procedure uses internal routines to verity that the oscilloscope functions and
was adjusted properly. No test equipment or hookups are required.

Equipment None

required

Prerequisites Power on the oscilloscope and allow a 20 minute warm-up before doing
this procedure.
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1. Verify that internal diagnostics pass: Do the following substeps to verify
passing of internal diagnostics.

a.

Display the System diagnostics menu:

®m  [f the oscilloscope is in tool-bar mode, click the MENU button to
put the oscilloscope into menu bar mode.

B From the Utility menu, select Instrument Diagnostics . . . . This
displays the diagnostics control window.

Run the System Diagnostics:
®  First disconnect any input signals from all four channels.
®  (Click the Run button in the diagnostics control window.

Wait: The internal diagnostics do an exhaustive verification of proper
oscilloscope function. This verification will take five to fifteen minutes.
When the verification is finished, the resulting status will appear in the
diagnostics control window.

Verify that no failures are found and reported on-screen. All tests should
pass. If any failures occur, click the Error Log button for details.

Run the signal-path compensation routine:

®  From the Utilities menu, select Instrument Calibration . . . . This
displays the oscilloscope calibration control window.

®m  [If required because the oscilloscope is in service mode, select the
Signal Path button under Calibration Area.

®  Touch the Calibrate button to start the routine.
Wait: Signal-path compensation may take five to ten minutes to run.

Confirm signal-path compensation returns passed status: Verity that the
word Pass appears in the oscilloscope calibration control window.

2. Return to regular service: Click the Close button to exit the oscilloscope
calibration control window.

Functional Tests

The purpose of these procedures is to confirm that the oscilloscope functions
properly. The following equipment is required:

m A BNC cable

® A 3.5inch, 1.44 Mbyte, formatted floppy disk to check the file system

1-18
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STOP. These procedures verify functions; that is, they verify that the oscilloscope
features operate. They do not verify that they operate within limits.

Therefore, when the instructions in the functional tests that follow call for you to
verify that a signal appears on-screen “that is about five divisions in amplitude”
or “has a period of about six horizontal divisions,” etc., do NOT interpret the
quantities given as limits.

STOP. DO NOT make changes to the front-panel settings that are not called out
in the procedures. Each verification procedure will require you to set the
oscilloscope to certain default settings before verifying functions. If you make
changes to these settings, other than those called out in the procedure, you may
obtain invalid results. In this case, just redo the procedure from step 1.

When you are instructed to push a front-panel button or screen button, the button
may already be selected (its label will be highlighted). If this is the case, it is not
necessary to push the button.

Equipment One BNC cable, such as Tektronix part number 012-0076-00
required
Prerequisites None

1. [Initialize the oscilloscope: Push the front-panel DEFAULT SETUP button.

2. Hook up the signal source: Connect the BNC cable from the probe com-
pensation output to the channel input that you want to test (beginning with
CH 1) as shown in Figure 1-5.

TDS7000 oscilloscope

[ == ]
ey ——— o
Oco ooo
@o© g
=) o
o e~e “a°
DO Qa
@6 ©® 0 ©
—J —J
BNC cable from PROBE
COMPENSATION output to

channel input

Figure 1-5: Universal test hookup for functional tests - CH 1 shown
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3. Turn off all channels:If any of the front-panel channel buttons are lighted,
push those buttons to turn off the displayed channels. See Figure 1-6.

Channel buttons

B ['ERTICAL >
POSITION O POSITION (5145 | POSITION H3) | POSITION @

(@}

(T
o Lo o o o
- - - -

SCALE SCALE SCALE SCALE

L) L ) O

Figure 1-6: Channel button location

4. Select the channel to test: Push the channel button for the channel you are
currently testing. The button lights and the channel display comes on.

5. Set up the oscilloscope: Push the front panel AUTOSET button. This sets
the horizontal and vertical scale for a usable display and sets the trigger
source to the channel you are testing.

6. Verify that the channel is operational: Confirm that the following statements
are true.

B The vertical scale readout for the channel under test shows a setting of
500 mV, and a square-wave probe-compensation signal about 2 divisions
in amplitude is on-screen.

®  The front-panel vertical POSITION knob (for the channel you are
testing) moves the signal up and down the screen when rotated.

®  Turning the vertical SCALE knob counterclockwise (for the channel you
are testing) decreases the amplitude of the waveform on-screen, turning
the knob clockwise increases the amplitude, and returning the knob to
500 mV returns the amplitude to about 2 divisions.

7. Verify that the channel acquires in all acquisition modes: From the
Horiz/Acq menu, select Horizontal/Acquisition Setup . . . . Click the
Acquisition tab in the control window that displays. Click each of the five
acquisition modes and confirm that the following statements are true (see
Using the Acquisition Controls on page 3-22 for more information).

®  Sample mode displays an actively acquiring waveform on-screen. (Note
that there is a small amount of noise present on the square wave).
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B Peak Detect mode displays an actively acquiring waveform on-screen
with the noise present in Sample mode “peak detected.”

®  Hi Res mode displays an actively acquiring waveform on-screen with the
noise that was present in Sample mode reduced.

®  Average mode displays an actively acquiring waveform on-screen with
the noise reduced.

®  Envelope mode displays an actively acquiring waveform on-screen with
the noise displayed.

8. Test all channels: Repeat steps 2 through 7 until all four input channels are
verified.

9. Remove the test hookup: Disconnect the BNC cable from the channel input
and the probe compensation output.

Equipment One BNC cable, such as Tektronix part number 012-0076-00
required
Prerequisites None

1. [Initialize the oscilloscope:Push the front-panel DEFAULT SETUP button.

2. Hook up the signal source: Connect the BNC cable from the probe com-
pensation output to the CH 1 input as shown in Figure 1-7.

TDS7000 oscilloscope
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BNC cable from PROBE
COMPENSATION output to
CH 1 input

Figure 1-7: Setup for time base test

3. Set up the oscilloscope: Push the front panel AUTOSET button.

4. Set the time base: Set the horizontal SCALE to 200 us/div. The time-base
readout is displayed at the bottom of the graticule.

5. Verify that the time base operates: Confirm the following statements.
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1-22

B One period of the square-wave probe-compensation signal is about five

horizontal divisions on-screen for the 200 us/div horizontal scale setting.

Rotating the horizontal SCALE knob clockwise expands the waveform
on-screen (more horizontal divisions per waveform period), counter-
clockwise rotation contracts it, and returning the horizontal scale to
200 us/div returns the period to about five divisions.

B The horizontal POSITION knob positions the signal left and right

on-screen when rotated.

6. Verify horizontal delay:

a. Center a rising edge on screen:

®m  Set the horizontal POSITION knob so that the rising edge where the
waveform is triggered is lined up with the center horizontal
graticule.

®  Change the horizontal SCALE to 20 ps/div. The rising edge of the
waveform should remain near the center graticule and the falling
edge should be off screen.

Turn on and set horizontal delay:

B From the Horiz/Acq menu, select Horizontal/Acquisition
Setup....

®  Click the Horizontal tab in the control window that displays.
®  Click the Delay Mode button to turn delay on.

B Double click the Horiz Delay control in the control window to
display the pop-up keypad. Click the keypad buttons to set the
horizontal delay to 500 ps and then click the ENTER key.

Verify the waveform: Verify that a falling edge of the waveform is within
a few divisions of center screen.

. Adjust the horizontal delay: Rotate the upper multipurpose knob to

change the horizontal delay setting. Verify that the falling edge shifts
horizontally. Rotate the front-panel horizontal POSITION knob. Verity
that this knob has the same effect (it also adjusts delay, but only when
delay mode is on).

Verify the delay toggle function:

®m  Rotate the front-panel horizontal POSITION knob to center the
falling edge horizontally on the screen.

TDS7104 and TDS7054 User Manual



Incoming Inspection

®  Change the horizontal SCALE to 40 ns/div. The falling edge of the
waveform should remain near the center graticule. If not, readjust the
delay setting to center the falling edge.

®  Push the front-panel DELAY button several times to toggle delay off
and on and back off again. Verify that the display switches quickly
between two different points in time (the rising and falling edges of
this signal).

7. Remove the test hookup: Disconnect the probe from the channel input and
the probe compensation output.

Equipment One BNC cable, such as Tektronix part number 012-0076-00
required
Prerequisites None

1. [Initialize the oscilloscope: Push the front-panel DEFAULT SETUP button.

2. Hook up the signal source: Connect the BNC cable from the probe com-
pensation output to the CH 1 input as shown in Figure 1-8.

TDS7000 oscilloscope
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Figure 1-8: Setup for trigger test

3. Set up the oscilloscope: Push the front-panel AUTOSET button.

4. Verify that the main trigger system operates: Confirm that the following
statements are true.

m  The trigger level readout for the A (main) trigger system changes with
the trigger-LEVEL knob.

®  The trigger-LEVEL knob can trigger and untrigger the square-wave
signal as you rotate it. (Leave the signal untriggered).
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®  Pushing the front-panel trigger LEVEL knob sets the trigger level to the
50% amplitude point of the signal and triggers the signal that you just
left untriggered. (Leave the signal triggered.)

5. Verify that the delayed trigger system operates:
a. Set up the delayed trigger:

®  From the Trig menu, select A—B Sequence . ... This displays the
A—B Sequence tab of the trigger setup control window.

®  (lick the Trig After Time button under A Then B.
®  (lick the B Trig Level control in the control window.
b. Confirm that the following statements are true:

®  The trigger-level readout for the B trigger system changes as you
turn the lower multipurpose knob.

B As you rotate the lower multipurpose knob, the square-wave
probe-compensation signal can become triggered and untriggered.
(Leave the signal triggered.)

c. Verify the delayed trigger counter:

®  Double click the Trig Delay control to pop up a numeric keypad for
that control.

®  Click on the keypad to enter a trigger delay time of 1 second and
then click Enter.

®  Verify that the trigger READY indicator on the front panel flashes
about once every second as the waveform is updated on-screen.

6. Remove the test hookup: Disconnect the cable from the channel input and the
Probe Compensation output.

Equipment One BNC cable, such as Tektronix part number 012-0076-00
required One 720 K or 1.44 Mbyte, 3.5 inch DOS-compatible formatted disk.
Prerequisites None

1. Initialize the oscilloscope: Push the front-panel DEFAULT SETUP button.

2. Hook up the signal source: Connect the BNC cable from the probe com-
pensation output to the CH 1 input as shown in Figure 1-9.
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TDS7000 oscilloscope
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Figure 1-9: Setup for the file system test

3. [Insert the test disk: Insert the floppy disk in the floppy disk drive at the top
of the front panel.

4. Set up the oscilloscope: Push the front panel AUTOSET button.

5. Set the time base: Set the horizontal SCALE to 1 ms/div. The time-base
readout is displayed at the bottom of the graticule.

6. Save the settings:

a. Pull down the File menu to select Instrument Setup . . . . This displays
the oscilloscope setups control window.

b. Click the Save button under Save settings to file in the control window.
This displays a familiar Windows dialog box for choosing a destination
directory naming the file.

c. In the Save Instrument Setup As dialog box, select the 31/, Floppy (A:)
icon in the Save in: drop-down list to set the save destination to the
floppy disk.

d. Note the default file name and then click the Save button to save the
setup to the default file name.

7. Change the settings again: Set the horizontal SCALE to 200 ps/div.
8. Verify the file system works:
a. Click the Recall Setups tab in the control window.

b. Click the Recall button under Recall settings from file in the control
window. This displays a familiar Windows dialog box for locating the
settings file that you want to recall.

c. In the Recall Instrument Setup dialog box, select the 31/, Floppy (A:)
icon in the Look in: drop-down list.
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d. Locate and then double click in the dialog box on the setup file that you
previously stored.

e. Verity that the oscilloscope retrieved the saved setup from the disk. Do
this by noticing the horizontal SCALE is again 1 ms and the waveform
shows ten cycles just as it did when you saved the setup.

9. Remove the test hookup:

a. Disconnect the probe from the channel input and the probe compensation
output.

b. Remove the floppy disk from the floppy disk drive.

Perform the Extended Diagnostics

Checking the Underlying

1-26

System (Optional)

Extended diagnostics and self calibration perform a more detailed functionality
check than the incoming inspection and Power-on diagnostics

NOTE. Allow a 30-minute warm-up before running the self calibration.

Disconnect any attached probes from the oscilloscope. Then select the Utilities
menu. Run the self calibration followed by the extended diagnostics by first
selecting the Instrument Calibration (see page 3-141 for additional information
on signal path compensation) and then the Instrument Diagnostics tabs. Results
of the tests display on their property pages.

To check the hardware and Windows software underlying the TDS oscilloscope
UI (user interface), run the QA+Win32 diagnostics from the Windows Start
menu:

1. Exit the oscilloscope application before running the external diagnostics.
a. Display the Task Manager by pressing CTRL, ALT, and Delete.
b. Select TDS7000 and then touch End Task.

NOTE. About 10 seconds after touching End Task, a program not responding
window may appear. If it does, touch End Task.

c. Display the Task Manager by pressing CTRL, ALT, and Delete.
d. Select Windowsscopeservices and then touch End TAsk.

2. Click Start, then click Programs in the Start Menu. Finally, click Sykes
Diagnostics and then QA+Win32.
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3. Click the Quick Test button to run the diagnostics suite.

4. Check test results in scrollable results listing in the lower left corner of the
QAPIlus test window. All tests except the audio test should pass.

5. Dismiss the QAPIus/Win diagnostics: Select Exit in the File menu.

6. Restart your oscilloscope Ul software: Click Start, then click Programs in
the Start Menu. Finally, click Tektronix Oscilloscope and then TekScope.
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Accessories & Options

This section lists the standard and optional accessories available for the
oscilloscope, as well as the product options.

Options

The following options can be ordered for the oscilloscope:

Option 1K: K4000 Instrument Cart

Option 1R: Rack Mount Kit (includes: hardware and instructions for
converting to rackmount configuration)

Option 1M: Long record length: 500 ksamples per channel, 2 Msamples

maximum

Option 2M: Long record length: 2 Msamples per channel, 8 Msamples

maximum

Option 3M: Long record length: 4 Msamples per channel, 16 Msamples

maximum

Option 30:
Option 33:
Option 34:
Option 35:
Option 36:
Option 37:
Option 39:

No probes

Add one P6158, 3 GHz, low capacitance, 20x divider probe
Add one P6247, 1 GHz differential probe

Add one P6243, 1 GHz active probe

Add one P6139A, 500 MHz passive probe

Add one P6245, 1.5 GHz active probe

Add one P6248, 1.5 GHz differential probe

International Power Cords Options:

®  Option Al - Universal European 230V, 50 Hz

®  Option A2 - United Kingdom 230V, 50 Hz

®  Option A3 - Australian 230 V, 50 Hz

®  Option A5 - Switzerland 230 V, 50 Hz

®  Option AC - China 230 V, 50 Hz

®  Option A99 - No power cord
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Accessories
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Standard

Option SM: Serial Communications Mast Testing

Option TDS7UP: Field upgrade options. Many are available. Contact
Tektronix (see page xv) for a complete list of available TDS7UP options

Option J1: TDSJIT2 Jitter Analysis application
Option J2: TDSDDM?2 Disk Drive Measurements application

Option JT3: TDSJIT3 Advanced Jitter Analysis application with random and
deterministic jitter analysis

Option CP2: TDSCPM2 Compliance Testing for ITU-T G.703 and
ANSI T1.102 communications standards

Option USB: TDSUSBS-USB2.0 Compliance Test application (Software
only)

Service offerings:

®m  Opt. C3: Calibration services extended to cover three years
m  Opt. C5: Calibration services extended to cover five years
m  Opt. D1: Calibration data report

®  Opt. D3: Test Data for calibration services in Opt. C3

®  Opt. D5: Test Data for calibration services in Opt. C5

®  Opt. R3: Repair warranty extended to cover three years

B Opt. R5: Repair warranty extended to cover five years

This section lists the standard and optional accessories available for this
oscilloscope.

The following accessories are shipped with the oscilloscope:

Table 1-4: Standard accessories

Accessory Part number
TDS7000 Series graphical packing list 071-0710-xx
TDS7000 Series User Manual 071-0700-xx
TDS7000 Series Reference kit 020-2404-xx
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Optional

Table 1-4: Standard accessories (Cont.)

Accessory Part number
TDS7000 Series Product Software CD 063-3376-xx
TDS7000 Series Operating System Restore CD 020-2437-xx
TDS7000 Series Online Help —_—

(part of the application software)

Optional Applications Software CD and Documentation Kit 020-2450-xx
Oscilloscope Analysis and Connectivity Made Easy Kit 020-2449-xx
Option SM and ST User Manual 071-1035-xx
Performance Verification (a pdf file on the TDS7000 Series Prod- | —

uct Software CD)

TDS7000 Series Programmer Online Guide (files on the —_—
TDS7000 Series Product Software CD)

NIST, Z540-1, and ISO9000 Calibration Certificate ——

U.S. Power Cord 161-0104-00
Mouse 119-6298-xx
Front Cover 200-4519-xx
Accessory Pouch 016-1441-xx
Probe Calibration and Deskew Fixture, with instructions and BNC | 067-0405-xx
cable

Four P6139A Probes (with TDS7054 only) —_
Click’N Burn Software CD 063-3575-xx

The accessories in Table 1-5 are orderable for use with the oscilloscope at the
time this manual was originally published. Consult a current Tektronix catalog

for additions, changes, and details.

Table 1-5: Optional accessories

Accessory Part number
TDS7000 Series Service Manual 071-0711-xx
Transit Case 016-1522-xx
Scope Cart K4000 (Option 1K)
P6158 20x 1 k-ohm low capacitance voltage divider probe P6158

P6139A 500 MHz passive 10x probe P6139A

P6243 1 GHz high speed active probe P6243
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Table 1-5: Optional accessories (Cont.)

Accessory Part number
P6245 1.5 GHz high speed active probe P6245
P6246 400 MHz differential probe P6246
P6247 1 GHz differential probe P6247
P6248 1.5 GHz differential probe P6248
TCP202 DC to 50 MHz current probe TCP202
CT6 high frequency current probe CT6
AM503S DC/AC current measurement system AM503S
P5205 high voltage differential probe P5205

P5210 high voltage differential probe P5210
P6015A high voltage probe P6015A
ADA400A differential preamplifier ADA400A
P6701A/B optical/electrical converter (multi-mode) P6701A/B
P6703A/B optical/electrical converter (single-mode) P6703A/B
AMT75 1 GHz 75-ohm adapter AMT75
VocalLink Pro Voice Controlled Software VCLNKP
VocalLink Basic Voice Controlled Software VCLNKB
Wavewriter: AWG and waveform creation software S3FT400
TekTMS: Test Management System SFT001
LabWindows S3FG910
WSTRO WaveStar Software WSTRO
GPIB cable (1 m) 012-0991-01
GPIB cable (2 m) 012-0991-00
RS-232 cable 012-1298-xx
PS-2 keyboard 118-9402-00
USB Keyboard 119-6297-xx
Centronics cable 012-1250-xx
Replacement hard disk 650-4075-xx
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Operational Maps

This chapter acquaints you with how the oscilloscope functions and operations.
It consists of several maps that describe the system, its operation, and its
documentation:

Documentation Map, on page 2-2, lists the documentation that supports the
oscilloscope.

System Overview Maps on page 2-3, describe the high-level operating blocks
and operating cycle of the oscilloscope.

User-Interface Map, on page 2-6, describes the elements of the User Interface
(UI) application, which provides complete control of the oscilloscope.

Front-Panel Map, on page 2-7, describes the elements of the oscilloscope
front panel and cross references information relevant to each element.

Display Map, on page 2-8, describes elements and operation of single-graticule
and multiple-graticule displays.

Front PanelI/O Map, on page 2-9, describes input/output ports and peripherals.

Tutorial procedures are available online, as part of the online help.

For information on configuring and installing your oscilloscope, refer to
Chapter 1, Getting Started.
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This oscilloscope ships with documents individually tailored to address different
aspects or parts of the product features and interface. The table below cross
references each document to the oscilloscope features and interfaces it supports.

To read about...

Refer to these documents:

Description

Installation, Specification, & User Manual Read the Reference for a quick overview of
Operation (overviews) Reference Manual oscilloscope features and their usage.
= ] Read the User Manual for general informa-
S é = tion about your oscilloscope - procedures
g8% 8 on how to put it into service, specifications
EEERe o000 00 of its performance, maps of its user
sPslogles interface controls, overviews and back-
o G ReRe o) ground on its features.
{ { ©0©0© © (© © © © - J For more usage information, see Online
- - Help System, below.
Online Help System Access online help from the oscilloscope

In Depth Operation and Ul Help

A A A f ]
'\‘, | | f | ‘l b \‘ "}\\‘ 'f’\ i /\\ "/\)

TSRV
| T e S (I
IRIRIRIRIRINVRVEY
[T \ ‘\/ 13N R
VUV vy VY vy

42y i sttrcb GV
FEP,

for context-sensitive information on virtually
all controls and elements on screen.

Online help includes procedures for using
oscilloscope functions. See Accessing the
Online Help System on page 3-245.

GPIB Commands

| <Space> |—=[ <NR3> |
( )
/

Online Programmers Guide

Quickly remind yourself of the syntax of a
command, and copy the command if
desired. Read about communication, error
handling, and other information on GPIB
usage. This guide is on the product
software CD.

Analysis and Connectivity Tools

Oscilloscope Analysis and Connectivity

Made Easy

TekVISA Programming Manual

_ =
0000 ‘@;

TekVISA consists of various connectivity
and analysis tools that you can install and
configure for your instrument. For more
information, see the Analysis and Connec-
tivity Support topic in the instrument online
help.

You may also want to obtain the optional service manual for this product if you
self-service or performance test this oscilloscope. See Accessories & Options on
page 1-29.
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The oscilloscope is a highly capable waveform acquisition, test, and measure-
ment system. The following model provides background information on its
operation, which, in turn, may provide you insight on how the oscilloscope can

be used.
Functional Model Map
Signal Processing  Output &
Digital Signal Acquisition & Transformation Storage Display & Ul
Input channels CH1-4

——, 2
Acquisition DSP '

Amplitude _| system

CH1...CH4

S| scaling page 3-21 ages E— Page 3-101
Ll page 3-14 5_1921’ Ref1-4
3-158, I.ITL‘ .\
1 (
()
. " OO0 0OV
T T EEE— - -
rigger imebase >

system system Math 1-4

page 3-53 pages >
3-102, -
3-153

The model comprises four high-level subsystems or processes (embodying a
variety of hardware and software functions) and the “data” that connects them:

®  Digital Signal Acquisition System. Acquires a waveform record from each
signal you input to each channel using the following subsystems:

B Input Channels. Conditions the input signal, primarily through the use
of analog hardware, before the signal is converted to digital form.

®  Trigger System. Recognizes a specific event of interest on the input trigger
signal and informs the Timebase of the trigger event’s occurrence.

®  Timebase System. Tells the Acquisition system to start an acquisition
cycle (i.e. convert from analog to digital). In more general terms,
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synchronizes the capturing of digital samples in the Acquisition system
to the trigger events generated from the Trigger system.

B Acquisition System. Performs the actual A/D conversion and storing of
digital samples.

®  DSP Transformation System. Performs a variety of transformations or
operations, beginning with the most fundamental data element(s) in the
system, the Channel Waveform(s). Waveform math operations, automatic
measurements, spectral waveforms, and histogram generation are examples.

®  Input/Output Systems. Provides output (and sometimes input) of
oscilloscope-data elements in a form suitable to the user and also provides
user input control.

The process overview that follows describes each step in the top-level cycle of
oscilloscope operation.

2-4 TDS7104 and TDS7054 User Manual



System Overview Maps

Process Overview Map

Process Overview

Process Block Description

Stop condition?

Reset

Idling. . . l<— Abort
Power on
Power down
Arm

1
Implement
setup

Acquire
pretrigger points

Trigger
accepted

Yes

Acquire
posttrigger
points

Waveform

Waveform

available

The oscilloscope starts in the idle state; it enters this state
upon power up, upon receiving most control setting changes,
or upon finishing acquisition tasks.

Control settings are implemented as they are requested.
When you toggle the RUN/STOP control to RUN, the
oscilloscope starts the hardware.

The oscilloscope acquires samples until the pretrigger portion
of the waveform record (channel) being acquired is filled.

The oscilloscope then begins waiting for a trigger. Acquiring
continues to take place, keeping the pretrigger points current,
until triggering criteria are met or a trigger is forced (Auto
trigger mode only). oscilloscope accepts trigger.

The oscilloscope acquires samples until the posttrigger
portion of the waveform record (channel) being acquired is
filled.

If averaging, enveloping, or waveform database is on, the
record becomes part of the multi-acquisition record that these
modes produce. The process loops back to step 3 above to
acquire additional records until the number of acquisitions
required for the acquisition mode currently set are processed,
and then processing continues to step 7 below.

At this point the acquisition record is in DSP memory and is
available to the oscilloscope for measurement of its
parameters, display, and so on.

The oscilloscope then checks for a user-specified stop
condition and either returns to its idle state or continues at
step 3, according to what it finds.
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User Interface Map - Complete Control and Display

Menu Bar: Access to data I/O,
printing, online help system, and
oscilloscope functions here

Status Bar: Display of
acquisition status, mode, and
number of acquisitions; trigger
status; date; and time

Eile  Edit  tical Horiz/deq  Trig  Display  Cuwrsors Measwe  Math  Utilities  Help

TeM  Run . . . 19 ..Jlin 0010:21:12 W ButtonsIMenu_ Touch to
: ' ' : : : toggle between tool-bar
o and menu-bar modes
Multipurpose Knob
/\ = Readouts. Adjust
- parameters controlled by
[ multipurpose knobs

14

i}

i
EREl

G000
. S00. 0
Display: Live, reference, & math —— : : : i i aT 000
waveforms display here, along : : : : : : Amplch)

with cursors

L

@

~—— Readouts: Display
cursor readouts and
measurement
readouts in this area,
selectable from the
menu bar or tool bar

Waveform Handle: Touch and drag —=- : :
to change vertical position of ' : )
waveform. Touch the handle and R T T T
change the position and scale using :
the multipurpose knobs 1% | NV W W W
Controls Status: Quick reference to —=nt 50 ¥ chz 2o v s Sureh] 2 Tt
vertical, horizontal, and trigger
selections, scale, and parameters

If a control menu is
displayed, these
readouts move to the
graticule area
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Front Panel Map - Quick Access to Most Often Used Features

Use these buttons to start and stop acquisition or start a single
acquisition sequence. The ARM, READY, and TRIG'D lights
show the acquisition status. Page 3-62.

Turn knob to adjust waveform intensity. Page 3-44.

Push button to turn Fast Acquisition on or off. Page 3-38.

Use these knobs and buttons to set the trigger parameters. Push
ADVANCED to display additional trigger functions. Pages 3-53
and 3-68.

Push to turn cursors on or off. Page 3-132.

Push to make a hard copy. Page 3-238.

Push to return settings to default values. Page 3-12.

Horizontally scale, position, delay, and set record length
(resolution) of selected waveform. Page 3-18.

Push to automatically set up the vertical, horizontal, and trigger

controls based on selected channels. Page 3-11. (- h
\ INTENSITY
C——HORIZONTAL —— C TRIGGER =)
Turn the multipurpose knobs to adjust parameters selected f w2 ||| oo G [
urn the multipurpose knobs to adjust parameters selected from —s=- DELAY @ - P AU
the screen interface. Push a Fine button to toggle between o
normal and fine adjustment with its multipurpose knob. SOuRcE ume
Page 3-135. RESOLUTION
o0 \Y
or -
SAMPLE ;
[ OISE
4 SCALE D MODE
..HORIZ [E) LEVEL
TOUCH SCREEN @ @ PUSH TO SET 50%
Push to turn the touch screen on and off. Page 3-106. — o = = @
Push ZOOM to add a magnified graticule to the display. Push > VT
HORIZ or VERT to select the axis to magnify. Page 3-109.
POSITION CH1 POSITION CH?2 POSITION CH3 POSITION CH4
Turn channel displays on and off. Vertically scale, position, or — < = = =
hange the input termination. Page 3-4 - - - -
c! g p ) g ) SCALE SCALE SCALE SCALE
(. J
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Display Map - Single Graticule

Drag icon to change the trigger
level

Drag cursors to measure

waveforms on screen
Drag the position icons to
reposition a waveform | cuis1Pos
SR LT
| Curs2 Pos
G mae |

T1:-113 hus
T 49 fus

AT 212.6US
1/AT: 4 693Khz

Click icon to assign multipurpose
knobs to waveform vertical
position and scale

Zoam 100

- . Histogram Yertical
Drag across the waveform area to Histogrem Harizortal
zoom the boxed waveform segment _ _ : Measuermen! Gating Cursar

Measurement G ating Zoom

to full screen width. Also PR oot IO N

. . Ch1 0.0y Zor E 2 BN S 0.0 an.n
enable/disable histograms and Fro——— Ghom "
measurement gatmg FEasurEm et ating [T

Cancel
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Front Panel 1/0 Map

: N Floppy disk drive
QEe2=e2 0
O (=N l=N=] [o
= =252 O
e)= O %%o =]
o g Ol2gg o
*TPEL s
S QO O O
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Overview

This chapter describes in depth how the many features of the TDS7000 Series
Digital Phosphor Oscilloscopes operate. Please note the following points on
using this chapter;

®m  Each section in this chapter provides background information needed to
operate your oscilloscope effectively as well as the higher-level procedures
for accessing and using the features. These procedures emphasize using the
front panel when possible.

®  Lower-level, detailed usage procedures are in the online help system.

The table that follows on page 3-1 lists operating tasks and the sections in this

chapter that document those tasks.

Tasks or topics | Subtasks or subtopics Section title Contents Page no.
Signal Input Acquiring waveforms Acquiring Waveforms Overview of section contents 3-3
Signal Connection and Overview of signal connection and 3-4
Conditioning conditioning techniques and setups
To Autoset the Automatic setup of the acquisition, 3-1
Oscilloscope triggering systems and input channels
Input Conditioning Back- Background information on input signal 3-13
ground conditioning
Setting Acquisition Con- Background and setup of acquisition 3-21
frols controls and roll mode
To Set Acquisition Modes | Set up of the acquisition system 3-27
Acquisition Control Back- | Background information on acquisition 3-32
ground controls
Using Fast Acquisition Overview and setup of Fast Acquisition 3-38
Mode mode
Using FastFrame™ Overview and setup of FastFrame 3-46
Triggering waveforms Triggering Background on basic trigger operation 3-53
Triggering From the Front | Using the front-panel edge trigger controls | 3-58
Panel
Advanced Triggering Overview and setup for triggering on 3-68
specific pulse and logic conditions
Sequential Triggering Overview and setup for triggering after 3-92
time delay and triggering on events
TDS7104 and TDS7054 User Manual 3-1
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Tasks or topics | Subtasks or subtopics Section title Contents Page no.
Display Features | Using the Display Displaying Waveforms Using display features and customizing 3-101
the display
Using the Waveform Dis- | Overview of display features and setup of | 3-102
play the display
Setting Zoom Controls Overview and use of Zoom 3-109
Customizing the Display Customizing display elements 3-114
Data Processing | Taking Measurements Measuring Waveforms Setup for measuring parameters 3-121
(Calculation) Taking Automatic Measure- | Overview and setup for taking automatic | 3-122
ments measurements
Taking Cursor Measure- Overview and setup for taking cursor 3-132
ments measurements
Taking Histograms Overview and setup for taking Histograms | 3-138
Optimizing Measurement | Increase accuracy by compensating the | 3-141
Accuracy oscilloscope and adjusting deskew
Math (+.-,/,* Intg,Diff, Creating and Using Math | Functions for processing waveforms, 3-153
Average,Invert,Sqrt,Log 10, | Waveforms extracting segments of waveforms, etc.
Log e,Exp,Magnitude,
Real,Phase, and Imag)
Spectral Math operations | Defining Spectral Math Functions for frequency domain analysis | 3-168
Waveforms of your waveforms.
Optimizing Oscilloscope compensation | Optimizing Measurement | Procedures for compensating the oscillo- | 3-141
Measurement and compensation or Accuracy scope, compensating passive probes, and
Accuracy calibration of probes calibrating active, voltage probes
Data Input and All uploading and down- Data Input/Output Primary reference for uploading and 3-205
Output loading of waveforms, downloading of any data to or from the
calculation results, and oscilloscope
other data Saving and Recalling a Background and setup for saving and 3-205
Setup recalling setups
Saving and Recalling Wa- | Background and setup for saving and 3-213
veforms recalling waveforms
To Clear References Setup to clear references 3-220
Exporting and Copying Background and setup for exporting 3-223
Waveforms waveforms and using exported waveforms
Printing Waveforms Background and setup for printing 3-238
waveforms
To Date/Time Stamp Background and setup to display the date | 3-242
Hardcopies and time
Remote Commu- | GPIB Remote Communication Information on programming the 3-243
nication oscilloscope over the GPIB
Help Using Online Help Accessing Online Help Information on accessing the information | 3-245
in the online help
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Acquiring Waveforms

Before you can do anything (display, print, measure, analyze, or otherwise
process) to a waveform, you must acquire the signal. This oscilloscope comes
equipped with the features you need for capturing your waveforms before further
processing them according to your requirements. The following topics cover
capturing signals and digitizing them into waveform records:

®m  Signal Connection and Conditioning: How to connect waveforms to the
oscilloscope channels; how to scale and position the channels and timebase
for acquiring waveforms.

m  Setting Acquisition Controls: How to choose the appropriate acquisition mode
for acquiring your waveforms; how to start and stop acquisition.

B Acquisition Control Background: Background information on the data
sampling and acquisition process.

B Using Fast Acquisition Mode: Using Fast Acquisition mode to capture and
display transient events, such as glitches or runt pulses, often missed during
longer dead times that accompany normal DSO operation.

®m  Using FastFrame: Using FastFrame to capture many records in a larger
record, and then view and measure each record individually.

Storage
Channel inputs %— Input Acquisition ° Display

system

Waveform

transform

system
Trigger Horizontal
Auxiliary trigger (O timebase

input
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Acquiring Waveforms

NOTE. This section describes how the vertical and horizontal controls define the
acquisition of live, waveforms. These controls also define how all waveforms are
displayed, both live and derived waveforms (math waveforms, reference
waveforms, and so on). The sections that follow cover display-related usage:

®m  Displaying Waveforms on page 3-101.
®m  Creating and Using Math Waveforms on page 3-153.

Signal Connection and Conditioning

L
A

Coupling

This section overviews the oscilloscope features related to setting up the input
signal for digitizing and acquisition. It addresses the following topics:

®  How to turn on channels and adjust vertical scale, position, and offset

®  How to set horizontal scale, position, and access record-length and trigger-
position controls

®  How to get a basic trigger on your waveform

NOTE. Terminology: This manual uses the terms vertical acquisition window and
horizontal acquisition window throughout this section and elsewhere. These
terms refer to the vertical and horizontal range of the segment of the input signal
that the acquisition system acquires. The terms do not refer to any windows or
display windows on screen.

Figure 3-1 shows the model for each input channel.

Scale = K1 *K2 * K3

| | 50 Q To the
remainder
| s Iy/ of the
External Probe _ _ acquisition
attenuation Vertical N Ban_dV\_ndth
Vertical scale Vertical limit
offset Input position
termination [1

Figure 3-1: Input & Acquisition Systems & Controls

Use input conditioning to ensure the oscilloscope acquires the data that you want
to display, measure, or otherwise process. To ensure the best possible data for
displaying and further processing, you do the following;
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Connecting and
Conditioning Your Signals

®m  Set the vertical scale to control the size of the vertical acquisition window
for each channel in order to capture part or all of the vertical amplitude of the
input signal. When vertical scaling is set to capture only a fraction of the
input signal range (for increased detail), the vertical offset control may be
used to determine which portion of the input signal is captured by the
vertical acquisition window.

®  Set horizontal scale to control the size of the horizontal acquisition window
in order to capture as much as you want of the input signal(s). Set the
horizontal position to delay the window relative to a trigger and to control
where in the input signal (data stream) that the horizontal acquisition
window acquires.

For more background on acquisition window concepts, see Input Conditioning
Background on page 3-13.

The oscilloscope can automatically obtain and display a stable waveform of
usable size. Pushing the Autoset button automatically sets up the oscilloscope
controls based on the characteristics of the input signal. Autoset is much faster
and easier than a manual control-by-control setup.

The oscilloscope can also be reset to its factory default settings.

Usage of some input conditioning controls or features may be limited when other
control settings are in effect. Voltage offset is incompatible with reference
waveforms because offset is an acquisition control.

Read the following topics related to waveform acquisition; they provide details
that can make it easier to set up and acquire your waveforms.

Probes and Signal Connection. Select the probe or cable that brings the signal into
the oscilloscope. Choose the probe or cable that best fits your acquisition task,
whether it’s connecting an active probe to test a digital circuit, or connecting to a
test fixture through BNC cables to characterize a device. The connection to the
oscilloscope depends on your application.

Tektronix provides a variety of probes and cables for this product. For a list of
probes available for use, see Accessories and Options on page 1-29. You can
also check your Tektronix catalog for connection accessories that may support
your application. More information about your probes can be found in your
probes user manual.

Up to 4 acquisition channels are available. Each channel can be displayed as a
waveform or can contribute waveform data to other waveforms (math and
reference waveforms for example).
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3-6

Coupling. All oscilloscopes and probes specify a maximum signal level. (See
Specifications in your User manuals for exact limits.) Do not exceed the limit,
even momentarily, as the input channel may be damaged. Use external attenua-
tors if necessary to prevent exceeding the limits.

Coupling determines whether an input signal is directly connected to the input
channel, connected through a DC blocking capacitor, or not connected at all.
These three choices are refereed to as DC coupling, AC coupling, and GND
coupling.

The input resistance of each input channel is 1 M. To properly terminate
signals when using coaxial cables, or to support active probes designed for a
50 Q environment, a 50 Q termination resistance can be switched in parallel
with the 1 MQ input.

All probes expect a specific coupling and input termination. Both coupling and
input termination resistance are displayed on screen. If the oscilloscope
determines the coupling and termination required by the probe, either implicitly
because of the TekProbe interface or through performing a probe calibration, the
oscilloscope sets the required coupling and input termination.

Consider the following points when you use 50 € coupling with any channel:

B The oscilloscope does not accurately display frequencies under 200 kHz if
AC coupling is selected.

B The oscilloscope reduces the maximum volts per division setting for the
channel to 1 V from 10 V (to 10 V from 100 V with a X10 probe attached),
since input amplitudes appropriate for the higher settings would overload the
50 € input.

®m  The oscilloscope switches to 50 € and DC coupling if you connect an active
probe, such as the P6245 probe. Such probes also reduce the maximum volts
per division.

Scaling and Positioning. These key controls determine the portion of the input
signal presented to the acquisition system:

®m  Set vertical scaling, positioning, and DC offsets to display the features of
interest on your waveform and avoid clipping. (See Nofe that follows.)
Vertical Acquisition Window Considerations on page 3-14 describes the
vertical acquisition window.
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Clipped m

Acquired waveform Displayed waveform

®  Set horizontal scale, position, and resolution (record length) so that the
acquired waveform record includes the waveform attributes of interest with
good sampling density on the waveform. The settings you make define the
horizontal acquisition window, described in Horizontal Acquisition Window
Considerations on page 3-18.

NOTE. Waveform data outside the vertical acquisition window is clipped; that is,
the data is limited to the minimum or maximum boundaries of the vertical
acquisition window. This limiting causes inaccuracies in amplitude-related
measurements. See Vertical Acquisition Window Considerations on page 3-14.

Trigger and Display. Set basic trigger controls to gate waveform acquisition, and
use the display to interactively scale, position, and offset waveforms. See the
sections Triggering on page 3-53 and Displaying Waveforms on page 3-101.

Flexible Control Access. This manual focuses on basic setup through the front
panel, and then through use of the User Interface (UI) Application displayed on
screen. The online help system also documents the Ul
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To Set Up Signal Input  Use the procedure that follows when setting up the oscilloscope to scale and
position input signals for acquisition. For more information, display online help
while performing the procedure.

Overview To set up signal input Related control elements & resources
Prerequisites | 1. The acquisition system should be set to run
continuously.
00O
See page page 3-27 for acquisition setup &
page 3-53 for trigger setup.
Connect input | 2. Connect to the signal to be acquired using proper —
signal probing/connecting techniques.
Note: For more details on control over input setup, push
the Vert button to display the Vertical control window,
and then touch the HELP button.
[
Select the | 3.  Push a channel button (CH 1-CH 4) to select the T N T
mpu:hs;g::: signal channel. (2 ©D N &D) N ©3) /T
A channel button lights when its channel is on. ‘:/ el - \:
o 3 S(;LE :‘ S;E :‘ S;E ‘:‘
Selec_t inPut 4. Push an input ter_mination b_utt(_)n to toggle between T VERTICAL T
term|nat|on 1 MQ and 50 Q Input term|nat|0n. POSITION ‘@‘ POSITION ‘@‘ POSITION ‘®‘ POSITION ‘@]
77
MO Q) TMQ
Hint. Some probes force the oscilloscope to set the s s 2 s =
L . O -] -]
termination that the probe requires. SCAE SCALE SCALE

TDS7104 and TDS7054 User Manual



Acquiring Waveforms

Overview To set up signal input Related control elements & resources
Select input | 5.  Touch Vert to display the Vertical control window. To Chan1 [ Chan2 [ Chan3 [ Chand
coupling change the input coupling, select the channel tab and Display Eoshion: 3| RTINS (R
then select from: | o | - 0
= DC to couple both the AC and DC components of Label s
an input signal (vl al
m  AC to couple only the AC components of aninput | RS
signal =
m  GND to disconnect the input signal from the
acquisition
Touch Close to close the window.
Set vertical | 6. Use the vertical knobs to scale and position the T —— T
acquisition WaVeform on screen. POSITION @‘ POSITION @‘ POSITION @ POSITION \@
WindOW o . . (Mg ) me] @ (M) [E18]
Positioned vertically Scaled vertically ~ me | e | =
/\ {\ /\ A SCvALE O SCvALE S(Z_E O
1~ /7
\ q )
1>
Dragging the waveform ,
handle also positions the
waveform.
7. Touch Vert to display the Vertical control window. Chan1 | Chen2 | Chan3 | Chan4
To change the offset, touch the Offset control and Display Position J' Termination | — Coupling
turn the multipurpose knob to adjust the offset. | o | -
Label
H
L AL
II ‘ ’A\ \ Vertical Zoom Offset
’ v 0.0%
/
/
P
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Overview To set up signal input Related control elements & resources
Set horizontal | 8. Use horizontal knobs to scale and position the waveform —— HORIZONTAL ==
acquisition on screen and to set record length. @

window Dragging the reference icon
also positions the waveform. RESOLUTION
)
i | ¢ SCALE
\
1> |f 1> \4\/ @
Scaled horizontally Positioned horizontally
The Resolution knob sets the record length. (See
discussion on page 3-19.)
If required to stabilize the display, push LEVEL to set the
trigger level to 50%.
For help [ 9. For more information on the controls described in this
procedure, push the Vert or Horiz button. Touch the
HELP button in the tool bar.
Continue with | 10. To finish acquisition setup, you must set the
acquisition acquisition mode and start the acquisition.
setup oo
See To Set Acquisition Modes on page 3-27.
3-10
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To Autoset the
Oscilloscope

Autoset automatically sets up the oscilloscope controls (acquisition, display,
horizontal, trigger, and vertical) based on the characteristics of the input signal.

