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General Safety Summary

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

Only qualified personnel should perform service procedures.

To Avoid Fire or ~ Use Proper Power Cord. Use only the power cord specified for this product and
Personal Injury  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 marking on the product. Consult the product manual for further ratings
information before making connections to the product.

The common terminal is at ground potential. Do not connect the common
terminal to elevated voltages.

Do not apply a potential to any terminal, including the common terminal, that
exceeds the maximum rating of that terminal.

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

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

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

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

TDS 500D, TDS 600B, & TDS 700D User Manual iX



General Safety Summary

Symbols and Terms

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.

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

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

VAN
VAN

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

Electrostatic Discharge

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 includthg product.

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

/A D A\ =]

WARNING Protective Ground CAUTION Double
High Voltage (Earth) Terminal Refer to Manual Insulated

Acquisition circuitry in the TDS 794D is very susceptible to damage from
electrostatic discharge and from overdrive signals.

To prevent electrostatic damage to the TDS 794D, be sure to operate the
oscilloscope only in a static-controlled environment. Be sure to discharge to
ground any electrostatic charge that may be present on cables and probes before
attaching them to the oscilloscope.

To prevent damage from electrostatic discharge, install short-circuit terminations
on unused input connectors. Always use a wrist strap with internal impedance
(provided with your instrument) when handling your oscilloscope or making
connections.

TDS 500D, TDS 600B, & TDS 700D User Manual
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Preface

This is the User Manual for the TDS 500D, TDS 600B, & TDS 700D Digitizing
Oscilloscopes.

The chaptefGetting Startedriefly describes the TDS Oscilloscope, prepares
you to install it, and tells you how to put it into service.

The chapteOperating Basicgovers basic principles of the operation of the
oscilloscope. The operating interface illustrations and the tutorial examples
rapidly help you understand how your oscilloscope operates.

The chapteReferenceeaches you how to perform specific tasks. See page 3-1
for a complete list of operating tasks covered in that chapter.

The Appendiceprovide an options listing, an accessories listing, and other
useful information.

Related Manuals
The following documents are related to the use or service of the oscilloscope.

®  TheTDS Family Digitizing Oscilloscopes Programmer Man(gatiskette
that is included with the user manual) describes using a computer to control
the oscilloscope through the GPIB interface.

m TheTDS 500D, TDS 600B, & TDS 700D Referegises you a quick
overview of how to operate the oscilloscope.

m TheTDS 500D, TDS 600B, & TDS 700D Technical Reference (Performance
Verification and Specificationsglls how to verify the performance of the
oscilloscope and lists its specifications.

®  TheTDS Family Option 05 Video Trigger Instruction Mandakcribes use
of the video trigger option for TDS oscilloscopes equipped with that option
only.

m TheTDS 500D, TDS 600B, & TDS 700D Service Manqualides
information for maintaining and servicing the oscilloscope to the module
level.
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Default Model

This manual documents the TDS 500D, TDS 600B, & TDS 700D Digitizing
Oscilloscopes. Take special note of the following conventions:

®  Some TDS models have two auxiliary channels called AUX 1 and AUX 2,
instead of CH 3 and CH 4. References to these channels default to CH 3 and
CH 4; if your oscilloscope is one of these models, read AUX 1 and AUX 2
respectively for all references to CH 3 and CH 4 in this manual.

m  The TDS 684B display screen appears as the default screen wherever a
display screen is illustrated in this manual.

Model References

This manual documents the TDS 500D, TDS 600B, & TDS 700D Digitizing
Oscilloscopes. Take note of the following conventions used when referencing
these oscilloscopes:

®  The name “TDS 500D” is used when providing information common to the
TDS 520D, TDS 540D, and TDS 580D model oscilloscopes.

®  The name “TDS 600B” is used when providing information common to the
TDS 620B, TDS 644B, TDS 680B, and TDS 684B model oscilloscopes.

m  The name “TDS 700D” is used when providing information common to the
TDS 724D, TDS 754D, TDS 784D, and TDS 794D model oscilloscopes.