Autoset is much faster and easier than a manual control-by-control setup. When
the input signal is connected, do an autoset to automatically set up the

oscilloscope:

Overview To autoset the oscilloscope Control elements & resources
Prerequisites | 1.  Signals must be connected to channels. A triggering
source must be provided.
oo
See page 3-53 in this manual for trigger setup
information.
Execute | 2. Push the Autoset button to execute an Autoset.
If you use Autoset when one or more channels are G T
displayed, the oscilloscope selects the lowest numbered < HORIZONTAL ~—— — TRIGGER-
channel for horizontal scaling and triggering. Al Coeay) @ (oot ) (i)
channels in use are individually vertically scaled. SOURGE GOUPLNG SLoPE
If you use Autoset when no channels are displayed, the
oscilloscope turns on channel one (CH 1) and scales it.
Execute |3- The Autoset Undo control window opens automatically
Autoset Undo after an Autoset operation. Click Undo if you want to Autasst

undo the last Autoset.

Only the parameters that were set by the last Autoset
are undone. Parameters that you changed that are not
controlled by Autoset retain their settings.

If you don’t want this window to appear, set the
Utilities/User Preferences/Autoset Undo button to Off.
You can still do an Autoset Undo using the Horiz/Acq
menu.
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Overview To autoset the oscilloscope Control elements & resources

Prompt | 4. Select User Preferences in the Utilities menu to display [SerEEa Rt
the Prompt Before Action window. Touch Autoset to R e ColD o B i e
toggle between ON and OFF: Autoset Recall Setup Del etup Del Ref Wim

up

m  OFF to setup for performing an autoset when the
AUTOSET button is pushed

= ON to set up for displaying a prompt before
performing an autoset when the AUTOSET button
is pushed

Done

Touch Close to save your prompt selection.

NOTE. Autoset may change vertical position in order to position the waveform
appropriately. It always sets vertical offset to 0 V.

To Reset the Oscilloscope  You may want to revert to the factory default setup; if so, reset the
oscilloscope:

Overview To reset the oscilloscope Control elements & resources

Prerequisites [ 1. The oscilloscope is powered up and running.

oo0d

See Powering On Oscilloscope on page 1-8.

Execute [2. Pushthe DEFAULT SETUP button.

[ auToseT| [ PANT | [cunsors|  [FastAcq)
STTOSED () it B i

C—— HORIZONTAL —11 TRIGGER
POSITION 4 n

4 D
U . S
(DELAY ] (epae | (Govanceo]
| DELAY) \_EoGE ) (sovascen

SOURCE COUPLING SLOPE

3-12 TDS7104 and TDS7054 User Manual



Acquiring Waveforms

To Get More Help  You can get help on the vertical and acquisition controls by accessing online

help:

Overview To get more help

Control elements & resources

Prerequisites | 1. Oscilloscope powered up and running.

oY

See Powering On Oscilloscope on page 1-8.

Access | 2. Touch the Help button in tool bar mode or select Help on
vertical set up Window from the Help menu in menu bar mode.

help 3. You can also select topics related to the vertical controls

from the online help Contents/Index/Find window: select
Contents and Index in the Help menu, as shown at right.

i Math  Ltltes | Help

Help ot *Window. .. F1

Hestare Helm

Specifications. .
Technical Support. .
Customer Feedback....

About TekScope...

Input Conditioning  This section contains background information that can help you more effectively
Background  set up the acquisition window of each channel.

Input. Keep in mind this oscilloscope samples in real-time or random equivalent-
time; both sampling systems provide pre-trigger information by using the trigger
to stop an already running acquisition. Both sampling systems also sample the
input after it is scaled, providing improved input protection and dynamic range.

é CAUTION. Do not overdrive the inputs and observe static-safe procedures

Autoset Considerations. Autoset acquires samples from the input signal and
attempts to take the following actions based on the input data:

®  Evaluate the amplitude range of the input signals and set the size and vertical
offset of the vertical acquisition window to acquire the signal with good

resolution, but without clipping.

®m  Set the trigger to the approximate midlevel of the signal being autoset and

switches to edge trigger mode.
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®m  Evaluate the signal transitions and set the horizontal scale to produce a
waveform display of 2 or 3 cycles of the input signal.

Sometimes Autoset cannot produce a correct display due to the nature of the
input signal; if so, you may have to adjust the scale, trigger, and acquisition
controls manually. Some conditions that can cause Autoset to fail are:

®  No signal present

®  Signals with extreme or variable duty cycles

®  Signals with multiple or unstable signal periods
®  Signals with too low amplitude

®  No recognizable trigger signal

®  Signals with a frequency <20 Hz

®  Signals with a frequency above the bandwidth of the oscilloscope

Vertical Acquisition Window Considerations. You can set the vertical size,

position, and offset of each channel independently of other channels. Vertical
scale and offset specity the vertical acquisition window for each channel. Parts of
the signal amplitude that fall within the vertical window are acquired; parts
outside (if any) are not.

The offset control subtracts a constant DC level from the input signal before the
vertical scale factor is applied, and the vertical position control adds a constant
number of divisions of signal after the scale factor is applied to the resulting
difference.

The vertical scale and position controls have the following affects on the vertical
acquisition window and the displayed waveform:

®m  The vertical volts per division you set determines the vertical size of the
acquisition window, allowing you to scale it to contain all of a waveform
amplitude or only part. Figure 3-2 on page 3-16 shows two vertical
acquisition windows that contain the entire waveform, but only one window
contains the entire waveform in the graticule on screen.
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NOTE. Amplitude-related automatic measurements (for example, peak-to-peak
and RMS) will be accurate for vertical windows like those shown in Figure 3-1a
and b because neither waveform is clipped (that is, both waveforms are
acquired). But if signal amplitude were to extend outside the vertical acquisition
window, the data acquired is clipped. Clipped data causes inaccurate results if
used in amplitude-related automatic measurements. Clipping also causes
inaccurate amplitude values in waveforms that are stored or exported for use in
other programs.

If the scale of a math waveform is changed so that the math waveform is clipped,
it will not affect amplitude measurements on that math waveform.

®  The vertical position adjusts the display of the graticule relative to the
vertical acquisition window (position is a display control). Figure 3-2b
shows how vertical position moves the waveform graticule vertically in the
acquisition window to place the acquired waveform in the graticule display.
That is all position does; it does not determine what data is acquired as do
vertical scale and offset.
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a. SCALE setting determines the vertical acquisition window size; here
100 mV/div x 20 divisions (10 graticule divisions and + 5 divisions of

position)
———— +1.0 Volt
Vertical window — ﬁ
| | ~ ——— +0.4Volt
i
Channel reference 1 T s > Graticule
indicator
S
————— 0.4 Volt
fffff 1.0 Volt

b. Vertical position can change the location of the display graticule within the
acquisition window, repositioning it so its waveform appears in the graticule

Vertical window — ———— +1.0 Volt
— — —— +0.7 Volt
N
[
Il \\ > Graticule
Channel reference 1 T B —

Indicator < -0.1 Volt
fffff 1.0 Volt

Figure 3-2: Setting vertical range and position of input channels

The vertical offset control affects the vertical acquisition window and the
displayed waveform as follows:

®m  The vertical range (window) is always centered around the offset value. It is
the voltage level at the middle of the vertical acquisition window. With no
(zero) offset, as shown in Figure 3-2 a and b, that voltage level is zero
(ground).
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B As you vary vertical offset, the middle voltage level moves relative to zero.
This moves the vertical acquisition window up and down on the waveform.
With input signals that are smaller than the window, it appears the waveform
moves in the window. Actually, a larger signal shows what really happens:
the offset moves the middle of the vertical acquisition window up and down
on the input signal. Figure 3-3 shows how offset moves the acquisition
window to control the portion of the waveform amplitude the window
captures.

®  Applying a negative offset set moves the vertical range down relative to the
DC level of the input signal. Likewise, applying a positive offset moves the
vertical range up. See Figure 3-3.

Vertical Window =200 mV (10 divs X 10 mV /div + (+/-5 divs of position))

Acquisition window shifts

N Offfset t+30|0 m\I;_ positive to capture overshoot
ear waveform top leve -

Offset 0.0 V—
(At waveform ground reference)

Acquisition window shifts
negative to capture preshoot

Offset -300 mV — [
(Waveform bottom level)

Figure 3-3: Varying offset moves the vertical acquisition window on the waveform
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Horizontal Acquisition Window Considerations. The oscilloscope lets you define
the horizontal acquisition window, that is, set several parameters that determine
the segment of an incoming signal that becomes the waveform record when
acquired. (For background, please read Waveform Record on page 3-34.) These
common parameters specify a horizontal acquisition window that is applied to all
channels in parallel. (See Independent vs. Shared Window on page 3-20.) These
parameters are:

®  The trigger condition you set up determines the point on the waveform that

triggers the oscilloscope.

Horizontal position also determines the number of pretrigger and posttrigger
samples; samples before the reference point are pretrigger samples and those
after the reference are posttrigger samples.

The Horizontal Delay you set determines the time from the trigger point to
the Horizontal Reference.

The horizontal scale and waveform record length (number of samples) you
set determines the horizontal size of the window relative to any waveform,
allowing you to scale it to contain a waveform edge, a cycle, or several
cycles.

Sample interval

First sampled and digitized
point in record

Trigger point

| | Horizontal
acquisiion
window

Horizontal delay ~ = ——————— -——-

. - Horizontal reference
Horizontal position

Figure 3-4: Horizontal Acquisition window definition
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Horizontal Scale vs. Record Length vs. Sample Interval vs. Resolution. These
parameters all relate to each other and specify the horizontal acquisition window.
Because the horizontal acquisition window must fit in the 10 horizontal division
display, for most cases, you just set the duration of the horizontal acquisition
window (10 divs x the scale setting) as described in (1) below. By also setting a
record length in samples, you indirectly set the resolution/sample interval/sample
rate for the horizontal acquisition window (waveform record). The relationships
between these horizontal elements follow:

1. Time Duration (seconds) = 10 divs (window size) x Horizontal scale
(sec/div)

2. Time Duration (seconds) = Sample Interval (seconds/sample) x Record
Length (samples),
where:
Time Duration is the horizontal acquisition window time duration

and:
Sample Interval (sec/sample) = Resolution (sec/sample) = 1/Sample Rate
(samples/sec)

In (2) above, note that it is Sample Interval that varies to accommodate the
window time duration (and its scale setting) and the Record Length setting as
these later two elements can be set by you. These elements behave as follows:

®  [f Record Length or Time Duration vary, Sample Interval varies to accom-
modate, up to highest sample rate/lowest sample interval/highest resolution.

®m  [f Sample Interval reaches its lower limit, Record Length must decrease if
Time Duration decreases (you set faster scale settings), or Time Duration
must increase (forcing slower scale settings) if Record Length increases (you
set longer record lengths). The equation becomes:

Maximum Record Length = Time Duration <+ Min Sample Interval

For example, at 200 ps/div and 10 divisions, the record length must be
500 points:

Max Rec Length 500 samples = (10 divs x 200 ps/div) + 4 ps/sample

Max Rec Length = 500 samples
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NOTE. As implied from the operation just described, resolution and the equiva-
lent elements, sample interval and sample rate (see equation 2 above), are not
settable directly, but are derived. You can, however, check the resolution at
anytime in the resolution readout. Also note, that the Resolution control actually
adjusts the record length to increase sample density.

The above discussion also assumes that horizontal scale is held constant. You
can, however, choose to hold the sample rate constant instead, by selecting Hold
Sample Rate Constant in the Utilities, User Preferences menuu.

Independent vs. Shared Window. The oscilloscope applies the same horizontal
acquisition window to all channels from which it acquires data. Unlike the
vertical acquisition window that you size and offset independently for each
channel, the same time/div, resolution (record length), and horizontal position
(from the same trigger point) apply to all channels simultaneously. In other
words, one trigger, from a single trigger source, will locate a common horizontal
acquisition window for all active channels, which you can shift in parallel by
setting the horizontal position control.

The horizontal acquisition window determines the waveform records extracted
from all signals present at all active channels. You can think of the horizontal
acquisition window as cutting across any input signals present in the input
channels to extract the same slice of time into waveform records. See Figure 3-5.

1
| | Ch1 record
I |
|_ —_—

Common trigger : Ch2 record
i | Ch3 record
S
Common horizontal A1

position and delay
| Ché record

e |

Common record start
point and record length

Figure 3-5: Common trigger, record length, and acquisition rate for all channels
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Setting Acquisition Controls

This section overviews the oscilloscope acquisition features—those that start and
stop acquisitions and those that control how the oscilloscope processes the data
as it is acquired (just sampled, or averaged or enveloped). Special features, keys
to using, and operation controls are covered.

Acquisition
mode

Acquisition
system

Horizontal  Record
scale length

Roll mode gives a strip chart recorder-like display for low frequency signals.
Roll mode lets you see acquired data points without waiting for the acquisition
of a complete waveform record. For example, in normal acquisition mode, when
the Horizontal Scale is 1 second per division, 10 seconds are required to fill the
waveform record. Without roll mode you must wait 10 seconds to see that the
position control is set wrong. With roll mode you can start seeing results almost
immediately.

The following table indicates which acquisition features and modes are incompatible
with other features or modes:

Control/Feature Incompatible with Explanation

Voltage Offset Reference Waveforms Offset is an acquisition control
(Ref1-Ref4) not a display control

Average Single shot acquisition Acquisitions continue until the

specified number of wave-
forms have been acquired and
averaged
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Using the Acquisition
Controls

Control/Feature Incompatible with Explanation

Envelope Single shot acquisition Acquisitions continue until the

specified number of wave-
forms have been acquired for
the enveloped waveform

Roll Measurements Measurements are not

available until you stop
acquisitions

Consider the mode you want to use to acquire data:

Sample - the oscilloscope does no post-processing of acquired samples. The
oscilloscope saves the first sample (of perhaps many) during each acquisition
interval (an acquisition interval is the time covered by the waveform record
divided by the record length.) Sample mode is the default mode.

Peak Detect - the oscilloscope alternates between saving the lowest sample
in one acquisition interval and the highest sample in the next acquisition
interval. This mode only works with real-time, noninterpolated sampling.

Hi Res - the oscilloscope creates a record point by averaging all samples
taken during an acquisition interval. Hi Res results in a higher-resolution,
lower-bandwidth waveform. This mode only works with real-time, noninter-
polated sampling.

A key advantage of Hi Res is its potential for increasing vertical resolution
regardless of the input signal. Table 3-1 indicates that you can obtain up to
13 significant bits with Hi res mode. The instrument uses 16-bit memory.
This is allocated as 15 bits + 1 sign bit. Round-off errors and internal noise
limit the effective bits for Hi Res mode and signal averaging to about

13 bits. You can calculate the theoretical number of bits of enhancement
using the following formula where Nd is the number of points acquired
during a sample interval:

Bit of enhancement = 0.5log, * Nd
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Table 3-1: Additional resolution bits

Theoretical enhancement

Sample Rate (S/s) Nd (extra samples) (bits) Resulting effective bits
5.00E+00 2.50E+08 13.95 13.00
1.00E+01 1.25E+08 13.45 13.00
2.50E+01 5.00E+07 12.79 13.00
5.00E+01 2.50E+07 12.29 13.00
1.00E+02 1.25E+07 11.79 13.00
2.50E+02 5.00E+06 11.13 13.00
5.00E+02 2.50E+06 10.63 13.00
1.00E+03 1.25E+06 10.13 13.00
2.50E+03 5.00E+05 9.47 13.00
5.00E+03 2.50E+05 8.97 13.00
1.00E+04 1.25E+05 8.47 13.00
2.50E+04 5.00E+04 7.80 13.00
5.00E+04 2.50E+04 7.30 13.00
1.00E+05 1.25E+04 6.80 12.80
2.50E+05 5.00E+03 6.14 12.14
5.00E+05 2.50E+03 5.64 11.64
1.00E+06 1.25E+03 514 11.14
2.50E+06 5.00E+02 4.48 10.48
5.00E+06 2.50E+02 3.98 9.98
1.00E+07 1.25E+02 3.48 9.48
2.50E+07 5.00E+01 2.82 8.82
5.00E+07 2.50E+01 2.32 8.32
1.00E+08 1.25E+01 1.82 7.82
2.50E+08 5.00E+00 1.16 7.16
5.00E+08 2.50E+00 0.66 6.66
1.25E+09 1.00E+00 0.00 6.00

®  FEnvelope - Continuously, as subsequent waveforms are acquired, the
oscilloscope retains the running minimum (Min) and maximum (Max)

values in adjacent sample intervals, creating an envelope of the number of
waveforms you specify. Once the specified number of waveforms is reached,

the data is cleared and the process starts over. This is similar to the Peak

Detect mode, but Envelope mode, unlike Peak Detect, gathers peaks over
many trigger events.
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B Average - the oscilloscope processes the number of waveforms you specify
into the acquired waveform, creating a running average of the input signal.
This mode reduces random noise.

Acquiring and displaying a noisy square wave signal illustrates the difference
between the modes. Note how Average reduces the noise while Envelope
captures its extremes:

1. 1. M, [ | o O | b I'"l'ﬁ ™ o O o Y B
b At | el I ' -~ I
Sample Peak Detect HiRes Envelope Average

B Waveform Database. Using waveform database technology, the oscilloscope
processes a much larger sample of data. The waveform database is a
three-dimensional accumulation of source waveform data over several
acquisitions. In addition to amplitude and timing information, the database
includes a count of the number of times a specific waveform point (time and
amplitude) has been acquired. The database is 200 lines by 500 columns
with a 64 bit counter for each pixel location. You can use color-graded
displays based on counts to highlight waveform activity. Parametric
measurements derived from the database use statistical techniques to produce
more stable, accurate results.

If you select Infinite Persistence, the counts accumulate continuously. An
infinite waveform data base is required for some Comm measurements.

Samples sets the minimum number of samples required to complete a single
acquisition sequence and the minimum number of samples required to
complete a mask test. If not using display persistence, the minimum number
of samples that is required to release the waveform to the display. Similarly
to FastFrame, selecting RunStop, will cause the waveform to be displayed
with what has been acquired so far.

The actual number of samples acquired is determined by the Samples setting,
the selected Record Length, and if in equivalent time acquisitions, the actual
number of samples acquired in an acquisition. For example, in real-time
acquisition mode with the entire trace displayed, if the Record Length is set
to 5000 points and Samples is set to 5001 points, then two acquisitions are
required and 10000 points are acquired. If Samples is set to 5000 points, one
acquisition is required and 5000 points are acquired. If Samples is set to
4999 points, one acquisition is required and 5000 points are acquired.

For Single Sequence and Mask Pass/Fail Testing, a sample is only counted if
the sample would be displayed in the graticule area. In Single Sequence, all
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eligible samples in an acquisition are counted, and in Mask Test, all
acquisitions acquired in a batch are counted.

In ET mode, fewer samples are acquired per acquisition, but more acquisi-
tions may be acquired in a batch. Samples divided by the Record Length
roughly indicates the number of waveforms in a batch of acquisitions.

Batch processing minimizes the overhead of displaying and processing other
features, such as measurements and histograms. The higher the number of
samples, the greater the acquisition throughput and the potential for less
frequent display updates.

Also, consider how you want to control acquisition; you have two main options,
settable from the Run/Stop control window (select Run/Stop from the Horiz/Acq
MENU):

B Run/Stop Button Only - Sets the oscilloscope to start and stop the acquisi-
tion only when you push the Run/Stop button, available on the front panel,
or in the Run/Stop control window. If toggled to Run, acquisition will start if
a valid trigger occurs. If toggled to Stop, acquisition stops immediately.

®m  Single Acquisition - In addition to the Run/Stop Button, which can always
stop acquisition, the SINGLE button (or Single Sequence control) will
automatically stop acquisition when one complete acquisition sequence is
completed. See step 4, Set the Stop Mode, on page 3-28, or access the online
help from the Run/Stop control window for more information.

Untriggered Roll. Untriggered roll mode displays newly acquired data points at
the right edge of the waveform record while moving older waveform data points
to the left. To stop acquiring data push RUN/STOP (see Figure 3-6).

Use untriggered roll to continuously observe a slow process, knowing that you
can always see the most recent view of that process. Math and measurements
work after you push STOP.

Untriggered Roll with Single Sequence. Untriggered roll mode with single
sequence displays newly acquired data points at the right edge of the waveform
record while moving older waveform data points to the left. Acquisitions
automatically stop after a complete waveform record is acquired (see Fig-

ure 3-6).

Use untriggered roll with single sequence to observe data for later viewing. For
example, at 20 seconds per division and 30K record length there are 12000
seconds of acquired data points. Untriggered roll with single sequence would
capture data over a lunch hour and hold it for later viewing.
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Untriggered roll New data points New data points
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Untriggered roll with single sequence

New data points Complete waveform record
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Acquisitions
Olddata | | start
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Figure 3-6: Roll mode

Global Controls. Like the horizontal controls, the acquisition controls apply to all
active channels; for example, channel 1 cannot acquire in Sample mode while
channel 2 acquires in Envelope mode. You cannot stop channel 4 from acquiring
(if turned on) while other channels continue to acquire.

Preventing Aliasing. Under certain conditions, a waveform may be aliased on
screen. Read the following description about aliasing and the suggestions for
preventing it.

When a waveform aliases, it appears on screen with a frequency lower than the
actual waveform being input or it appears unstable even though the TRIG’D
light is lit. Aliasing occurs because the oscilloscope is not sampling the signal
fast enough to construct an accurate waveform record. (See Figure 3-7.)
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Actual high-frequency
waveform

Apparent low-frequency
waveform due to aliasing

Sampled points

Figure 3-7: Aliasing

Methods to Check and Eliminate Aliasing. To quickly check for aliasing, slowly
increase the horizontal scale (time per division setting). If the shape of the
displayed waveform changes drastically or becomes stable at a faster time base
setting, your waveform was probably aliased.

To avoid aliasing, be sure to sample the input signal at a rate more than twice as
fast as the highest frequency component. For example, a signal with frequency
components of 500 MHz would need to be sampled at a rate faster than

1 Gigasamples/second to represent it accurately and to avoid aliasing. The
following tips may help you eliminate aliasing on a signal:

®  Turn on Fast Acquisition mode to maximize the waveform capture rate.
B Turn on Waveform Database mode to capture more data.

®  Try adjusting the horizontal scale.

®  Try pushing the AUTOSET button.

®m  Try switching the acquisition to Envelope mode. Envelope searches for
samples with the highest and lowest values over multiple acquisitions and
can detect faster signal components over time.

®  Turn on PeakDetect acquisition mode. If the waveform becomes an
envelope, aliasing was occurring.

To Set Acquisition Modes  Use the procedure that follows to set the data acquisition mode and specify
acquisition start/stop methods. For more information, display online help when
performing the procedure.

Overview To set acquisition modes Control elements & resources
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Overview To set acquisition modes Control elements & resources
Prerequisites | 1.  Oscilloscope must be powered up, with horizontal and
vertical controls setup. Triggering should also be set up.
oocoe
See page 3-53 for trigger setup.
To select an | 2.  Touch the Horiz button. Select the Acquisition tab from [THoia ™
acquisition the Horiz/Acq setup window.
mode
Select the | 3. Touch an Acquisition Mode button to set the acquisition | Horizontal | Ac
acquisition mode; choose from the following modes: Acquisition Mode
mode = Sample Pl Detest
m  Peak Detect ,
ayerage  Envelope
m  HiRes
Set waveform m  Envelope l
count # of Wims
(averageand | " Average o
envelope only) = Waveform Database
For Average and Envelope modes only, select the
number of acquisitions to average or envelope. For
Waveform Database mode, select the number of
samples desired.
Set the stop [4.  Push the RUN/STOP button (or touch Run/Stop in the NTENSITY
mode Run/Stop control window) to toggle between starting
(Running) and stopping acquisitions.
5. Push the SINGLE button (or touch Single Sequence in [ =
the Run/Stop control window) to acquire enough
waveforms to satisfy the acquisition mode and then
stop.
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Overview

To set acquisition modes

Control elements & resources

To select
real-time or
equivalent-

time sampling

To limit the oscilloscope to real-time sampling or let it choose
between real-time or equivalent-time sampling:

6.  Touch the Horiz button. Select the Acquisition tab from
the Horiz/Acq control window,

Or select Horizontal/Acquisition Setup from the
Horiz/Acq menu to display the Acquisition Mode control
window. Select the Acquisition tab.

7. Select Equivalent Time Auto or OFF:

m  Auto (Enable Equivalent Time) uses both the
real-time and the equivalent-time sampling as
appropriate (see Table 3-2 on page 3-36).

m  OFF (Real Time Only) limits the oscilloscope to
real-time sampling. If the oscilloscope cannot
accurately get enough samples for a complete
waveform, it will interpolate.

Note: The oscilloscope will use the interpolation method
selected in the display menu to fill in the missing record
points — either linear or sin(x)/x interpolation. See
Interpolation on page 3-37 for a discussion of

Horiz

Fast Acquisitions Equivalent
Time FastFrame

Setup
Aulo

—aN

interpolation.
To Start & Stop  Use the procedure that follows to start and stop acquisition.
Acquisition
Overview To start and stop acquisition Control elements & resources
Prerequisites | 1. The horizontal and vertical controls must be set up.

Triggering should also be set up.

oo

See page 3-27 for acquisition setup & page 3-53
for trigger setup.
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Overview To start and stop acquisition

Control elements & resources

To start | 2. Make sure all the channels to be acquired are turned on
acquiring (use channel buttons; see page 3-8 if needed). Then
push the RUN button to begin acquiring.

INTENSITY
2, ,\:5
L 9

v/

[

To stop (3. Push the RUN/STOP button to stop acquisition. e

acquiring Acquisition will also stop if triggering ceases while in o)

Normal trigger mode. N

[

Totake a |4. Push the SINGLE button to start acquiring and acquire '“Ti'iij

single enough waveforms to satisfy the acquisition mode and /\ J
acquisition then stop.

[

For more help | 5. See references listed at right.

—

oo

See To Set Up Acquisition Modes on page 3-27 and To
Get More Help on page 3-13.
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To Set Roll Mode

Use the procedure that follows to set up roll mode acquisitions.

Overview To set Roll Mode Control elements & resources
Prerequisites | 1. The horizontal and vertical controls must be set up. ==
Triggering should also be set up.
ooaC

See page 3-27 for acquisition setup & page 3-53

for trigger setup.
To enable roll | 2. Touch the Horiz button. Select the Acquisition tab from (o)
mode the Horiz/Acq control window, or select Horizontal/Ac-
quisition Setup from the Horiz/Acq menu to display the SRR SN

Acquisition Mode control window. Select the Acquisition
tab.

3. Select Roll Mode AUTO to enable roll mode.

When the horizontal scale is 100 ms per division at a
record length of 500 points and the acquisition mode is
Sample or Pk Detect, roll mode turns on. As the record
length becomes larger, the time per division required to
enter roll mode becomes slower.

Note: Envelope, Average, FastAcq and Waveform
Database acquisition modes inhibit roll mode.

H Setup.
Zoom Controls..

futaset
Wit Lest uioses

To single | 4. Push the SINGLE button to start acquiring and acquire INTENSITY
sequence roll enough waveforms to satisfy the acquisition mode and
mode then stop.

[@

Conars)
To turn off roll | 5. Do the following step to stop acquisitions in roll mode: INTENSITY

. T.Ode = [fyou are not in Single Sequence, push RUN/

acquisttions STOP to stop roll mode. N
= [fyou are in Single Sequence, roll mode acquisi- [v

y gle oeq q

tions stop automatically when a complete record is
acquired.
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Overview To set Roll Mode Control elements & resources
To disable roll | 6. Touch the Horiz button. Select Acquisition tab from the [ o
mode Horiz/Acq control window, or select Horizontal/Acquisi-
tion Setup from the Horiz/Acq menu to display the [Hochon Tia Diss G
Acquisition Mode control window. Select the Acquisition S e o
tab. Butoset

Ul st Autoset

7. Select Roll Mode OFF to disable roll mode.

Or, whenever you set the Horizontal SCALE to 40 ms
per division or faster, roll mode turns off. At record
lengths greater than 500 points, the time per division
required to turn off roll mode becomes slower.

Note: Envelope, Average, Fast Acquisition, and
Waveform Database acquisition modes inhibit roll mode.

Acquisition Control Background

This section contains background information on the data sampling and
acquisition process that can help you more effectively setup the acquisition
window of each channel. This section:

B Describes the acquisition hardware.
®  Defines the sampling process, sampling modes, and the waveform record.

®  Describes both the normal and Fast Acquisitions acquisition cycles.

Acquisition Hardware  Before a signal can be acquired, it must pass through the input channel where it
is scaled and digitized. Each channel has a dedicated input amplifier and digitizer
as shown in Figure 3-8; each channel can produce a stream of digital data from
which waveform records can be extracted. See Signal Connection and Condi-
tioning on page 3-4 for further description of scaling, positioning, and DC
offsetting of channels.
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CH1 (O Digitizer
CH2 (& Digitizer
CH3 (O Digitizer
CH4 (G Digitizer

Figure 3- 8: Digitizer configuration

Sampling Process  Acquisition is the process of sampling the analog input signal of an input
channel, converting it into digital data, and assembling it into a waveform
record, which is then stored in acquisition memory. Sampling, then, is the
process that provides a waveform record per trigger event (see Figure 3-10 on
page 3-34). The signal parts within the vertical range of the amplifier are
digitized. See Figure 3-9.

;5.0 V\ /+5.0 V\
oV ov oV ov
N/ \
-5.0V -5.0V
Input signal Sampled points Digital values

Figure 3-9: Digital acquisition — sampling and digitizing

Sampling Modes  The oscilloscope acquisition system can process the data as it is acquired,
averaging or enveloping the waveform data to produce enhanced waveform
records. Once the waveform record exists (enhanced or not), you can use the
post-processing capabilities of the oscilloscope to further process that record:
perform measurements, waveform math, and so on. Refer to Keys to Using on
page 3-22 for a description of the acquisition modes.
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Waveform Record

While sampling on the input signal provides the data that makes up the
waveform record for any given channel, the oscilloscope builds the waveform
record through use of some common parameters (“common” means they affect
the waveforms in all channels).

Figure 3-10 shows how these common parameters define the waveform record;
as shown in the figure, they define where in the data stream and how much data
is taken. Locate the following parameters in the figure:

®  Sample Interval. The time between sample points taken during acquisition.
®  Record Length. The number of samples required to fill a waveform record.

®m  Trigger Point. The trigger point marks the time zero in a waveform record.
All waveform samples are located in time with respect to the trigger point.

®m  Horizontal Position. If horizontal delay is off, the time lapse from the first
sample taken (first point in the waveform record) to the trigger point (in
percent of samples before the trigger). When horizontal delay is off, the
trigger point and the horizontal reference are at the same point in the
waveform record.

Sample interval J L

First sampled and digitized |

point in record

Trigger point

e

I

f Horizontal delay b——————— - — — Record length - -

. - Horizontal reference
Horizontal position

Figure 3-10: The waveform record and its defining parameters

As Figure 3-10 shows, the oscilloscope acquires points in order from left to
right.

When all the points in the waveform record have been sampled and digitized, the
waveform record is in acquisition memory and becomes available for display (or
use in math waveforms, storage, and so on). See Acquisition Cycle, which
follows.
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For a control-oriented discussion of the waveform record, see Horizontal
Acquisition Window Considerations on page 3-18 and Horizontal Scale vs.
Record Length vs. Sample Interval vs. Resolution on page 3-19.

Real-time Sampling  The two general methods of sampling are real-time and equivalent-time. This
oscilloscope uses both real- and equivalent-time sampling.

In real-time sampling, the oscilloscope digitizes all the points it acquires after
one trigger event (see Figure 3-11). Always use real-time sampling to capture
single-shot or transient events.

Record points M
saminge — LI LI

Figure 3-11: Real-time sampling

Equivalent-time Sampling  The oscilloscope uses equivalent time sampling to extend its sample rate beyond
its real-time maximum sampling rate, but only under two conditions:

B You must have turned equivalent-time on in the Acquisition Setup control
window.

B You must have set the oscilloscope to a sampling rate that is too fast to allow
it to get enough samples with which to create a waveform record using
real-time sampling.

If both conditions are the case, the oscilloscope takes a few samples with each
trigger event and eventually obtains enough samples to construct a waveform
record. In short, the oscilloscope makes multiple acquisitions of a repetitive
waveform to obtain the sample density required for a waveform record. (See
Figure 3-12.) Equivalent-time sampling should only be used on repetitive
signals.

The sampling speeds and the number of channels you choose affect the mode the
oscilloscope uses to sample waveforms:

®m  The oscilloscope always real-time samples at slower time base settings;
faster time settings force the oscilloscope to switch from real-time sampling
to equivalent-time sampling or interpolation, depending on whether
Equivalent Time is on or off.

®m  The oscilloscope extends the limit at which it must switch from real-time
sampling by using the digitizers of channels that are turned off to sample the
channel or channels that are turned on.
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Check Table 3-2 below to determine the time base setting(s) at which the switch
from real-time sampling (RT) to equivalent time sampling or interpolation (ETI)
occurs for your oscilloscope.

Table 3-2: Sampling mode selection

Model TDS7054 TDS7104
Channels on 1 2 3or4 1 2 3or4
Time base!
>20ns |RT2 RT RT RT RT RT
10ns |RT RT ETI RT RT ETI
5ns |ETI ETI ETI RT ETI ETI
<2ns |ETB ETI ETI ETI3 ETI ETI

1 “>”means “slower than”; “ <” means “faster than.”

2 “RT” abbreviates “Real-Time Sampling” throughout this table.

8 “ETI” abbreviates “Equivalent-Time Sampling” throughout this table.

3-36

Record points M

1st acquisition cycle —ﬂ ﬂ ”
2nd acquisition cycle ﬂ ﬂ

3rd acquisition cycle ﬂ n ”_
nth acquisition cycle ﬂ ﬂ

Figure 3-12: Equivalent-time sampling

The type of equivalent-time sampling the oscilloscope uses is called random
equivalent-time sampling. Although it takes the samples sequentially in time, it
takes them randomly with respect to the trigger. Random sampling occurs
because the oscilloscope sample clock runs asynchronously with respect to the
input signal and the signal trigger. The oscilloscope takes samples independently
of the trigger position and displays them based on the time difference between
the sample and the trigger.
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Interpolation  Your oscilloscope can interpolate between the samples it acquires. Like for
equivalent time sampling, it does so only when it does not have all the real
samples it needs to fill its displayed waveform. For instance, setting ZOOM to
progressively larger amounts of expansion. The oscilloscope then interpolates to
create the intervening points in the displayed waveform. If the time per division
is set fast enough to require equivalent time but equivalent time is disabled, the
instrument interpolates points. There are two options for interpolation: linear or
sin(x)/x. (The oscilloscope can also equivalent-time sample to acquire more
samples; see Equivalent-Time Sampling on page 3-35.)

Linear interpolation computes record points between actual acquired samples by
using a straight line fit. It assumes all the interpolated points fall in their
appropriate point in time on that straight line. Linear interpolation is useful for
many waveforms such as pulse trains.

Sin(x)/x interpolation computes record points using a curve fit between the actual
values acquired. It assumes all the interpolated points fall along that curve.
Sin(x)/x is particularly useful when acquiring more rounded waveforms such as
sine waves. Actually, it is appropriate for general use, although it may introduce
some overshoot or undershoot in signals with fast rise times, especially if you
use zoom and the waveform edges are undersampled.

NOTE. When using either type of interpolation, you may want to set the display
style so that the real samples are displayed intensified and interpolated samples
are dimmed. The instructions under Select the Display Style on page 3-118
explain how to turn on intensified samples.

Interleaving  The oscilloscope can interleave its channels to attain higher digitizing rates
without equivalent time sampling. The oscilloscope applies the digitizing
resources of unused channels (that is, channels that are turned off) to sample
those that are in use (turned on). Table 3-3 lists how interleaving more than one
digitizer to sample a channel extends the maximum digitizing rate.

Once you set horizontal scale to exceed the maximum digitizing rate for the
number of channels in use (see Table 3-3), the oscilloscope will not be able to
get enough samples to create a waveform record. At that point, the oscilloscope
will switch from real to equivalent time sampling to obtain additional samples.
(See Equivalent-time Sampling on page 3-35.)
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Table 3-3: How interleaving affects sample rate

Number of channels in use Maximum digitizing rate when real-time sampling
TDS7054 TDS7104

One 5 GS/sec 10 GS/sec

Two 5 GS/sec 5 GS/sec

Three or Four 2.5 GS/sec 2.5 GS/sec

Using Fast Acquisition Mode

This section describes how to use Fast Acquisition mode and how it differs from
normal acquisition mode.

Fast acquisition mode reduces the dead time between waveform acquisitions that
normally occur when digitizing storage oscilloscopes (DSOs) acquire wave-
forms. This dead-time reduction enables Fast Acquisition mode to capture and
display transient events, such as glitches or runt pulses, often missed during
longer dead times that accompany normal DSO operation. Fast Acquisition
mode can also display waveform phenomena at an intensity that reflects their
rate-of-occurrence.

Fast XY and XYZ modes also provide intensity information by accepting
continuous, non-triggered data from the input channels.

Measurements and histograms are done directly on the two dimensional array of
display pixels. In infinite persistence mode, the array accumulates more
information and measurements are more accurate.

Several modes/features are incompatible with Fast Acquisitions mode and if you
select them they will inhibit Fast Acquisitions:

m  FastFrame and Zoom modes

®  Envelope, Average, waveform database, Hi Res, and Single Acquisition
Sequence acquisition modes

® Intensified time base
®  [Interpolation (equivalent time sampling is used instead)

®  Vectors when in equivalent time mode (waveforms are displayed as Dots
instead). (To determine under what conditions the oscilloscope normally
interpolates or uses equivalent time, see Equivalent-time Sampling on
page 3-35.)

®m  Math waveforms

B Measurements on channels when in Fast XY or XYZ
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If you select any of these modes before or while Fast Acquisitions is on, they
will inhibit, temporarily turn off, Fast Acquisitions mode.

Using Fast Acquisitions  Consider the mode you want to use to acquire data:

Automatic Selection. Fast Acquisitions automatically selects record length and
sample rate to optimize the displayed image by optimizing live time and
minimizing dead time. Fast Acquisitions selects sample rates up to 1.25 GS/s
and record lengths up to 1000000 and compresses them to 500 pixels to produce
the maximum display content.

Waveform Capture Rate. Figures 3-13 and 3-14 illustrate how Fast Acquisitions
mode differs from the normal acquisition mode used by digital storage oscillo-
scopes. Note that normal mode follows a “capture waveform-digitize waveform-
update waveform memory-display waveform” cycle. Normal mode misses short
term events occurring during the long dead times. Typical waveform capture
rates are 50 waveforms per second.

Fast Acquisitions mode increases the waveform capture rate to up to 200,000
waveforms per second, updating the waveform array many times between
displays. This very fast capture rate greatly increases the probability that runts,
glitches, and other infrequent events will accumulate in waveform memory. The
oscilloscope then displays the waveform at the normal display rate. You can
control the waveform intensity using adjustable or automatic brightness (see
page 3-44 for more information).

Fast Acquisitions mode adds intensity or gray scale information, like an analog
oscilloscope, to each point in the waveform array. The waveform array is a two
dimensional array of display pixels. Display pixel values are incremented each
time they are written by a waveform acquisition.
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Figure 3-13: Normal DSO and Fast Acquisition displays
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Normal DSO Mode

1st acquired
waveform record

Next acquired
waveform record
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waveform record
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Waveform Waveform Waveform
memory memory memory
Display Updated display Updated display
Fast Acquisition Mode
Acquired waveform records
Al
Waveform Waveform Waveform
Intensity controls —>|  memory Intensity controls —>|  memory Intensity controls —{  memory
bit maps bit maps bit maps
Fast acquisitions display Fast acquisitions display Fast acquisitions display
Figure 3-14: Normal DSO Acquisition and Display mode versus Fast Acquisition mode
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To Turn Fast Acquisitions

Use the procedure that follows to set up Fast Acquisitions mode.

On and Off
Overview To turn Fast Acquisitions on and off Control elements & resources
Prerequisites | 1. The horizontal and vertical controls must be set up.
Triggering should also be set up.
oo0O
See page page 3-27 for acquisition setup.
To enable fast | 2. Touch the Horiz button. Select the Acquisition tab from (o)
acquisitions the Horiz/Acq control window,
mode Or select Horizontal/Acquisition Setup from the |

Horiz/Acq menu to display the Acquisition Mode control
window. Select the Acquisition tab.

3. Touch Fast Acquisitions to toggle Fast Acquisitions to
ON.
Or push the front-panel FastAcq button.
Fast Acquisitions mode will stay on until you turn it off or
until you select an incompatible mode that temporarily
inhibits fast acquisitions.
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Overview

To turn Fast Acquisitions on and off

Control elements & resources

To set the
style

Touch the DISP button, and select the Appearance tab.

Select between Vectors, Dots, or Intens display styles.
(Dots is the default setting when in Equivalent Time (ET)
acquisition mode. Vectors is the default when not in ET
acquisition mode.)

Select between Off and Variable Display Persistence.
(Off is the factory default setting.)

Variable persistence is explained on page 3-116. No
Persistence erases the display each time a new
waveform array is displayed.

Mask Autofit can affect persistence. When enabled
Autofit moves the waveform vertically and horizontally to
reduce the number of hits within a given mask. If infinite
or variable persistence is enabled, the movements will
clear any persisted data. If Autofit makes frequent
adjustments, there can be very little or even no persisted
data displayed.

If you select Variable, touch Persist Time and adjust the
persistence time (decay rate).

@)

Display
Persistence
Reset

Infinite

Time

AutoBright

To set the

display 9

readout
options

10.

Touch the DISP button, and select the Objects tab.

Touch Display Date/Time to toggle between On and Off.
(On displays the date and time.)

Touch Display Trigger T to toggle between On and Off.
(On displays the trigger T at the trigger location.)

Display Date/Time

Display Trigger 'T"

Trigger Level Marker
Short Long

LCD Backlight Timeout
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Overview

To turn Fast Acquisitions on and off

Control elements & resources

To adjust the | 11.

intensity

12.

13.

14.

Touch the DISP button, and select the Appearance tab.

Touch Waveform AutoBright to toggle between On and
Off.

m  On automatically sets the intensity maximum to the
value of the most frequent event.

m Off lets the displayed brightness depend on the
trigger rate, creating a display like an analog
oscilloscope.

Rotate the INTENSITY knob to adjust the intensity of
displayed waveforms.

Or touch Intensity and enter the intensity value with the
keypad or the general purpose knob.

To change the intensity setting for fast acquisition and
waveform database waveforms, touch FastAcg/WfmDB
and enter the intensity value with the keypad or the
multipurpose knob.

eform Display

nsit Format

Time

AutoBright

INTENSITY

Lstop |
—
| smaLE |
Nl

To select the | 15.

color palette

16.

Touch the DISP button, and select the Colors tab.

Normal, Green, and Gray give the appearance of an
intensity-graded display similar to an analog oscillo-
scope.

Spectral and Temp use hue to indicate the frequency of
occurrence and to highlight events.

User and User Palette let you create a custom color
palette.

Choose the Spectral color palette.

In Fast Acquisition mode, Temp and Spectral show more
detail than the other color palettes.

For a definition of each color palette, see Color Palette
on page 3-115.

Record View
Palette
formal Temp
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To Set Display Format  The oscilloscope displays waveforms in one of three formats: YT, XY, or XYZ.
Use the procedure that follows to set the display format.

Overview To set display format Control elements & resources
To select the | 1.  To set the display axis format, touch the DISP button,
format and select the Appearance tab.

2. Select between YT, XY, and XYZ display formats:

Display Waveform Display
Persistence Intensity Format
hil

YT. This format is the conventional oscilloscope display
format. It shows a signal voltage (the vertical axis) as it
varies over time (the horizontal axis).

AutoBright

XY. This format compares the voltage levels of two
waveform records point by point (see Figure 3-15). That
is, the oscilloscope displays a graph of the data of one QL T S e
channel versus another. The data is a continuous : |

stream, and there are no waveform records. XY requires
Fast Acquisitions mode. This mode is particularly useful
for studying phase relationships. XY format is not
triggered. When you set the VERTICAL POSITION and
Vertical Offset to center the display in YT mode, the XY
display is at center screen, and each division of display
in YT mode produces a division of display in XY mode.

When you choose the XY format, any channel displayed
is assigned to the axis indicated in Table 3-4 and
displayed as part of an XY pair. If only one source in an R
XY pair is displayed, the oscilloscope automatically G s s e mn s N A
turns on the other source to complete the XY pair.
Moreover, once XY is on, selecting either source in a
pair turns the pair on; turning either waveform of a pair
off removes both sources from the display.

Figure 3-15: Fast Acquisition XY display

XY format is a dot-only display, although it can have
persistence. The Vector style selection has no effect
when you select XY format.

If in XY or XYZ, histograms are allowed. The
HORIZONTAL controls still control the timebase, sample
rate, and so forth, but the changes are not reflected in
the horizontal axis as in YT display format.

XYZ. This format compares the voltage levels of the
CH 1 (X) and CH 2 (Y) waveform records point by point
as in XY format. XYZ requires Fast Acquisitions mode.
The displayed waveform intensity is modulated by the
CH 3 (Z) waveform record. XYZ format is not triggered.
A -5 division signal (including position and offset) on
CH 3 produces a blank screen; a +5 division signal
produces full intensity.
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Overview To set display format Control elements & resources

For help [ 3. For more information on the controls described in this
procedure, touch the Disp or Horiz button. Touch the
HELP button in the tool bar.

Table 3-4: XY format pairs

XY Pair X-Axis source Y-Axis source
Cht1andCh2 Ch1 Ch2
Ch3andCh 4 Ch3 Ch4

Using FastFrame

FastFrame is an acquisition mode that lets you capture many records in a larger
record, and then view and measure each record individually.

FastFrame lets you quickly capture multiple acquisitions in the acquisition
memory of a single channel. Figure 3-16 shows how FastFrame combines the
desired captured frames into one larger waveform. For example, FastFrame
would let you store 4000 frames (depending on the record length option
installed) of 500 samples each into one waveform.

FastFrame mode lets you jump to and view the desired frame. Time Stamps can
display the absolute trigger time for a specific frame and the relative time
between triggers of two specified frames. FastFrame lets you compare different
waveforms. Math is done on each frame.

r— "1 r— "1 r— "
| | | | | |
) | | | | | |
Real time ; ‘ ; ‘ i eeoa
| | | | | |
| | |
r— T 71T 1
\ | | |
| | | |
FastFrame ===-
| | | |
L 1< ]

Figure 3-16: FastFrame
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FastFrame is not compatible with other features or modes:

Equivalent Time
Histograms

Fast Acquisitions
Average
Envelope

Waveform Database

Using FastFrame  Consider the following operating characteristics when using FastFrame:

Acquisitions .

You can push RUN/STOP to terminate a FastFrame sequence. If any frames
were acquired, they are displayed. If no frames were acquired, the previous
FastFrame waveform is displayed.

Because FastFrame introduces additional processing time into the operation
cycle of acquire, process, and display, its best to use Single Sequence
Acquisition (see Acquire menu, Stop After menu). With Single Sequence
selected, you will see the current acquisition sequence; otherwise, the display
lags the current sequence by one sequence. You can also see the current
sequence by pushing the RUN/STOP button to stop the acquisition.

FastFrame reduces the time required before the trigger is rearmed, while
preserving the individual subrecords, a detail lost in Fast Acquisitions which
writes all acquired records to a single pixel map.
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To Set FastFrame Mode

Use the procedure that follows to set up FastFrame mode acquisitions.

Overview

To set FastFrame mode

Control elements & resources

Prerequisites

The horizontal and vertical controls must be set up.
Triggering should also be set up.

See page page 3-27 for acquisition setup &
page 3-53 for trigger setup.

To set
FastFrame
mode

Touch the Horiz button. Select the Acquisition tab from
the Horiz/Acq control window. Touch FastFrame Setup
to display the FastFrame Setup control window.

Touch FastFrame to toggle FastFrame to On.

cquisition Mode Fast Acquisitions
Pk

Hi Res

Frame Viewing
Selected Frame Frame

Tracking
Source

i 7

e [ o |

1

Live

Equivalent
Mode Time

Auta

Time Stamps
Ref Frame Readouts
Source n
Ch1 ¥
Frame
1

FastFram
Setup

Selection
Contrels

Horiziacq
Setn

Set frame
length

Touch Rec Length, and set the number of samples per
frame.

Record length is the number of samples in each
acquisition.

Frame Viewing
Selected Frame Frame

Tracking
Source

i 7

e [ o |

1

Live

Time Stamps
Ref Frame Readouts
Source n
Ch1 ¥
Frame
1

Selection
Contrels

Horiziacq
Setn

Set frame
count

Touch Frame Count, and enter the number of frames to
acquire per waveform record.

Frame count is the number of acquisitions to store in the
acquisition memory of the channel. The oscilloscope will
set the record length to a value greater than or equal to
the product of the frame count and the frame length. If
the product of the record length and the frame count
exceeds the available memory, the oscilloscope will
reduce the record length or frame count in size such that
the product will fit the amount of memory available.
Available memory is a combination of acquisition
memory and system memory.

FastFrame Frame Viewing
Selected Frame Frame

Tracking
Source

i 7

e [ o |

1

Live

Time Stamps
Ref Frame Readouts

Source on
Wi

Frame
1

Selection
Contrels

Horiziacq
Setn
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Overview To set FastFrame mode Control elements & resources
Select the | 6. Inthe Frame Viewing controls, touch Source and select EEGET e U e P U i (1
frame to view the source of the frame you want to view. L suues 9 soue H.,.T;;E..
7. Inthe Frame Viewing control, touch Frame and use the

1

general purpose knob or keypad to enter the number of
the specific frame you want to view. The frame that you
select appears on the display.

Time Stamping Frames  Use Time Stamps to display the absolute trigger time for a specific frame and the
relative time between triggers of two specified frames. To start FastFrame
Time Stamps, do the following steps:

Overview Time stamping frames Control elements & resources

Prerequisites | 1. FastFrame mode should be set up as described in the
previous example.

2. Turn on FastFrame as described starting on page 3-48. laFam e T TS Selocion

Selected Frame Frame Ref Frame Readouts Contrels

Tracking
Source Source n

Ch1 ¥ Ch1 ¥ Horizidcq
m SetUn
Frame Frame

1

Turn readouts | 3. In the Time Stamps controls, touch Readouts to toggle

on or off time stamp readouts on or off:
Selected Frame Frame Ref Frame
. . . Tracking Jy o
[ ] - Source Source
On displays time stamp readouts (see Figure 3-17) e = S
m  Off turns off the display of time stamp readouts N

The displayed time uses the following format:

Sel Chi# F xxx DD MMM YYYY HH:MM:SS.mmm pup nnn ppp
Ref Ch# F xxx DD MMM YYYY HH:MM:SS.mmm puu nnn ppp

A DD MMM YYYY HH:MM:SS.mmm puu nnn ppp

Where:

Sel and Ref Ch# F xxx are the selected or reference frame number

DD MMM YYYY is the date (day, month, and year)

HH:MM:SS.mmm, is the clock time (hours, minutes, seconds, and milliseconds)
LY, hnn,ppp is a fraction of a second (to picoseconds)
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Overview

Time stamping frames

Control elements & resources

Select the
reference
frame

4,

In the Time Stamps controls, touch Source and select
the source of the reference frame.

In the Time Stamps controls, touch Frame and use the
general purpose knob or keypad to enter the number of
the reference frame. This value sets the starting frame
when measuring the relative time between two frames.

FastFrame

Rec Length
5000

Frame Count

FastFrame

Rec Length
5000

Frame Count

Frame Viewing
Frame
Tracking

Selected Frame

Source

o1 v L

e [ o |
1

Frame Viewing
Selected Frame Frame

Tracking
Source

o1 v L

e [ o |
1

Time tamps
ef Frame Readouts

Source on

mhi

Frame

Time Stamps
Ref Frame Readouts

Sg on

Selection
Contrels

Horiziacq
Setn

Selection
Contrels

Horiziacq
Setn

Select the
FastFrame
and time
stamps
selection
controls

You may set the Selected Frame and Reference Frame
as previously shown or you can set them from the
Selection Controls window.

Touch Selection Controls from the Time Stamps control
window to display the FastFrame controls.

In the FastFrame controls window, touch Selected
Frame Source and select the source of the frame you
want to view.

Touch Selected Frame Frame and use the general
purpose knob or keypad to enter the number of the
specific frame you want to view and take time stamps
on. The frame you select appears on the display.

Note: The A is the selected time stamp - the reference
time stamp.

Touch the Reference Frame Source and select the
source of the reference frame. Touch Frame and use the
general purpose knob or keypad to enter the number of
the reference frame.

FastFrame

Rec Length

5000

Frame Count

Frame Viewing
Frame
Tracking

Selected Frame

Source
i 7

Live

Frame
1

Fast Frame

Frame
1

Source
Ch1 W

Time Stamps
Ref Frame Readouts
Source n
Ch1 ¥
Frame
1

Fast Frame
Selected Frame
Frame J'
1

Source

Selection |
Controls

Horiziacq
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Overview Time stamping frames Control elements & resources

To lock the | 10. Touch the Horiz button. Select the Acquisition tab from

reference the Horiz/Acq control window. Touch FastFrame Setup
position to display the FastFrame Setup control window. - _-—
frames Note: You can also get the FastFrame Setup control N [ | e
window by pushing the Set Up button on the Selection
Controls window.

11. Touch either Frame Tracking Live or All to lock the

Time Stamps Selection

reference and position frames together. When the T e e
. . . Source ource n
frames are locked, they maintain the same relative o v ot v o

SetUn

istance from each other when either frame is adjusted: one |\ IR
distance from each other when either frame | e coune | |

1

m  Live locks together the channel and math
waveforms. All reference waveforms are locked
together, but they are separate from the channel
and math waveforms.

m  All locks together all channel, math, and reference
waveforms; adjusting one waveform adjusts all

waveforms.
Sel CHTFT 81 Dec 1969 16:00:00.000 000 000 000 ~€—— — — Trigger time of the selected frame
Ref  Ch1F1 31 Dec: 1969 T6:00:00.000 000 000 UUU\ R X
S R~ " ————— Trigger time of the reference frame
o bontise: Lsomatn, l____,“,_‘_ . [ Time difference between the reference
. R M R and selected frames
1

Figure 3-17: FastFrame time stamp
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Triggering

To properly acquire data, that is, to use the oscilloscope to sample a signal and
digitize it into a waveform record that you want to measure or otherwise process,
you need to set up the trigger conditions. This section provides background on,
and the procedures for using, the basic elements of triggering: source, holdoff,
mode, and so on. This section covers the following topics:

m  Trigger Concepts which describes some basic principles of triggering and the
following trigger elements: type, source, coupling, holdoff, mode, and so on
m  Triggering from the Front Panel which describes how to use the front-panel
triggering controls each of which is common to most of the trigger types the
oscilloscope provides
B Additional Trigger Parameters which describes how to access common
trigger functions in the Trigger control window
B Advanced Triggering which describes trigger types that you can use to
isolate specific signal phenomena
®m  Sequential Triggering which describes how to combine the A (Main) and B
(Delayed) trigger systems to capture unique events
®  Comm Triggering (Option SM only) which describes triggering on commu-
nications signals
Storage
go Input Acquisition ° Display
system
Wfm
transform
system
Trigger Horizontal
timebase
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Triggering Concepts

Triggers determine when the oscilloscope stops acquiring and displays a
waveform. They help create meaningful waveforms from unstable jumbles or
blank screens. (See Figure 3-18.) The oscilloscope has simple edge triggers as
well as a variety of advanced triggers you can use.

| /\
... / .\
/ AV/EW AV A
/
L
Triggered waveform Untriggered waveforms

Figure 3-18: Triggered versus untriggered displays

The Trigger Event  The trigger event establishes the time-zero point in the waveform record. All
points in the record are located in time with respect to that point. The
oscilloscope continuously acquires and retains enough sample points to fill the
pretrigger portion of the waveform record (that part of the waveform that is
displayed before, or to the left of, the triggering event on screen). When a trigger
event occurs, the oscilloscope starts acquiring samples to build the posttrigger
portion of the waveform record (displayed after, or to the right of, the trigger
event). Once a trigger is recognized, the oscilloscope will not accept another
trigger until the acquisition is complete and the holdoff time has expired.

Trigger Sources  The trigger source provides the signal that triggers acquisition. Use a trigger
source that is synchronized with the signal you are acquiring and displaying. You
can derive your trigger from the following sources:

Input channels are the most commonly used trigger sources. You can select any
one of the four input channels. The channel you select as a trigger source will
function whether it is displayed or not.

AC Line Voltage is a convenient trigger source when you are looking at signals
related to the power line frequency. Examples include devices such as lighting
equipment and power supplies. Because the oscilloscope generates the trigger
from the power line, you do not have to use a channel input.

Auxiliary Trigger (AUX IN) provides a fifth source you can use as a trigger input
when you need to use the four input channels for other signals. For example, you
might want to trigger on a clock while displaying four other logic signals. To use
the auxiliary trigger, connect the signal to the Auxiliary Trigger input connector
on the front panel. The Auxiliary Trigger input is not compatible with most
probes, nor can you display the auxiliary trigger signal.
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Trigger Types  The oscilloscope provides two categories of trigger types:

Edge is the simplest and most commonly used trigger type. You can use it with
analog or digital signals. An edge trigger event occurs when the trigger source
(the signal the trigger circuit is monitoring) passes through a specified voltage
level in the specified direction (the trigger slope).

Advanced triggers are a collection of trigger types that are primarily used with
digital signals to detect specific conditions. The glitch, runt, width, transition,
and timeout types trigger on unique properties of pulses that you can specify. The
pattern and state types trigger on logic combinations of several signals. The
setup/hold type triggers on the relative timing between two signals. The
advanced triggers are available on the A (Main) trigger only.

Comm (Option SM only) is a special trigger used on communication signals.
You may use Comm triggers to test communications signals, and Mask testing
automatically uses Comm triggers to set up signals for mask testing.

Trigger Modes  The trigger mode determines how the oscilloscope behaves in the absence of a
trigger event:

Normal trigger mode enables the oscilloscope to acquire a waveform only when
it is triggered. If no trigger occurs, the oscilloscope will not acquire a waveform,
rather the last waveform record acquired remains “frozen” on the display. If no
last waveform exists, none is displayed. See Figure 3-19, Normal trigger mode.
(You can push FORCE TRIGGER, in the Trigger control window, to force the
oscilloscope to make a single acquisition.)

Auto trigger mode (automatic mode) enables the oscilloscope to acquire a
waveform even if a trigger does not occur. Auto mode uses a timer that starts
after a trigger event occurs. If another trigger event is not detected before the
timer times out, the oscilloscope forces a trigger. The length of time it waits for a
trigger event depends on the time base setting.

Be aware that auto mode, when forcing triggers in the absence of valid triggering
events, does not synchronize the waveform on the display. See Figure 3-19,
Automatic trigger mode. In other words, successive acquisitions will not be
triggered at the same point on the waveform; therefore, the waveform will appear
to roll across the screen. Of course, if valid triggers occur the display will
become stable on screen.
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Trigger Holdoff

Triggered waveform Untriggered waveforms

Normal trigger mode  Automatic trigger mode
Figure 3-19: Triggered versus untriggered displays

Trigger holdoff can help stabilize triggering. When the oscilloscope recognizes a
trigger event, it disables the trigger system until acquisition is complete. In
addition, the trigger system remains disabled during the holdoff period that
follows each acquisition. You adjust holdoff to obtain stable triggering when the
oscilloscope is triggering on undesired trigger events as shown in Figure 3-20.

A digital pulse train is a good example of a complex waveform. (See Fig-

ure 3-20.) Each pulse looks like any other, so many possible trigger points exist.
Not all of these will result in the same display. The holdoff period allows the
oscilloscope to trigger on the correct edge, resulting in a stable display.

Holdoft is adjustable from 250 ns (minimum holdoff available) to 12 seconds
(maximum holdoff available). To see how to set holdoff, see To Set Holdoff on
page 3-64.

You can also set a default holdoff. The default holdoft is the general purpose
holdoff for most applications and varies with the horizontal scale. It is equal to
5 divisions times the current time/division setting.
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Holdoff Holdoff Holdoff
=M1 - 1 O] M [ mE =

Triggerevel J |_| |_| |_[|_| I_I I_I I—I I—I -

O Indicates trigger points

Holdoff Holdoff Holdoff Holdoff

M M

Trigger level I_I I_I —

At the longer holdoff time for the top waveform, unstable triggering occurs. With a shorter holdoff set for
the bottom waveform, triggers all occur on the first pulse in the burst to remedy the unstable trigger.

Figure 3-20: Holdoff adjustment can prevent false triggers

Trigger Coupling  Trigger coupling determines what part of the signal is passed to the trigger
circuit. Edge triggering can use all available coupling types: AC, DC, Low
Frequency Rejection, High Frequency Rejection, and Noise Rejection. All the
advanced trigger types use only DC coupling. See To Set the Trigger Coupling
on page 3-61 for a description of each coupling type.

Horizontal Position =~ Horizontal position is adjustable and defines where on the waveform record the
trigger occurs. It lets you choose how much the oscilloscope acquires before and
after the trigger event. The part of the record that occurs before the trigger is the
pretrigger portion. The part that occurs after the trigger is the posttrigger portion.

When horizontal delay is off, the reference marker shows the trigger position in
the waveform.

Displaying pretrigger information can be valuable when troubleshooting. For
example, if you are trying to find the cause of an unwanted glitch in your test
circuit, you can trigger on the glitch and make the pretrigger period large enough
to capture data before the glitch. By analyzing what happened before the glitch,
you may uncover clues about its source.

Slope and Level  The slope control determines whether the oscilloscope finds the trigger point on
the rising or the falling edge of a signal. (See Figure 3-21.)
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Delayed Trigger System

You set trigger slope by pushing the SLOPE button on the front panel to toggle
between the positive-going and negative-going edge.

The level control determines where on that edge the trigger point occurs. (See
Figure 3-21.) You can set the trigger level with the LEVEL knob on the front
panel. Push the LEVEL knob to automatically set the trigger level to the 50%
amplitude point of the signal.

Positive-going edge Negative-going edge
Trigger level
can be adjusted
vertically.
N J
Y

Trigger slope can be positive or negative.

Figure 3-21: Slope and level controls help define the trigger

You can trigger with the A (Main) trigger system alone or you can combine the
A (Main) trigger with the B (Delayed) trigger to trigger on sequential events.
When using sequential triggering, the A trigger event arms the trigger system
and then the B trigger event triggers the oscilloscope when the B trigger
conditions are met. A and B triggers can (and typically do) have separate
sources. The B trigger condition can be based on a time delay or a specitied
number of counted events. See Sequential Triggering on page 3-92 to learn how
to use the delayed trigger system.

Triggering from the Front Panel

Access Procedures

The front panel provides quick access to the most frequently used trigger
controls. The trigger readout shows you the state of the trigger system.

The slope, coupling, and source controls only work for edge triggering. To
access the advanced trigger controls, display the Trigger Control window by
pushing the ADVANCED button (See Advanced Triggering on page 3-68 for
more information).

Use the procedure that follows when setting up the oscilloscope to trigger using
the front-panel controls.

Overview Triggering from the front panel Control elements & resources
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Overview Triggering from the front panel Control elements & resources
Prerequisites [ 1.  The oscilloscope must be installed and operating.
Acquisition system should be set to Run, and the
vertical and horizontal controls should be set appropri- o0
ately for the signal to be acquired. .
See page 3-21 for acquisition setup
To select the | 2.  Push the EDGE button to select edge type triggering. — TRIGGER————
trigger type . . . -
9ger’yp Push ADVANCED to bring up the Trigger control window
where you can select and set up other trigger types. sounct couria siore
(cHz ) (_ac | \E\
G G (O Gow
[Cex1 ) %J (TRIeD)
‘/L;E\‘ (2N ‘ hSSH%E\ Pusrli %/ SEELT 50%
j j [,ﬁ,‘ 71\\)
= & D e/
To select the | 3.  Push the TRIGGER SLOPE button to toggle between ~ TRIGGER
trigger slope POS and NEG: (o)  (omes)
| | i isi iti i SCOURCE COUPLING SLOPE
P_OS triggers on a rising edge (positive going) souRcE. courLy
Slgnal (cH2 ) [ac |
. . i i [ cHs ) (HFREJ] [_ARM )
m  NEG triggers on a falling edge (negative going) (ons) rme) () (neaoy)
signal - ™
N N [_NORM | EVE
You can also set the slope in the Trigger control window. =) &) G 5/“\
() (=) (2 2o/
To set level | 4.  To manually change the trigger level when edge - TRIGGER
tr!gger!ng (or certain t_hreshold levels when logic or pulse (o) (omm)
triggering), turn the trigger LEVEL knob. o o
SOURCE COUPLING SLOPE
You can also set the level in the Trigger control window. el
(cHa ) (HFREJ) (CARM )
(cHa ) (LFREJ) Cj (READY)
Lo [ gRE] (1862
[iwe) MODE
0 ) e PUSHEXSEETSO%
& = O
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Overview Triggering from the front panel Control elements & resources
To setto 50% [ 5. To quickly obtain an edge, glitch, or width trigger, push — TRIGGER
the trigger LEVEL knob. The oscilloscope sets the \/EB‘T;E\\ ‘/-02‘
trigger level to the halfway point between the peaks of T T
the trigger signal. This function has no effect for the G (o) Gmo)
other advanced trigger types. o) :H::EJ: (vEE1) -
You can also set the level to 50% in the Trigger control o ‘“ZTSE:‘ S e
window. (e ) MooE
o . () O s
When the phased locked loop is active (Comm Trigger — e
only), pushing the trigger LEVEL knob recycles the & & O
clock-recovery trigger circuit. The instrument will attempt >
to acquire lock once. If the input data is disrupted,
removed, or heavily distorted, the instrument may not
acquire lock or may lose lock. If the recovered clock is
not locked to the incoming data, the waveform display
will not be stable. Once the input data is available, press
the PUSH TO SET 50% knob to force the instrument to
reacquire lock.
When using Comm triggering, pushing the trigger PUSH
TO SET 50% knob sets the levels for the selected code.
To select the [ 6. Push the up and down arrow buttons to toggle through ~ TRIGGER
trigger source the possible trigger sources: ‘SE‘ \:3
m  CH 1 - CH 4 are the input channels. The channel SOURCE COUPLING SLOPE
you select as a trigger source will function whether el
it is displayed or not. Gepe) CamD)
(trped) L) [READY)
m  LINE is the AC Line Voltage. Because the B
oscilloscope generates the trigger, you do not have (B (0 oS
to input a signal to create the trigger. e
o i . & I 0D
m  AUX s afifth, nondisplayable trigger source. To
use the auxiliary trigger, connect the external
triggering signal to the Auxiliary Trigger input
connector on the front panel.
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Overview Triggering from the front panel Control elements & resources
To setthe |7. Push the up and down arrow buttons to toggle through ~ TRIGGER
trigg_er the possible trigger couplings: (BE)  (ome)
coupling e e
m  DC passes all (both AC and DC components) of sousce courne. siore
the input signal. Com) @D
. [cHs) o (CARM )
m  AC passes only the AC components of an input Cons) - (neavy)
signal. S ™
®  HF REJ attenuates signals above 30 kHz. = @ Gm SLE
; = - Ry
®  LF REJ attenuates signals below 80 kHz. & &= O O
m  NOISE REJ provides lower sensitivity, reducing the
chance of falsely triggering on noise.
To select the | 8. Push the TRIGGER MODE button to toggle between —— TRIGGER—
trigger mode NORMAL and AUTO trigger modes: ‘@‘ ‘3‘
m  NORMAL trigger mode requires a trigger to acquire souRoE. couPLma SLoPE
a waveform. G G mEmo
. (cHs ) (HFREJ) . (CARM )
m  AUTO trigger mode acquires a waveform even if a Cone) (rae) [ (azaoy)
trigger does not occur (after a time out). oy BB e
Be aware that in AUTO mode, the acquired waveforms @ @ am 5LE°V§L
may not be triggered. = = O Q)
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To Check Trigger Status  To see the state and setup of the triggering circuit, use the trigger status lights,
readout, and screen.
Overview To check trigger status Control elements & resources
Trigger status | 1.  To quickly determine trigger status, check the three — TRIGGER -
from trigger sta- status lights TRIG'D, READY, and ARM in the Trigger (et (omes)
tus lights control area. T
SOURCE COUPLING SLOPE
m  TRIG'D on: the oscilloscope has recognized a valid %} e %
tnggefr and is filling the posttrigger portion of the o e —
m  READY on: the oscilloscope can accept, and is B ow e
waiting for, a valid trigger to occur. D (\/
& = O L
= ARM on: the trigger circuitry is filling the pretrigger
portion of the waveform record.
= TRIG'D and READY on: valid A trigger recognized,
waiting for a delayed trigger. When a delayed
trigger is recognized, the posttrigger portion of the
delayed waveform will fill.
= ARM, TRIG'D, and READY off: the digitizer is
stopped.
Trigger status |2. To quickly determine the settings of some key trigger Time base
from acquisition parameters, check the Trigger readout at the bottom of
readout the display. The readouts differ for edge and the
advanced triggers.
ht2. g 4. Onsfpt 2600 Sk
4 Chl o~ 0.0 i
Atrigger Trigger level
source = Ch 1 Trigger
slope = rising edge
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Overview To check trigger status

Control elements & resources

Trigger [3. To see the trigger point and level on the waveform

location and display, check the graphic indicators Trigger Point and
level from Trigger Level Indicator.
display

Both the trigger point indicator and level bar are
displayed from the Display menu. See Customizing the
Display on page 3-114 for more information.

The trigger point indicator shows horizontal position. It
can be positioned horizontally off screen when horizontal
delay is on. The trigger level indicator shows only the
trigger level. It remains on screen, regardless of the
horizontal position, as long as the channel providing the
trigger source is displayed. You can choose between
two types of trigger level indicators: a horizontal bar or
an arrow at the right side of the graticule.

Trigger point indicator shows
the trigger position on the
waveform record

Trigger level indicator shows the trigger
level on the waveform record. You can
drag the indicator to set the trigger level.
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Additional Trigger Parameters

Some additional trigger parameters are accessible only through the Trigger
control window:

®  Holdoff

m  Trigger level presets
®m  Force trigger

®m  Single sequence

Use the procedures that follow to set up these additional trigger parameters. For
more information, display online help while performing the procedure.

Overview Additional trigger parameters Control elements & resources

To set holdoff | You can change the holdoff time to help stabilize triggering.
See Trigger Modes and Trigger Holdoff beginning on

page 3-55 for a description of trigger holdoff. To set holdoff,
do the following steps:

1. Push the ADVANCED button, and select the Mode tab. ———TRIGGER———

E) D
| Ebee |
(EE

2. Select Auto, Time, or Random:

®  The Auto holdoff is random when A only, Edge —=l
triggering is selected; otherwise, the holdoff varies Rl ring Holcioft
with the horizontal scale and is equal to 5 divisions :
times the current time/division setting. Auto
maintains a good value for general purpose
triggering. ’ ? PP

Trig Holdoff ® Level

= Time lets you enter a holdoff that may allow more o |® v I
stable triggering than the Auto holdoff. This time is
used at all horizontal scale settings.

m  Random selects a new random holdoff time for
each acquisition cycle.

3. To change the holdoff time when Time is selected,
select Trig Holdoff, and enter a value in time using the
multipurpose knob or the keypad.

You can set holdoff from 250 ns (minimum holdoff
available) to 12 s (maximum available).
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Overview Additional trigger parameters

Control elements & resources

Toselecta 1. Pushthe ADVANCED button, and select the A Event
preset trigger tab.
level

2. Select a Trigger Type, such as Edge, that uses a level
adjustment.

3. Select Level and click the keyboard icon to display the
keyboard. Select either TTL, ECL, or USER:

m  TTL fixes the trigger level at +1.4 V.
m  ECL fixes the trigger level at -1.3 V.

m  USER fixes the trigger level at the USER preset
voltage.

When you set the volts/div smaller than 200 mV, the
oscilloscope reduces the TTL or ECL trigger levels
below standard TTL and ECL levels. This reduction
occurs because the trigger level range is fixed at +12
divisions from the center. At 100 mV (the next smaller
setting after 200 mV) the trigger range is =1.2 V, which
is smaller than the typical TTL (+1.4 V) or ECL (-1.3 V)
level.

—TRIGGER >
4

oD

[epee
(_EDGE

AEdge — Aoy After Delay

Source Edge Trigger
chi W

Coupling

[T
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Overview

Additional trigger parameters

Control elements & resources

To define new
trigger level
presets

1. If the Menu Bar is not displayed, touch the Menu button
to display the Menu Bar.

2. Touch Utilities, and select User Preferences to display
the User Preferences control window.

3. Select the Keypad Defaults tab. Select a Trigger Level,
and adjust the Trigger Level preset using the multipur-
pose knob or keypad.

4. Select a Keypad Label, and change the label of the
preset using the keypad.

Math | Ltilties  Help

Tek Secure Erase. .

Set Time & Date...

GPIB Conhiguration...
LAM Server Status...
Extemal Signals. .
Instrument Calibration...
Ingtrument Diagnostics...

Deazzign Multipurpoze Knobs

User Preferences...

Digplay Becorder. .

Option |nstallation. ..

Preset 1 Preset 2 Preset 3

Keypd Label Keypd Label Keypd Label
I EoL USER

Trig Level Trig Level
144 1oy

Trig Level

n.0v

To force a trig-
ger

1. Push the ADVANCED front-panel button to display the
trigger control window.

2. Select the A Event or B Event tab, and select the Edge
trigger type.

3. To force the oscilloscope to immediately acquire one
waveform record even without a trigger event, touch the
Force Trigger button.

Forcing a trigger is useful when in normal trigger mode
and the input signal is not supplying a valid trigger. By
touching Force Trigger, you can quickly confirm that
there is a signal present for the oscilloscope to acquire.
Once that is established, you can determine how to
trigger on it (push PUSH TO SET 50%, check trigger
source setting, and so on).

The oscilloscope recognizes and acts on Force Trigger
even when you touch it before the end of pretrigger
holdoff. However, the button has no effect if the
acquisition system is stopped.

—— TRIGGER >
E) D

P
[ epee
_EDGE

AEdge —+ Aoy After eley
Source Edge Trigger

cthi W T
S
Coupling J N

Slope
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Overview Additional trigger parameters

Control elements & resources

To single trigger | 1.  To trigger on the next valid trigger event and then stop,
push the SINGLE front-panel button. Push the SINGLE
button each time you want to initiate the single
sequence of acquisitions.

2. Toleave Single Trigger mode, push the front-panel
RUN/STOP button.

The exact function of the SINGLE button depends on
the acquisition mode. In Sample, Peak Detect, or Hi Res
acquisition modes, acquisition stops after a single
waveform is acquired. In Average or Envelope
acquisition modes, acquisition stops after N waveforms
are acquired, where N is the number of averages or
envelopes specified. In equivalent time, it takes several
triggers to partially fill a record. In Waveform Database
mode, acquisition stops after N samples are acquired,
where N is the number of samples specified. It may take
a number of sequences of acquisitions to fill a waveform
to the desired number of samples.

Single sequence triggering is not available in Fast
Acquisition mode.

INTENSITY

RUN/
[ STOP
SINGLE
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Advanced Triggering

3-68

The oscilloscope can trigger on glitch or runt pulses, or it can trigger based on
the width, slew rate, or timeout period of a pulse. These capabilities make the
oscilloscope suitable for such tasks as unattended monitoring for, and capturing
of, a power supply glitch or GO/NO GO slew rate testing of operational
amplifiers. This subsection describes how to use advanced triggers: glitch, runt,
width, transition (slew rate), and timeout triggering.

The oscilloscope can also trigger on a logic or binary pattern and on the state of a
logic pattern at the time it is clocked. The oscilloscope can trigger on data that
violates setup and hold times relative to a clock. This subsection also describes
how to use the advanced triggers: pattern, state, and setup/hold.

You can check the advanced trigger status in the readout. The readout indicates

the trigger type and then shows sources, levels, or any other parameters that are
important for the particular trigger type. Figure 3-22 shows an example readout
for the state trigger type.

W2.0us 4.0nsipt 250MS5
& State  HXR AND

Trigger type = State /7

Ch 1,2, 3 Inputs = High,
Don’t Care, Don’t Care

Ch 4 Input = Rising Edge
Logic = AND

Figure 3-22: Example advanced trigger readout

Read the following topics; they provide details that can help prevent false steps
in setting up to trigger on your waveforms.

Glitch Trigger. A glitch trigger occurs when the trigger source detects a pulse
narrower (or wider) than some specified time. It can trigger on glitches of either
polarity. Or you can set the glitch trigger to reject glitches of either polarity.

Runt Trigger. A runt trigger occurs when the trigger source detects a short pulse
that crosses one threshold but fails to cross a second threshold before recrossing
the first. You can set the oscilloscope to detect any positive or negative runt
pulse, or only those wider than a specified minimum width.
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Width Trigger. A width trigger occurs when the trigger source detects a pulse that
is inside or, optionally, outside some specified time range (defined by the upper
limit and lower limit). The oscilloscope can trigger on positive or negative width
pulses.

Transition Trigger. A transition (slew rate) trigger occurs when the trigger source
detects a pulse edge that transitions (slews) between two amplitude levels at a
rate faster or slower than you specify. The oscilloscope can trigger on positive or
negative transitions. You can also think of transition triggering as triggering
based on the slope (change in voltage/change in time) of a pulse edge.

Timeout Trigger. A timeout trigger occurs when the trigger source does not detect
an expected pulse transition. If the pulse transition occurs prior to a specified
timeout time (the expected case) then no trigger results.

Pattern Trigger. A pattern trigger occurs when the logic inputs to the logic
function you select cause the function to become TRUE (or at your option
FALSE). When you use a pattern trigger, you define:

®m  The precondition for each logic input — logic high, low, or do not care (the
logic inputs are channels 1, 2, 3, and 4)

B The Boolean logic function — select from AND, NAND, OR, and NOR

®  The condition for triggering — whether the trigger occurs when the Boolean
function becomes TRUE (logic high) or FALSE (logic low), and whether the
TRUE condition is time qualified

The pattern (and state) logic choices are summarized in Table 3-5.
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Table 3- 5: Pattern and state logic

Pattern State Definition!: 2
AND 2. Clocked AND If all the preconditions selected for the
1 logic inputs3 are TRUE, then the
oscilloscope triggers.
D NAND Clocked NAND If not all of the preconditions selected
& for the logic inputs® are TRUE, then the
oscilloscope triggers.
{} OR Clocked OR If any of the preconditions selected for
& the logic inputs® are TRUE, then the
oscilloscope triggers.
{> NOR If none of the preconditions selected for

Clocked NOR

the logic inputs® are TRUE, then the
oscilloscope triggers.

1" For state triggers, the definition must be met at the time the clock input changes

state.

2 The definitions given here are correct for the Goes TRUE setting in the Trigger When
menu. If that menu is set to Goes False, swap the definition for AND with that for
NAND and for OR with NOR for both pattern and state types.

8 The logic inputs are channels 1, 2, 3, and 4 when using Pattern triggers. For State
triggers, channel 4 becomes the clock input, leaving the remaining channels as logic
inputs.

State Trigger. A state trigger occurs when the logic inputs to the logic function
cause the function to be TRUE (or at your option FALSE) at the time the clock
input changes state. When you use a state trigger, you define:

B The precondition for each logic input, channels 1, 2, and 3

B The direction of the state change for the clock input, channel 4

B The Boolean logic function — select from clocked AND, NAND, OR, and

NOR

®  The condition for triggering — whether the trigger occurs when the Boolean
function becomes TRUE (logic high) or FALSE (logic low)

The state (and pattern) logic choices are summarized in Table 3-5.
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Setup/Hold Trigger. A setup/hold trigger occurs when a logic input changes state
inside of the setup and hold times relative to the clock. When you use setup/hold
triggering, you define:

®  The channel containing the logic input (the data source) and the channel
containing the clock (the clock source)

®  The direction of the clock edge to use

®m  The clocking level and data level that the oscilloscope uses to determine if a
clock or data transition has occurred

®  The setup and hold times that together define a time range relative to the clock

Data that changes state within the setup/hold violation zone triggers the
oscilloscope. Figure 3-23 shows how the setup and hold times you choose
positions this zone relative to the clock.

Setup/hold triggering uses the setup/hold violation zone to detect when data is
unstable too near the time it is clocked. Each time trigger holdoff ends, the
oscilloscope monitors the data and clock sources. When a clock edge occurs, the
oscilloscope checks the data stream it is processing (from the data source) for
transitions occurring within the setup/hold violation zone. If any occur, the
oscilloscope triggers with the trigger point located at the clock edge.

Positive settings for both setup and hold times (the most common application)
locate the setup/hold violation zone so it spans the clocking edge. (See the top
waveform in Figure 3-23.) The oscilloscope detects and triggers on data that
does not become stable long enough before the clock (setup time violation) or
that does not stay stable long enough after the clock (hold time violation).

Negative settings for setup or hold times skew the setup/hold violation zone to
locate it before or after the clocking edge. (See the bottom and center waveforms
of Figure 3-23.) The oscilloscope can then detect and trigger on violations of a
time range that occurs before or one that occurs after the clock.

NOTE. Keep the hold-time setting to no more than 2.5 ns less than one-half the
clock period (hold time < (period/2) - 2.5 ns) or the oscilloscope cannot trigger
(this assumes a 50% duty cycle clock).
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Setup/Hold
Ty = Hold time zone
Setup/Hold violation zone = Ts + Ty +Tg | 4Ty

Tg+ Ty mustbe = +2 ns

/

Ts = Setup time l«—— violation —>
\
\
|
\
|
\
\
\
\
\
\
\

Clock level
\
\
|
Clock signal |
|
|
\ Setup/Hold
| l«—— violation —
| e ! zone |
— 5 5l |
. | +TH |
| | |
| 1 1
/ | |
Clock level } }
\
\ | |
‘ | |
Clock signal } } }
|
Setup/Hold }
l<— violation zone —| |
| |
'TH
| ay e
| |
| | |
| | |
Clock level ; ;
| | |
\ \ }
Clock signal } } |

Positive Tg; Negative Ty | Negative Tg. Positive Ty

Figure 3-23: Violation zones for Setup/Hold triggering
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To Trigger on a Glitch ~ When you select the type Glitch, the oscilloscope will trigger on a pulse
narrower (or wider) in width than some specitied time. To set up for glitch
triggering, do the following procedures.

Overview To trigger on a glitch Control elements & resources

Prerequisites

1.

The oscilloscope must be installed with a signal
connected to an input channel. Acquisition system
should be set to Run, and the vertical and horizontal
controls should be set appropriately for the signal to be
acquired.

ooee

See page <3-21> for acquisition setup

Select glitch
triggering

2.

From the tool bar, touch Trig and select the A Event tab
of the Trigger control window.

Touch Glitch.

Width
2.ns

Select the
source

4,

To specify which channel becomes the trigger source,
touch Source and select the source from the list.

Trig if Width

Select the
polarity & width

5.

To specify the glitch polarity, touch Pos (positive), Neg
(negative) or Either from the Polarity window.

Pos looks at positive-going pulses.
Neg looks at negative-going pulses.
Either looks at both positive and negative pulses.

To specify the width of the glitch, touch Width, and set
the glitch width using the multipurpose knob or keypad.

Glitch Trigger Level J.
oo .

W
j_\;:ﬁ; Width :
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Overview

To trigger on a glitch

Control elements & resources

Set to trigger if
width

7.

To specify whether to trigger on glitches narrower or
greater than the width you specify, touch < or >.

Trig if Width < will trigger only on pulses narrower than
the width you specified.

Trig if Width > will trigger only on pulses wider than the
specified width.

Trig if Width

-< ->

Set the level

To set the Level, that the glitch must cross to be
recognized by the oscilloscope touch Glitch Trigger
Level and use the multipurpose knobs, keypad, or
front-panel LEVEL knob to set the glitch trigger level.

Note: you can set the level to a value appropriate to
either TTL or ECL logic families. To do so touch Level
and select the keypad; touch either TTL or ECL.

Glitch Trigger

.l

To set mode
and holdoff

9.

Mode and holdoff can be set for all standard trigger
types. To set mode and holdoff, refer to To Set Holdoff
on page 3-64 and To Select Trigger Mode on

page 3-61. To learn more about trigger mode and
holdoff, see the descriptions Trigger Modes on

page 3-55 and Trigger Holdoff on page 3-56.

o0

See To Set Holdoff on page 3-64 and To Select
Trigger Mode on page 3-61 for mode and holdoff
setup.
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To Trigger on a Runt Pulse

When you select the type Runt, the oscilloscope will trigger on a short pulse that

crosses one threshold but fails to cross a second threshold before recrossing the
first. To set up for runt triggering, do the following procedures.

Overview To trigger on a runt pulse Control elements & resources
Selectrunt |1. From the tool bar, touch Trig and select the A Event tab [ Tig |
triggering of the Trigger control window.
2. Touch Runt. s R
Width Sattern Tr
Select the | 3.  To specify which channel becomes the pulse trigger — =L
source source, touch Source and select the source from the list. | merie
The source selected becomes the trigger source for ] it
Glitch, Runt, Width, and Transition. il
Select the [4. To specify the direction of the runt pulse, touch Polarity o Pt e
polarity and select Pos (positive), Neg (negative) or Either from R i e B

the window.
Pos looks at positive-going pulses.
Neg looks at negative-going pulses.

Either looks at both positive and negative pulses.

Upper Level
+ =
1 j
- Lower Level
800.0m
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Overview To trigger on a runt pulse Control elements & resources
Set to trigger | To determine how wide a runt pulse the oscilloscope will B~ oy
when | trigger on: e
5. Touch Trigger When Runt and select from the list: Ty
= Occurs triggers on all runt pulses regardless of . B
width. —
= Wider triggers only on runt pulses that exceed the
width you set. Enter the width using the general
purpose knob or keypad.
6.  To specify the minimum width of the runt pulse, touch —H——
Width, and set the value using the multipurpose knob or Rl
keypad.
Setthe 7. To set the two threshold levels used in detecting a runt
thresholds pulse, touch Upper Limit or Lower Limit and use the
multipurpose knob or keypad to set the values for the
upper and lower thresholds.
Hint: To use the trigger bar to set the threshold levels, touch
the Disp button and select the Objects tab, and then touch
Long to display the long trigger bar.
N . o ) ] Selected trigger bar at Unselected trigger bar
Note the position of the trigger indicator. Triggering occurs at upper threshold. at lower threshold.
the point the pulse returns over the first (lower) threshold
going negative without crossing the second threshold level
(upper). The polarity selected in the Polarity window
determines the order that the threshold must be crossed for a
runt trigger to occur:
Positive requires that the lower threshold must be first
crossed going positive, then recrossed going negative
without the upper threshold being crossed at all.
Negative requires that the upper threshold must be first :
crossed going negative, then recrossed going positive |}
without the lower threshold being crossed at all.
Either requires only that either one of the thresholds
must be first crossed going in either direction, then Runt pulse crosses first threshold only, recrosses first
recrossed going in the opposite direction without the threshold level, and triggers acquisition
other threshold being crossed at all.
For all three polarity settings, triggering occurs at the
point the runt pulse recrosses its first threshold.
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Overview To trigger on a runt pulse Control elements & resources
To set mode (8. Mode and holdoff can be set for all standard trigger
and holdoff types. To set mode and holdoff, refer to To Set Holdoff

on page 3-64 and To Select the Trigger Mode on
page 3-61. To learn more about trigger mode and
holdoff, see the descriptions Trigger Modes on
page 3-55 and Trigger Holdoff on page 3-56.

oo

See To Set Holdoff on page 3-64 and To Select
the Trigger Mode on page 3-61 for mode and
holdoff setup.

Trigger Based on
Pulse Width

When you select the type Width, the oscilloscope will trigger on a pulse
narrower (or wider) than some specified range of time (defined by the upper

limit and lower limit). To set up for width triggering, do the following proce-

dures.

Overview Trigger based on pulse width Control Elements & Resources
Select width [ 1.  From the tool bar, touch Trig and select the A Event tab [ Tig |
triggering of the Trigger control window.
2. Touch Width.
Select the | 3.  To specify which channel becomes the trigger source,
source touch Source and select the source from the list. —
Select the [4. To specify the polarity of the pulse, touch Pos (positive)
polarity or Neg (negative) from the window. e’

Pos looks at positive-going pulses.

Neg looks at negative-going pulses.

Ch
Lotain) ﬂj
Lower Limit
& | '

Trig When
Inside ¥
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Overview Trigger based on pulse width Control Elements & Resources

Set to trigger | To set the range of widths (in units of time) the trigger source

when | will search for and to specify whether to trigger on pulses that
are outside this range or within this range, do the following
steps:

5. Touch Trigger When and select from the list: Tigger ,
Inside triggers on pulses that fall within the specified ua el
B ‘LLDWEI Limit

range. N B g EE
;
Outside triggers on pulses that are outside the range.

6. To set the range of pulse widths in units of time, touch i ras puise idh Tigger

Upper Levelr
-

Upper or Lower Limit and enter the values with the B -
general purpose knob or keypad: - Lower Levst *

2oy !

Upper Limit is the maximum valid pulse width the
trigger source will look for.

Lower Limit is the minimum valid pulse width. The
oscilloscope will always force the Lower Limit to be less
than or equal to the Upper Limit.

Set the level [ 7. Touch Level and use the multipurpose knob or keypad to
set the trigger level.

Trig When

To set mode (8. Mode and holdoff can be set for all standard trigger
and holdoff types. To set mode and holdoff, refer to To Set Holdoff
on page 3-64 and To Select the Trigger Mode on
page 3-61. To learn more about trigger mode and
holdoff, see the descriptions Trigger Modes on

page 3-55 and Trigger Holdoff on page 3-56.

oo

See To Set Holdoff on page 3-64 and To Select
the Trigger Mode on page 3-61 for mode and
holdoff setup.
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To Trigger Based =~ When you select the type Transition Time (slew rate), the oscilloscope will
on Transition Time  trigger on a pulse edge that traverses between an upper and lower threshold faster
or slower than a transition time you specify. To set up for transition time
triggering, do the following procedures.
Overview To trigger based on transition time Control elements & resources
Select transition [ 1.  From the tool bar, touch Trig and select the A Event tab
triggering of the Trigger control window.
2. Touch Transition. B
Select the | 3.  To specify which channel becomes the trigger source,
source touch Source and select the source from the list.
Select polarity | 4.  To specify the direction of the pulse edge, touch Polarity

and select Pos (positive), Neg (negative) or Either from
the window:

Pos monitors the transition time (slew rate) of the
positive-going edges of pulses. The edge must first
cross the lower threshold and then cross the upper
threshold.

Neg monitors the transition time (slew rate) of the
negative-going edges of pulses. The edge must first
cross the upper threshold and then cross the lower
threshold.

Either monitors positive- and negative-going edges of
pulses. The edge may first cross either threshold and
then cross the other.

Trigger Type
Widh

Upper Level

i |

Lower Level

800.0m

NEG
Eitter

Time Trigger
Trigger When
Transition Time

FiE T
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Overview

To trigger based on transition time

Control elements & resources

Set the
transition time

The threshold levels and the delta time setting determine the
transition time (slew rate) setting. To set these parameters:

5. Touch the Upper Level or Lower Level button and use
the multipurpose knob or keypad to set the values for
the upper and lower levels.

Note: you can set the level to a value appropriate to
either TTL or ECL logic families. To do so touch Level
and select the keypad; touch either TTL or ECL.

Hint: To use the Trigger Bar to set the threshold levels,
touch the Disp button, select the Objects tab, and then
touch Long to display the long trigger bar.

The level settings determine the voltage component of slew
rate (Volts/Second). To finish specifying the slew rate
(transition time), set the time component by doing the
following steps:

6. Touch Time and use the multipurpose knob or keypad to
set the delta time value.

Source  Tra ime Trigger
Trigger When

chi ¥ & Transition Time
= [ < N - |
< >
Upper L L
. —L

Time

205
Lower Level 8 Polarity
sooom | ¥ P05 W

AiTraisition — Acy Ater Delay

Trigger Type Source  Transition Time Trigger
Widh Trigger When

ieh forn
ChilR) ¥ Transition Time
— T
et Upper Level [®
ansition Stas - {

Lower Level # Polarity
* v

ATransition — Aty Afler Delay

Source  Tran Time Trigger
chi ¥ P
—
Upper Level
12 —L

Lower Level Polarity
800.0m EECHRY)
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Overview To trigger based on transition time Control elements & resources

Set to trigger | The oscilloscope compares the pulse edge of the trigger

when | source against the transition time (slew rate) set by the upper
and lower threshold settings and the delta time set in the
window. To select whether to trigger on edges with transitions
times (slew rates) faster than or slower than that set by these
controls, do the following step:

7. Touch Trigger When Transition Time < or Trigger When i
Transition Time >. i i - e

< triggers when the transition time is greater than the
time you set.

Lawer Leval Polarity

800.0m [ pos W

2.0ns

> triggers when the transition time is less than the time
you set

If you select Trigger When Transition Time > (greater than)
and the oscilloscope does not trigger, it may be because the
pulse edge is too fast rather than too slow. To check the edge
speed, switch to edge triggering. Then trigger on the pulse
edge and determine the time the edge takes to travel
between the levels set in the slew rate Thresholds menu. The
oscilloscope cannot transition trigger on pulse edges that
traverse between threshold levels in 600 ps or less.

Also, to reliably transition trigger, a pulse must have a width
of 8.5 ns or more. A pulse of less width may trigger on the
wrong slope or not trigger at all. Switch to edge triggering
and check the pulse width if you can't transition trigger as
expected.

To set mode (8. Mode and holdoff can be set for all standard trigger
and holdoff types. To set mode and holdoff, refer to To Set Holdoff

on page 3-64 and To Select the Trigger Mode on
page 3-61. To learn more about trigger mode and
holdoff, see the descriptions Trigger Modes on

page 3-55 and Trigger Holdoff on page 3-56.

ooo

See To Set Holdoff on page 3-64 and To Select
Trigger Mode on page 3-61 for mode and holdoff
setup.
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Trigger Based on
Pulse Timeout

When you select the type Timeout, the oscilloscope will trigger when a pulse
transition does NOT occur within a specified time limit. That is, the trigger will

occur when, depending on the polarity you select, the signal stays higher or stays
lower than the trigger level for the timeout value. To set up for timeout trigger-

ing, do the following procedures.

Overview

Trigger based on pulse timeout

Control elements & resources

Select timeout
triggering

1.

From the tool bar, touch Trig and select the A Event tab
of the Trigger control window.

Touch Timeout.

ATimeoul — Acg

Source

Select the
source

3.

To specify which channel becomes the trigger source,
touch Source and select the source from the list.

AeTineout — Asi After Delay

Source Timeout Trigger

Level

= [ sty
I ]
;,

—L Timer

Set to trigger
when

4,

Touch Stay High, Stay Low, or Either from the Trigger
When window:

Stay High causes a trigger if the signal stays higher
than the trigger level for longer than the timeout value.

Stay Low causes a trigger if the signal stays lower than
the trigger level for longer than the timeout value.

Either causes a trigger if the signal stays lower or stays
higher than the trigger level for longer than the timeout
value.

Source Timeout Trigger | source Timeout Trigger | source Timeout Trigger

o

Trigger When

Set the timer

5.

To set the timeout timer, touch Timer and use the
multipurpose knob or keyboard to set the time.

ATimendt — Ao After Delay

Source Timeout Trigger
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Overview Trigger based on pulse timeout

Control elements & resources

Set the level [ 6. To set the Level, touch Level and use the multipurpose
knobs or keypad to set the timeout trigger level.

Note: you can set the level to a value appropriate to
either TTL or ECL logic families. To do so touch Level
and select the keypad; touch either TTL or ECL.

To setmode (7. Mode and holdoff can be set for all standard trigger
and holdoff types. To set mode and holdoff, refer to To Set Holdoff

on page 3-64 and To Select the Trigger Mode on
page 3-61. To learn more about trigger mode and

holdoff, see the descriptions Trigger Modes on

page 3-55 and Trigger Holdoff on page 3-56.

oo

See To Set Holdoff on page 3-64 and To Select
the Trigger Mode on page 3-61 for mode and
holdoff setup.
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Trigger on a Pattern

When you select the type Pattern, the oscilloscope will trigger when the inputs to

the logic function you select cause the function to become TRUE (or at your
option FALSE). To setup pattern trigger, do the following procedures.

Overview Trigger on a pattern Control elements & resources
Prerequisites [ 1.  The oscilloscope must be installed and operating.
Acquisition system should be set to Run, and the
vertical and horizontal controls should be set appropri- o0
ately for the signal to be acquired. =
See page <3-21> for acquisition setup
To Triggeron a | 2.  From the tool bar, touch Trig and select the A Event tab
pattern of the Trigger control window.
3. Touch Pattern.
To define | 4.  To set the logic state for each of the input channels AiPalern -» o Alr Dy
pattern inputs (Ch1, Ch2, . . .), touch each Input Threshold and select L el e
either High (H), Low (L), or don't care (X) from the RIREAREIANE
menu. S e
= Trigger When
Pattern
True ¥
Toset [5. To set the logic threshold for each channel, select the HiPattern — oo After Delay
thresholds channel threshold and use the multipurpose knob or

keypad to set each threshold.

Input Threshold
Ch1 Ch2 Ch3

H¥ L

Pattern Type

Chd Em
AND
B H

Bl o e 1.2

e
NAND O,

Trigger When

Pattern
True W
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Overview

Trigger on a pattern

Control elements & resources

To define the
logic

6.

To choose the logic pattern type you want applied to the
input channels, touch an available type from the Pattern
Type window. (See page 3-70 for definitions of the logic
functions for both pattern and state triggers.)

Pattern Type

To set trigger
when

7.

To choose to trigger when the logic condition is met
(goes TRUE) or when the logic condition is not met
(goes FALSE), touch Trigger When Pattern and select
False, Less Than, More Than, or True from the list.

The list items More Than and Less Than are used to
time qualify a pattern trigger. See the procedure Define
a Time Qualified Pattern Trigger that follows for
instructions.

doPattern — Aoy After Delay

Input Threshold
Ch1 Ch2 Ch3

To set mode
and holdoff

Mode and holdoff can be set for all standard trigger
types. To set mode and holdoff, refer to To Set Holdoff
on page 3-64 and To Select the Trigger Mode on
page 3-61. To learn more about trigger mode and
holdoff, see the descriptions Trigger Modes on

page 3-55 and Trigger Holdoff on page 3-56.

oo0d

See To Set Holdoff on page 3-64 and To Select
the Trigger Mode on page 3-61 for mode and
holdoff setup.
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Overview

Trigger on a pattern

Control elements & resources

To define a time
qualified pattern

trigger

You can time qualify a pattern logic trigger. That is, you
specify a time that the boolean logic function (AND, NAND,
OR, or NOR) must be TRUE. To specify the time limit as well
as the type of time qualification (More Than or Less Than the
time limit specified) for a pattern trigger, do the following

step:
9.

Select Trigger When Time and set the time using the
multipurpose knob or keypad.

When you select TRUE for Less Than and specify a
time, the input conditions you specify must drive the
logic function high (TRUE) for less than the time you
specify. Conversely, the TRUE for More Than item
requires the boolean function to be TRUE for longer
than the time you specify.

Note the position of the trigger indicator. Triggering
occurs at the point that the oscilloscope determines that
the logic function you specify is TRUE within the time
you specify. The oscilloscope determines the trigger
point in the following manner:

m |t waits for the logic condition to become TRUE.

m |t starts timing and waits for the logic function to
become FALSE.

m |t compares the times and, if the time TRUE is
longer (for TRUE for more than) or shorter (for
TRUE for less than), then it triggers a waveform
display at the point the logic condition became
FALSE. This time can be, and usually is, different
from the time set.

In the figure, the delay between the vertical bar cursors
is the time the logic function is TRUE. Since this time is
more (4.9 ns) than that set in the TRUE for More Than
item (3 ns), the oscilloscope issues the trigger at that
point, not at the point at which it has been TRUE for
3ns.

Trigger When

Pattarn Time
Iore Than W 3.0ns

Logic function (AND)

becomes TRUE Time logic

function is TRUE

@ (D O @

23 May 00 2010 i
Cursl Pos

€
P Menu
A 4893 D
prliak 203 3Kk T S s

Tek  Run Sample

12:-92.0n5

Curs2 Pos

-82.0n3

Cursor Source

o
Channel

Cursor Type
HBars Paired

I

Ch1 50V B ch2 50V W1 2,005 2 5BE 5 50505 400ps
A Pattern HH:|4AND Setup Close

Logic function becomes
FALSE and triggers
acquisition

Time Logic Function Must be TRUE = 3 ns
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To Trigger on a State ~ When you select the type State, the oscilloscope uses channel 4 as a clock and
triggers on a logic circuit made from the rest of the channels (page 3-70
describes how state triggers work). To use state triggering, do the following
procedures.

Overview To trigger on a state Control elements & resources
Select state trig- | 1.  From the tool bar, touch Trig and select the A Event tab [ Tig |
gering of the Trigger control window.
2. Touch State.
Define inputs | 3. To set the logic state for each of the input channels BTN Ve - EE
(Ch1, Ch2, Ch3, and Ch4), touch each Input Threshold Tamile Dl ann
and select either High (H), Low (L), or don’t care (X) iv [avw [rsy
from the menu. The choices for Ch4 are rising (POS) TR
edge and falling (NEG) edge.
Pattern Type
Set thresholds | 4.  To set the logic threshold for each channel, select the Input Threshold
channel threshold and use the multipurpose knob or Ch2 ch3  Ch4({CIK) | yigqer When
keypad to set each threshold. ¥ | POSYW Paltern
True ¥
Pattern Type
Define logic | 5. To choose the logic pattern type you want applied to Pattern Type

channels 1 through 3, touch an available type from the
Pattern Type window. (See page 3-70 for definitions of
the logic functions for both pattern and state triggers.)
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Overview To trigger on a state Control elements & resources
Set trigger | 6.  To choose to trigger when the logic condition is met Trigger When
when (goes TRUE) or when the logic condition is not met Fallern
(goes FALSE), touch Trigger When Pattern and select e ¥
False or True from the list. False
For simplest operation, leave this control set to TRUE.
Setting the control to FALSE complements the output of
the chosen pattern function, for example, from AND to
NAND or NOR to OR.
To setmode (7. Mode and holdoff can be set for all standard trigger
and holdoff types. To set mode and holdoff, refer to To Set Holdoff
on page 3-64 and To Select the Trigger Mode on 00
page 3-61. To learn more about trigger mode and =
holdoff, see the descriptions Trigger Modes on
page 3-55 and Trigger Holdoff on page 3-56.
See To Set Holdoff on page 3-64 and To Select
Trigger Mode on page 3-61 for mode and holdoff
setup.
To Trigger on Setup/  When you select the type Setup/Hold, the oscilloscope uses one channel as a data
Hold Time Violations  channel (the factory default setting is Ch1), another channel as a clock channel
(default is Ch2), and triggers if the data transitions within the setup or hold time
of the clock. (Pages 3-71 and 3-71 describe how setup/hold triggers work). To
use setup and hold triggering, do the following procedures.
Overview To trigger on setup/hold time violations Control elements & resources
Select setup/ [ 1.  From the tool bar, touch Trig and select the A Event tab [ Tig |
hold triggering of the Trigger control window.
2. Touch Setup/Hold. e
e e
'(%s!m”:E Clock Edge HDI;”::"‘E
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Overview To trigger on setup/hold time violations Control elements & resources
Define the data | 3. To select the channel that is to contain the data signal, EUETETRN N ST - AR .
source touch Data Source and select the source from the list. | aon
Do not select the same channel for both the data and sl
clock sources. me
tha ¥ Clock Edge =L
CInr:;.wel =
Define the clock (4. To select the channel that is to contain the clock signal  Eeent | REEEISTIN MEIETITEN ARETTON e 1o e
source and and the edge to use to clock, touch Clock Source and T g || P pm— Ve
edge select the source from the list. el
Do not select the same channel for both the data and o
clock sources.
5. To select the edge to use to clock, select either Pos or
Neg from the Clock Edge window.
Set the data and | To set the transition levels that the clock and data must cross 7 04 - BRI 7
clock levels | to be recognized by the oscilloscope: R - iotsion

6.

Touch Data Level and use the multipurpose knobs or
keypad to set the data level.

Touch Clock Level and use the multipurpose knobs or
keypad to set the clock level.

Note: you can set the levels to a value appropriate to
either TTL or ECL logic families. To do so touch either
the Data Level or Clock Level and select the keypad;
touch either TTL or ECL.

The oscilloscope uses the clock level you set to
determine when a clock edge occurs. The oscilloscope
uses the point the clock crosses the clock level as the
reference point from which it measures setup and hold
time settings.

wridih Pattern
Staie

chi ¥ [ s
Data Level || g i
¢ R
Clo ce
cthe ¥ Clock Edge

Clock LEHIJ:
i

Clock Source
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Overview

To trigger on setup/hold time violations

Control elements & resources

Set the setup
and hold times

To set the setup time and the hold time relative to the clock:

9. Touch Setup Time and use the multipurpose knobs or
keypad to set the setup time.

10. Touch Hold Time and use the multipurpose knobs or
keypad to set the hold time. See Figure 3-24.

Positive setup time always leads the clock edge; positive
hold time always follows the clocking edge. Setup time
always leads the hold time by at least 2 ns (Tg + Ty = 2 ns).
Attempting to set either time to reduce the 2 ns limit adjusts
the other time to maintain the limit.

In most cases, you will enter positive values for both setup
and hold time. Positive values set the oscilloscope to trigger
if the data source is still settling inside the setup time before
the clock or if it switches inside the hold time after the clock.
You can skew this “setup/hold violation zone” that the setup
and hold times form by entering negative values. See
Figure 3-23 on page 3-72.

Clock Edge

Trigger inside
Violation

To set mode | 11. Mode and holdoff can be set for all standard trigger
and holdoff types. To set mode and holdoff, refer to To Set Holdoff
on page 3-64 and To Select the Trigger Mode on o0
page 3-61. To learn more about trigger mode and =
holdoff, see the descriptions Trigger Modes on
page 3-55 and Trigger Holdoff on page 3-563-55.
See To Set Holdoff on page 3-64 and To Select
the Trigger Mode on page 3-61 for mode and
holdoff setup.
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Cursors measure the setup/hold
violation zone which equals setup
time + hold time (30 ns).

The oscilloscope recognizes the
violation and triggers at the clock edge.

Data (Ch1) transition occurs
within = 14.88 ns after the
clock violating the hold time limit.

Dely[C1,62) | -14.88ns

i

Ch2  500mY M10.0ns 5.085/% 200ps
A StHId

Figure 3-24: Triggering on a Setup/Hold time violation
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Sequential Triggering

Using Sequential
Triggering

3-92

In applications that involve two or more signals, you may be able to use
sequential triggering to capture more complex events. Sequential triggering uses
the A (Main) trigger to arm the trigger system, and then uses the B (Delayed)
trigger to trigger the oscilloscope if a specific condition is met. You can choose
one of two trigger conditions:

m  Trig After Time: After the A trigger arms the trigger system, the oscilloscope
triggers on the next B-trigger event that occurs after the Trigger Delay Time.
You can set the trigger delay time with the keypad or the multipurpose
knobs.

m  Trigger on n Event: After the A trigger arms the trigger system, the
oscilloscope triggers on the n! B event. You can set the number of B events
with the keypad or the multipurpose knobs.

NOTE. The traditional delayed trigger mode called “Runs After” is served by the
TDS7000 feature Horizontal Delay. You can use horizontal delay to delay
acquisition from any trigger event, whether from the A (Main) trigger alone or
from a sequential trigger that uses both the A (Main) and B (Delayed) triggers.
See Triggering with Horizontal Delay On on page 3-94 for more information.

Read the following topics; they provide details that can help prevent false steps
in setting up to trigger on your waveforms.

Trigger Sources. In most cases, it makes sense to set separate trigger sources for
the A (Main) and B (Delayed) triggers. Line is not available as a source for the B
trigger.

Trigger Types. When using sequential triggering, the A trigger must be set to one
of the following types: Edge, Glitch, or Width. The B trigger is always Edge

type.
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Triggering with Horizontal Delay Off. Figure 3-25 compares the sequential trigger
choices A-Only, Trig After Time, and Trig on n! Event when horizontal delay is
off. Each illustration shows where pretrigger and posttrigger data is acquired
relative to the trigger event.

Pretrigger record Posttrigger record
A (Main) Only | < Waveform record |
tiggr UL AR UL
source \
A trigger point | Start posttrigger acquisition

Trig After Time

Atrigger point

L
- NE|
Atrigger |

source

B trigger

source
’-— Trigger delay time —-4 |

B trigger point; Start posttrigger
acquisition on first B trigger after delay

Trig on nth Event

Atrigger point | «—— Waveform record |

Atrigger
source
B trigger
source
| ' / | B trigger point; Start posttrigger
Waiting for nth event acquisition on nth B event

(where n=5)

Figure 3-25: Triggering with Horizontal Delay off
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Triggering with Horizontal Delay On. You can use horizontal delay when you want
to acquire a waveform record that is separated from the trigger event by a
significant interval of time. The horizontal delay function can be used with any
trigger setup. You can turn horizontal delay on and off from the front panel, the
Horizontal/Acquisition control window, and many of the Trigger control
windows. Figure 3-26 compares the sequential trigger choices A-Only, Trig
After Time, and Trig on n! Event when horizontal delay is on. Each illustration
shows where pretrigger and posttrigger data is acquired relative to the trigger
event.

Pretrigger record Posttrigger record

A (Main) Only with | Waveform record |

Horizontal Delay Atrigger point ~_ |
Atrigger [
source ;

I
t— Horizontal delay —| Start posttrigger acquisition
Trig After Time with

Horizontal Delay B trigger point

_—
Atrigger point | | Waveform record |
ser 5 MM |
source :

. NG
Trigger delay time }4— Horizontal delay —>| Start posttrigger acquisition

Trig on nth Event

with Horizontal Delay B tigger point

Atrigger point | |

Atrigger \ | |

source \ '

B trigger I\ | I\ I\ I\ #\ I\ I\ I\ ||\ I\ w
source :

. A
Waiting for nth event }4* Horizontal delay —>| Start posttrigger acquisition

(where n=4)

Waveform record —————— |

. —

Figure 3-26: Triggering with Horizontal Delay on
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Trigger on A Only with
horizontal delay off

Trigger on A Only with
horizontal delay on

B trigger after delay with
horizontal delay off

B trigger after delay with
horizontal delay on

B trigger on events with
horizontal delay off

B trigger on events with
horizontal delay on

The flow diagram in Figure 3-27 summarizes all combinations of triggering and

horizontal delay.

Wait for
A (Main)
trigger

Acquire

posttrigger

data

Wait
user-specified
horizontal
delay time
Wait for B
Wait user-specified trigger event
trigger delay time [
Wait for B Wait
trigger event user-specified
horizontal
delay time
Wait the
user-specified
number of B trigger [
events
Wait the Wait
L, user-specified user-specified
number of B trigger horizontal
events delay time

Figure 3-27: Trigger and Horizontal Delay summary
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To Trigger on a Sequence

Use the procedure that follows when setting up the oscilloscope to trigger on a

sequence. For more information, display online help while performing the

procedure.

Overview To trigger on a sequence Control elements & resources
Prerequisites [ 1. The oscilloscope must be installed with a signal
connected to an input channel. Acquisition system
should be set to Run, and the vertical and horizontal
controls should be set appropriately for the signal to be
acquired. See page <3-21> for acquisition setup
To trigger on [ 1.  From the tool bar, touch Trig and select the A->B Seq -““

a (main) only

tab of the Trigger control window.

2. Touch A Only to turn off sequential triggering.

A-5B Sequence Horizontal
Delay Mode

Position
)

To triggeron |1. To set the time base to run after an A trigger, a trigger
b after time delay, and a B trigger, from the tool bar, touch Trig and
select the A->B Seq tab of the Trigger control window
2. Touch Trig After Time.
B Trig Level
3. To set the trigger delay, touch Trig Delay and use the
multipurpose knob or keypad to set the time. et
o P
4. To set the B trigger level, touch B Trig Level and use the | el Rl
multipurpose knob or keypad to set the level. e o
B Trig Level ®
Athen B .
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Overview To trigger on a sequence Control elements & resources
To trigger on | 1. To set the time base to trigger after an A trigger and a [ Tig |
b events specified number of B trigger events, from the tool bar,
touch Trig and select the A->B Seq tab of the Trigger
control window
2. Touch A Then B Trig on nth Event S T

A->B Sequence - Position
a only Delay Mode 0.0

Athen B

B Trig Level
14%
Trig Aiter
Time Trig Event

1

(vl 4]
3. To set the number of B trigger events, touch Trig Event SEvet | Mode | S — ijstonsh s ~ Dot ~ s
and use the multipurpose knob, keyboard, or up and B Sequence—) vorzants |
A Only 0.0
down arrows to set the number of events. | o |

B Trig Level ®
Athen B 14y | ®

Trig After

4. To set the B trigger level, touch B Trig Level and use the ORI —— — ‘
multipurpose knob or keypad to set the level. m -

B Trig Level| ®
Athen B L

T
Trig Event
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Overview To trigger on a sequence Control elements & resources
Tosetupb [1. To set the B Event trigger, from the tool bar, touch Trig
triggering and select the B Event tab of the Trigger control window.
2. To specify which channel becomes the B trigger source, o .
touch Source and select the source from the list. ey g eel
=
J Set 50%
3. Touch COUPLING and select the trigger coupling to T —
match your trigger signal. v
|
4. To specify the direction of the edge, touch Slope and s
select Pos (positive) or Neg (negative) from the window: Giov g Tl
Pos monitors positive-going edges. R i
Neg monitors negative-going edges. BmEa
5. To set the B trigger level, touch B Trig Level and use the s"J =
multipurpose knob or keypad to set the level. Note: you R
can also touch Set 50% to set the B trigger level to the cauping
midpoint between the positive and negative peak of the =
B trigger signal. " J
For further |6. Touch the Help button in the Trigger control window to
assistance access the online assistance specific to triggering
commands.
See page 3-245 for information on online assistance
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Comm Triggering

The oscilloscope can trigger on communication signals. For detailed information
on using comm triggering to trigger on your communications signals see the
CSA7000, TDS7000 & TDS6000 Series Options SM Serial Mask Testing and
Option ST Serial Triggering User Manual.

NOTE. The instrument will attempt to acquire lock once. If the input data is
disrupted, removed, or heavily distorted, the instrument may not acquire lock or
may lose lock. If the recovered clock is not locked to the incoming data, the
waveform display will not be stable. Once the input data is available, press the
PUSH TO SET 50% knob to force the instrument to reacquire lock.
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Displaying Waveforms

This oscilloscope includes a flexible, customizable display that you can control
to display the waveforms you acquire. This section presents the following topics:

m  Using the Waveform Display
m  Setting Zoom Controls

®  Customizing the Display

Storage

Acquisition
g@— Input system @

Display

Waveform
transform
system
Horizontal

timebase
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Displaying Waveforms

Using the Waveform Display

3-102

(4) Horizontal reference
(2) Graticule

(1) Display

(3) Horizontal scale readout

The waveform shown below is displayed as part of the User Interface (UI)
application. The UI application takes up the entire screen of the oscilloscope and
the graticule takes up most of the UI application. Some terms that are useful in
discussing the display follow.

Measwe  Math  Utiltiss  Help

Ei|E= Edit HE:ltil::-Eﬂ Hl:l[iE.-".-"-".E:ljl l[ig Ei:5:|:||-3_'.-' EI_I[:E:D[:E:

Tek  Preview Sample

....................... =:i.
© kosmon
-;;.------~--;-------~--;-.--:. 49.5?’“
e -
ES ; : Scale
1 e 9
owBDY LR m2)uesomss o onds. o 40ms
)QE:MJ;IJ.D Y : ; -
< IZZﬁﬁiﬁZﬁﬁiﬁZﬁliﬁZZZiZZZZ::ZZZZ:ZZZZEZZZZEZZZZ.....
e [FE/ PN TP iyt
....................... E Pusitiunr

1 : : : : ! : : : : 5 aann | ®
L e s / g 5 5 5 5 . 1

________________________ K2
Setup Llose

N Chl  2.5Y

Figure 3-28: Display elements

(1) Display area: the area where the waveforms appear. The display comprises
the timebase and graticules, the waveforms, histograms, and some readouts.

(2) Graticule: a grid marking the display area. When Zoom is on, the upper
graticule displays unmagnified waveforms and the lower graticule displays
magnified waveforms.

(3) Horizontal-scale readout: for magnified and unmagnified waveforms.

(4) Horizontal reference: a control that you can position to set the point around
which channel waveforms expand and contract horizontally on screen as you
change the Horizontal Scale control or push the ZOOM button. The reference is
also the trigger point when the horizontal delay is 0%.
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Touch Screen (not shown): a feature that lets you touch on-screen controls or
touch and drag screen objects to operate the oscilloscope.

Some features of the display follow.

Flexible Display Control: Front-panel knobs and buttons support quick access to
the most often used adjustments — those that display, position, and scale
waveforms. Mouse, keyboard, and touchscreen interfaces support complete setup
of all the display parameters. Anything you can do with the mouse, you can do
with the touch screen.

Fast Access to Zoom: Waveform inspection has never been easier. Just touch and
drag a box around the feature of interest and select zoom from the choices
offered, and the feature of interest displays zoomed in the magnified graticule.

Acquisition Preview: When the next acquisition is delayed due to slow triggers or
long acquisition duration, acquisition preview attempts to show what the next
acquisition will look like. Acquisition preview does not re-calculate math
waveforms or represent changes in trigger levels, trigger modes, or different
acquisition modes. Acquisition preview waveforms can’t be saved as data.

Using the Display  Read the following topics; they provide the details that can help you set up the
oscilloscope display so that it best supports your data-analysis tasks.

Waveform Display. In general, the method of displaying a waveform is to define
the waveform, if necessary (math and reference waveforms), and then turn it on.
Table 3-6 summarizes this process as it applies to the different waveforms.
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Table 3-6: Defining and displaying waveforms

Waveform To define: To turn on:

Channel: ~ Ch1 - Ch4 | Channels are predefined Push the Vertical CH button to toggle the channel on
or off.

Reference: Refl - Ref4 | Define an active reference waveform by: From the Refs setup control window, touch Display

®m  Saving a channel, reference, or math waveform
to one of locations Ref1 - Ref4.

m  Recalling a waveform previously saved to a file
into one of locations Ref1 - Ref4.

Both of these operations can be performed from the

to toggle display of the selected reference on or off.

File menu.
Math: ~ Math1 - Math4 | Define a math waveform by creating a math When defining a math waveform, you turn it on in
waveform using existing sources (channel, math, the Math setup control window.

Expression.

and reference waveforms, and measurements).

This operation can be performed by touching the
Math button and then selecting Define/Edit

Operations on Waveforms. In general, the method of adjusting (vertically scaling,
offsetting, positioning, and so on) is from the front panel: adjust a waveform
using its Vertical Scale and Position knobs.

Table 3-7 summarizes operations you can perform for the three waveform types.

Table 3-7: Operations performed based on the waveform type

Control function Waveform supports | Operating notes

Ch Ref Math
Vertical Scale Yes Yes Yes Math and reference waveforms are scaled and positioned from their
Vertical Position Yes Yes Yes setup control windows.
Vertical Offset Yes No No
Horizontal Scale Yes Yes Yes Waveforms are adjusted according to the Zoom Lock setting.
Horizontal Position Yes Yes Yes
Horizontal Record Length Yes No No
Quick Horizontal and Vertical Yes Yes Yes Dragging a box around a portion of the selected waveform adjusts
Scale Adjust (Zoom) horizontal scale to fill the zoom graticule with the boxed portion (see

Setting Zoom Controls on page 3-109).
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Graticules. Touch a Graticule Size button in the Zoom Setup window to change
the size of the acquisition waveform and zoomed waveform windows. The 50-50
button allocates half of the available display for the zoomed graticule and half of
the available display for the acquisition window. The 80-20 button allocates 80%
of the available display for the zoomed graticule and 20% for the acquisition
window. Touch 100 to use the entire display for the zoomed graticule.

Figure 3-28 on page 3-102 shows the elements of the graticules; the elements
are the same for each graticule displayed.

Operations on the Timebase. In general, the method of adjusting (horizontally
scaling, setting resolution/record length, positioning, etc.) is from the front
panel: adjust the timebase using the Horizontal Scale, Resolution, and Position
knobs. Only channel waveforms can be set directly:

Table 3-7 shows how horizontal operations relate to the waveform types; the key
points to remember follow:

B The oscilloscope displays a reference waveform with horizontal settings in
effect at the time it was saved. You cannot adjust these settings. See Saving
and Recalling Waveforms on page 3-213 for more information on reference
waveforms.

®m  The oscilloscope displays a math waveform with the horizontal settings
derived from the math expression that creates it. You cannot change these
directly. See Creating and Using Math Waveforms on page 3-153 for more
information on math waveforms.

®m  All waveforms are displayed fit-to-screen; that is,within the horizontal
divisions that the graticule provides. However, some waveforms may be
wider or narrower than the full graticule due to acquisition rate/time scale
combinations and acquisition preview.

Display and Acquisition Controls. For channel waveforms, the vertical and
horizontal controls you set also adjust the oscilloscope acquisition parameters.
See the following descriptions for more information:

B Vertical Acquisition Window Considerations on page 3-14

B Horizontal Acquisition Window Considerations on page 3-18
Horizontal Position and the Horizontal Reference. The time values you set for
horizontal position are from the trigger point to the horizontal reference point.

This is not the time from the trigger point to the start of the waveform record
unless you set the horizontal reference to 0%. See Figure 3-29.
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Trigger point

- Waveform record

~&——— Horizontal position —»‘

O O O
Time of first point Horizontal Time of last point

reference point
Figure 3-29: Horizontal Position includes time to Horizontal Reference

Mouse and Touch Screen Operation. In general, anything you can do with the

mouse, you can do by touching the screen, if the touch screen is on. You can

select or change all menus and buttons that are displayed on screen by mouse
clicks or touching the on-screen control while the touch screen is on.
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To Display Waveforms in ~ Use the procedure that follows to become familiar with the display adjustments
the Main Graticule  you can make.

Overview To display waveforms in the main graticule Related control elements & resources

Prerequisites | 1. The oscilloscope must be installed and operating. S

2. The acquisition system should be set to run
continuously.

See page page 3-27 for acquisition setup and
page 3-53 for trigger setup.

Set vertical | 3. Push a channel button to select the waveform (it I

VERTICAL

display dlsplays) POSITION @ POSITION @ POSITION @ POSITION
parameters A channel button lights when its channel is on. @ @ @ *g;; @ —

SCALE SCALE SCALE SCALE

Hint. For information on math waveforms, see To ? ? @ @
Define a Math Waveform on page 3-160. For

information on reference waveforms, see Saving
and Recalling Waveforms on page 3-213.

4. Use the Vertical knobs to achieve a good display
of each waveform you select.

Set horizontal | 5.  To make sure the main graticule is selected, push the —— HORIZONTAL =
display Zoom button to toggle it off. Use the horizontal knobs to @
parameters scale and position the waveform on screen and to set

sample resolution. RESOLUTION

i SAMFLES

<] SCALE |

&

Scaled Horizontally Positioned Horizontally

. )/

The Sample Density knob sets the record length. (See
discussion on page 3-19.)

Push PUSH TO SET TO 50% if required to stabilize rst o
display. @
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Overview

To display waveforms in the main graticule (Cont.)

Related control elements & resources

Adjust the
horizontal
reference

6.

To adjust the point around which the waveforms
expand and contract, touch the Horizontal Reference
and drag it left or right on screen.

Move the Horizontal Reference along the horizontal
axis until it aligns to the point on the waveform you
want to be stationary on screen.

Note: if Delay is off, Horizontal Reference is the same
as Horizontal Position.

Release the Horizontal Reference, and then adjust
the Horizontal Scale.

Horizontal reference

.

Yy

o

i o ".

A

Quick-adjust
the timebase
(zoom)

To quickly rescale a portion of a channel waveform so
it expands to fill the 10 divisions on screen, touch and
drag across the segment of the waveform that you
want to see in greater detail. Then select Zoom
50/50%, Zoom 80/20%, or Zoom 100% from the
drop-down list to magnify the highlighted waveform
segment.

Note. The oscilloscope displays the box-enclosed
area on the waveform magnified in the graticule.

Explore the
zoom controls

9.

The next procedure deals with setting up and
controlling Zoom.

See Setting Zoom Controls on page 3-109.
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Setting Zoom Controls

Using with Waveforms

To Zoom Waveforms

The oscilloscope can expand or compress (zoom in or out) on a waveform
without changing the acquisition parameters (sample rate, record length, and so
on). This section describes how to use Zoom and how it interacts with the
selected waveform.

Use Zoom (push the ZOOM button) when you want to expand a waveform to
inspect small feature(s) on that waveform or compare the feature to the non-
zoomed waveform(s). For example, to temporarily expand the front corner of a
pulse to inspect its aberrations, use Zoom to expand it horizontally and
vertically.

To help you use zoom effectively, consider how it operates on waveforms. When
in zoom mode, the oscilloscope vertically expands or contracts one waveform at
a time. Also, the oscilloscope only vertically positions one waveform at a time
when in Zoom.

When zooming horizontally, Zoom expands either the waveform you select, all
live waveforms, or all live and reference waveforms, depending on the setting for
Horizontal Lock in the Zoom menu.

When zooming horizontally or vertically, Zoom expands or contracts the
waveform by the zoom scale factor.

Use the procedure that follows to zoom a waveform. For more information,
display online help when performing the procedure.

Overview To zoom waveforms Control elements & resources

Prerequisites | 1. The oscilloscope must be installed and operating.
Oscilloscope must be powered up, with horizontal and
vertical controls and triggering set up.

See page 3-53 for trigger setup.
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Overview To zoom waveforms Control elements & resources

Select zoom |2. You can select zoom in two ways:

= To zoom a waveform, touch and drag across the
segment of the waveform that you want to see in

greater detail. Then select Zoom 50/50%, Zoom s R T
80/20%, or Zoom 100% from the drop-down list to ) A S
magnify the highlighted waveform segment. e

m  Zoom 50/50% creates two half-height
graticules and displays the magnified
waveform(s) in the lower graticule, and the
unmagnified waveform(s) in the upper
graticule

m  Zoom 80/20% creates two graticules and
displays the magnified waveform(s) in the
larger lower graticule, and the unmagnified
waveform(s) in the upper graticule

= Zoom 100% displays the magnified wave-
form(s) in a single graticule

Note. The oscilloscope displays the box-enclosed area
on the waveform magnified in the graticule. If two
graticules are shown, the magnified waveform is shown
in the bottom graticule.

m  Push the ZOOM button to split the screen and add
a zoom graticule.

If the oscilloscope creates two graticules, the magnified aansan: _ ; _
waveform(s) is displayed in the lower graticule, and the S j o —

unmagnified waveform(s) in the upper graticule. Use the N - i ) T
Zoom Setup menu to change the graticule size. : o

vert Position

] Scale
E o
| K2

chi 50 v
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Overview To zoom waveforms

Control elements & resources

Zooma |3. Tozoom a waveform, start by using one of two methods
waveform to select the axis that you want to adjust:

m  Push the HORIZ button or the VERT button to select
the axis that you want to adjust in the zoom
graticule.

®m  Touch the HORIZ button or the VERT button in the
control window to select which axis is controlled by
the multipurpose knobs.

4. Use the multipurpose knobs to adjust zoom factor and
position of the magnified waveform.

Note. As you change the zoom factor or move the
unmagnified waveform relative to the box, the
oscilloscope alters the magnified display accordingly to
include only the waveform portion within the box.

As you change the zoom factor or move the magnified
waveform, the oscilloscope scales or moves the box
relative to the unmagnified waveform, so that the box
encloses only the magnified portion of the waveform.

5. To select the waveform that you want to change, select
the channel (Ch), Math, or reference (Ref) tab, and then
select the channel, math, or reference number for the
waveform that you want to change, or touch its
level-marker with the mouse or touch screen.

Pasition J!

00 =

Nonzoomed waveforms, with box

B T

(AN 2 ] : 1440 0us T2EMSs - 005, 80.0ns
: B E AChT <00 v ]
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Overview

To zoom waveforms

Control elements & resources

Set up zoom

6.

To display the Zoom setup window, touch Setup in the
controls window.

Note: To reduce the Zoom setup window to the controls
window, fouch Controls.

Touch a Graticule Split button to change the size of the
unmagnified (Acquisition) and Zoom windows:

m 50-50 allocates half of the available display for the
zoomed graticule and half of the available display
for the acquisition window.

m 80-20 allocates 80% of the available display for the
zoomed graticule and 20% for the acquisition
window.

m 100 uses the entire display for the zoomed
graticule.

Depending on the selection for Zoom Lock, Zoom
affects the selected waveform, live waveforms, or all
live, math, and reference waveforms. To set which
controls the horizontal zoom controls affect, touch Zoom
Lock All, Live, or None.

None — the selected waveform in the zoomed graticule
is individually adjusted.

Live — all channels and “live” math waveforms in the
zoomed graticule are adjusted and horizontally
positioned at the same time.

All — all waveforms are adjusted at the same time.

Position Graticule Size
L

50.0% 50%50%
80/20%
100%
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Overview To zoom waveforms Control elements & resources

Checking the | 9. To quickly determine the zoom scale and position of a
zoom scale zoomed waveform, check the readouts:
Position r Graticule Size Lock

and position m  The Horizontal Zoom setup window displays the

horizontal position and zoom factor of the (Zoom)
window. [ v |

Factor  ®
9 *

m  The Vertical Zoom setup window displays the
vertical position and zoom factor of the (Zoom) B . e Cocmesie
window. b *

®  From the Zoom control window, touch Vert or Horiz
to display the vertical or horizontal zoom factor and
position in the control window.

m  From the Zoom control window, touch Position or
Factor and use the multipurpose knobs to change —

the zoom position and factor. The knob readout
also displays the zoom position and factor.

Reset zoom | 10. To reset all Horizontal zoom factors to their defaults,
from the Zoom control window, touch Setup, and select
the Horizontal Zoom tab.

Position r Graticule Size Lock

11. Touch Reset to reset the Horizontal zoom factor and
position.

For further | 1.  Click the Help button while in the Zoom setup window to
assistance access a context-sensitive overview of the Zoom
controls and their set up.

See Accessing Online Help on page 3-245 for
overview of the online help system.
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Customizing the Display

Using Display Controls

Use the display customizing features this oscilloscope provides to present the
display elements — color, graticule style, waveform representation, and so on —
according to your preferences.

From the Color Palette, you can select temperature, spectral, or gray scale color
grading of a waveform so that its data color or intensity reflects the sample
density of the data in that area of the waveform.

Read the following topics; they provide the details that can help you set up the

the display system so that it displays waveforms and other display elements as

you prefer.

Display Settings. Table 3-8 lists display attributes that you can set and where

they are accessed.

Table 3-8: Customizable display elements

Display attribute Access Options
Menu name! Entry
Graticule Style Display Graticule Style
- - Choose from: Full, Grid, Cross-hair, and Frame styles.
Disp Objects
Display Mode Display Display Persistence | choose from Off, Infinite Persistence, and Variable Persistence
Disp Appearance Modes.
Display Style Display Display Style Choose Dots to display each waveform as a series of dots.
Choose Vectors to display vectors or lines between the dots.
Disp Appearance Choose Intensified Samples to display actual samples as bright
dots; interpolated dots are dimmed.
Screen Text Display Screen Text Enter text that you can display and position on screen. Also see
Disp Screen Text Label The Waveform on page 3-215

3-114
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Table 3-8: Customizable display elements (Cont.)

Display attribute Access Options
Menu name! Entry
Color Palette Display Colors Choose Normal to use system colors for best viewing.
(Graticule and Wa- i ) ) )
veform) Choose Green to display variable persistence waveforms in
shades of green.
Choose Gray to display variable persistence waveforms in shades
of gray.
Choose Temp (temperature) to display variable persistence
_ waveforms with the highest sample density points appearing in
Disp Colors warmer colors (reds).
Choose Spectral to display variable persistence waveforms with
the highest sample density points appearing in blue shades.
Choose User to use custom palette colors for the selected source.
Choose User Palette Edit. . . to display the window in which you
can set custom hue, lightness, and saturation for the selected
source.
Reference Colors | Display Colors Choose Default to use the default system color (white) for
reference waveforms.
Disp Colors Choose Inherit to use the same color for the reference waveform
as the original waveform.
Math Colors Display Colors Choose Default to use the default system color (red) for math
waveforms.
Disp Colors Choose Inherit to use the same color for the math waveform as
the waveform the math function is based on.
Waveform Display Appearance
Interpolation X Choose from Sin(x)/x or Linear interpolation.
Disp Appearance
Waveform Intensity | Display Appearance Toggle AutoBright On to set the brightness maximum to the value
of the most frequent event.
Toggle AutoBright Off to let the brightness depend on the trigger
Disp Appearance rate, creating a display like an analog oscilloscope.
Touch Record View or FastAcg/WfmDB, and use the keypad or
multipurpose knobs to adjust the intensity of waveforms.
Display format Display Appearance Choose YT, XY, or XYZ display formats. For additional information
. see To Set Display Format on page 3-45.
Disp Appearance
Trigger Level Marker | Disp Objects Choose a Short level marker at the right side of the graticule, a
Long level marker the width of the graticule, or Off for no trigger
level marker.
Trigger T Display Display Trigger T Toggle on and off the display of a T at the trigger point.
Disp Objects

TDS7104 and TDS7054 User Manual
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Table 3-8: Customizable display elements (Cont.)

Display attribute Access Options

Menu name! Entry
LCD Backlight Display Backlight Timeout | Toggle the backlight timeout on and set the delay time before it
Timeout Enabled becomes active. When on, the back light and LCD (liquid crystal

- _ display) turn off and the Windows screen saver will not display.

Disp Objects When off the Windows screen saver will display if it is enabled.

Date and Time Display Display Date and Toggle on and off the display of the system date and time.
Time

Disp Objects

Set Date and Time | Utilities Set Date and Time | Set the date and time using the Set Time and Date setup window
that is displayed.

1 The Menu Names refer to the menus found in the menu bar or tool bar at the top of the oscilloscope screen.

3-116

Normal and Persistence Displays. Use the display persistence to control how
waveform data ages:

Off style displays waveforms without persistence: each new waveform record
replaces the previously acquired record for a channel. You can choose to
display normal waveforms as vectors, which displays lines between the
record points or dots (vectors off) which displays the record points only. You
can also choose an interpolation mode. See Interpolation below.

Variable Persistence style accumulates the waveform-record points on screen
and displays them only for a specific time interval. Previous waveform data
continuously fades from the display as new waveform records acquire.

Infinite Persistence style accumulates the data record points until you change
some control (such as scale factor) causing the display to be erased.
Waveform data builds up as new data records acquire.

Persistence style is only available for live waveforms (waveforms with data that
is being updated); reference waveforms are static and do not use persistence.
Math waveforms use persistence if their sources are live waveforms.
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Interpolation. When, due to preview or zoom, the available sample density falls
to less than 1 sample per display column, the oscilloscope calculates intermedi-
ate points by either the linear or sine algorithms, and uses them to produce
points. There are two options for interpolation:

B Sin(x)/x interpolation computes record points using a curve-fit between the
actual values acquired. The curve-fit assumes all the interpolated points fall
along that curve. Sin(x)x interpolation is particularly useful when acquiring
more rounded waveforms such as sine waves. It is also appropriate for
general use, although it may introduce some overshoot or undershoot in
signals with fast rise times.

B Linear interpolation computes record points between actual acquired
samples by using a straight-line-fit. The straight-line-fit assumes all the
interpolated points fall in their appropriate point in time on that straight line.
Linear interpolation is useful for many waveforms such as pulse trains.

Interpolation is used whenever the displayed sample density falls below 1 sample
per column. If the acquired record length is 500 points, zoom of 2x requires
interpolation. If instead, the record length of the acquisition is 100K, horizontal
zoom of 200x produces 1 sample per column (100,000/500 = 200); therefore,
you will see interpolated samples starting at the next scale setting.

Set Display Styles  Use the procedure that follows to become familiar with the display adjustments
you can make.

Overview Set display styles Related control elements & resources

Prerequisites | 1. The oscilloscope must be powered up, with any <
waveform you want to display on screen.

See page 3-27 for acquisition setup & page 3-53 for

trigger setup.
Access the | 2. From the tool bar, touch Disp, and then select the
display setup Appearance tab. See right. “ -
dialog box T o watom ooy oo

Persistence Format
Reset

Time
500.0ms
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Overview

Set display styles

Related control elements & resources

Select the
display style
and
persistence
and waveform
interpolation
mode

3.

From the Display Persistence group, choose Off to
select a display with no acquisition data persistence.

Off displays Waveforms with new data replacing the
data from previous waveform acquisitions.

Infinite persistence continuously accumulates record
points until you change an acquisition setting.

Variable persistence accumulates record points for a
specified time. Each point decays in a set time interval.

From Display Style, select an available style:
Vectors displays lines between waveform dots.
Dots displays waveform record points as dots.

Inten Samp displays actual samples as bright dots and
blacks out interpolated samples.

Note: adjustment of display intensity may be necessary
fo set display intensity to the desired level.

Select an Interpolation mode by choosing Sin(x)/x or
Linear. For more information see Interpolation on
page 3-117.

Display
Persistence

aveform

Select a
persistence
mode

From the the Display setup control window (see right),
choose:

= Infinite Persistence to make data persist
indefinitely. Waveform displays accumulate data as
new waveform records acquire, resulting in a build
up of data in the displayed waveforms.

= Variable Persistence to make data persist
momentarily, but also decay. New waveform
displays accumulate data as new waveform records
acquire, but with continuous replacement of the
oldest data.

If you select Variable Persistence, set a time at
which the oldest data fades away.

= Off to make data display for the current acquisition
only.

m  Reset to restart the accumulation of data.

Display
Persistence
Irfinite Reset

Ti
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Overview Set display styles Related control elements & resources
Continue with | 7.  For more ways to customize the display, follow up with
next the next procedure.
procedure

See Customize Graticule & Waveforms on page 3-119.

Customize Graticule &  Use the procedure that follows to become familiar with the display adjustments
Waveforms  that you can make.

Overview Customizations you can make Related control elements & resources

Prerequisites | 1. Display the waveforms to be measured on screen.

The waveform may be a channel, reference, or math
waveform.

See page 3-27 for acquisition setup & page 3-53 for
trigger setup.

Change [2. From the Display setup control window, select the =8 oo
waveform Colors tab. Record View Fastacq  WimpB

color

User Palette

3. Choose a color palette from the Color Palette list. . ot o
Normal, Green, and Gray give the appearance of an
intensity-graded display similar to an analog oscilloscope.

User Paleite

Spectral and Temp use hue to indicate the frequency of
occurrence and to highlight events.

User and User Palette let you create a custom color
palette.
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Overview Customizations you can make (Cont.) Related control elements & resources
Change [4. From the Display setup control window, select the :
graticule style ObjeCtS tab. See I'ight. el ] et
5. Touch the Full, Grid, Cross Hair, or Frame button to
select that style of graticule.
For further | 6. Click the Help button in the tool bar to access a
assistance context-sensitive overview of the display controls and
their set up.
See Accessing Online Help on page 3-245 for
overview of the online help system.
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The oscilloscope comes equipped with cursors and automatic measurements to
assist you in analyzing your waveforms. This section describes these tools and
how you use them:

B Taking Automatic Measurements, on page 3-122, describes how you can
setup the oscilloscope to automatically measure and display a variety of
waveform parameters. See Figure 3-30.

B Taking Cursor Measurements, on page 3-132, describes using cursors to
make measurements on waveforms. See Figure 3-30.

B Taking Histograms, on page 3-138, describes how to take histograms to
view the horizontal or vertical distribution of data on your waveforms.

®m  Optimizing Measurement Accuracy, on page 3-141, tells you how to run
compensation routines and how to deskew channels to optimize the accuracy
of your measurements.

NOTE. You can also make graticule measurements, counting graticule divisions
and multiplying them by the vertical or horizontal scales set for the waveform
you are measuring.
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Graticule

Cursors

Readouts

|

Curs1 Pos
-20.0n3
Curs2 Pos

4. T6ps

T1:-20.0ns
T2 4.76us
AT 4. THls
VAT 209.2Kkhz

JAmMRAlicT)
P 43923405
Jrm:4.08

[ 1o 43.87m

M riseio)

11, 0us 00 M S5 0.05
& Chl o -720m W

4.4%

M4 4

20.06ns

Jp: 20,917 546N
WL P (R e e
o BFS Sp

IFreqic1)
s 103 0EA53K
Im103.0K  M:103.1K
<o 5,993

103 .1kHz

Figure 3-30: Graticule, Cursor, and Automatic measurements

Taking Automatic Measurements

3-122

« Cursor
readouts

Measurement
readouts

The oscilloscope automatically takes and displays waveform measurements. This
section describes how to set up the oscilloscope to let it do the work of taking
measurements for you.

Because automatic measurements use the waveform record points, and in
Fast Acquisitions mode measurements use a two dimensional array of points,
automatic measurements are usually more accurate than cursor and graticule
measurements. And the oscilloscope does the work, continuously taking,
updating, and displaying these measurements.

Some features of automatic measurements follow.

Annotate Waveforms On Screen. You can create text to mark characterization
levels that each measurement uses to compute results. See Customizing the
Display on page 3-114 additional information.
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Figure 3-31: Annotated display

Customize Measurements. To allow you control over how your waveform data is
characterized by measurements, the oscilloscope lets you set the methods used
for measurement. See High/Low Method on page 3-124 and Reference Levels
Method on page 3-125.

See Statistics on Measurement Results. To see how automatic measurements vary
statistically, you can display a readout of the Min, Max, Mean, and Standard
Deviation of the measurement results. See page 3-128 for more information.

Select Measurement Parameters. You can select from an extensive range of
parameters to measure; for a list, see Appendix B: Automatic Measurements
Supported.

Measure Part of a Waveform. You can feed the entire waveform to a measurement
or limit the measurement to a segment of the waveform. By default, the
oscilloscope takes each automatic measurement over the entire waveform record,
but you can use measurement gates and zoom to localize each measurement to a
section of a waveform (see To Localize a Measurement on page 3-130).

Select Measurement Sources. Select from these measurement sources: channel,
Reference, and math waveforms.

Take Measurements on a Frame. In FastFrame, measurements are taken only on
the displayed frame.
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3-124

Using Automatic
Measurements

Read the following topics; they provide the details that can help you set up
automatic measurements so that they best support your data-analysis tasks.

Measurement Selection. The oscilloscope takes automatic measurements of the
following categories: Amplitude, Timing, More, and Histogram. Check
Appendix B: Automatic Measurements Supported for a listing of the measure-
ments that you can choose from in each category.

Number of Measurements. The oscilloscope can take and update up to eight
measurements at one time. You can apply measurements to any combination of
sources (described below). You can take all eight measurements on Chl for
example or you can take measurements on Chl - Ch4, Math1 - Math4, Ref1 -
Ref4, or a histogram.

Measurement Sources. All channel, reference, and math waveforms can serve as
sources for automatic measurements.

Some measurements, such as delay and phase, require two sources. For example,
delay would be used to measure an input from one measurement source (for
example, C1) with respect to an output in another source (C2).

High/Low Method. The levels that the automatic measurement system derives as
the High (Top) or Low (Bottom) for a waveform influence the fidelity of
amplitude and aberration measurements. You can select among the modes the
oscilloscope provides for determining these levels:

B Histogram sets the values statistically. It selects the most common value
either above or below the midpoint (depending on whether it is defining the
high or low reference level). Since this statistical approach ignores short
term aberrations (overshoot, ringing, etc.), Histogram is the best setting for
examining pulses. See Figure 3-32.
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Figure 3-32: High/Low tracking methods

B Min-max uses the highest and lowest values of the waveform record. This
setting is best for examining waveforms that have no large, flat portions at a
common value, such as sine waves and triangle waves — almost any waveform
except for pulses. See Figure 3-32.

Reference Levels Method. A second set of levels affect the fidelity of time-related
measurements, the Hi, Mid, and Lo references. For example, the measurement
system takes risetime measurements from the waveform-edge that transitions
from the Low to High reference levels.

The oscilloscope provides the following calculation methods; refer to Fig-
ure 3-33 as you read about each method:

1. Relative Reference is calculated as a percentage of the High/Low range.

2. Absolute Reference is set by absolute values in user units.
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Reference level calculation methods
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Figure 3-33: Reference-level calculation methods

The High and Low levels from which the reference levels are calculated are the
levels established using the selected Hi/Low method described on page 3-124.
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To Take Automatic ~ Use the procedure that follows to quickly take a measurement based on the
Measurements  default settings for High/Low and for reference-levels.
Overview To take automatic measurements Related control elements & resources
Prerequisites | 1. Obtain a stable display of the waveform to be measured.
See page 3-27 for acquisition setup & page 3-53 for
trigger setup.
Select the [ 2. From the tool bar touch Meas to display the Measurement
waveform setup control window.
3. To select the source waveform you want to measure,
select the Ch, Math, or Ref Source tab, and then touch the
Channel, Math, or Reference button for the waveform you
want to measure.
The waveform may be a channel, reference, or math
waveform.
Take (4. From the Measurement setup control window, select the
automatic Ampl, Time, More, or Histog tab that contains the
measurements measurement you want to take.
5. Touch the button for the measurement you want to take.

For a list of the measurements this oscilloscope can take,
see Appendix B: Automatic Measurements Supported.

The readout for the measurement is automatically e
displayed, and the measurement is added to the S e
measurement list in the control window. e
- - mu] m o Curs2 Pos
Measurements are displayed in the right control window _—
area as show here. If the window is occupied or there
are too many measurements to fit in that area, ' Vo
measurements are displayed in the lower graticule area. TR
. . b m pisairha : r«m :192223574%\/\ 10.08
In Roll mode measurements are not available until after i s L
you stop acquisitions.
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Overview

To take automatic measurements

Related control elements & resources

Remove
measurements

6.

To remove the measurement touch Clear and the last
measurement selected is removed.

To remove any measurement in the measurement list
touch the measurement prior to touching the Clear
button. More than one measurement can be selected by
touching the first measurement to remove and then
dragging across all measurements you wish to select
and then touching the Clear button.

You can also toggle the display of measurements on
and off by touching the Display button.

Clear

Source Measurements

Ch - Min Chi

Display
measurement
statistics

10.

11.

From the Measurements setup control window, touch
Setup Statistics.

From the Statistics control window, select Off, Mean, or
All.

Off turns off measurement statistics
Mean displays the mean of measurements

All displays the Mean, Min, Max, and Standard
Deviation of measurements

To set the number of measurements included in the
measurement statistics, touch Weight n=, and use the
multipurpose knobs or keypad to set the weighting.

Measurement
Statistics
0ff All

¥ibhass

Mean
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Overview To take automatic measurements

Related control elements & resources

Set | 12. From the Measurements control window, touch Setup

measurement Ref Levs to display the Reference Levels setup control
reference window.
levels

13. To use these settings for all measurements, toggle the
Use On All Meas button to On. To set different values
for some measurements, toggle the Use On all Meas
button to Off.

14. To select how the oscilloscope determines the base and
top of the waveform, touch Determine Base, Top Form
Min-Max, Histogram, or Histogram mean.

®m  Min-max uses the highest and lowest values of the
waveform record. This setting is best for examining
waveforms that have no large, flat portions at a
common value, such as sine waves and triangle
waves — almost any waveform except for pulses.
See Figure 3-32 on page 3-125.

m  Histogram selects the most common values above
or below the midpoint. Since this approach ignores
short term aberrations (overshoot, ringing, and so
on), Histogram is the best setting for examining
pulses. See Figure 3-32 on page 3-125.

m  Histogram mean. Calculates the mean value using
all values either above or below the midpoint
(depending on whether it is defining the high or low
reference level). Histogram mean is best for
examining eye patterns and optical signals.

15. To select the reference level units, touch Units Absolute
or Percentage.

m  Absolute sets the units to absolute values in user
units.

m  Percentage sets the units as a percentage of the
High/Low range.

16. To set the reference levels, touch HighRef, Mid Ref, Low
Ref, or Mid2 Ref, and use the multipurpose knobs or
keypad to set the levels.

Use On Use On
All Meas All Meas
m | E

Determine
Base, Form
Min-hat

Type: undefined I Reference Love
High Ref
90.0%

Mid2 Ref Low Ref

50.0% 10.0%
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Overview

To take automatic measurements

Related control elements & resources

Take a
snapshot of
measurements

17.

18.

From the Measurement setup control window, touch the
Snapshot button to display a window of all single
waveform measurements.

Note: Snapshot measurements are taken on the
selected waveform. The Snapshot window tells you the
channel that the measurements are being taken on and
the reference levels used.

Snapshot measurements are not continuously updated.
To update snapshot measurements, touch the Snapshot
Again button.

Phase, Delay, and Histogram measurements are not
included in a snapshot.

For further
assistance

20.

Touch the Help button in the Measurements setup
control window to access the online assistance.

See Appendix B: Automatic Measurements Supported,
on page B-1 for a list of the measurements and their
definitions.

See page 3-245 fo learn about using online help.

To Localize a
Measurement

Use the procedure that follows to take a measurement over a segment of the
waveform (otherwise, the entire waveform feeds the measurement).

Overview

To gate a measurement

Related control elements & resources

Prerequisites

1.

Set up as from last procedure.

See To Take Automatic Measurements on page 3-127

Access gating

2.

From the tool bar, select Meas, and then select Gating
from the Measurement setup control window. See right.

3-130
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Overview To gate a measurement Related control elements & resources
Enable & | 3. To select how to control the gated area, touch bazraremnd
position the Measurement Gating Cursor, Zoom, or Off:
gates
Gate G1 Gate G2
Cursor sets the gated area to the area between the e | N v | il
cursors. Use the multipurpose knobs to adjust the T
cursors on screen such that the area to measure is VT
i e T rewe, R Curs? Pos
between the cursors. e T
Meaé;lllie"r;mnl
) oo |
wwins pE— anmiame i i
ch1 .ZEI .V : mégﬁl;uafliﬂ‘ﬁﬂMS)a‘v ﬂ.ﬂa Eﬂ.ﬂna W W

Zoom sets the gated area to the waveform area
contained in the Zoom graticule.

Off tuns off measurement gating.

Tip. Turning V Bar cursors off will not turn gating off. You
must turn gating off in the Measurement Gating control
window or the Zoom drop-down list.

ot It N tin i U oo o I

Tek _Aun___sample 09 Mar 00 03:30:15 e
: : H Curs1 Pos
W — A——— F——— ———— p—
: : : ~800.0ns
......................... pE——
R e e 300,06
B B : : Measurement
W20 N DL MA00us 12.5M55 - 0.0s 80.0ng Gating
ACh 00 Y n
Cursor
i
B S
P g s s
o zn Setup | Close
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Taking Cursor Measurements

Because cursor measurements give immediate feedback of the amplitude or time
values they measure, they are usually quick to take and are more accurate than
graticule measurements. Because you position cursors wherever you want them
on the waveform, they are easier to localize to a waveform segment or feature
than automatic measurements.

You can measure time or amplitude or both. Vertical cursors measure time or
distance on screen, horizontal cursors measure voltage or amplitude, and paired
cursors measure both. Table 3-9 expands on these definitions.

Table 3-9: Cursor functions (types)

Cursor function Parameter measured Cursor readout
— — | Horizontal cursors measure amplitude (volts, watts). Each cursor Curs1 Pas
measures with respect to: s |

curs?2 Pos

m V1 =Level @ Cursor 1 with respect to its source ground level

Horizontal cursors m V2= Level @ Cursor 2 with respect to its source ground level

m AV =Level @ Cursor 2 - Level at Cursor 1

Level is cursor displacement from the source ground times the
source volts/div. Note that the two cursors may have different
sources and therefore can have different volts/div settings.

| Vertical cursors measure distance (time in seconds or bits). Each curst Pes
| cursor measures with respect to: e

Gurs2 Pos

m  T1=Time @ Cursor 1 with respect to the trigger point

\ m T2 =Time @ Cursor 2 with respect to the trigger point
Vertical cursors m AT =Time @ Cursor 2 - Time @ Cursor 1

Time is divisions of displacement of the cursor from its source trigger
point times the source time/div.

Paired cursors measure both voltage and time. Each cursor is, in curs1 Pos
effect, both a vertical and horizontal cursor. These paired cursors s
cannot be moved off the waveform. curs2 pas

Note that Split cursors are the same as paired cursors except that the
second cursor is on a different waveform than the first cursor. The
Paired (and Split) cursors sources can have different volts/div settings.

|
1~

Cursors can measure channel, reference, and math waveforms. You must set the
source of each cursor explicitly in the Cursor Setup control window.

Cursors are not available with histograms, XY, or XYZ modes.
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Using Cursors  Cursor operation is easy, you move the cursors on screen and read the results in the
cursor readouts. The following key points will help you use the cursors effectively:

Cursor Types. The cursor types are described in Table 3-9 on page 3-132. There
are two cursors displayed for all types, Cursor 1 and Cursor 2. You can move
cursors with the multipurpose knobs or the cursor position controls in the Cursor
Setup control window.

e curs1 pos
: : : : : : : : : Curs? Pos

~ Cursor1 _
: : ) : : : : : : Y1 300 0mY

Y2 G049mY

+ 3 divisions at 100 mv/div. < Al 030 By

. ] Curson 2

+ 3 divisions at 20 mv/div. <

502, 71 - : : : : : : : SAI0. D/

Figure 3-34: Horizontal cursors measure amplitudes

Cursors are Display-Limited. You cannot move a cursor off screen. Also, if you
resize waveforms, the cursors do not track. That is, a cursor stays at its screen
position, ignoring changes to horizontal and vertical scale and position, and
vertical offset (paired and split cursors will track a waveform vertically).

Cursors Ignore the Selected Waveform. Each cursor measures its source, defined
in the Cursors Setup dialog box. Selecting a waveform for scaling on screen (by
pushing the CH 3 front-panel button, for example) does not change the source
that each cursor measures.

After you have selected the source from the Cursors Setup control window, you
can operate the cursor from the front-panel knobs and buttons.

Cursors Treat Sources Independently. Each cursor can take a different, indepen-
dent source, with each source having its own amplitude scale. Consider the
example presented by Figure 3-34 on page 3-133:
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3-134

®m  Cursor 1 is set to measure channel 3 (Ch3), which is set to 100 mV per
division, so cursor readout v1 measures Ch3 relative to its ground as
3 divisions x 100 mV/div, or about 300 mV.

®m  Cursor 2 is set to measure reference 4 (Ref4), which is set to 20 mV per
division, so cursor readout v2 measures R4 relative to its ground as
3 divisions x 20 mV/div, or about 60 mV.

®  Note that the value of each graticule division is not readily apparent relative
to the delta readout, because the delta-amplitude readout (Av) must account
for the different amplitude-scale settings of the sources. To do so, the Av
readout displays the results of v2 - v1 (60 mV - 300 mV = -240 mV),
automatically accounting for the different scales of the cursor sources.

NOTE. If a cursor readout does not seem correct, check the source of each cursor
in the Cursor setup dialog box. Each cursor readout relates to the amplitude and
timebase settings of its source.

Vertical Cursors Measure from the Trigger Point. Remember that each vertical
cursor measures the time from the trigger point to itself. This relationship is
shown in Figure 3-35 on page 3-134.

v
Horizontal reference = 0%
b ING
First point in record I /

Trigger point of )/
cursor source /
@ S T

N U 0
Y g \
Horizontal divisions
Cursor readout (in) = Delay + Cursor

X sec/div
Figure 3-35: Components determining Time cursor readout values

Note that a vertical cursor readout includes and varies directly with the Time-to-
First-Point component, which varies directly with the horizontal position set for
the timebase. To see the amount of time to the first point, set Horizontal DELAY
to 0.0 and set Horizontal Ref to 0%. Now the Horizontal position readout shows
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the time following the first point, and adding this value to the cursor readout
yields the cursor position on screen relative to first point. (You can find the
horizontal readout both in the control window and in the readout at the bottom of
the screen.) The following relationships hold:

Time from First Point = Horiz. Position (when Horiz. Delay and Ref Position are
zero)

T1 readout = Time to First Point + Additional Time to Cursor

Cursor Units Depend on Sources. A cursor that measures amplitude or time will
read out in the units of its source as indicated in Table 3-10. Note mixed sources
require Delta-Cursor readouts to follow units of the cursor 1 source.

Table 3-10: Cursor units

Cursors Standard units’ Readout names

Horizontal volts, watts V1,V2, AV

Vertical seconds, bits T1, T2, AT, F, AF

Paired, Split volts, watts, seconds, bits V1, V2, AV, T1, T2, AT

T If the V1 and V2 units do not match, the AV readout defaults to the units used by the
V1 readout.

Multipurpose knobs. You can change cursor position using the position controls
in the Cursor setup window, dragging the cursor into position using the touch
screen or mouse, or by turning the front-panel multipurpose knobs.

The multipurpose knobs also work with other controls. If a setup window item
has an adjustable value, you can adjust it with the multipurpose knob or keypad
after touching the setup control.

NOTE. To make small changes with the multipurpose knobs, push the FINE
button before turning the knob. When a FINE button is illuminated, its multipur-
pose knob makes smaller adjustments.

TDS7104 and TDS7054 User Manual 3-135



Measuring Waveforms

To Set the Cursor Sources  You must target the cursors to the source they are to measure. (See Cursors Treat
Sources Independently on page 3-133). To do so, use the procedure that follows.

Overview To set the cursor sources Related control elements & resources
Prerequisites [ 1. Display the waveforms to measured on screen.
The waveform may be a channel, reference, or math
waveform.
See page 3-27 for acquisition setup & page 3-53 for
trigger setup.
Display the [ 2. Push the CURSORS front-panel button, or from the tool
cursor bar, touch Cursors.
controls
window
Select the | 3. From the Cursor Source menu, select the channel,
cursor math, or reference tab and then the waveform to take

sources cursor measurements on (see right). If you are using
Split cursors, your must select a source for both cursors
by first touching a cursor button before selecting a
source.
Tip. If a waveform is not available, its source button is
grayed out.

Select a 4. From the Cursor Type menu, select the H Bars, V Bars, creprrype

cursor type Paired, or Split cursor type. See Table 3-9 on
page 3-132 for an explanation of the cursor types.
Change cursor | 5.  To change the position of a cursor, use the multipurpose
position knobs or the keypad to move a cursor.
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Overview To set the cursor sources (Cont.)

Related control elements & resources

Set cursor | 6. To change the cursor tracking mode, from the Cursor
tracking controls window select Setup.

7. Touch Track Mode Indep or Tracking:

Indep makes each cursor positionable without regard to
the position of the other cursor.

Tracking makes both cursors move in unison and
maintain a fixed horizontal or vertical distance between
each other.

8. To return to the Cursor controls window, touch the
Controls button.

9. Totoggle the display of cursors on or off, touch the
Cursor button.

Tip. All adjustments that you can make in the Cursor
controls window can also be made in this window.

Track Mode
Indey

e

Tracking

Cursor

Set cursor | 10. To change the paired and split cursor marker length,
length from the Cursor controls window, select Setup.

11. Touch Cursor Type Marker Short or Long.

Cursor Type
H Bars

Marker
Short

Long

For further | 12. Touch the Help button in the Cursor setup control
assistance window or the Cursor controls window to access the
online assistance.

See page 3-245 to learn about using online help.
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Taking Histograms

The oscilloscope can display histograms constructed from the selected waveform
data. You can display both vertical (voltage) and horizontal (time) histograms,
but only one at a time. Use histogram measurements to get statistical measure-
ment data for a section of a waveform along one axis.

Horizontal histogram Histogram measurements

| Hariz | Trig |

Werk
Tel:  Run Sample

1T

Eli:E:I:l I |
23 May 00 14:57:04

e |
Top Limit
_ dnmy |

Bottorm Limit

IMeaniz1y -1z 0y

1 IManicty 24y

Pk-PRICT) 5.2y

ninizty -zssy

|std Dewitsy 865 4ps

R e T T T e ek BT 40m
f Ch1 o~ 0¥

Figure 3-36: Horizontal histogram view and measurement data

A histogram source can be any waveform (channel or math), including a
reference waveform.

In addition to using limit controls to set histogram box boundaries, you can also
use standard Windows drag-and-drop to resize and reposition the histogram box.
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Histograms are not available in FastFrame or Zoom modes.

Using Histograms  Histogram Size. The maximum vertical histogram size is 200. The maximum
horizontal size is 500.

Histogram Counting Stays On. Turning on histograms starts histogram counting
and data accumulation. A sample histogram display is shown in Figure 3-36.
Histogram data is continuously accumulated until you explicitly turn off
histograms. This allows you to continue collecting histogram data even when
you turn off the histogram display.
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To Start and Reset

Histogram Counting  default settings for histograms.

Use the procedure that follows to quickly take a measurement based on the

Overview

To start and reset histogram counting

Related control elements & resources

Prerequisites

1.

The oscilloscope must have a waveform displayed.

See page 3-102 for information on displaying waveforms.

Open histogram
setup window

From the tool bar, touch the Meas button, and then touch
the Histogram button to display the Histogram setup
window.

Set, display, and
reset histogram
source and type

Select either the Source Ch, Math, or Ref tab and then
select the waveform source for the histogram.

Touch either Histogram Mode Horiz or Vert to start
histogram counting and display the histogram data:

Horiz displays a horizontal histogram that shows how
time varies in the histogram box

Vert displays a vertical histogram that shows how your
vertical units vary in the histogram box

Off turns off histogram counting and display

Note that this control turns on histogram counting and
data display. You can only display one type of histogram
at atime.

Touch Reset to reset the histogram count. Histograms
track numbers of counts. Clicking Reset resets those
counts to zero and begins counting from zero.

Display

Reset

3-140
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Overview

To start and reset histogram counting

Related control elements & resources

Set histogram
display options

6. Touch Display to toggle the display of the selected
histogram on and off.

7. Select Linear to display histogram data linearly. Bin
counts smaller than the maximum counts are scaled
linearly by dividing the bin count by the maximum bin
count.

8. Select Log to display histogram data logarithmically. Bin
counts smaller than the maximum counts are scaled
logarithmically. Logarithmic scaling provides better
visual details for bins with low counts.

Display

Reset

Histogram
Scaling
Lingar

Set histogram
limit controls

9. Touch Adjust Histogram Box Limits and use the Top
Limit, Bottom Limit, Left Limit, and Right Limit controls
to set the size of the histogram box. The histogram box

selects the section of the waveform used for histograms.

10. Touch Adjust Histogram Box Location and use the X
Location and Y Location controls to set the location of
the histogram box.

Top Limit
Histogram :
Higtogram
Mode is OFf
|| :

Histo Size

2.0divs

Histogram
Secaling —=1

X Location

Histogram

Measurements  and a brief description of each.

Optimizing Measurement Accuracy

Table B-1 on page B-1 includes a list of the available histogram measurements

The procedures given here will increase the accuracy of the measurements you

take.

This oscilloscope can compensate itself and the attached probes, optimizing the
internal signal path used to acquire the waveforms you measure. Compensation
optimizes the capability of the oscilloscope to take accurate measurements based

on the ambient temperature.
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To Compensate the  To compensate the oscilloscope so that it can take accurate measurements based
Oscilloscope  on the ambient temperature, use the procedure that follows.
Overview To compensate the oscilloscope Related control elements & resources
Prerequisites | 1.  Oscilloscope should be powered on. Allow a 20 minute
warm up. Remove all input signals.
See page 3-27 for acquisition setup & Power on the
Oscilloscope on page 1-8.
Display the | 2. From the menu bar, select Utilities, and then select st | s o
calibration Instrument Calibration. See right. =
instructions
Check the | 3. The calibration status should be Pass. If the status is T TRTEe
calibration Warm-up, wait until the status changes. If the status
status does not change to Pass, use the following steps to o
calibrate the oscilloscope. Warnup
Note: Signal Path Compensation is the only calibration Callbrate
that is accessible to users.
Calibrate the | 4. Touch Calibrate to start the calibration. Calibration may
oscilloscope take several minutes. Calibration is complete after
Working is no longer displayed in the Calibrate button E
and Running is no longer displayed in the Status
readout.
Check the | 5. The calibration status should be Pass. If not, recalibrate
calibration the oscilloscope, or have the oscilloscope serviced by
status qualified service personnel.
For further | 6. Touch the Help button to access the online assistance.
assistance
See page 3-245 fo learn about using online help.
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To Connect the Probe
Calibration Fixture

To compensate or calibrate probes you must connect the Probe Calibration and
Deskew Fixture to the oscilloscope; use the procedure that follows.

Overview To connect the probe calibration fixture Related control elements & resources
Prerequisites | 1.  Oscilloscope should be powered on. Allow a 20 minute
warm up.
See page 3-27 for acquisition setup & Power on the
Oscilloscope on page 1-8.
Overview | This fixture converts the TDS7000 Series PROBE
COMPENSATION output into a set of test points that give
you a convenient way to:
m  Optimize the oscilloscope gain and offset accuracy at
the probe tip (see To Calibrate Probes on page 3-146).
= Compensate (low-frequency) a passive probe (see To
Compensate Passive Probes on page 3-148).
= Compensate for timing differences (deskew) between
probes (see To Deskew Channels on page 3-148).
Connect the [ 2. Connect the oscilloscope PROBE COMPENSATION U JJ
fixture output to either the A or B input using the included BNC @

cable. The input you use depends on the type of probes
you have and the operation you want to perform:

Probe Operation Input
Passive voltage probes,
P6139A Low frequency compensation A
Gain and offset calibration A
Deskew voltage probes A
Deskew TCP202 probe B
Deskew CT-6 probe A
Active voltage probes,
P6243 Gain and offset calibration A
P6245 Deskew voltage probes A
P6246 Deskew TCP202 probe B
P6247 Deskew CT-6 probe A
P6248
P6249
Current probes
TCP202 Deskew voltage probes B
CT-6 Deskew voltage probes A

)

PROBE
COMPENSATION
output

Jumper must
be installed

Note: The P6339A probe is not supported.
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Overview To connect the probe calibration fixture (Cont.) Related control elements & resources

Connect the WARNING. To avoid personal injury, use care P6139A
probe while connecting probe tips to the square pins on _
the fixture. The ends of the square pins are sharp. Connect the probe tip and the ground
lead to the two terminals as shown.
Refer to these diagrams to attach your probe tip to the
fixture. Refer to the ground symbols on the fixture to
establish the correct polarity.

P6243 or P6245
Connect the probe tip to the Aside
short pin and the probe ground connection

to the long pin as shown.

B side
connection
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Overview To connect the probe calibration fixture (Cont.) Related control elements & resources
P6249 P6246, P6247, or P6248
Connect the probe tip to the short C_onnect the probe + input to the signal
pin and the probe ground to the % pin and the probe - input to the ground
long pin as shown. pin as shown. There is no connection to
the probe ground input.
TCP-202 CT-6
Remove the small jumper on the
A side of the fixture. Slip the
CT-6 probe head over the out- @
board pin, and then replace the ! i
jumper. s
i
|
Snap the current probe closed around !
the current loop as shown. Be sure to
align the polarity arrows on the current
probe and the fixture.
After you are finished with this probe, be sure to
replace the small jumper. The A side of the fixture
will not operate without it.
For further | 3. To optimize the oscilloscope gain and offset accuracy at
assistance the probe tip, see To Calibrate Probes on page 3-146.

4. To compensate (low-frequency) a passive probe, see To
Compensate Passive Probes on page 3-148.

5. To compensate for timing differences (deskew) between
probes, see To Deskew Channels on page 3-148.

See page 3-245 to learn about using online help.

TDS7104 and TDS7054 User Manual

3-145



Measuring Waveforms

To Calibrate Probes  To compensate the oscilloscope so that it can take accurate measurements based
on the ambient temperature, use the procedure that follows.

Overview To calibrate probes Related control elements & resources

Prerequisites | 1.  Oscilloscope should be powered on. Allow a 20 minute
warm up.

Note: Probes with an attenuation factor of greater than 20X
cannot be compensated. Probes with >2% gain errors or

>50 mV offset errors cannot be compensated. See page 3-27 for acquisition setup & Power on the

Oscilloscope on page 1-8.

Optimize gain | 2. Connect fixture to the oscilloscope (see To Connect
and offset Probe Calibration Fixture on page 3-143).

accuracy | 3 Remove the small jumper from the fixture.
4. Connect one probe to the fixture.

5. If compensating a passive probe, first perform the To
Compensate Passive Probes procedure on page 3-148.

6. From the tool bar, touch the VERT button to display the

oscilloscope Vertical setup control window. isplay
| |

Label

Veitical Zoom

7. Touch the Probe Cal button to display the vertical Probe
Cal control window.

8. Select the oscilloscope channel to which the probe is
attached.

9. Touch Clear Probecal Erase to erase any previous
calibration data.

Calibrate Probe

10. Touch the Calibrate Probe button.

11.  When the routine is finished, remove the connections
and replace the small jumper.
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Overview To calibrate probes (Cont.) Related control elements & resources
Check the | 12. From the tool bar, touch the VERT button to display the [ ]
calibration oscilloscope Vertical setup control window. Chan 1|

Display Termination

status ]

Label

Veitical Zoom

13. Touch the Probe Cal button to display the vertical Probe
Cal control window.

14. Select the oscilloscope channel to which the probe is

attached.
_
15. Check the Probe Status readout. See right.

Probe Status

Initialized indicates that the probe has not been
calibrated on the selected channel.

Pass indicates that the probe has been calibrated on the
selected channel.

Note: Probes without a TekProbe interface cannot be
calibrated.

For further | 16. Touch the Help button to access the online assistance.
assistance

See page 3-245 to learn about using online help.
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To Compensate Passive
Probes

To compensate the passive probes to ensure maximum distortion-free input to the
oscilloscope and to avoid high frequency amplitude errors, use the procedure that

follows.
Overview To compensate passive probes Related control elements & resources
Prerequisites | 1.  Oscilloscope should be powered on. Allow a 20 minute
warm up. j
See page 3-27 for acquisition setup & Power on the
Oscilloscope on page 1-8.
Low frequency | 2. Connect fixture to the oscilloscope (see To Connect
compensation Probe Calibration Fixture on page 3-143).
3. Connect one probe to the fixture.
4. Push the AUTOSET button on the oscilloscope.
5.  Adjust the probe compensation box for best square
corner:
Probe compensated
correctly =
Probe overcompensated
D mmm— pmesm—
| | l Probe
undercompensated
6. Remove the connections.
For further | 7. Touch the Help button to access the online assistance.
assistance

See page 3-245 fo learn about using online help.

To Deskew Channels

3-148

You can adjust a relative time delay for each channel. This lets you align the

signals to compensate for signals that may come in from cables of differing
lengths. The oscilloscope applies deskew values after it completes each
acquisition; therefore, the deskew values do not affect logic triggering. Also,
deskew has no affect on XY and XYZ display formats.
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Overview To deskew channels

Related control elements & resources

Prerequisites | 1.  Oscilloscope should be powered on. Allow a 20 minute
warm up.

See page 3-27 for acquisition setup & Power on the
Oscilloscope on page 1-8.
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Overview

To deskew channels

Related control elements & resources

Compensate
probe timing
(deskew)

2.

o o~ o»

10.

11.

12.

13.

14.

15.

Connect fixture to the oscilloscope (see To Connect
Probe Calibration Fixture on page 3-143). The fixture’s
jumper must be installed.

Connect up to four probes to the fixture.
Display all the channels that you want to deskew.
Push the AUTOSET button on the oscilloscope.

Adjust Vertical SCALE and POSITION for each channel
so that the signals overlap and are centered on screen.

Adjust horizontal POSITION so that a triggered rising
edge is at center screen.

Adjust horizontal SCALE so that the differences in the
channel delays are clearly visible.

Adjust horizontal POSITION again so that the first rising
edge is exactly at center screen. The fastest probe is
connected to this channel. (The fastest probe is
probably the one with the shortest cable or the highest
bandwidth.)

From the tool bar, touch the VERT button to display the
Vertical setup control window.

Touch the Probe Deskew button to display the
channel-deskew control window.

Select one of the slower channels.

NOTE. Do the next step at a signal amplitude within the
same attenuator range (vertical scale) as your planned
signal measurements. Any change to the vertical scale
after deskew is complete may introduce a new
attenuation level (you can generally hear attenuator
settings change) and therefore a slightly different signal
path. This different path may cause a 200 ps variation in
timing accuracy between channels.

Touch Deskew Time and use the multipurpose knobs or
keypad to adjust the deskew time for that channel so
that its signal aligns with that of the fastest channel.

Repeat steps 12 and 13 for each additional channel that
you want to deskew.

Remove the connections.

AUTOSET

3-150

TDS7104 and TDS7054 User Manual



Measuring Waveforms

Overview To deskew channels Related control elements & resources

For further | 16. Touch the Help button to access the online assistance.
assistance

See page 3-245 fo learn about using online help.
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Serial Mask Testing (Option SM Only)

The oscilloscope provides a portfolio of masks for verifying compliance to
optical and electrical standards. You can verify circuit design performance and
perform interface compliance testing. Mask testing results are reported live,
providing real time feedback. Mask hits are highlighted on the display and
accompanied by readouts indicating the number of waveforms tested, pass/fail
results, and hit counts.

File  Edit  Vertical Horizfécg  Trig  Display  Cursors Measure  Masks Math  Utilities  Help
Tek Run ' 21 Sep 01 17:52:44

Pilask: DGTESTMO

4+ Test Summary
Chl W
Status
P
Total Hits

Failed Wims

Chi 450mY @

Figure 3-37: Pass/Fail mask testing

If the Bessel-Thompson filter is on, the instrument is an optical reference
receiver.

For detailed information on using Serial Mask Testing to test your signals for
compliance to optical and electrical standards see the CSA7000, TDS7000 &
TDS6000 Series Option SM Serial Mask Testing and Option ST Serial Trigger-
ing User Manual.
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Creating and Using Math Waveforms

Once you have acquired waveforms or taken measurements on waveforms, the
oscilloscope can mathematically combine them to create a waveform that
supports your data-analysis task. For example, you might have a waveform
clouded by background noise. You can obtain a cleaner waveform by subtracting
the background noise from your original waveform (note that the background
noise you subtract must be identical to the noise in your signal). Or, you can
integrate a single waveform into an integral math waveform as shown below.

26.58m

Source waveform  1pf

Math waveform  Pg

T 2000s/]

With spectral analysis you can analyze waveforms in the frequency domain. The
interface is similar to a dedicated spectrum analyzer, relieving you of the burden
of knowing the details of the underlying algorithms (see Figure 3-38).
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Normal waveform of an ————

impulse response
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Figure 3- 38: Spectral analysis of an impulse

Defining Math Waveforms

3-154

This oscilloscope supports mathematical combination and functional transforma-
tions of waveforms it acquires. Figure 3-39 shows this concept:

Channel waveform Math expression Math waveform
(Ch2) (Function(source)) (Math1)
Diff (Ch2)

Figure 3-39: Functional transformation of an acquired waveform

You create math waveforms to support the analysis of your channel and reference
waveforms. By combining and transforming source waveforms and other data
into math waveforms, you can derive the data view that your application
requires. You can create math waveforms that result from:

®  Mathematical operations on one or several waveforms: add, subtract,
multiply, and divide.

®  Function transforms of waveforms, such as integrating, differentiating, and
SO on.
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B spectral analysis of waveforms, such as an impulse.

You can create up to four math waveforms; see Using Math on page 3-155 for
more examples.

Math waveforms can be used in other math. Math waveforms autoscale when the
math waveform is first defined and turned on. Advanced functions, such as
integrate, differentiate, average, square root, and log, can be taken on single
waveforms or complicated expressions.

Measurement scalars can be used in expression; for example, you can use the
measurement feature this oscilloscope provides to measure the average of a
waveform and subtract it from the original waveform to define a new math
waveform.

In FastFrame, math is applied to each frame.
Some operations that you cannot use with math waveforms follow:

®  Circular Math-on-Math, Measurements in Math, and Measurements on
Math - You cannot use circular definitions of math waveforms.
For example, if you define
Math2 = Chl - Mathl, and then define a second math waveform as
Math3 = Ch2 + Math2, you cannot define a third math waveform as
Math1 = Math2 + Ch3. If you do, the Math1 definition is rejected with an
error because a circular definition is not allowed.

®m  Fast Acquisition - Math is not allowed in Fast Acquisition mode.
®  Roll Mode - Math is not allowed in Roll mode until you push stop.

= Different Length Sources - If you use two waveforms (channel and reference
waveforms) of different lengths, the length of the math waveform will be the
shorter of the two lengths.

m  Measurements - Measl - Meas8 are allowed in a math definition, but not
measurement functions (such as rise(Ch1).

Using Math  Read the following topics; they provide details, that if you know of them, can
help you create the math waveform that best supports your data-analysis tasks.

How to Create. You create math waveforms when you create a math expression.
You do so by applying numerical constants, math operators and functions to
operands, which can be channel waveforms, reference waveforms, math
waveforms, or measurements (scalars). You can display and manipulate these
derived math waveforms much like you can the channel and reference wave-
forms (see Operations on Math Waveforms on page 3-163).
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Some examples of typical math waveforms follow:

Table 3-11: Math expressions and the math waveforms produced

To...

Enter this math expression. . . and get this math waveform. . .

normalize a waveform

\ 16V
where
Channel 1 Chf1 is the waveform shown at left
— gy —2el [ Meas1 = Low of Chf +0.05V

Source waveform

shifted and scaled to fit a template

Normalized math waveform

(Ch1 - Meas1)/ Meas2, 1.05V
1.00v
0.95V

= ampli —— 000V —/—— — — — — —
Meas?2 = amplitude of Ch1 005V

simulate ac coupling

ac component removed before integration

Source waveform . .
ac integration math waveform v
Intg(Ch1-Avg(Ch1)), 1.05
50V Where 1.00V
Channel 1 Ch1 is the waveform shown at left 0.0V 0.95V
- _ — i i +0.
1.0V Avg is the average function 0 — N
-0.05V
Sources. Math Waveforms can incorporate the following sources:
®  Channel waveforms
®m  Reference waveforms
®  Measurements (automated measurements) that measure channel, reference,
histogram, or math waveforms.
®  Math waveforms
Source Dependencies. In general, be aware that math waveforms that include
sources as operands are affected by updates to those sources:
®  Shifts in amplitude or DC level of input sources that cause the source to clip
also clips the waveform data supplied to the math waveform.
®  Changes to the vertical offset setting for a channel source that clip its data
also clip the waveform data supplied to the math waveform.
®  Changes to the acquisition mode globally affects all input channel sources,
thereby modifying any math waveforms using them. For example, with the
acquisition mode set to Envelope, a Ch1l + Ch2 math waveform will receive
enveloped channel 1 and channel 2 data and, therefore, will also be an
envelope waveform.
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®m  (Clearing the data in a waveform source causes a baseline (ground) to be
delivered to any math waveform that includes that source until the source
receives new data.

Expression Syntax. You build math waveforms using the Define/Edit Expression
control window. To help you create valid math waveforms, this window blocks
most illegal entries by disabling any window element that would create an
invalid entry in the math waveform expression.

The syntax that follows describes valid math expressions, which can be quite
complex (in excess of 100 characters long):

<MathWaveform> := <Expression>
<Expression> := <UnaryExpression> | <BinaryExpression>

<UnaryExpression> := <UnaryOperator> ( <Term> )
| <UnaryOperator> ( <Expression> )

<BinaryExpression> := <Term> <BinaryOperator> <Term> | <Scalar>
<BinaryOperator> <Term> | <Term> <BinaryOperator> <Scalar>

<Term> := <Waveform> | ( <Expression> )
<Scalar> := <Integer> | <Float> | <Meas-Result>
<Waveform> := <ChannelWaveform> | <Reference Waveform> | <MathWaveform>
<ChannelWaveform> := Ch1 | Ch2 | Ch3 | Ch4
<ReferenceWaveform> := Refl | Ref2 | Ref3 | Ref4
<MathWaveform> := Math1 | Math2 | Math3 | Math4
<UnaryOperator> := Invert | Derivative | Integral | Average | Max | Min
| Filter | Vmag | Exp | log 10 | log e | sqrt | Spectral Magnitude
| Spectral Phase | Spectral Real | Spectral Imag
<BinaryOperator> := + | - | /| *| == | I=| <| <= | > | >=|

<Meas-Result> := meas1 | meas2 | meas3 | meas4 | meas5 | meas6 | meas7 | meas8

Waveform Differentiation. The math capabilities of the oscilloscope include
waveform differentiation. This allows you to display a derivative math waveform
that indicates the instantaneous rate of change of the waveform acquired.

Derivative waveforms are used in the measurement of slew rate of amplifiers and
in educational applications. You can create a derivative math waveform and then
use it as a source for another derivative waveform. The result is the second
derivative of the waveform that was first differentiated.
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The math waveform, derived from the sampled waveform, is computed based on
the following equation:

Y, = Kyayy = X)L

Where: X is the source waveform
Y is the derivative math waveform
T is the time between samples

Since the resultant math waveform is a derivative waveform (See Figure 3-40),
its vertical scale is in volts/second (its horizontal scale is in seconds). The source
signal is differentiated over its entire record length; therefore, the math waveform
record length equals that of the source waveform.

Derivative math waveform - l
W1 ¥

Source waveform 1y

Ch1  20.0m¥ @ 10 0us 5.0MSS 0.0s 200ns
& Chl o~ 200m ¥
Math1  200KV% 10.0us

Figure 3-40: Derivative math waveform

Cursor Measurements. You can also use cursors to measure derivative wave-
forms. Use the same procedure as is found under Take Cursor Measurements on
page 3-167. When using that procedure, note that the amplitude measurements
on a derivative waveform will be in volts per second rather than in volt-seconds
as is indicated for the integral waveform measured in the procedure.
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PR-ER(MTE . 1 DEMAS

Ch1  200mY¥ Q Bw 110 Dus §.0MS% 0.0z 200n3
& Chl -~ 132m W

Math1 200KV 10.0us

Figure 3-41: Peak-peak amplitude measurement of a derivative waveform

Offset, Position, and Scale. The settings you make for offset, scale, and position
affect the math waveform you obtain. Note the following tips for obtaining a
good display:

B You should scale and position the source waveform so it is contained on
screen. (Off screen waveforms may be clipped, resulting in errors in the
derivative waveform).

B You can use vertical position and vertical offset to position your source
waveform. The vertical position and vertical offset will not affect your
derivative waveform unless you position the source waveform off screen so
it is clipped.

Waveform Integration. The Math capabilities of the oscilloscope include
waveform integration. This allows you to display an integral math waveform that
is an integrated version of the acquired waveform.

Integral waveforms find use in the following applications:
®  Measuring power and energy, such as in switching power supplies

®  Characterizing mechanical transducers, as when integrating the output of an
accelerometer to obtain velocity
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To Define a Math
Waveform

3-160

The integral math waveform, derived from the sampled waveform, is computed
based on the following equation:

n
y(n) = scale Z w]"
i =1
Where: x(i) is the source waveform

y(n) is a point in the integral math waveform
scale is the output scale factor
T is the time between samples

Since the resultant math waveform is an integral waveform, its vertical scale is in
volt-seconds (its horizontal scale is in seconds). The source signal is integrated
over its entire record length; therefore, the math waveform record length equals
that of the source waveform.

Offset and Position. When creating integrated math waveforms from live channel
waveforms, consider the following topics:

B You should scale and position the source waveform so it is contained on
screen. (Off screen waveforms may be clipped, which will result in errors in
the integral waveform).

B You can use vertical position and vertical offset to position your source
waveform. The vertical position and vertical offset will not affect your
integral waveform unless you position the source waveform off screen so it
is clipped.

DC Offset. The source waveforms that you connect to the oscilloscope often
have a DC offset component. The oscilloscope integrates this offset along with
the time varying portions of your waveform. Even a few divisions of offset in the
source waveform may be enough to ensure that the integral waveform saturates
(clips), especially with long record lengths.

Use the procedure that follows when defining a math waveform. Remember, you
should first ensure that the sources you use exist. Acquisitions should be running
or the channels should already be on, and reference waveform sources should
contain saved waveforms, and so on. These sources do not have to be displayed
to be used.
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Overview To define a math waveform Related control elements & resources

Prerequisites [ 1. All channel and reference Waveforms and automatic
measurement scalars that you will use in your math
waveform must be available (channels and references
contain data, measurement scalars are defined, and so
on.) See page page 3-27 for acquisition setup & page 3-53

for trigger setup.
Display the [2.  From the tool bar, touch the Math button to display the W
math control Define Math control window.
window
Select a math | 3. Select the Math(x) tab for the math waveform you want
waveform to define. Be sure to touch Display to toggle it on, so e
that the waveform displays.
Tip. If the waveform you select already exists, its math
expression appears in the window. You can still use the
waveform by touching the Clear button, which discards
its previous math expression. Or repeat step 3 to select
another waveform.
To define an | 4. Touch one of the Predefined Expression buttons to use ER T e
expression a predefined math expression, or touch Editor to

Define/Edit a new math expression.
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Overview To define a math waveform Related control elements & resources
To define/edit | 5. Use the control window at right to define a math v
amath expression. See Table 3-11 on page 3-156 for leo s [B
expression expression examples; some guidelines for creating your ﬂ F EmEnom |
expression follow: EpoOon
m  Sources — Ch1 - Ch4, Ref1 - Ref4, and Meas1 - 5| a :g m :: =
Meas8 — should be set up before you use them =
(channels acquired or acquisitions running,
references and automated measurement scalars
defined).
m  Math definitions are not implemented if sources or
other elements of the definition are not valid.
m  Use the backspace button to remove the last entry;
use the clear key to remove the entire expression
and start over.
m  Use parentheses to group terms in the expression
to control execution order, e.g. 5(Ch1 + Ch2).
Selecta |6. Select the Time, Freq, or Meas tabs to display the v
function available functions.
7. Touch a function button to enter the function in the math e v R
expression. Select an operand for the function to o § ... | o [
operate on. _ 7 l’. oo
s y EmDOon
Eo it ap YEman
El DOl
8. Use the Home and arrow buttons to move within the ey
math expression. Use the Bksp (backspace) button to
delete portions of the expression.
9. Touch Apply to apply your new math expression to the
math waveform.
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Overview

To define a math waveform

Related control elements & resources

Apply
averaging

10.

11.

12.

Touch Avgs to display the Math Averaging control
window. The controls in the window apply to the math
waveform defined by the expression.

Select one of the Math(x) n = controls and set the
number of averages using the multipurpose knobs or
keypad. This number of averages affect math
waveforms if the Avg() function is used.

Touch Close to close the window, touch Editor to open
the Define/Edit Expression window, touch Setup to open
the math control window, or touch Spect to open the
Spectral control window

Finished

Once you have defined the math expression to your
satisfaction, click the the apply button. Then click on the
OK button to dismiss the dialog box. See To Use Math
Waveforms on page 3-164 for more procedures.

Math Averaging

Math1 n = J'
1862

Mathan= *#
- 1

Mathd n =

Mathd n =

.

For further
assistance

Touch the Help button in the tool bar to access
context-sensitive help on math waveforms.

See Accessing Online Help on page 3-245 for
overview of the online help system.

Operations on Math Waveforms

This oscilloscope supports many of the same operations for math waveforms that
it provides for channel (live) and reference waveforms. For example, you can
measure math waveforms with cursors. This section introduces these operations.

®m  Vertical display scaling and positioning

®  Taking automatic measurements

®  Taking cursor measurements

®m  Histograms on math waveforms
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Using Math Waveforms

To Use Math Waveforms

Many of the same oscilloscope tools that prove to be powerful adjuncts for
displaying, processing, and analyzing other waveforms also work on math
waveforms. For example, in addition to the operations listed above, you can save
math waveforms as references.

Independent horizontal scaling. Each math waveform that you create derives its
horizontal scale and position from the sources you include in its math expres-
sion. You can adjust these controls for the source waveforms and your adjust-
ments will reflect in the math waveform as the sources update. You can also
magnify all waveforms, including math waveforms, using zoom.

Basically, you use the same techniques to work with math waveforms that work
with channel waveforms.

Consider the Source. In general, be aware that changes to source waveforms that
you include as math-expression operands are reflected in the math waveform.
However, if Ch1 is 4 divisions high at 100 mV per division, then at 50 mV per
division Ch1 is 8 divisions high. Any math using Ch1 will not be affected by
this change because the Chl voltage levels have not changed. See Source
Dependencies on page 3-156.

How to manage displaying. Turn on and off the display of math waveforms from
the Math control window. Use the same control-window controls (waveform
selection buttons, vertical position and scale knobs). Mouse operations for
positioning waveforms on screen work also.

The procedure that follows demonstrates some common operations you can
perform on math waveforms:

Overview To use math waveforms Related control elements & resources

Prerequisites [ 1. The Math waveform must be defined and displayed. See

the reference listed at right. j

See To Define Math Waveforms on page 3-160

3-164
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Overview

To use math waveforms

Related control elements & resources

Select and
display

2.

Touch the Math button to display the Math control
window.

Touch any Math(x) tab to make that math waveform the
selected waveform.

= |f the waveform you select is not defined, use the
To Define a Math Waveform procedure starting on
page 3-160 to define the math waveform.

m  |f the waveform is not displayed, touch Display to
toggle it on.

e ]

Math1 | 12 [ Math3 [ Mathd
Math1 =

Define/Edit Expression Spectral Analysis

Display

Position

Set scale and
position

4,

Touch Position or Scale and use the multipurpose knobs
or keypad to size and position the waveform on screen
as you want it.

Note: Position is in divisions, so changing the scale can
make the math waveform disappear until position is also
changed (the same effect happens with channel
waveforms).

Tip. You can touch and drag a waveform handle to
change the waveform vertical position.

Tip. You can adjust the waveform vertical position and
scale by first touching the waveform handle and then
using the multipurpose knobs to adjust the scale and
position.

Tip. You can not adjust the offset of a math waveform.

Tip. You can not adjust horizontal scale, position, and
sample density (resolution) of math waveforms; different
length source waveforms result in a math waveform of
the shortest source record length. If you adjust these
settings for sources for a math waveform, the
adjustment is reflected in the math waveform.
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Overview To use math waveforms Related control elements & resources
Take | 5. Touch the Meas button, select the Math tab, and touch a [(hicas |
automatic channel button to choose a math waveform from Math1

measurements - Math4. (See right.)

6. Select a measurement (for more information, see Taking
Automatic Measurements on page 3-122).

Tip. Click the Help button in the menu bar for more
information.

7. To display the measurement, touch Display to toggle it
to on.

8. Read the results in the measurements readout.
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Overview To use math waveforms

Related control elements & resources

Take cursor | You can also use cursors to measure math waveforms. Use
measurements | the same procedure as is found under To Take Cursor

9.

10.

11.

12.

13.

Measurements on page 3-167.

From the tool bar, touch the Cursor button to display the
cursors and the cursor control window.

Select the Math tab and touch the numbered button for
the math waveform you want to measure.

Select the cursor type by touching either the H Bars, V
Bars, Paired, or Split buttons (for more information, see
Taking Cursor Measurements starting on page 3-132):

Turn the multipurpose knobs to position each cursor on
the math waveform to measure the feature that interests
you.

Read the results in the cursor readout.

The cursor readout is displayed under the multipurpose
readouts or in the upper right corner of the graticule
area.

Note that amplitude measurements on a derivative
waveform are in volts per second and volt-seconds for
an integral waveform measurement.

Cursors

Cursor Source

Cuis1 Pos

-20.0ng

Cuis2 Pos

A1+

Pk-Ph (1) 108KV

Ch1  200mY Q Bw M10.0us 5.0MS%s 0.0 200ns
A Chl r132m ¥

Math1  200Kk¥s 10.0us

For further | 14.

assistance

Touch the Help button in the tool bar to access
context-sensitive help on math waveforms, or see
Measuring Waveforms on page 3-121.

See Accessing Online Help on page 3-245 for
overview of the online help system.
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The math capabilities of the oscilloscope include spectrum analysis of a
waveform. This section describes a spectral analyzer that allows you to control
the analysis intuitively with time domain and frequency domain controls. These
controls merge the time domain controls with the frequency domain controls to
provide a complete spectral analyzer.

Signals may be represented by their characteristics in both the time and the
frequency domain. By combining and transforming source waveforms into
spectral math waveforms, you can simultaneously view signal characteristics in
both domains.

This spectral analyzer provides a complete set of controls and features that allow
you to make time and frequency domain measurements without the need to learn
extensive details about FFT algorithms.

B Frequency Domain Controls: You can operate the spectral analyzer using
traditional spectrum analyzer controls. You can set the center frequency,
span, and resolution bandwidth directly.

®  Time Domain Controls: The spectral analyzer has time domain controls for
the acquired waveform. These controls set the time duration and the
resolution time between samples. You can easily set the required sample rate
and record length.

®  Gating Controls: These controls are the bridge that connect the time domain
to the frequency domain. You can perform spectral analysis on a gated region
of the input waveform. This gating also determines the resolution bandwidth
of the analyzer.

®  Window Functions: There are eight different window functions that shape
the filter response of the spectral analyzer.

®  Magnitude Versus Frequency: You may choose to display log data in dB or
linear mode. You may display the real or imaginary parts of the spectral
magnitude only. Ref level offset and reference level controls give complete
control over the vertical position and offset of the spectrum. The log zero db
ref level may be dialed in manually or set to dBm with a single button touch.

®  Phase Versus Frequency: You may display phase data as a function of
frequency in radians or degrees. You may zero the noise phase for magni-
tudes below a threshold level. Finally, you may select Phase unwrap and
dO/dw, group delay.

®  Spectral Averaging: You may turn on averaging in the frequency domain
for phase and magnitude waveforms.
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Using Spectral Math
Controls

B Multiple analyzer control locks: Up to four spectral analyzers may be used
simultaneously. They may all be assigned to different gates on the same
source waveform or to different channel sources. The controls of Math1 and
Math2 may be locked and the controls of Math3 and Math4 may be locked.
that is, turning a control on one analyzer changes the control on the other
analyzer to the same value. Other combinations of locking, including all four
analyzers, are available using GPIB commands.

The same exclusions for math waveforms apply to spectral math waveforms. In
addition, sources for spectral math waveforms must be channel waveforms.

Read the following topics; they provide details that can help you create the
spectral waveform that best supports your data-analysis tasks.

The spectral analyzer contains five primary control categories. These are shown
in Table 3-12.

Table 3-12: Spectral analyzer controls

Time controls Gate controls Frequency controls Magnitude controls Phase controls

Source Position Center dB, dBm linear, real degrees, radians, group
imaginary delay

Duration, record length | Duration Span Ref level Zero threshold

Duration, sample rate Window Resolution bandwidth Ref level offset Phase Unwrap

Resolution

Using the time controls. The operation of the time domain controls for the
spectral analyzer is summarized by the following rules:

®  Duration selects the time from the beginning to the end of the acquired
waveform. You may set duration using the record length control or the
sample rate control.

B Resolution determines the time between samples. Duration is kept constant
as resolution is changed. Therefore, the Resolution control affects both the
sample rate and the record length simultaneously.

®  Most often, you will want to use a short record length because long record
lengths can slow oscilloscope response. However, long record lengths lower
the noise relative to the signal and increase the frequency resolution for the
spectral math waveform. More important, they might be needed to capture
the waveform feature you want to include in the waveform.

Examples of how duration and resolution affect the acquired waveform are
shown in Figure 3-42.
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~<— Resolution 0.04 ms

Adjust Duration via Adjust Duration via
record length Record length 25 sample rate

< Duration 1 ms —————

Resolution 0.04 ms  Record length 50 Resolution 0.08 ms  Record length 25

r«———— Duration 2 ms ——— | ~<———— Duration 2 ms ———— >

Resolution 0.02 ms | Record length 100

Adjust Resolution
Duration remains
constant

Duration 2 ms —————— >

Figure 3-42: Duration and resolution control effects

Using the gate controls. Gating determines what portion of the acquired
waveform is transformed into the frequency domain. The gate has a position and
a width control.

The gate position is the time in seconds from the trigger location to the center
50% position of the gate interval (see Figure 3-43). The position and width units
are seconds.
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Duration
r Gate position ’<7 Zero phase reference
Gate Time domain acquisition
T Gate —>
width
Trigger
position
Frequency domain samples

Figure 3-43: Definition of gate parameters

The gate must reside within the duration interval of the source waveform. If the
source waveform duration is adjusted and the gate position and width would
result in the gate being outside of that duration then the gate position or width is
set within the limits.

The width of the gate affects the resolution bandwidth of the spectral analyzer.
See Using Spectral Math Controls on page 3-169 for more details.

The data contained in the gated region is transformed to the frequency domain.

The gate is identified on the display using dashed markers (similar to cursors).
The default gate width setting is equal to the duration of the source waveform.

Using the Frequency Domain controls. The gated region of the source waveform is
transformed by the spectral analyzer to a spectral waveform. This may be a phase
or magnitude waveform. The horizontal units are always Hz. The vertical units
depend on whether phase or magnitude is selected. The frequency domain
controls for the spectral waveform are span, center, and resolution bandwidth.
The spectrum normally appears on the display fit to a screen width of 10 divi-
sions.

Span: The span is the stop frequency at the end of the spectral waveform minus
the start frequency at the beginning of the waveform. The span control maximum
value is equal to the current sample rate divided by two. Therefore, if you are
unable to increase the span to the desired value and if you want to keep the same
source waveform duration, go to the timebase controls and increase the sample
rate using the resolution control. Or, if you want to also decrease the source
waveform duration, adjust the sample rate control. If you decrease the sample
rate, the span setting may decrease, if necessary, to keep the span less than the
sample rate divided by two.
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Center: This is the frequency at the center of the spectral waveform. Center is
equal to the start frequency plus one half of the span. The adjustment range
depends on the sample rate and the current span setting. Remember that the span
must always be in the interval of zero to one half of the sample rate. Where one
end of the span goes to DC or Nyquist, depending on which direction the center
frequency is adjusted, the span decreases to allow the center frequency to go
further in the direction it is being adjusted. If you are unable to increase the
center to the desired value then increase the sample rate using either the sample
rate or resolution controls. You may also change sample rate by using the
HORIZONTAL SCALE knob on the oscilloscope front panel.

Resolution Bandwidth, RBW: This is the 3 dB down bandwidth of the spectral
analyzer frequency response to a sine wave input. The resolution bandwidth is
affected by two parameters.

®m  Different window functions produce different filter response shapes in the
spectrum and result in different resolution bandwidths.

®m  The gate width, of the input data, affects the resolution bandwidth (RBW).
Gate width has units of seconds. The resolution bandwidth directly controls
the gate width, but the numerical value is entered in units of Hz. Therefore,
the time domain gate markers move as you adjust the RBW control.

_ Window Bin Width

RBW Gate Width

Where the Window Bin Width is the resolution bandwidth in units of bins. It
depends on what window function in use. The gate width is in units of seconds.

Figure 3-44 demonstrate the affects of adjusting center frequency and span.
Center frequency is a horizontal position control for the spectrum. Span is a
horizontal scale control. Resolution bandwidth usually adjusts the bandwidth of
the analyzer filters without affecting the span and center frequency.
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Figure 3-44: Affects of frequency domain control adjustments
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Using the magnitude controls. Vertical units can be either linear or log. You may
select these choices by touching Math menu button. Then touch the Spectral
Analysis Setup button. Then select the Mag tab. Then select the desired scale
type from Linear, dB, or dBm.

Linear: When the spectrum is linear magnitude the vertical units are the same as
the source waveform. Usually this is volts. However, it may also be watts or
amperes.

dB: This sets the vertical scale of the magnitude spectrum to dB. Use the
Reference Level Offset to set what vertical position in the magnitude spectrum
will be zero dB. The following equation applies:

dB = 20 log(}l‘%t)

If the input units are watts, the the following equation applies:

dB = 1010g(-l}—(1-)

Ref

Where X is a complex data point in the spectrum and Ref is the Reference-Level
Offset value.

dBm: This selects dB as described in the above equation, but it also sets the
Reference-Level Offset to a value that is equivalent to 1 mW of power into

50 ohms. Therefore, if the input units are volts, then the value is set to 223.6 mV.
If the input units are amperes, then the value is set to 40 uA. If the input units are
watts, then the value is set to 1 mW.

Reference Level: This sets the vertical position of the displayed spectrum. Its
value is the magnitude at the top of the display screen. When this control is
adjusted, the spectral waveform along with its zero reference marker move
vertically on the screen (see Figure 3-45). This control does not change the
spectral data.

20dB 15dB 10 dB

0dB ¥

Figure 3-45: Effects of adjusting the reference level
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Reference Level Offset: This changes the value of Ref in the equation for dB
shown above. Unlike the Reference Level control, this control actually changes
the output data values in the spectrum. Zero dB is shown on the display screen
by the marker associated with the spectral waveform. Adjusting the reference-
level offset causes the spectral waveform to move vertically with respect the
waveform reference marker. This moves the waveform without changing the
Reference-Level control setting. Sometimes it is beneficial to adjust this control
so that the peak of a fundamental is at zero dB. Then you can measure other
harmonics in terms of how many dB they are down from the fundamental. Touch
the dBm button to preset this level to the equivalent of 1 mW into 50 ohms.

20dB 20dB

0dB ¥

Figure 3-46: Effects of adjusting the reference level offset control

Real and Imaginary Magnitudes: You may set the spectral analyzer to display
the linear magnitude of the real data or the imaginary data in the spectrum.

This is useful if you process the spectrum off line and transform it back into a
time domain trace. You could save the real and the imaginary spectrum into a
reference memory. You can export the waveforms directly into Mathcad, Matlab,
and Excel documents and update in real time.

To turn on a real or imaginary spectrum, first touch the Math button, then the
Define/Edit Expression Editor button, and then select the Freq tab. Then touch
either the Real or the Imag menu items to enter an expression. Then touch the Ch
tab and one of the channel buttons. Then touch apply.

Using the Phase Controls. You can set the vertical units to degrees, radians, or
seconds of group delay. You select these choices by touching the Math button,
the Spectral Analysis Setup button, and then selecting the Phase tab. Then select
the desired scale type from Degrees, Radians, or Group Delay.

Phase Reference Position: Phase is a relative measurement that must have a time
domain reference point. The phase value is specified with respect to this phase
reference position.

For the spectral analyzer, the phase reference position is the 50% position of the
gate, that is, the middle of the gate interval of the data that is input to the spectral
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analyzer. This is true for all window functions except for the Tek Exponential
window. This window has the reference point at the 20% position of the gate.

Phase Unwrap: The spectral analyzer produces phase values from - to

7 radians or -180 to 180 degrees. However, when you perform impulse response
testing and the phase is continuous, then phase values outside these ranges may
occur. The spectral analyzer then wraps the data with discontinuities in the
display from +180 to -180 degrees. Phase unwrap will display the correct result
by unwrapping the phase.

Phase unwrap is only valid when the phase spectrum is a continuous function of
frequency. Therefore, do not use it when analyzing the harmonic content of the
typical repetitive signal.

Suppression Threshold: Random noise in the spectrum may have phase values
over the entire range. This could make the phase display unusable. However, you
can set the suppression threshold control to a level in dB. The phase of any
complex spectral points with a magnitude below this threshold is set to zero.

Phase Unwrap Algorithm. The algorithm searches for the largest magnitude in
the current span. Phase unwrap is then performed in both directions in frequency
from that point. This results in a stable phase unwrap.

Phase Spectrum dejitter. An instrument acquisition system jitters by one sample
interval. Signals at the Nyquist frequency only have two samples per cycle. This
would cause 180° of phase jitter if it were not corrected. The instrument phase
spectrum is dejittered so that accurate measurements of phase are obtained from
DC to the Nyquist frequency.
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Phase vs. frequency

Figure 3-47: Example of the effects of setting the phase suppression threshold

Group Delay: When the phase spectrum is a continuous function of frequency,
group delay may be computed. This is true of impulse response testing where an
impulse is fed into the system and the spectrum of the response of the system
output is computed.

Group delay measures how well a system passes a signal in terms of phase
distortion. Group delay is the negative derivative of the phase with respect to
frequency.

This feature is not useful for analysis of harmonic content of signals where the
phase response is not continuous.

Impulse Response Testing: When performing impulse response testing of a
system, place the impulse at the zero-phase reference position of the acquisition.
This produces a correct phase display. Because the Tek Exponential window has
its zero phase reference position at the 20% point, more of the impulse response
is captured. All other window functions have their phase reference position at the
50% position in the gated region.

There are several ways to adjust the position of the zero phase reference point
with respect to your input signal:

B Adjust the spectral analyzer gate position
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Perform fine adjustment using the front-panel trigger level control

Adjust the front-panel HORIZONTAL POSITION control

Using windows to filter. There are eight different spectral analyzer windows:

Rectangular
Hamming
Hanning
Kaiser-Bessel
Gaussian
Blackman-Harris
Flattop2

TekExponential

In the time domain a window is a “bell” shaped function equal in length to the
gate duration. For most windows this function tapers to zero at both ends of the
gate region. Before computation of the spectral transform, the window is
multiplied, sample by sample, times the input data in the gate region. The
window function affects the shape of the spectral analyzer response in the
frequency domain. The window functions affect the ability to resolve frequency
in the output spectrum and can affect the accuracy of the magnitude and phase
measurements. Figure 3-48 shows how the time domain record is processed.
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Figure 3-48: Windowing the time domain record

Accurate magnitude measurements require that the input source waveform be
stationary within the gate region. This means that waveform parameters such as
frequency and amplitude not change significantly as a function of time within the
gate region that is input to the spectral analyzer. Also, the gate width must be
greater than or equal to the period of the start frequency of the span of the
spectral analyzer, that is, there must be at least one cycle of the harmonic being
measured within the gate region.

Choice of a window: Your choice of window function will depend on the input
source characteristics which you want to observe and the characteristics of the
window function. The window characteristics are shown in Table 3-13.

FFT length. The FFT length is controlled so that the gate width in samples is
never more than 0.8 of the FFT length. Thus, zero fill is always in effect. This
essentially eliminates scallop loss errors in magnitude that would occur without
zero fill.
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Table 3-13: Window characteristics

Nearest Zero phase

Window 3 dB BW in bins | Scallop loss side lobe reference Coefficients

Rectangular 0.89 3.96 dB -13dB 50% 1.0

Hamming 1.3 1.78 dB -43 dB 50% 0.543478, 0.456522

Hanning 1.44 1.42 dB -32dB 50% 0.5,0.5

Kaiser-Bessel 1.72 1.02 dB -69 dB 50% 0.40243, 0.49804, 0.09831,
0.00122

Blackman - Harris | 1.92 0.81dB -92 dB 50% 0.35875, 0.48829, 0.14128,
0.01168

Gaussian 2.0 0.76 dB -79 dB 50% a =3.75 (not cosine series)

Flattop2 3.8 0.0065 dB -90 dB 50% 0.213348, -0.206985,
0.139512, -0.043084,
0.003745

Tek Exponential 1.42 0.60 dB -67 dB 20% na

3-180

3 dB BW in Bins: This is the bandwidth of the filter response of the spectral
analyzer to a sine wave input for a given window function. It is given in units of
bins. A bin is the interval between spectral samples when the interpolation ratio
due to FFT zero fill is one. The bandwidth is measured between the points on the
lobe that are 3 dB down from the peak of the lobe. The bandwidth in Hz may be
computed by dividing the BW in bins by the gate duration in seconds. This is
also referred to as resolution bandwidth (RBW).

Coherent gain: The gain factor normally associated with different window
functions is correctly scaled into the magnitude spectrum output. Therefore, the
magnitudes in the output spectrum do not change as different windows are
selected.

Scallop Loss: This is the magnitude error of an FFT when the frequency of the
observed signal is exactly half way between two frequency samples of the
spectrum when the interpolation ratio due to zero fill of the FFT is one. The
spectral analyzer FFT length is controlled so that zero fill is always in effect.
This essentially eliminates scallop loss because zero fill in the time domain
causes interpolation in the frequency domain. This results in accurate magnitude
measurements for all window functions.
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Figure 3-49: Example of scallop loss for a Hanning window without zero fill

Nearest Side Lobe: This is the difference in magnitude between the spectral lobe
peak in the spectrum and the next side lobe that occurs due to energy leakage.
Different windows have different leakage characteristics. The more narrow the
resolution bandwidth of the window the more leakage in the spectrum.

Zero Phase Reference: This is the position in the time domain gate that is the
reference point for phase in the output spectrum, that is, if a sine wave input has
its peak at the zero phase reference position then it reads out as zero phase in the
spectrum. If the phase is to be correct when doing impulse response testing, the
impulse in the time domain must be located at this position in the gate interval.

Coefficients: These are used to generate the windows which are constructed from
a cosines series. For the Gaussian window the value of ’a’ is given instead of a
set of coefficients. You can find descriptions of cosine series windows in

Handbook of Digital Signal Processing Engineering Applications by Elliot.
ISBN 0-12-237075-9.
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Gaussian Window: This is the default window function (see Figure 3-50). It is
unique in that the time-domain shape of an exponential Gaussian function
transforms into a Gaussian exponential shape in the frequency domain. This
window provides optimal localization in both the time and the frequency
domain. This is the filter shape most commonly used in spectrum analyzers.
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Figure 3-50: Time and frequency graphs for the Gaussian window
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Rectangular Window: This window is equal to unity (see Figure 3-51). This
means the data samples in the gate are not modified before input to the spectral
analyzer. This window has the narrowest resolution bandwidth of any of the
windows, but it also has the most spectral leakage and the highest side lobes.

1
Amplitude

0_
Time
-13 dB side lobe

d 0 ﬂ
_______________ l, ,li______________
..h,wrf fif

Frequency bins

Figure 3-51: Time and frequency domain graphs for the Rectangular window
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Hamming Window: This window is unique in that the time domain shape does
not taper all the way to zero at the ends. This makes it a good choice if you
wanted to process the real and imaginary parts of the spectrum off line and
inverse transform it back to the time domain. Because the data does not taper to
zero you could then remove the effect of the window function from the result.

Amplitude

Time

-43 dB side lobe

Frequency bins

Figure 3-52: Time and frequency graphs of the Hamming window
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Hanning, Kaiser-Bessel, and Blackman-Harris Windows: These windows have
various resolution bandwidths and scallop losses (see figures 3-53, 3-54, and
3-55). Choose the one that best allows you to view the signal characteristics you
are interested in. The Blackman-Harris has a low amount of energy leakage

compared to the other windows. The Hanning has the narrowest resolution
bandwidth, but higher side lobes.

Amplitude __.-"f ™~

Time

-32 dB side lobe

T

Frequency bins

Bl

Figure 3-53: Time and frequency graphs for the Hanning window
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Figure 3-54: Time and frequency graphs for the Kaiser-Bessel window
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Figure 3-55: Time and frequency graphs of the Blackman-Harris window

Flattop2 Window: This window has the lowest scallop loss of any of the
windows. It also has a wider resolution bandwidth but lower side lobe attenua-
tion. Also, it is unique because the time domain shape has negative values.
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Figure 3-56: Time and frequency domain graphs for the Flattop2 window
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Tek Exponential Window: The Tek Exponential window was invented at
Tektronix. In the time domain, it is not a symmetrical bell shape as is the case
with the other windows. Instead, it is exponential with a peak at the 20%
position of the time domain gate. The frequency domain shape is triangular. Use
this window for impulse response testing where the 20% position is the zero
phase reference point. More of the acquired data record length is used to capture
the impulse response. Exact details of how to compute its values were published
in the article, Impulse-response testing lets a single test do the work of thou-
sands by John Pickerd in EDN magazine, April 27, 1995, page 95.
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Figure 3-57: Tek Exponential window in the time and the frequency domains

Affects of trigger jitter. The oscilloscope acquisition system has a sample clock
that is asynchronous with respect to the input signal. This means that from one
acquisition to the next, samples may be in a different position on the waveform
with respect to the trigger. Samples may vary in position by up to one sample
interval.
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Recognizing Aliasing

There are only two samples per cycle of a signal that have a frequency equal to
one half of the sample rate. This is the highest non-aliased signal that can be
output from the spectral analyzer. Thus, at this frequency, one sample of
acquisition jitter will show up in the spectrum as 180 degree phase variations.
The phase spectrum is dejittered by using the fractional trigger value of the
instrument to correct all phases in the spectrum. Therefor phase is accurately
measured from DC to the Nyquist frequency.

Affects of Average and High Res acquisition modes: The result of averaging the
time domain acquisition using either average mode or Hi Res acquisition mode
affects the frequency response of the oscilloscope. This is due to the one sample
of jitter in the acquisition system. Both High Res and average acquisition modes
have the same affect on the frequency response. These modes cause the response
to roll off from a magnitude value of one at DC to a magnitude value of 0.63 at
Nyquist which is the frequency equal to one half of the sample rate. This is true
regardless of the real time sample rate setting.

Frequency Domain Averaging: You may turn on average for a math waveform by
editing the math expression. Sometimes it is more desirable to average in the
spectrum then in the time domain. For example, consider a signal that has time
domain components that are asynchronous to the trigger. If you turn averaging in
the time domain, these components may go to zero or produce strange non-deter-
ministic effects on the resultant waveform. Thus, these signal components may
end up not appearing in the spectrum. However, if averaging is done in the
frequency domain instead, then these components will be present. An example
is:

Mathl = AVG(SpectralMag(Chl)).

Aliasing occurs when the input frequency of a signal is greater than one half of
the sampling frequency (the sample rate).

Set the sample rate high enough so that the signals in the spectrum appear at
their correct frequency as opposed to a lower aliased frequency value. Also,
complex signal shapes that have many harmonics in them, such as a triangle or
square wave, can appear to be OK in the time domain when in fact many of the
harmonics in that signal are aliased.

One way to check for aliasing is to increase the sample rate and observe whether
any of the harmonics unwrap to different frequency locations.

Another way to recognize aliasing is to realize that higher order harmonics
usually have decreasing magnitudes compared to lower order harmonics. Thus, if
you see a series of increasing harmonic magnitude values as frequency increases
then you can suspect that they may be aliased. In the spectral math waveform,
the actual higher frequency components are undersampled, and therefore, they
appear as lower frequency aliases that “fold back™ around the Nyquist point. (See
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Figure 3-58.) You may test by increasing the sample rate and observing if aliases
unwrap to different frequency positions.

Nyquist frequency
0 Hz (“2 sample rate)
L Frequency i

Amplitude

AN

ro |

Aliased frequencies Actual frequencies
M

Figure 3-58: How aliased frequencies appear in a spectral waveform

Another way to observe aliasing, if you have a variable frequency signal source,
is to adjust the frequency slowly while watching the spectral display. If some of
the harmonics are aliased, you will see the harmonics decreasing in frequency
when they should be increasing or vice versa.

To Take Cursor Measurements of a Spectral Math Waveform. Once you have
displayed a spectral math waveform, use cursors to measure its frequency
amplitude or phase angle. Use the procedure To Take a Cursor Measurement
found in Taking Cursor Measurements on page 3-132.

To Take Automated Measurements of a Spectral Math Waveform. You can use
automated measurements to measure spectral math waveforms. Use the
procedure To Take Automated Measurements found in Taking Automated
Measurements on page 3-122.

Swept Sine Wave Analysis. Many applications of the spectral analyzer require
swept sine wave input. The following equations determine what the maximum
sweep speed of the sine wave generator should be for a given span and resolution
bandwidth.
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_ (freq span* K)

T RBW?

T = minimum time to sweep the sine over the requested span

freq span = frequency span of interest

RBW = resolution bandwidth

K =2 dB BW in bins for the window function in use as shown in Table 3-13 on
page 3-180. K = 2 for a Gaussian window.

To Select a Predefined  Use the procedure that follows to select a predefined spectral math waveform.
Spectral Math Waveform  Remember, a channel source should be acquiring or have acquired data. This
source does not have to be displayed to be used.

Overview To select a predefined spectral math waveform Related control elements & resources

Prerequisites [ 1.  All channel and reference Waveforms and automatic S
measurement scalars that you will use in your math
waveform must be available (channels and references
contain data, measurement scalars are defined, and so

on.) See page page 3-27 for acquisition setup & page 3-53
for trigger setup.
Display the [2.  From the tool bar, touch the Math button to display the
math control Define Math control window.

window

Select a [ 3. Touch Mag or Phase to select a predefined magnitude

predefined or phase spectral analysis waveform. Selecting a
spectral predefined spectral waveform turns on display of the
analysis math waveform.
waveform
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To Define a Spectral Math

Use the procedure that follows when defining a spectral math waveform.

Waveform  Remember, you should first ensure that the sources you use exist. Channel
sources should be acquiring or have acquired data. These sources do not have to
be displayed to be used.

Overview To define a spectral math waveform Related control elements & resources
Prerequisites [ 1.  All channel and reference Waveforms and automatic
measurement scalars that you will use in your math
waveform must be available (channels and references
contain data, measurement scalars are defined, and so
on.) See page page 3-27 for acquisition setup & page 3-53
for trigger setup.
Display the [2.  From the tool bar, touch the Math button to display the " Math |
math control Define Math control window. -
window
Select spectral | 3. Touch Spectral Analysis Setup and then select the
analysis setup Create tab to display the Spectral Analysis Setup control
window.
Select a 4. Touch Math(x) and select the math waveform you want
spectral to create from the list.
waveform
5. Touch Magnitude to create a magnitude spectral
waveform or touch Phase to create a phase spectral
waveform.
6. Touch the channel number that contains input data for
the spectral analyzer.
7. If you want an averaged spectral waveform, touch

Average, touch Avgs, and then set the number of
averages in the control window.

Tip. If you want to redefine your waveform, touch the
Clear button and repeat the above steps.
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Overview To define a spectral math waveform Related control elements & resources
Display the 8. To display your spectral waveform, either touch the
spectral Apply or the Ok button.
waveform| —Fw—+F—— -
'
MW*.
.Ch‘\ 1:UV :M2[|[|ns 2:EBSJ‘S : 0.0 4[l[lps.
Math1  17.048 20.0MHz At 0 Y
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Overview

To define a spectral math waveform

Related control elements & resources

Set the
magnitude
scale

11.

12.

Select the Mag tab.

To select the vertical scale factor, touch either dB, DBM,
or Linear. The units will be dB, W, A, V, or whatever
units are attached to the spectral analyzer input
waveform.

m  dB — Magnitude is displayed using log scale,
expressed in dB relative to the reference level
offset.

m  linear — Magnitude is displayed using units equal
to the source units.

= dBm — Reference level offset is set to predefined
values for dBm; see next step.

Tip. You can adjust the scale and position by first
touching the waveform handle and then using the
multipurpose knobs to adjust the scale and position.

To set the reference level, touch Level, and use the
multipurpose knobs or keypad to set the reference level.

Tip. Reference level is the value at the top of the display
screen. It only applies to magnitude waveforms.
Adjusting the reference level positions the waveform
with respect to the top of the display, but does not
change the position of the waveform with respect to its
ground reference.

To set the reference level offset, touch Level Offset and
use the multipurpose knobs or keypad to set the offset.

Tip. Offset determines where zero dB is in the output
waveform. Changing offset moves the waveform with
respect to its ground reference. When the input is equal
to the offset, it will display as zero dB in the output.

Reference

Level

20.048

Level Offset

Level Offset *
I

Reference

Level

20.008
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Overview

To define a spectral math waveform

Related control elements & resources

Set the phase
scale

13.

14.

15.

16.

Select the Phase tab.

To select the vertical scale factor, touch either Degree,
Radian, or GroupDelay:

m  Degree sets the phase units to degrees. Phase is
displayed using degrees as the scale, where
degrees wrap from -180° to +180°.

®m  Radian sets the phase units to radians. Phase is
displayed using radians as the scale, where radians
wrap from -t to +.

m  GroupDelay unwraps the phase spectrum and
displays its negative derivative.

The topic Using the Phase Controls, on page 3-175,
provides in depth information on setup for phase
displays.

To specify whether to unwrap phase in a spectral
analysis phase waveform, touch Unwrap to toggle it on
or off.

To set the level in dB that a magnitude in the spectrum
must exceed in order to have its phase computed (to
reduce the effect of noise in your phase waveform),
touch Suppression Threshold and use the multipurpose
knobs or keypad to set the threshold level. If the
magnitude is less than the threshold, then its phase is
set to zero (for an example, see Figure 3-47 on

page 3-177).

The topic Suppression Threshold, on page 3-176,
provides additional information on phase suppression.

Suppression

Threshold [®

Set time and
frequency
domain
control
tracking

Touch the Control tab.

To allow changing time and frequency domain controls
for one math waveform to change the same controls for
another math waveform, touch the Track Time/Freq
Domain Controls buttons to toggle them on or off.

Track Time/Fr.
Domain Contrels

Math1 _L

wathe |—
Math3 =1
Mathe I
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Overview To define a spectral math waveform Related control elements & resources
Select the | 19. To select the window type, touch Window Type and Window Type
window type select from the list. See FFT Windows on page 3-178 Fesangulor
for a description of the available FFT windows.

Black- Harris

Rectangular — Best type of window for resolving Fitop2
frequencies that are very close to the same value. Best oy
type for measuring the frequency spectrum of
nonrepetitive signals and measuring frequency

components near DC.

Hamming, Hanning, Blackman-Harris,
Kaiser-Bessel, and Flattop2 — These window are
based on cosine series. Each has a different RBW and
spectral leakage characteristics. Use the window which
best highlights the features you wish to observe in the
spectrum.

Gaussian — Best localization in both time and
frequency.

Tek Exponential — Best for impulse testing. It sets the
zero-phase reference to the 20% position in the time
record allowing the test to use more of the oscilloscope
record length.

The topic Selecting a Window, on page 3-179, provides
in depth information on choosing the right window for
your application.
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Overview

To define a spectral math waveform

Related control elements & resources

Set the
frequency
domain
controls

The spectral analyzer center frequency and the frequency
span must be within the bandwidth setting determined by the
sample rate.

See Figure 3-44 on page 3-173 to see how a signal
consisting of two sine waves looks on screen as the spectral
analyzer controls are adjusted. A rectangular window was
used.

20. To set the frequency range over which the spectral
analysis is performed, touch Freq Span and use the
multipurpose knobs or keypad to set the frequency
range.

Higher sample rates allow you to set greater frequency
spans. To set the frequency span to the maximum
allowed by the current sample rate, touch the Full
button.

21. To set the center frequency of the spectral analysis,
touch Center Freq and use the multipurpose knobs or
keypad to set the center frequency.

Resolution bandwidth determines how small of a frequency
difference may be resolved in the frequency domain output
data. It basically defines the bandwidth of the filters used to
do the frequency domain analysis.

22. To set the resolution bandwidth, touch Res BW and use
the multipurpose knobs or keypad to set the resolution
bandwidth.

Res BW
26 imHz

Res BW
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Overview To define a spectral math waveform Related control elements & resources

Set the time | Time domain controls of the spectral Analyzer determine the
domain | sample rate and record length of the acquisition. Front panel

controls | controls also affect the sample rate and record length, but not
in the same way. These controls allow you to change the
duration on the acquisition without changing the sample rate.
This allows you to control the acquisition in a way that is the
dual to the frequency domain span and center frequency
controls in a spectral analyzer.

23. From the Spectral Analysis Setup menu, touch e Laniliy &
Resolution and adjust the time interval between data Samplo Aato

samples of the input waveform.

Duration J'
- 3
2.0us

Note: Resolution is the inverse of Sample rate. Adjust
resolution to adjust sample rate. Resolution will also
cause a change in record length such that the duration
is kept constant at the value selected by the Duration
control.

24. To adjust the number of seconds over the duration of the IR
. . 5000
acquired waveform (record length), touch Duration and ——
use the multipurpose knobs or keypad to adjust the —
duration.

Duration |[®

Resolution ®

Note: Changing duration also changes the record length.

25. To set the gate position, touch Gate Pos and use the
multipurpose knobs or keypad to adjust the gate
position.

Gate position is the position of the phase reference point
in the gate with respect to the trigger in seconds. The Sy
gate position and gate duration must be within the
acquisition.

26. To set the gate duration, touch Gate Dur and use the
multipurpose knobs or keypad to adjust the gate
duration.

Gate duration and resolution bandwidth both control
gate duration, gate duration is displayed in seconds and
resolution bandwidth in hertz.
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Overview

To define a spectral math waveform

Related control elements & resources

Take cursor
measurements

27.

28.

29.

30.

31.

32.

33.

From the tool bar, touch the Cursor button to display the
cursors and the cursor control window.

Select the Math tab and touch the numbered button for
the spectral waveform you want to measure.

Select the cursor type by touching either the H Bars, V
Bars, Paired, or Split buttons (for more information, see
Taking Cursor Measurements starting on page 3-132):

Turn the multipurpose knobs to position each cursor on
the waveform to measure the feature that interests you.

Read the results in the cursor readout.

The cursor readout is displayed under the multipurpose
readouts as shown here or in the upper right corner of
the graticule area.

The figure shows the cursor measurement of a
frequency magnitude on an FFT. The readout reads

0 dB because it is aligned with the 1 Vs level. The
other readout reads 24.4 dB indicating the magnitude of
the frequency it is measuring is -24.4 dB relative to

1 VRus. Display of the source waveform is turned off.

The cursor units will be in dB or volts for magnitude
waveforms and in degrees or radians for those
measuring phase.

Select V Bars and use the multipurpose knobs to align
the two vertical cursors to points of interest along the
horizontal axis of the waveform.

Read the frequency difference between the cursors from
the A: readout. Read the frequency of each cursor
relative to the zero frequency point from the cursors
readout.

Cursors

Cursor Source

Cuis1 Pos

-20.0ng

- B
AN 444hdB
AVAFT 4193udBL..

400ps

M200ns 2 56545 0.0s
AChT £ 00 ¥

Math1 17.0dE 5.0MHz

For further
assistance

34.

Touch the Help button in the tool bar to access
context-sensitive help on math waveforms.

See Accessing Online Help on page 3-245 for an
overview of the online help system.
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Spectral Math Example  The following procedure is an example of setting up the instrument to perform
spectral analysis of a signal. This example uses the probe compensation signal
available on the front-panel of the instrument.

Overview Spectral math example Control elements and resources
Install the test | 1.  Connect the probe compensation signal to CH 1 through CSA7000 Instrument
hookup a suitable cable and adapter.

2. Press DEFAULT SETUP.
3. Press AUTOSET.

Display the | 4.  From the button bar, touch Vert, and select the
waveform Chan 1 tab.

5. Touch Offset, and using the multipurpose knobs or Ealo
keypad, set the offset to 900 mV and the Ch1 Scale to
200 mV.

Offset
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Display the | 6.  From the button bar, touch Math, and select the
spectral math Math 1 tab.

waveform )
Touch the Predefined Mag button.

The instrument sets up a predefined magnitude spectral

analysis waveform.
8. To see the settings, touch the Spectral Analysis Setup = - \ s
cale EIETENuE Rec Length Genter Freg
bUttOn. Level 5‘3“‘]] Gaussian W 50 ‘J“
. dBm B0I0¢8 Samp Rate Gate Pos Freq Span | ®
m  Scale sets the vertical scale factor, and lets you set vaaws o

Level Offset
the vertical scale. [ = | s Gau

Res BW

m  Reference sets the value at the top of the display, T e

800.0ng

and offset sets the waveform position with respect
to its ground reference.

m  Rec Length sets the number of samples in the
waveform acquisition.

m  Sample rate sets the sample rate.

m  Duration sets the time over the acquired waveform
(also changes record length).

m  Resolution controls sample rate and record length
to keep the duration constant while changing the
time between samples of the acquired waveform.

= Window Type affects the shape of the spectral
analyzer response in the frequency domain, the
ability to resolve frequency in the output spectrum.

m  Gate Position sets the position of the gate on the
acquired waveform. The data in the gate region is
input to the spectral analyzer. The gate position is
the time from the trigger to the zero phase
reference position in the gate.

m  Gate Duration sets the width of the gate in
seconds, and it is inversely proportional to the
resolution bandwidth. For narrow band frequency
resolution, use a wide gate.

m  Gate Length displays the number of samples over
the specified gate duration.

®m  Resolution BW sets the bandwidth, in Hertz, of the
filters used in the spectral analysis. Resolution BW
is inversely proportional to the gate duration.

Center Freq [®
L]

9. Touch Center Freq, and use the multipurpose knobs or 0.0z
keypad to set the frequency span to 100 kHz and the Fieq Span | ®
center frequency to 50 kHz. |
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Overview Spectral math example (cont.)

Control elements and resources

Set up the | 10. From the button bar, touch Cursors.

cursors i )
11. To assign the cursors to the spectral analysis math

waveform, touch the Cursor Source Math tab, and
touch the Math 1 button.

12. Use the multipurpose knobs or keypad to set the Curs1
Pos to 0.0 Hz and the Curs2 Pos to 100 kHz.

The cursor readout now indicates the frequency span
set in step 9.

13. Use the multipurpose knobs or keypad to set the
Curs2 Pos to 50 kHz.

The cursor readout now indicates the center frequency
set in step 9.

- HL 00Hz
f2; 100.0kHz
Af: 100.0KkHz

- : : : : ; : : : :
Chi  200mY @ I 400ps 1.25MS /s B00nsAt

& Ch1 r 880mY
Math1  20.0d8 10.0kHz

Curs1 Pos
1.0Hz
Guis? Pos
50.0kHz

DUH: 00H: o
f2: S0.0kH:z
o bf S0.0kHz

|

thi 200mt 5 11 400ps 1.25M3/s S00nsdat
A Ch1  9B0mY

Math1 20 0B 10 0kHz
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Overview Spectral math example (cont.) Control elements and resources
Measure the | 14. Use the multipurpose knobs or keypad to set the Curs1
test results Pos to 3.0 kHz and the Curs2 Pos to 11.0 kHz. c“:ﬂ' oo
11.0kHz
In this example, the cursors are now on the third and ETY
eleventh harmonic of the probe compensation signal. | (| | weam o
Read the frequencies from the cursor readouts.
chi ’ ZDDmV .Q ’ ”. - M4DDus12:‘:h‘l\S‘ts.BDDnsipl o
15. Touch the Cursor Type Paired button.
Now in addition to the frequency at the cursor locations, R SR HEmE
the cursor readout displays the amplitude at the cursor e
locations. The readout also displays the difference in b e
frequency and amplitude between the cursor locations. | | | o
e & M "“'W"
chi ’ ZDDmV .Q E— ’ W 400ps 1=2:')I\.I\S.ts T
For more | 16. For additional information on setting up and using
information spectral math, see Defining Spectral Math Waveforms
starting on page 3-168.
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This section describes the input and output capabilities of your oscilloscope.
Specifically, it covers:

B Saving and Recalling a Setup on page 3-205
B Saving and Recalling Waveforms on page 3-213

B Exporting and Copying Waveforms on page 3-223, including exporting and
copying of images, waveforms, measurements, and histograms

®  Printing Waveforms on page 3-238

®  Remote Communication on page 3-243

Saving and Recalling a Setup

This oscilloscope can save a number of different oscilloscope setups for later
recall, limited only by the space you have to store the setups.

By saving and recalling different setups, you can switch from setup to setup
without having to first manually record your settings and then manually set
them. This capability is helpful when you want to:

®  Save and recall a setup that optimizes the oscilloscope for displaying and
analyzing a certain signal.

B Save a series of setups to help automate a procedure through recall of a
sequence of saved setups as part of performance of the procedure.

®m  Export a setup for sharing with a second oscilloscope.

The Save-Setup and the Recall-Setup control windows provide for including and
viewing comments with your saved setups. You can store information, readable
upon recall, that describes each setup you save and its intended application.

If you do not have a keyboard connected, you can still enter comments and name
setup files. The Save and Recall Setup windows include the Virtual Keyboard.
When you touch or click a setup name, the oscilloscope displays a keyboard on
screen that you can use with your mouse or the touch screen to enter the
setup-path name, setup-file name, and comment.
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The oscilloscope excludes the following items when saving setups:

®  Waveforms in Ch1 to Ch4 and references (Refl-Ref4). Control settings
(scale, position, and so on) are saved but not the waveform data. Upon recall
of the setup, the settings are applied, but the data is not restored.

®  Waveforms in Math Waveforms (Math1-Math4). Control settings and the
math expression are retained but not the waveform data. Upon setup recall,
however, the recalled math waveform expressions will be applied, but math
waveform data is not restored.

®m  User Options that are stored in the Windows Registry. These include all
options accessed by first selecting Utilities (menu bar), and then User
Preferences (Utilities menu).

You cannot recall into a channel or a math waveform. The oscilloscope recalls
each waveform into one of the reference waveform locations (Refl-Ref4).

If you want to save a waveform in a useful format for other applications, such as
a spreadsheet, use the export function (see Exporting and Copying Waveforms on
page 3-223).

A few things to remember when saving and recalling setups follow:

All Settings are Retained. The oscilloscope includes almost all oscilloscope
settings, with a few exceptions (such as user options) in the saved setup.

Retaining Current Settings. Recalling a setup replaces the current setup with the
recalled setup. If you do not want to lose your current setup, save it to its own
setup file for later recall before you recall a setup.

Avoiding Setup/Waveform Mismatches. Saved setups may contain settings
inappropriate for waveforms currently in your oscilloscope. For example: if you
save a setup that displays a math waveform that is the inverse of reference 1,
when you recall the setup, if the reference is empty, the math and reference
waveforms are not displayed.

Using Auto-Increment  Auto-increment file name in the Save As and Export dialog boxes, enables
File Name  saving numerous files without entering a file name each time. To auto-increment
file names, select Auto-increment file name on the dialog box as shown in
Figure 3-59.
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Save Instrument Setup As I

Save jn:la Setups j Ql

Buass fl name [020225_1 74608 B CouneJooo |
Save ag wpe: |Selup Filess [ 32t) j Cancel |
M Hep |

Figure 3-59: Auto-increment file name feature

Enter a Base file name and click Save. For the initial save, the default count is
000. Your first file is saved as [Basefilename]|count].ext, where ext is the file
extension. On subsequent saves, the oscilloscope searches for the highest
numbered file name and increases the number by one, as in Basefilename001.ext.

For example, if you save a series of rise time data files, you can use Risetime as
the base file name. Your first file is saved as Risetime000.ext. The next file will
be Risetime001.ext, and so on.

If Count reaches 999, it is suggested that you change the base file name to
Basefilenamel (for example, Risetimel) on the next save. Your next file will
then be saved as Risetime1000.ext.
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To Save Your Setup  Use the procedure that follows to save a setup to one of ten internal locations, the
oscilloscope hard disk, a floppy disk, or third-party storage device.

Overview To save your setup Control elements and resources

Prerequisites | 1. The oscilloscope must be powered up.

2. Setup the oscilloscope controls as you want them saved
as part of a recallable setup.

For help in making your setup, check the references at =  See Powering On the Oscilloscope on page
right and other sections in this chapter specific to the 1-8.

setup you wish to make. .
m  See page 3-27 for acquisition setup.

m  See page 3-53 for trigger setup.

Display the | 3. From the tool bar, touch Setups and select the Save [ Setups |
setups control Setups tab of the Setups control window.
WindOW SaveSetups | Recall Setups | Delete Setups

Save Settings from Local Memory

Save Seltings
e e D
(2 B W o o fecor |
B .
[« Ry e oo ]

Save the setup | 4. Touch the number of the setup in which you want to
save your setup. Data in the existing setup will be g L

N Save Settings from Local Memory

% Settil
ovenritten. e O e
. e - .

[« Qo R
n _Facmry n = _Fanmw

3-208 TDS7104 and TDS7054 User Manual



Data Input/Output

Overview To save your setup (Cont.) Control elements and resources
Name your | 5. Name your setup file by either:
selup m  Accepting the default name (User) that appears in
the name field.
m  Double clicking in the name field and using the
keyboard window to enter a new name, replacing
the default file name.
Note. You can use the mouse or touch screen with the
virtual keyboard to type entries in the name field.
m  (Clicking the existing name and using an attached
keyboard to enter a new name.
Tosavetoa | 6. Todisplay the Save Instrument Setup As dialog, from SADET
file the Setup control window, touch Save.
The Save Instrument Setup dialog allows for the entry of
a file name, file type, and location. See below. Bl _
Sawe jn IaSetups j @I gl
File name: IWE
EETERERITU S etup Files [* set] Cancel |
™ &utoincrement fle name Help |
Name a |7. Use the Save in: drop-down list and buttons (see right) [Save Instument SetwpAs |
destination to navigate to the directory in which to save your setup. Save n [ Setups = o [ =
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Overview To save your setup (Cont.) Control elements and resources
Name your |8. Name your setup file by doing one of the following
setup steps:
m  Accepting the default file name that appears in the
File name: field. File pame:  [020225_174608 i
m  Clicking in the File name field and typing a new S,_mm N : / o oo |
. . Auto-increment file name He|p
name, replacing the default file name. B
u C_:Iicking an e_xisting name in_the file list (if any are Access fo virtual keyboard/
listed). Data in the existing file will be overwritten.
Note. If your oscilloscope lacks a keyboard, touch or
click the keyboard icon to display a virtual keyboard. You
can use the mouse or touch screen with the virtual
keyboard to type entries in the name fields and
comments fields.
Select the Auto-increment file name check box to save a
series of files without typing in a new name each time. Base fle pome (20225 174605 | [ Count 000 |
For more information, see Using Auto-Increment File Sawe as ype: [Setup Files [%5et] o] cenes |
name on page 3-206. Hep |
9. If not selected, select *.set in the Save as type field
as the type of file to save. (Setup files are always type
*set.)
Note. Only change the type if you want to temporarily
see any other types of files in the current directory.
Otherwise, leave it set at *.set.
Save your | 10. Touch the Save button to save the setup file. To cancel
setup without saving, touch the Cancel button.
Cancel |
Help |
For further | 11. For more help on saving setups, touch the Help
assistance button in the tool bar to access contextual help on
screen.
See page 3-245 fo learn about using online help.
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To Recall Your Setup  Use the procedure that follows to recall a setup to the oscilloscope. Remember
that recalling a setup replaces the existing setup, which is lost.
Overview To recall your setup Control elements and resources
Prerequisites | 1. The oscilloscope must be powered up. You must have —
access to a setup saved by the oscilloscope.
oo
Note. This procedure does not make the setup active.
See Powering On the Oscilloscope on page
1-8.
Display the [2. From the tool bar, touch Setups and select the Recall
setups control Setups tab of the Setups control window.
window
Recall the | 3. Touch the number of the setup that you want to recall.
setup The current oscilloscope setup is overwritten. " Ao Gty
Default [
Recall setup | 4. To display the Recall Instrument Setup dialog, from the
from a file Recall Setup control window, touch Recall. (See right.) Lookin: [ &3 Setups = =]
The Recall Instrument Setup dialog allows navigation to 2131
directories, lists setup files in the directory, and provides
for selection of a setup file.
File name:
Files of type: | Setup Files [~ 2at] j Cancel |
Help |
Find the | 5. Use the Look in: drop down list and buttons (see right)
source to navigate to the directory which contains a setup that Lack | 3 Setups =l ek B
directory you want to recall.
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Overview To recall your setup (Cont.) Control elements and resources
Select your | 6. If not selected, select *.set in the Save as type of file to
setup include in the file listing. (Setup files are always type
*set.)
Note. Only change the type if you want to temporarily
see other types of files in the current directory.
Otherwise, leave it set at *.set. evans  [EEDGRERES
7- Choose your Setup f||e by either: Files of type: | Setup Files [* 2at] / j Cancel |
= Clicking an existing name in the file list. S
L} CI|Ck|ng in the F|Ie name f|e|d and typlng anew Access to virtual keyboard
name, replacing the default file name.
Note. If your oscilloscope lacks a keyboard, touch or
click on the icons as indicated right to display a virtual
keyboard. You can use the mouse or touch screen with
the virtual keyboard to type entries in the name fields
and comments fields.
Recall your | 8.  Click the Recall button to recall the setup file. To cancel
setup without recalling a setup, click the Cancel button.
Cancel |
Help |
For further | 9. For more help on recalling setups, click the Help
assistance button in the tool bar to display contextual help on
screen.
See page 3-245 fo learn about using online help.
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Saving and Recalling Waveforms

This oscilloscope can save any number of waveforms, limited only by the space
you have to store them.

By saving a waveform, you can recall it at a later time for comparison, evalua-
tion, and documentation. This capability is helpful when you want to:

®m  Recall a waveform for further evaluation or comparison with other wave-
forms.

®  Extend the waveform carrying capacity of the oscilloscope. The oscilloscope
supports four reference, four channel, and four math waveforms. If you want
more than four references, you can save the additional reference to disk for
recall later.

The Reference-Waveform control window contains a Label field for including
comments with your saved waveforms. That way, you can store information,
readable upon recall, describing each waveform that you save.

Virtual Keyboarding. If you do not have a keyboard connected, you can still
enter comments and name waveform files. The Reference control window
includes a Keyboard button. When you touch or click it, the oscilloscope
displays a virtual keyboard on screen that you can use with your mouse or the
touch screen to enter the waveform-path name, file name, and comment.

You cannot recall a waveform info a channel or a math waveform. The
oscilloscope recalls each waveform into one of the reference waveform locations
(Refl-Ref4).

TDS7104 and TDS7054 User Manual 3-213



Data Input/Output

To Save Your Waveform  Use the procedure that follows to save a waveform or waveforms to a reference
location, the oscilloscope hard disk, a floppy disk, or third party storage device.
Overview To save a waveform Control elements and resources
Prerequisites | 1. The oscilloscope must be powered up.
2. Make sure the waveform to be saved exists; that is, your
source must be a channel, an active math waveform, or
an active reference. Display the waveform with the
setup in which you want to save it. . ?eg Powering On the Oscilloscope on page
For help in setup and acquiring waveforms, check the m  See page 3-27 for acquisition setup.
references at right.
m  See page 3-53 for trigger setup.
Display the | 3. From the tool bar, touch Refs and select the Ref 1 to
reference Ref 4 tab of the reference in which you want to save the
control WaVeform. LD.spu; » st o Save Wfm to Refl Recall Ref1 from Fill
WindOW 0.0 = HMV‘
Select the [ 4. Select the Ch, Math, or Ref tab of the waveform that e ——
waveform to you want to save, and then touch the number of the AL UL 2y |
save channel, math, or reference waveform that you want to
save. (Le] 100.0mY
[ v
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Overview To save a waveform (Cont.) Control elements and resources

Label the | 5. If you want to label the waveform, touch Label, and use
waveform your keyboard or the pop-up keyboard to create a label Fosilon. |2

Save Wfm to Refl Recall Ref1 from Fil|
ath  Ref BN B
odv |/ cE m E Resall
for your Waveform. S - Save Wfm to File Delete Wim
= 100.0mY :
You can label any channel, math, or reference waveform =1
and position the label relative to the display edge and e (IS

the vertical position of the waveform using the Label
control window:

m  Using the menu bar, select Vertical and then Label [ Voiical  Hattea
iy
Display on/off
Position/Scale...
Nifzrt
®  From the Label control window, select the Source
waveform that you want to label using the Source e
buttons
m  From the Label control window, touch Label, and Lael

B Cliock

use your keyboard or the pop-up keyboard to create
a label for your waveform

m  Position the label relative to the waveform using e  Pos
the multipurpose knobs, your keyboard, or the ain [t 8 | 4000
pop-up keyboard ¥ Pos

ah

Save the | 6. Touch Save Wmf to Ref(x) Save to save your waveform.

waveformto a Data in the existing reference will be overwritten. H L fg.""g" ““j{E'I'_{"’” 'FHF'
reference Seale f_tlrt\lllm to File V-D!Iete Wi

Label 100.0mY

KN =

Hi

Save all Wims to Files
SALAL

&

Ref1
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Overview To save a waveform (Cont.) Control elements and resources
Save the | 7. To save the waveform to a file, touch Save Wfm to File U
waveform to a Save, or to save all active waveforms to files, touch = e |
file SaVe a" mes to Flles. S%t\lllmln File Delete Win e
The Save Reference Waveform As window lists all
available waveforms, allows for browsing to a Savein | 23 Weveloms = =
destination directory (saving to file), naming the ] 860127 00303
waveform file, and selecting the file format. £5] 8801 27_DO308 i
880127_005622.wim
Phu_ref1.wim
Phis_ref2. wim
Phu_ref3.wim
File name:
Save as bype: |Wavefomn Files (% wim] j Cancel |
I~ Autovincrement file narme Help |
Selecta | 8. Use the Save in: drop down list and buttons (see right)
destination to navigate to the directory in which to save your Savein | (3 Wavefoms = =3
waveform.
Select | 9. Specify the filename in which to save your waveform Edit path and file name
directory and You can:
name file . o
m  Use the default name and directory appearing in Bose oo [T500 20— B g 700
the File Path field.
Save as bupe: |W foim Files (% wifm) j Cancsl |
= Rename the file by typing a new name into the File Hep |
name field.
m  Select the Auto-increment file name check box to Access to virtual keyboard
save a series of files without typing in a new name
each time. For more information, see Using
Auto-Increment File Name on page 3-206.
Save your | 10. Click the Save button to save the waveform file or
waveform reference. To cancel without saving, click the Cancel S
button. G|
Help |
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Overview To save a waveform (Cont.) Control elements and resources

For further | 11. For more help on saving waveforms, touch the Help
assistance button in the tool bar to access the contextual online
help.

See page 3-245 to learn about using online help.
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To Recall Your Waveform

recall waveforms into references.

Use the procedure that follows to recall a waveform to a reference. You can only

NOTE. Reference waveforms do not recall because they are already oscilloscope
resident. You can copy a reference waveform to another reference: first display
the reference to be copied, and then use the Save Waveform procedure to save it

to another reference (Refl-Ref4).

Overview

To recall your waveform

Control elements and resources

Prerequisites | 1.

The oscilloscope must be powered up. You must have
access to a waveform saved by the oscilloscope.

m  See Powering On the Oscilloscope on page
1-8.

Display the | 2.

reference
control
window

From the tool bar, touch Refs, and select the Ref 1 to

Ref 4 tab of the reference in which you want to recall the

waveform.

Ref1 [ Ref2

Save Wfm to Refl Recall Ref1 from Fil|

Display Position |®

i f PRI WY

Scale
100.0m¥

KN

Horz Pos

Label

Ref1

60.0%

Recall the | 3.

waveform

If recalling an internal reference, touch Display to toggle
the display of the reference waveform on.

Ref1 | Ref2z | Ref3 | Refd

Save Wrmto Refl | Recall Ref1 from Fil
Position |® s v

[t f
woi | 1® cE m E Recall

Delste Win

Display

Save Wim to File
Scale  ® e

Label 100.0mY

s to Files

Ref1
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Overview To recall your waveform (Cont.) Control elements and resources

Recalla | 4. To display the Recall Reference Waveform window, , EE —_—
reference from the Recall Ref(x) from File window, touch Recall. e |
waveform (See right.)

from a file

Horz Pos

Ref1

60.0%

The Recall Reference Waveform window allows
navigation to directories, lists waveform files in the Look e [ &3 Wavelorms =l & @ o
directory, and provides for selection of a waveform file. 1o 8601 27 003033 i
880127 _003048. wirm
880127 _005622. v
Phus_refl_vafrm
Phis_ref2. wim
Phu_ref3.wim
File narne: 4 REF1.\WFM
Files of lype:  |'wavefoim Files [ wim] ﬂ Cancel |
Help |
Find the | 5. Use the Look in: drop down list and buttons (see right)
source to navigate to the directory which contains a waveform Lock in: | 3 Waveforms = e

directory that you want to recall.
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Overview To recall your waveform (Cont.) Control elements and resources
Select your | 6. If not selected, select *.wfm in the Files of type field to
waveform force the file listing to only include these types. Use |
* wfm for waveforms. File name
Note. Only change the type if you want to temporarily o Eale / = %I
see any other types of files in the current directory. e |
Otherwise, leave it set to * wfm. /
Access to virtual keyboard
7. Choose your waveform file by either: Y
m  Clicking an existing name in the file list.
m  Clicking in the File name field and typing a new
name, replacing the default file name.
Note. If your oscilloscope lacks a keyboard, touch or
click the Open Keyboard button to display a virtual
keyboard. You can use the mouse or touch screen with
the virtual keyboard to type entries in the name fields.
Recall your | 8. Click the Recall button to recall the waveform file. To
waveform cancel without recalling a waveform, click the Cancel Fracal
button.
Help |
Display your | 9. Touch Display to toggle the display of the reference —
reference waveform on. N o * N -
waveform e o Seve wm o e @
Lans] 00y | 1# o o, - W
n . . SavEII Wims to Files
He Horz Pos i
For further | 10. For more help on recalling waveforms, touch the Help
assistance button to access contextual online help.
See page 3-245 to learn about using online help.

To Clear References  You can clear individual references of data or delete waveform files. If you are
sure you don’t want the data a reference waveform contains, use the procedures
that follow to clear it. To clear all references and setups, use Tek Secure.
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Overview To clear references Control elements and resources
Prerequisites | 1. The oscilloscope must be powered up. You must have
access to a waveform saved by the oscilloscope.
m  See Powering On the Oscilloscope on page
1-8.
Display the [ 2. From the tool bar, touch Refs, and select the tab (Ref 1
reference to Ref 4) of the reference that you want to delete.
contl‘ol Display Position @ - . AS"E Wfm to Refl He}:ﬂl{\feh from File
WindOW n voi ||® E'I m o I F{m;a\r\
Lot 1‘5]‘::"” : fit\llm to File %fte \ll::‘::ll
[ v] -
Delete the | 3. Touch Delete to delete the reference waveform. .
Display Peemien 10 J\a}l\e‘ Wfm to Refl Hejall Ref1 from Fil
reference . L = =2
Delete a | 4. To display the Delete Reference Waveform window,
reference from the Delete Wfm File window, touch Delete. (See e

waveform file

right.)

The Delete Reference Waveform window allows

Delete Wim File

? Delele

navigation to directories, lists waveform files in the Look irc [ €3 Wavelarms = =]
directory, and provides for selection of a waveform file. 1] 8801 27_ 003033 i
880127_003048. wfm
880127_005622. wim
Ph_refl.wim
Pha_ref2.wim
Ph_ref2 wim
File name:
Files of type: |/ avefarm Files [* wim) j Cancel |
Help |
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Overview To clear references (Cont.) Control elements and resources
Find the file | 5. Use the Look in: drop down list and buttons (see right)
directory to navigate to the directory of the file to delete. Lokt [ 3 Wavefoms = =S
Find your file | 6.  Select the file type in the Files of type drop down list to |
force the file listing to only include these types. Use T T N
*.wfm for waveforms. - — ; [ oo |
Files of type: |/ avefarm Files [* wim) j Cancel |
Note. Only change the type if you want to temporarily / Hoe |
see any other types of files in the current directory.
Otherwise, leave it set to *.wfm for waveforms.
7. Choose your waveform file by clicking an existing name | Access to virtual keyboard
in the file list.
Note. If your oscilloscope lacks a keyboard, touch or
click the Open Keyboard button to display a virtual
keyboard. You can use the mouse or touch screen with
the virtual keyboard to type entries in the name fields.
Delete the file | 8. Click the Delete button to Delete the file. To cancel
without deleting a file, click the Cancel button.
Cancel |
Help |
For further | 9. For more help on deleting files, touch the Help button
assistance to access contextual online help.
See page 3-245 fo learn about using online help.
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Exporting and Copying Waveforms

This oscilloscope also supports export of wavetform data to a file. The oscillo-
scope can export waveforms, images, and measurements in several formats. You
can also copy waveform data to the clipboard for use with other applications.

By exporting a waveform, you can use it with other analysis tools, such as
spreadsheets or math-analysis applications.

A few things to remember when exporting waveforms follow:

Waveforms export as a series of comma-separated values (CSV), which are
amplitudes without units. There is no timing information, but data is placed in
the file in sequence from the first sample in the waveform record to the last.

Because the waveforms are exported as CSV, without timing and scaling
information, the oscilloscope does not import these waveforms directly. If you
intend to recall a waveform later, save it (see the procedure To Save Your
Waveform on page 3-214) instead of exporting it.

You may also choose to copy a waveform and paste it directly into an application
such as Microsoft Word or Excel. If so, select your waveform, and then select
Copy in the Edit menu.

File Formats. To make exported files more useful, you may select a file format
usable by your analysis tools:

®  Numeric creates files (.txt) in a numeric format usable by text and word
processors.

m  Text creates files (.txt) in a text format usable by text and word processors.

®  Bitmap creates files (.bmp) in a bitmap file format usable by many graphic
programs.

m  JPEG creates files (.jpg) in a compressed image format usable by many
graphic programs.

®  PNG creates files (.png) in a compressed image format that is nonlossy.

®m  Spreadsheet creates files ((CSV) in a format usable by spreadsheets (Excel,
Lotus 1-2-3, and Quattro Pro).

®  MathLab creates files (DAT) in a format usable by MathLab.
®  MathCad creates files (.DAT) in a format usable by MathCad.

Note that the MathCad file is an ASCII file, the first four values of which
contain header information:

®  The first header value holds the record length.
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To Export Your Waveform

B The second header value holds time, in seconds, between samples.

®  The third header value holds the trigger position
(expressed as an index in the data position).

B The fourth header value refers to the fractional trigger position.

Also note that the delimiters are carriage returns.

Use the procedure that follows to export a waveform or waveforms to the
oscilloscope hard disk, a floppy disk, or third party storage device.

Overview To save a waveform Control elements and resources

Prerequisites | 1. The oscilloscope must be powered up.

2. Make sure the waveform, image, or measurement to be
exported exists; that is, your source must be a channel,
an active math waveform, an active reference, and so

forth. m  See Powering On the Oscilloscope on page
1-8.
m  See page 3-27 for acquisition setup.
m  See page 3-53 for trigger setup.
Select for | 3. From the menu bar, select File, and then select Select Flo Edt Vetica HoAcg  Tig  Dislay  Curse
export for Export. See right. eeerce wevsoms >

The menu lists all available waveform, image, and

m  Waveform to export waveform data

m  Measurements to export measurement data

Recall Default Setup

Run &pplication 3
measurement types available for export: Ee——
Frint Preview
m  Full Screen to export a bitmap of all screen i EHP
Contents (1 = Full Screen [bitmap]
. i i Chrl+E ticuls [bitmap)
= Graticule to export a bitmap of only the graticule | 0306213146 set z i
area Mirimizs Clrl+bd -

Shutdawn,

3-224

TDS7104 and TDS7054 User Manual



Data Input/Output

Overview To save a waveform (Cont.)

Control elements and resources

Select setup | 4.
for export

From the menu bar, select File, and then select Export
Setup to display the Export Setup control window.

File

Beference 'wavefomsz k
Instument Setup...
Recall Default Setup

Edit

YWertical Harizddieze

Fun Application 3

Page Setup. ..
Frint Preiew

Print....

Cul+P

Export Setup...

Select for Export 3

Expart...
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Overview To save a waveform (Cont.) Control elements and resources
Setupto | 5. Select the Images tab to display the Images control
. . Images | wavefoms | Measwements
export images window. el e o oo e
o e SRBam
@ Lot  Homal et Pritt bitton to
* é';ﬁm‘e rr: i"\kﬁa\ler Mads i
C Black & white € InkSaver with
Enhanced
“waveform Calor
6. In the Palette window, select Color, GrayScale, or Black PR ’T;Mp—‘
. . raticulsfs) Onl tmap =
& White for the color palette of your exported images. Sy
7. Inthe View window, select whether you want to export
the Full Screen or Graticules Only. ||| [l | B
8. Inthe Image window, select whether you want to export
using Normal, InkSaver, or InkSaver with Enhanced
Waveform Color Mode.
®  Normal exports the image exactly as it appears
on-screen
m  InkSaver exports the image with a white back-
ground
m  |nkSaver with Enhanced Waveform Color exports
the image with colors designed to print with the
white background
9. Touch Data Format, and select the data format from the
. Images ‘avetoms | Measurements
drop-down list. i ] o Pt e
' Colar ol urm: et Print button to
© GrayScale ol _\Nr\ksa\levMode = g"";‘ et
€ Black & White £ nkSaver with
Enhanced
“Waveform Calor
= EuHS‘creEn Data Format
 Graticule(s) Only |Bitmap [EMF:I'
Bitmap [BMP)
Bpot | [ 0K | Carcel Help
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Overview To save a waveform (Cont.) Control elements and resources
Setup to | 10. Select the Waveforms tab to display the Waveforms
export control window. s ] J——
before exporting
waveforms

11. Touch Data Destination, and select the destination
(format) of your exported waveform file (see File
Formats on page 3-223 for information on the available
formats).

12. Touch Source Waveform, and select the source of the

waveform (a channel, math, or reference waveform) to
export from the list.

13. If you want waveform scale factors and time values

included in your MathCad/Mathlab files, click Include
waveform scale factors; if not checked, only voltage
(vertical) values are exported.

14. Touch Data Ordering, and select the data order (top

first, bottom first, or rotate) from the list.

D=  Samples |1 to i

" Save Samples between Cursors r get Plt\nl button to
wpa

£ Save Samples in Zoom Bux

Solrce

o+ all
Channel 1 B -

Number of 5amples 5000

"FastFrama L e

) Frames 1 ta |1

€= Al Franes

Wavetorm Detai Data Ordeiing
I Include wavelom —
scale factors Top first ]
Bpot | [ 0K | Carcel Help

Images Waveforms | Measueme

Data destination 5

Spresdsheet C3v =] |~

Saurce
Charnrel 1

Channel 2
Chanrel 3
Channel 4
bt 1
bd gl 2

‘waveform Detall
™ Include waveform
scale factors

[rata O rdering

I Top firgt

B attorn first
Top first, rotate 30 degrees
B ottorn first, rotake 90 degrees C.

=TT =T T
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Overview To save a waveform (Cont.) Control elements and resources
15. In the Waveform data range window, select the data to Wiaveform data range
include in the exported files: Cosampes [T Wi
" Save Samples between Cursors
= Samples to enter the data range of the data to  Save Samples in Zoom Box
include in the exported files Al
Mumber of Samples : 5000
m  Save Samples between Cursors to include data
between the cursors in the exported files
m  Save Samples in Zoom Box to include data in the
zoom box in the exported files
m Al toinclude all data in the exported files
16. If using FastFrame, select the frame range to include in sl dhi = e
the exported files: [ s hel
®m  All Frames to include all frames in the exported
files
®m  Frames to enter a range of frames to include in the
exported files
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Overview To save a waveform (Cont.)

Control elements and

resources

Setup to | 17. Select the Measurements tab to display the Measure-
export ments control window.

measurements

18. Touch Data Format, and select the data format (text or
numeric) from the list.

19. Select the Measurements that you want to export:

m  Displayed Measurements exports measurements
that are displayed on screen

= Measurements Snapshot exports a snapshot of all
measurements

m  Histogram Data exports current histogram data

20. Select OK to accept your changes, Cancel to close the
window without making changes, or Help to access
more information.

cin Export Setup

Images | Waveforns  Measurements |

[~ Meax
= Displayed Measurements

€ Measurements Snapshat

" Histogiam Data (C5V)

Data Format

Bt | [ 0K ]

Prompt for flename:
b befare exporting

Set Print button ta
r Ex

Cancel Help

Data Format

[

Numeric
Text

~Measurements
& Displaped Measurements

" Measurements Snapshat

€ Histogram Data (CS¥)

Expun| o« | cancal

Help
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Overview To save a waveform (Cont.) Control elements and resources

Export your | 21. To export the file, from the application menu bar, select Fle Edi Vetcal  Horiz/Act
ﬁle Export Reference Waveforms 3

Instrument Setup...
Fecall Default Setup

Fiun Application 3

Page Setup...
Frint Prewview

Prirt... Chil+P

You can also attach the front-panel PRINT button to Eiperi Bz

Select for Export 3

Export. Then, pressing the PRINT button will export
your file. Do the following to attach the PRINT button to
Export:

m  From the menu bar, select File, and then select
Export Setup to display the Export Setup control
window

Prompt for flename
3 {ed g

m  Touch Set Print button to Export

St Print buttan ta
=

The Export window lists all available waveforms, allows

Export X
for browsing to the destination directory, naming the file . =
) i ) ’ Save jn: I {2 Images ﬂ & £
and selecting the file format. ol gl e e
File name: 020225 22232
Save as bype! | Image files [ bmp) j Cancel |
[~ Autoincrement file name Export Setup.. | Help |

Select a | 22. Use the Save in: drop down list and buttons (see right) Export
destination to navigate to the directory in which you want to save Savein: | 5 My Documents
the file.
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Overview To save a waveform (Cont.) Control elements and resources
Name the file | 23. Select the file type in the Save as type drop down list to Edit path and file name
force the file listing to only include these types. Use
* dat for waveforms. |
File name: ave
Note. Only change the type if you want to temporarily — ;
see any other types of files in the current directory. SI_A e 'maf_f fes Lol o
Otherwise, leave it as set by the Export Setup control SulenaenetiE nane Boonsewn.| __teb |
window.
24. Specify the filename in which to save your waveform. Access to virtual keyboard
You can:
m  Use the default name and directory appearing in
the File name field.
®  Rename the file by typing a new name into the File
name field.
m  Select the Auto-increment file name check box to |
save a series of files without typing in a new name | . e [z _ o |
each time. For more information, see Using R B com B F
Auto-Increment File Name on page 3-206. ave st [incse e o) cr
~ HAuto-increment file name; Expart Setup...l Help |
Note. If your oscilloscope lacks a keyboard, touch or
click the keyboard icon button to display a virtual
keyboard. You can use the mouse or touch screen with
the virtual keyboard to type entries in the name fields.
Save the file | 25. Click the Save button to save the file. To cancel without
saving a file, click the Cancel button.
Help |
For further | 26. For more help on exporting files, touch the Help
assistance button to access contextual online help.

&

See page 3-245 to learn about using online help.
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To Use an
Exported Waveform

How you use the exported waveform depends on your application. The following
example is a simple application; the procedure is general and may require

adapting for your spreadsheet or other data-analysis tool.

Overview To use exported waveforms Control elements and resources
Prerequisites MS Excel 97 running on a PC or on the oscilloscope. —
Access to a waveform exported by the oscilloscope. aood
m  See To Save Your Waveform on page 3-214.
Import the In Excel, select Open from the File menu. Use the Text Import Wizard - Step 1 of 3
waveform W'"fO_W_ thatthPC}PIS up to navigate to the directory e T el AU
COﬂ alnln e | e. riginal data ki
data g Chguuse the FiI:ptype that best describes your data:
. . . G‘ == - arackers such as commas o tabs separate each field.
In the dialog that displays, make the selections as A N il b e
shown at_the right as you navigate t.hr<.)ugh the Text stimportstons [T 2] Haoign [ D
Import Wizard. You must select delimiter as your data
type, comma as the delimiter type, and General as
your Column data format. Tesct Import Wizard - Step 2 of 3
;his screen lets VOFLFI sek tdhe d:l\m\ters YOI;F ;:lata contains. ‘You can see
. ow your kext is affected in the preview below,
Note. This step assumes MS Excel 97; your tool may ! ’
have similar import features for comma-separated B s Do || Ttcomsecsive demters s cne
data. Check its documentation. Faome Foper | % ot guairs | g
Note. To plot 2 channels, export the first channel with
scale factors and time values. Export the second chan- Text Import Wizard - Step 3 of 3
nel as Voltages Only. g:;s;;::e}znolﬁrt‘zt\jou select each column and set ‘D,;‘.U[;Z::::‘ Farmat
‘General' converts numetic walues to numbers, date T ext
valugs ko dates, and all remaining values to text,  Date: lm
Do nat jmport column (5kip)
ata previ
General Geperal General Cepersl
IN233439232 264830976 292880384 321323008 [3432775(4
Cancel « Barck Mext = |
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Overview To use exported waveforms (Cont.) Control elements and resources
Begin your | 5. Click on the row number to select the entire row —
chart containing your imported waveform values (see right). ETIETY J| Y EIC B Y =¢|u 25 o |@\‘um '
arisl - ‘a;u|§;z.\$/,jj§;“. B
6. Select the Chart button from the tool bar (see right) or e
from the Insert menu.
Select the entire row
Access the Chart Wizard
specify a 1. From the Chart WiZard, make sure Built In |S Chart Wizard - Step | of 4 - Chart Type
line-graph selected. Then select either of the following: Standard Types  Custom Types |
Chal‘t H H Chart bype: Sample:
m  Linesin the Standards Types tab L Comn - Ares | —
. . Col ith Depth .
®  Smooth lines in the Custom Types tab L"“ o MR 200e.02
B Floating Bars 1.00E+05
ik Line - Column S.00E-07
Llij]: L?ne - Column on 2 Axes _::gg:g: S8 117 175 33 | — Sees
ﬁ Il:lnes otE 2. Axes [
Q{ ogarithmic -1 +
E Outdoor Bars -;.zg;g:
(3 Pie Explosion o -250E+05
Iﬁm;l onEn
F!ef_lts::;:eﬁned Smooth lines subtype from Excel 95,
& Built-in
Cancel < Back | Mext = I Finish
Finish the | 8. Click Next to step through the next two steps accepting m—
chart the defaults setting at each step. Click the Finish button

in step 4. You should have a waveform display similar to
that show right.

Note. This procedure assumes MS Excel 97. You can
likely specify titles, customize the treatment and labeling
of the x and y axes, and so forth in your data-analysis

DEHERY (EBe o \g@\z ~ ‘lAl‘gQﬂ‘mn/ \@\“@vm.\
% pRCRS

i s cln s

~| 90243072

2.50E+08

‘m‘\l‘m‘m‘blm‘

2.00E+08

application—either as you create the chart or afterward. ||l | '™

Use the help for your data-analysis application to | e

determine if it has these capabilities and for instructions (||t | cweec

In us’ng them e - 1733 43 BA 81 97 113 129 {45 161 177 193 209 125 241
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Overview To use exported waveforms (Cont.) Control elements and resources
For further | 9. For more help on exporting waveforms, touch the
assistance Help button in the window to access contextual online
help.
See page 3-245 to learn about accessing online help.
To Copy Your Waveform  Use the procedure that follows to copy a waveform to the clipboard.
Overview To save a waveform Control elements and resources

Prerequisites [ 1. Make sure the waveform, image, or measurement to be

copied exists; that is, your source must be a channel, an
active math waveform, an active reference, and so forth.

See Powering On the Oscilloscope on page

1-8.
See page 3-27 for acquisition setup.

See page 3-53 for trigger setup.

Select for | 2. From the menu bar, select Edit, and then select Select
copy for Copy. See right.

The menu lists all available waveform, image, and
measurement types available for export:

m  Full Screen to export a bitmap of all screen
contents

= Graticule to export a bitmap of only the graticule
area

m  Waveform to export waveform data

m  Measurements to export measurement data

Eile Edit  Wertical Honizddeq  Ing  Display  Curs

Caopy Crl+C

Eull Screen [bitmap)

Graticule [bitmap)
CEE)

Measurement [data

Capy Setup...

Select setup
for copy

3. From the menu bar, select Edit, and then select Copy
Setup to display the Copy Setup control window.

Eile | Edt  Wertical Horiz e

Cepy Chl+C

Select far Copy 3
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Overview To save a waveform (Cont.)

Control elements and resources

Setup to copy | 4. Select the Images tab to display the Images control
images window.

5. Inthe Palette window, select Color, GrayScale, or Black
& White for the color palette of your copied images.

6. Inthe View window, select whether you want to copy
the Full Screen or Graticules Only.

7. Inthe Image window, select whether you want to copy
using Normal or InkSaver Mode.

:m Copy Setup | x|

Images |\v\u"aveforms| Measurementsl

Palette Image
& Lolot & Mormal
" Grayseale  InkSaver Mode
€ Black & White

" InkSaver with
Enhanced
i avefarm Calor

e Drata Format
' Full Screen
€ Graticule(s] Orly Bitmap

Copy I gk I Cancel Help
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Setup to copy

Select the Waveforms tab to display the Waveforms

- Copy Setup
Waveforms control window. Images ; } Measuramantsl
W avefarm data range
Data destination © Samples ID— to IW
I bzacscel = Save Samples between Cursors
— = Save Samples in Zoom Box
=T = Al
Lhannel 1 MNumber of Samples : a000
FastFrame datarange————
€ Frames |1— la |1—
& Al Frames
wiaveform Detail Data Ordering
’;”iﬁﬂi”f”ﬁc‘{iﬁ?m Topii =]
Copy | ak I Cancel | Help |
9. Touch Source Waveform, and select the source of the
waveform (a channel, math, or reference waveform) to SOUIGE wav eform
copy from the list. I Channel 1 j
Channel 2
Channel 3
Channel 4
hath 1
hath 2
. . Waveform Detall
10. If you want waveform scale factors included in your B e
Mathcad files, click Include waveform scale factors. seelefactors
11. Touch Data Ordering, and select the data order (top Data Ordering
first, bottom first, or rotate) from the list.
Top first
‘Tap first
Bottom first
Top first, rakate 90 dearees
Bottom first, rotate 90 degrees C:
12. In the Waveform data range window, select the data to Warelom dds rsnge
include in the exported files: e S
Save Samples between Cursars
r‘ ave Samples in Zoom Box
= Samples to enter the data range of the data to g
InC|Ude |n the eXported fl|eS Murmber of Samples : 5000
. —FastFrame datarange—————
m  Save Samples between Cursors to include data ® Fres |1g_ o[
between the cursors in the exported files & Al Frames
m  Save Samples in Zoom Box to include data in the
zoom box in the exported files
m Al toinclude all data in the exported files
3-236
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Overview To save a waveform (Cont.) Control elements and resources
13. If using FastFrame, select the frame range to include in FastFrame data rangs
g- oL g " Frames |1 to |1
the copied files: o Al

m Al Frames to include all frames in the copied files

m  Frames to enter a range of frames to include in the

copied files
Setup to copy | 14. Select the Measurements tab to display the Measure- GaCopySetp |l
measurements mentS Contr0| WlndOW \magesl Waveforms | Me |
15. Select Displayed Measurements to copy measurements e r—
that are displayed on screen, or select Measurements € Displayed Measurements [ Teut [ |

Snapshot to copy a snapshot of all measurements.

" Measurements Snapshat

" Histogram D ata [C5Y]

Copy | ak I Cancel Help

16. Touch Data Format and select the data format (text or Data Format
numeric) from the list. [ |
Numeric L
T_ext
Copy your file | 17. Select OK to accept your changes and copy the file to ok ] concel | b |

the clipboard, Cancel to close the window without
making changes, or Help to access more information.

For further | 18. For more help on copying files, touch the Help button
assistance to access contextual online help.

See page 3-245 to learn about using online help.
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Printing Waveforms

To Print from Front Panel

To Print from Menu Bar

3-238

To Set Up the Page

You can print the display screen, including any waveforms displayed. Before you
can print, you must install and set up your printer. Consult the instructions that
come with your printer. Also for printer setup instructions, you can display
Windows help and access its section on printers.

To print a waveform from the front panel, push the front-panel PRINT button.
The display screen will print on the default printer. For additional print options,
see the topics that follow.

To print a waveform, from the application menu bar, select the File menu, and
then select Print. The oscilloscope displays the standard MS Windows 98 Print
window shown in Figure 3-60. Access the windows help system for more
information.

P HH
i~ Printer
Mame: T ektronis Phagzer 340 Properties |

Stabuz Ready

Type: Tektonix Phazer 340

Wwhere  \dekadm1SWped3 car

Comment: Tek Phassr 340: B33-L7 (Gnd E10] ™ Frint to fils

— Frirt ramge Caopies

Lo Mumber of copies: I'l 3:

r | |

; Z'agesl from ti @ I Colete
Selector

Pageﬁelup...l PrintF'_reviewl | Ok I Cahcel | Help

Figure 3-60: Print window

To set the format of the printed page, from the application menu bar, select the
File menu, and then select Page Setup. The oscilloscope displays the Page Setup
window shown in Figure 3-62.

®  Paper: select the paper size and source from the drop down lists.
®m  Orientation: select either Portrait or Landscape (see Figure 3-61).

B Margins: set the margins you want for your page.
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Landscape format Portrait format

Figure 3-61: Hardcopy formats

m  Palette: select either Color, GrayScale, or Black & White.

®  View: select either Full-Screen or Graticule(s) Only:
®m  Full-Screen displays both the graticule and menu areas of the screen
®m  Graticule(s) displays only the graticule area of the display

®  Image: select either Normal, InkSaver, or InkSaver with Enhanced
Waveform Color Mode.

®  Normal exports the image exactly as it appears on-screen

®m InkSaver exports the image with a white background to save ink when
printing waveforms

B [nkSaver with Enhanced Waveform Color exports the image with colors
designed to print with the white background

Touch Help for more information.
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Page Setup I

— Paper
Size: Letter -
S ounce: IAutoSeIect Tray j
— Orignkation Margins linshes]

& Porrait Left. [o151" B might [0153" B
" Landscape Top: [oze1" [ Bottom [0223 B8

— Palette Wi |mage
% Calor % Fulcieen " Aomal
" GrayScde O Graticulefs) Only || © [rk-saver Mode
' Black & White ' Ink-saver with
Erhanced
[~ Set Frint button to Export Warestorm Color

Frint F'[eview...l 0] 8 I Cancell Frint... | Help |

Figure 3-62: Page setup window

To Preview the Page  To preview your printout, from the application menu bar, select the File menu,
and then select Print Preview. The oscilloscope displays the standard MS
Windows 98 Print Preview window shown in Figure 3-63. Access the windows
help system for more information.
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HeztFage | @ Fiew Page

i PEae Zoom In Zomrd LClose FPage Setup. .. Help

Figure 3-63: Print preview window

To Print Using
Print Screen

Pressing the Windows Print Screen key copies the currently displayed bitmap to
the clipboard. This bitmap does not include the oscilloscope waveforms or
graticule. The waveforms and graticule are displayed by the graphics adapter
outside of normal Windows mechanisms.

The graphics adapter uses a technique similar to that used by TV weathermen.
They stand in front of a blank (blue) screen that is electronically replaced by a
weather map. The oscilloscope uses a blank (dark gray) image that is electroni-
cally replaced by the graticule and the waveforms that are currently being
displayed. If you load the bitmap into a program such as Paint, the graticule and
waveforms are not part of the bitmap, and, although they are visible on Paint’s
window, they will not be saved or printed.

To capture the oscilloscope screen with its graticule and waveform, either use
Copy in the Edit menu after selecting Image in the Copy Setup menu, or if you
want to build a bitmap file, just select Export in the File menu after selecting
Full Screen (bitmap) in the Select for Export menu. For additional information
see Exporting and Copying Waveforms on page 3-223.
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To Date/Time Stamp  You can display the current date and time on screen so that they appear on
Hardcopies  hardcopies you print. To date and time stamp your hardcopy, do the following
steps:

Overview To date/time stamp hardcopies Control elements and resources

Prerequisites | 1. The oscilloscope must be powered on.

See Powering On the Oscilloscope on page
1-8.

To display the | 2.  From the tool bar, touch Disp and select the Objects tab.

date and time 3. Touch Display Date/Time to toggle it on.

Display Date/Time

Trigger Level Marker

Short Long

Display Trigger 'T'
0ff

To set the date | 4. From the menu bar, touch Utilities and select Set Time

: - . Utilities ~ Help
and time & Date to display the Set Time and Date control window.
Tek Secure Eraze...
Set Tim e
GPIBE Configuration. ..
5. Touch Hour, Minute, or Second and use the multipur- e ¢ Sacond i
pose knobs, keypad, or arrow buttons to enter the time. ]
6. Touch Year, Month, or Day and use the multipurpose : -
knobs, keypad, or arrow buttons to enter the date. ol med e

Set time and
date now

7. Touch Set time and date now to set the time and date. .
To get the | 8. Touch Get Current Time to get the current time from the -
current time Windows operating system.
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Remote Communication

Remote communication is performed through the GPIB interface. Consult the
online Programmer Guide for help with establishing remote communication and
control of the oscilloscope.

To access the Programmer Guide, locate the Product Software CD that was
shipped with the oscilloscope. Install the CD in the personal computer that you
want to use, typically your oscilloscope controller. Follow the directions in the
CD booklet.

You can install the guide in the oscilloscope, but that may not be convenient
because it will cover the oscilloscope screen.

For information on connecting the oscilloscope to a network to enable printing,
file sharing, internet access, and other communications functions, see Connect-
ing to a Network on page 1-14.
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Accessing Online Help

This manual represents only part of the user assistance available to you — the
online help system, integrated as part of the oscilloscope user interface, provides
quick-to-access support for operating this oscilloscope. This section describes the
help system and how to access it.

This oscilloscope provides the following help resources online:
®m  Help Topics
®  Programmers Guide

Much of the information you need to operate this oscilloscope and use it
effectively is found online, where you can quickly access it and display it on
your oscilloscope screen. You need to access the online documentation for most
operating information.

A few keys to remember when using online help follow:

®  Use online help when you want to minimize interruption to your work flow.
Help Topics are there when you need to probe more deeply into feature
operation.

®  Use the manuals for instructions on putting the oscilloscope into service, for
procedures on reinstalling its product software, for listings of specifications,
and for overviews of features and their operation.

®m  Use the online programmers guide, either displayed on the oscilloscope
screen, or on your windows-equipped PC, for support on operating the
oscilloscope from the GPIB.

How to Use Online Help

Use the procedure steps that follow to access contextual help and to learn how to
search the help system for more information.

Overview

To use online help Control elements & resources

Prerequisites

The oscilloscope must be powered up and running.

m  See Installation, page 1-5.
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Overview

To use online help

Control elements & resources

For in-depth,

2. When using the tool bar and you have a control window

[Feb ]

contextual displayed, touch the Help button to open the help
overviews system with an overview of the control window that is
currently displayed. Click or touch here \
3. Some windows have a help button as shown at the right. Hel
Just click the button to open the help system with an ;tgl
overview of the dialog box that is currently displayed.
See below.
Touch the Minimize button
in a help window to move
help out of the way so
you can operate the
oscilloscope. Touch the Minimize
Restore Help button to see
the last hglp topic again Cursor Type Setup Control Window
Accegs thig control svindowy by touching the CURSCRS button on the front panel.
/'/T_l,lpe\( Pozition \{ H-Bar\f \.-"-Bal\( Paired % Split Mode\( Setup\
! s Querview j
— lUge these controls to select the tyoe of cursor for wwaveform
Touch a tab in a help ' measurements.
window to navigate Channel To Use
between the_(_)verv!ew Select the waveform you want to measure from the Channel Selector
and SpelelC topics. tab=. Touch ane of the Cursor Type buttons to select a cursor type.
a Behavior
Thig control window dizplays and turns onthe cursors when you
EUI‘SDI‘ T)‘pE push the framt pane CURSORS button, whian you tauch the Cursors
button inthe tool bar, or when you sebect Cursor Cortrols from the
menu bar. When vou selsct Split cursors, wau must selact & source
Touch an outlined control channel for each cursor by touching the Curst and Curs2 tabs ot the
shown in the he|p window top of the control sindow:, IF you do not select Splt, the Cursl and
to receive more SpeCiﬁC . Curs2tabs do not appear in the control wincdow:.
H : Touch the Setup button to display the Cursor Setup control windowe.
information about thle The Curgor Setup control window allovy s you to specity other curgor
control. - parameters.
ol
HTIiP For mare information on cursor types, touch one of the
highliohted sreas on the araphic abawvs. LI
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Overview

To use online help

Control elements & resources

To dig deeper

4. You can search for help using methods that most users
of PCs are familiar with: From the menu bar, select
Help, and then select Contents and Index. See right.

5.  From the online help finder (see below), choose from the
three tabs.

izddeg | Tig  Display  Cursors Measure  Math Utlites  Help
m ppics: TDS Phoenix ﬂﬂ

Contents | Index | Find |

Click a topic, and then click Dizplay. Or click anather tab, such az Index.

@ Introducing the TDS 7000 Series O scilozcope

Front Panel Connectors
Wertical Controls
Horizontal Controlz
Zoom Controls

Trigger Contrals
Fun/Stop Contrals
General Purpose Controls

2]
i
i
B
i
i
i
i

n|en Interface
o ?
n Desktop

Multipurpose Knobs

e

e

é[r Panel

@ Fief|srence Information

Cloze I FErint... | Cancel |

6. Click to explore the topic titles and to highlight one
for display. Click the Display button to open the
topic in a help window.

ath Utilities Help

Help on wWindaw. .. F1 |

Contents and Indes... |
Hestare Hela

Specificatians...
Technical Support...
Customer Feedback. ..

About TekScope...
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Overview To use online help Control elements & resources
To enable | 7. If you cannot find the information in the Contents or dath  Utiities | Help
full-text Index tabs of the online finder, you may want to enable Help on'window..  F1
search full text search: From the application menu bar, select S
Help, and then select Contents and Index. See right. SR
Hestare Helm
8. From the online help finder (see below), choose the Spesifications...
Find tab. Technical Support...
Cuztomer Feedback...
izddog Trig  DisNay  Cursorzs Measwre  Math Llities  Help
enix 2 x|p= About TekScope..
Eontentsl Index  Find | |
Find enables you to search for specific words and
phrases in help topics, instead of searching for
infarmation by category.
Before you can use Find, “Windows must first create a list
[or database). which contains every word from pour help
file[z].
To create this list now click Mest.
& Minimize database size [recommended}
= Magimize search capabiliies
" Customize search capabiliiies
< Bach I Mext > I Cancel |
Dijeplay I BEifat.. | [Canze] | i
9. Choose the method for word list generation and
select next or finish. Once the word list generation
finishes, clicking the Find tab will access a pane for
searching with full text search.
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Appendix A: Specifications

This chapter contains the specifications for the TDS7000 series Digital Phosphor
Oscilloscopes. All specifications are guaranteed unless labeled “typical.” Typical
specifications are provided for your convenience but are not guaranteed.
Specifications that are marked with the »# symbol are checked in chapter four,
Performance Verification.

All specifications apply to all TDS7000 models unless noted otherwise. To meet
specifications, the following conditions must be met:

The oscilloscope must have been calibrated in an ambient temperature
between 20 °C and 30 °C.

The oscilloscope must be operating within the environmental limits listed in
Table A-10.

The oscilloscope must be powered from a source that meets the specifica-
tions listed in Table A-8 on page A-19.

The oscilloscope must have been operating continuously for at least 20
minutes within the specified operating temperature range.

You must perform the Signal Path Compensation procedure after the
20-minute warm-up period, and if the ambient temperature changes more
than 5 °C, repeat the procedure. See Optimizing Measurement Accuracy on
page 3-141 for instructions to perform this procedure.

Product and Feature Description

The TDS7000 series Digital Phosphor Oscilloscope family consists of the
models shown in Table A-1.

Table A-1: TDS7000 models

Number of Maximum sample
Model channels Bandwidth rate (real time)
TDS7054 4 500 MHz 5GS/s
TDS7104 4 1 GHz 10 GS/s
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A-2

Acquisition Features

Signal Processing
Features

Separate Digitizers. Ensure accurate timing measurements with separate digitizers
for each channel. Acquisition on multiple channels is always concurrent. The
digitizers can also be combined to yield a higher sample rate on a single channel.

Fast Acquisition. Acquire up to 200,000 waveforms per second to see rapidly
changing signals or intermittent signal irregularities.

Long Record Lengths. Choose record lengths from 500 points to up to 100,000
points per channel (up 400,000 points on a single channel). Extend the maximum
record length up to a maximum of 16,000,000 points with memory options.

Peak Detect Acquisition Mode. See pulses as narrow as 400 ps even at the slower
time base settings. Peak detect helps you see noise and glitches in your signal.

Acquisition Control. Acquire continuously or set up to capture single shot
acquisitions. Enable or disable optional acquisition features such as equivalent
time or roll mode. Use Fast Frame acquisition to capture and time stamp many
events in a rapid sequence.

Horizontal Delay. Use delay when you want to acquire a signal at a significant
time interval after the trigger point. Toggle delay on and off to quickly compare
the signal at two different points in time.

Average, Envelope, and Hi Res Acquisition. Use Average acquisition mode to
remove uncorrelated noise from your signal. Use Envelope to capture and
display the maximum variation of the signal. Use Hi Res to increase vertical
resolution for lower bandwidth signals.

Waveform Math. Set up simple math waveforms using the basic arithmetic
functions or create more advanced math waveforms using the math expression
editor. Waveform expressions can even contain measurement results and other
math waveforms.

Spectral Analysis. Display spectral magnitude and phase waveforms based on
your time-domain acquisitions. Control the oscilloscope using the traditional
spectrum analyzer controls such as span and center frequency.
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Display Features  Color LCD Display. Identify and differentiate waveforms easily with color coding.
Waveforms, readouts, and inputs are color matched to increase productivity and
reduce operating errors. Enhance visualization of waveforms with color grading.

Digital Phosphor. A Digital Phosphor Oscilloscope can clearly display intensity
modulation in your signals. The oscilloscope automatically overlays subsequent
acquisitions and then decays them to simulate the writing and decay of the
phosphor in an analog oscilloscope CRT. The feature results in an intensity-
graded or color-graded waveform display that shows the information in the
intensity modulation.

Fit to Screen. The Digital Phosphor technology performs the compression
required to represent all record points on the screen, even at the maximum record
length settings.

Zoom. To take advantage of the full resolution of the oscilloscope you can zoom
in on a waveform to see the fine details. Both vertical and horizontal zoom
functions are available.

Measurement Features  Cursors. Use cursors to take simple voltage, time, and frequency measurements.

Automatic Measurements. Choose from a large palette of amplitude, time, and
histogram measurements. You can customize the measurements by changing
reference levels or by adding measurement gating.

Mask Testing. Option SM only. Provides mask testing for verifying compliance to
standards.

Trigger Features  Simple and Advanced Trigger Types. Choose simple edge trigger or choose from
eight advanced trigger types to help you capture a specific signal fault or event.

Dual Triggers. Use the A (main) trigger system alone or add the B trigger to
capture more complex events. You can use the A and B triggers together to set
up a delay-by-time or delay-by-events trigger condition.

Comm Triggers. Option SM only. Use comm triggers to trigger on communica-
tion signals.

Convenience Features  Autoset. Use Autoset to quickly set up the vertical, horizontal, and trigger
controls for a usable display. If a standard mask is active (Option SM only),
Autoset adjusts the selected waveform to match the mask, if possible.
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Specification Tables

A-4

Touch Screen Interface. You can operate all oscilloscope functions (except the
power switch) from the touch screen interface. If convenient, you can also install
a mouse and keyboard to use the interface.

Toolbar or Menu Bar. You can choose a toolbar operating mode that is optimized
for use with the touch screen, or a PC-style menu-bar operating mode that is
optimized for use with a mouse.

Open Desktop. The oscilloscope is built on a Microsoft Windows software
platform; the oscilloscope application program starts automatically when you
apply power to the instrument. You can minimize the oscilloscope application
and take full advantage of the built-in PC to run other applications. Moving
waveform images and data into other applications is as simple as a copy/paste
operation.

Dedicated Front Panel Controls. The front panel contains knobs and buttons to
provide immediate access to the most common oscilloscope controls. Separate
vertical controls are provided for each channel. The same functions are also
available through the screen interface.

Data Storage and I/0. The oscilloscope has a removeable hard disk drive, a
CD-RW drive, and a floppy disk drive that can be used for storage and retrieval
of data. The oscilloscope has GPIB, USB, Centronics, COM, and Ethernet ports
for input and output to other devices.

Online Help. The oscilloscope has a complete online help system that covers all
its features. The help system is context sensitive; help for the displayed control
window is automatically shown if you touch the help button. Graphical aids in
the help windows assist you in getting to the information you need. You can also
access the help topics through a table of contents or index.

Table A-2: Channel input and vertical specifications

Characteristic Description

Input coupling DC, AC, and GND

Channel input is disconnected from input termination
when using GND coupling.

Input channels Four, all identical
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Table A-2: Channel input and vertical specifications (Cont.)

Characteristic

Description

Input impedance, DC coupled

1 MQ + 0.5% in parallel with 10 pF (+ 3 pF)

50 Q +1%; VSWR < 1.3:1 from DC to 500 MHz, < 1.5:1
from 500 MHz to 1 GHz

Maximum voltage at input BNC
(1 MQ)

150 Vgys CAT I,

For steady state sinusoidal waveforms, derate at
20 dB/decade above 200 kHz to 9 Vgys at 3 MHz and
above

Maximum voltage at input BNC
(50 )

5 VRus, with peaks < +30 V

v~ Differential delay at input BNC

= 50 ps between any two channels with the same scale
and coupling settings

»~ Channel-to-channel crosstalk

=100:1 at 100 MHz, and = 30:1 at the rated bandwidth
for any two channels with the same scale and coupling
settings

Digitizers 8-bit resolution, separate digitizers for each channel
sample simultaneously

Sensitivity range 1 MQ: 1 mV/div to 10 V/div, in a 1-2-5 sequence
50 2: 1 mV/div to 1 V/div, in a 1-2-5 sequence
Fine adjustment available with =1% resolution

v~ Analog bandwidth DC 50 Q coupling, bandwidth limit set to Full, operating

ambient <30 °C, derated by 2.5 MHz/°C above 30 °C

SCALE range Bandwidth

1 mV/div to 1.99 mV/div TDS7054: DC to 450 MHz
TDS7104: DC to 500 MHz

2 mV/div to 4.98 mV/div TDS7054: DC to 500 MHz
TDS7104: DC to 600 MHz
5 mV/div to 9.95 mV/div TDS7054: DC to 500 MHz

TDS7104: DC to 750 MHz

TDS7054: DC to 500 MHz
TDS7104: DCto 1 GHz

10 mV/div to 1 V/div

Analog bandwidth limit, typical

Selectable between 20 MHz, 200 MHz, or Full

Lower frequency limit, AC coupled

< 10 Hz for 1 M€, reduced by a factor of ten when using
a 10X probe; <200 kHz for 50 Q
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Table A-2: Channel input and vertical specifications (Cont.)

Characteristic Description
Calculated rise time, typical DC 50 Q2 coupling, bandwidth limit set to Full
SCALE range Rise time

1 mV/div to 1.99 mV/div TDS7054: 890 ps
TDS7104: 800 ps

2 mV/div to 4.98 mV/div TDS7054: 800 ps
TDS7104: 600 ps

5 mV/div to 9.95 mV/div TDS7054: 800 ps
TDS7104: 530 ps

10 mV/div to 1 V/div TDS7054: 800 ps
TDS7104: 400 ps

Step response settling errors, Bandwidth limit set to Full

typical SCALE range and step Settling error at time after
amplitude step
1 mV/div to 100 mV/div, 20 ns: < 0.5%
with < 2 V step

100 ns: < 0.2%
20 ms: < 0.1%

101 mV/div to 1 V/div, 20 ns: < 1.0%
ith < 20 V ste|
with < 20V step 100 ns: < 0.5%

20 ms: <0.2%

1.01 V/div to 10 V/div, 20 ns: = 1.0%
ith < 200 V ste
with < 200 V' step 100 ns: < 0.5%

20 ms: <0.2%
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Appendix A: Specifications

Table A-2: Channel input and vertical specifications (Cont.)

Characteristic Description
Position range = 5 divisions
Offset range SCALE range Offset range
1 mV/div to 100 mV/div =1V
101 mV/div to 1 V/div =10V
1.01 V/div to 10 V/div =100V
Offset accuracy SCALE range Offset range

1 mV/div to 100 mV/div

+(0.2% X | net offset | +
1.5mV + (0.1 div X V/div
setting)

101 mV/div to 1 V/div

+(0.25% X | net offset | +
15mV + (0.1 div x V/div
setting)

1.01 V/div to 10 V/div

+(0.25% X | net offset | +
150 mV + (0.1 div x V/div
setting)

where, net offset = offset - ( position X volts/division)

DC gain accuracy,

+1% in Sample or Average acquisition mode

DC voltage measurement accuracy

Measurement type

DC accuracy (in volts)

Sample acquisition mode,
typical

Absolute measurement of
any waveform point, and
High, Low, Max, and Min
measurements

£[(1.0% X | reading - net
offset | ) + offset accuracy +
(0.13 div x V/div setting) +
0.6 mV]

Delta voltage measurement
between any two points
acquired under the same
setup and ambient condi-
tions, and all other auto-
matic measurements

£[(1.0% X |reading|) +
(0.26 div x V/div setting) +
1.2mV]

where, net offset = offset - ( position X volts/division)

»~ Average acquisition
mode (=16 averages)

Absolute measurement of
any waveform point, and
High, Low, Max, and Min
measurements

£[(1.0% X | reading - net
offset | ) + offset accuracy
+(0.06 % V/div)]

Delta voltage measurement
between any two points
acquired under the same
setup and ambient condi-
tions, and all other auto-
matic measurements

+[(1.0% X |reading|) +
(0.1 div x V/div setting) +
0.3mV]

where, net offset = offset - ( position X volts/division)
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Appendix A: Specifications

Table A-2: Channel input and vertical specifications (Cont.)

Characteristic Description

Nonlinearity, typical < 1 LSB differential, < 1 LSB integral, independently
based

Effective bits, typical Sine wave input at the indicated frequency and pk-pk

amplitude, at 50 mV/division and 25 °C

Signal and input conditions | Effective bits

TDS7054 1 MHz, 9.2 div, 2 GS/s 6.8 bits
sample rate, Sample
acquisition mode

1 MHz, 9.2 div, 10 MS/s 8.7 bits
sample rate, HiRes acquisi-
tion mode

500 MHz, 6.5 div, 2 GS/s | 6.8 bits
sample rate, Sample
acquisition mode

TDS7104 1 MHz, 9.2 div, 10 GS/s 6.6 bits
sample rate, Sample
acquisition mode

1 MHz, 9.2 div, 10 MS/s 8.7 bits
sample rate, HiRes acquisi-
tion mode

1 GHz, 6.5 div, 10 GS/s 5.5 bits
sample rate, Sample
acquisition mode
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Appendix A: Specifications

Table A- 3: Horizontal and acquisition system specifications

Characteristic

Description

Acquisition modes

Sample, Peak detect, Hi Res, Average, Envelope, and
Waveform database

Acquisition rate

up to 200,000 waveforms per second in Fast Acquisition
mode

up to 130 waveforms per second with Fast Acquisition off

Minimum record length

500 points

Maximum record length

Depends on the number of active channels and the
amount of memory installed

Standard

100,000 points (3 or 4 channels)
200,000 points (1 or 2 channels only)
400,000 points (1 channel only)

Option 1M installed

500,000 points (3 or 4 channels)
1,000,000 points (1 or 2 channels only)
2,000,000 points (1 channel only)

Option 2M installed

2,000,000 points (3 or 4 channels)
4,000,000 points (1 or 2 channels only)
8,000,000 points (1 channel only)

Option 3M installed

4,000,000 points (3 or 4 channels)
8,000,000 points (1 or 2 channels only)
16,000,000 points (1 channel only)

Real-time sample rate range Number of channels Sample rate range
acquired
TDS7054 1 1.25 S/s to 5 GS/s
2 1.25 S/s to 5 GS/s
3ord 1.25 S/s t0 2.5 GS/s
TDS7104 1 1.25 S/s to 10 GS/s
2 1.25 S/s to 5 GS/s
3ord 1.25 S/s t0 2.5 GS/s
Equivalent-time sample rate or 5 GS/s to 250 GS/s

interpolated waveform rate range

Equivalent-time acquisition can be enabled or disabled.
When disabled, waveforms are interpolated at the fastest
time base settings.

Secondsj/division range

200 ps/div to 40 s/div

Horizontal delay range

0sto1000 s
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Appendix A: Specifications
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Table A- 3: Horizontal and acquisition system specifications (Cont.)

Characteristic

Description

»~ Long term sample rate and
delay time accuracy

+15 ppm over any = 1 ms interval

RMS aperture uncertainty, typical

=[3 ps+ (0.1 ppm X record duration)]

»~ Delta time measurement accu-

racy

For a single channel, with signal amplitude > 5 div,
reference level set at 50%, interpolation set to sin(x)/x,
volts/division set to = 5 mV/div, with (displayed
risetime)/(sample interval) ratio between 1.4 and 4, where
sample interval = 1/(real-time sample rate)

Conditions

Accuracy

Single shot signal, Sample
or Hi Res acquisition mode,
Full bandwidth

= (15ppm X | reading | +
0.3 sample intervals)

Average acquisition mode,
=100 averages, Full band-
width

= (15ppm X | reading | +
20 ps)
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Appendix A: Specifications

Table A-3: Horizontal and acquisition system specifications (Cont.)

Characteristic

Description

Maximum Fast Frame update rate,

typical

160,000 frames per second

Frame length and maximum
number of frames

Maximum number of frames for Sample or Peak Detect
acquisition mode, depending on memory option installed

Frame length

Maximum number of
frames

50 points

Standard: 181
Option 1M: 909
Option 2M: 3636
Option 3M: 7272

250 points

Standard: 133
Option 1M: 666
Option 2M: 2666
Option 3M: 5333

500 points

Standard: 100
Option 1M: 500
Option 2M: 2000
Option 3M: 4000

2500 points

Standard: 33
Option 1M: 166
Option 2M: 666
Option 3M: 1333

5000 points

Standard: 18
Option 1M: 90
Option 2M: 363
Option 3M: 727

25,000 points

Standard: 3
Option 1M: 19
Option 2M: 78
Option 3M: 156

50,000 points

Standard: 1
Option 1M: 9
Option 2M: 39
Option 3M: 79

100,000 points

Standard: —
Option 1M: 4
Option 2M: 19
Option 3M: 39

250,000 points

Standard: —
Option 1M: 1
Option 2M: 7
Option 3M: 15
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Appendix A: Specifications

Table A- 3: Horizontal and acquisition system specifications (Cont.)

Characteristic Description

Frame length Maximum number of
frames

500,000 points Standard: —
Option 1M: —
Option 2M: 3
Option 3M: 7

1,000,000 points Standard: —
Option 1M: —
Option 2M: 1
Option 3M: 3

2,000,000 points Standard: —
Option 1M: —
Option 2M: —
Option 3M: 1
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Appendix A: Specifications

Table A-4: Trigger specifications

Characteristic Description
Auxiliary trigger input resistance, = 1.5kQ
typical
Maximum trigger input voltage, +20 V (DC or peak AC)
typical
v~ Edge Trigger Sensitivity Trigger Source Sensitivity
TDS7054 Any channel, DC coupled | 0.35 div from DC to
50 MHz, increasing to 1 div
at 500 MHz
Auxiliary input 400 mV from DC to
50 MHz, increasing to 750
mV at 100 MHz
TDS7104 Any channel, DC coupled | 0.35 div from DC to
50 MHz, increasing to 1 div
at1GHz
Auxiliary input 2