Conventions

In this manual, you will find various procedures which contain steps of
instructions for you to perform. To keep those instructions clear and consistent,
this manual uses the following conventions:

m |n procedures, names of front panel controls and menu labels appear in
boldface print.

Xii TDS 500D, TDS 600B, & TDS 700D User Manual
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®  Names also appear in the same case (initial capitals or all uppercase) in the
manual as is used on the oscilloscope front panel and menus. Front panel names
are all upper case letters, for examplERTICAL MENU andCH 1.

®m [nstruction steps are numbered. The number is omitted if there is only one step.

m  When steps require that you make a sequence of selections using front panel
controls and menu buttons, an arrol () marks each transition between a
front panel button and a menu, or between menus. Also, whether a name is a
main menu or side menu item is clearly indicated: PYESRTICAL
MENU O Coupling (main)0 DC (side)O Bandwidth (main)O
250 MHz (side).

Using the convention just described results in instructions that are graphically
intuitive and simplifies procedures. For example, the instruction just given
replaces these five steps:

1. Press the front-panel buttMERTICAL MENU .
2. Press the main-menu butt@oupling.

3. Press the side-menu buttbiC.

4. Press the main-menu buttBandwidth.

5. Press the side-menu butt?50 MHz.

Sometimes you may have to make a selection from a pop-up menu: Press
TRIGGER MENU 0O Type (main)[l Edge (pop-up). In this example, you
repeatedly press the main menu buffgpe until Edgeis highlighted in the
pop-up menu.

TDS 500D, TDS 600B, & TDS 700D User Manual Xiii
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Product Description

|

) Olooldodo Q

\ : : : —)

clolo]old

The Tektronix TDS Oscilloscope is a superb tool for acquiring, displaying, and
measuring waveforms. Its performance addresses the needs of both benchtop lab
and portable applications with the following key features:

®  An analog bandwidth of up to 2 GHz, depending on the model (see
Table 1-1Key Features and Differences of by Mod®ispage 1-3)

® A maximum sample rate of up to 5 GS/s per channel, depending on the
model (see Table 1-1 on page 1-3)

m  Records lengths up to 8 M, depending on the model and options (see
Table 1-1 on page 1-3)

m  Up to 29 automatic measurements and measurement statistitaksep
Automated Measuremerds page 3-126)

m 1% DC vertical gain accuracy (s€BS 500D, TDS600B & TDS 700D
Technical Referenamanual)

m DPO for high speed acquisition and analog oscilloscope emulation (see
Using DPO Acquisition Moden page 3-59)

m [nternal floppy disk storage and compatible with lomega 100 Mbyte Zip
drive (seeSaving Waveforms and Setupspage 3-165)

m  Trigger modes include edge, logic, pulse, delay, communication, and video
trigger modes (se€riggering on Waveformsn page 3-73)

TDS 500D, TDS 600B, & TDS 700D User Manual 1-1



Product Description

m  Advanced features include limit testing (4émnit Testingon page 3—201),
FFT (sedast Fourier Transformen page 3-209), waveform differentiation
and integrations (se&aveform DifferentiatiomandWaveform Integration
starting on page 3-228), mask testing (desk Testingpn page 3—-148),
waveform histograms (séisplaying Histogram®n page 3-145), and
communications signal analysis (¥emmunication Triggersn
page 3—113Mask Testingn page 3—-148, and options 2C, 3C, and 4C on
page A-2)

m  Adjustable channel deskew for increased measurement accuracy (see
Channel/Probe Deskean page 3—158)

m  Full GPIB programmability (se€ommunicating with Remote Instruments
on page 3-191 and tA®S Family Programmer Manudaisk)

m  Wide array of probing solutions (séecessory Probesn page A—6 and
Probe Selectiomn page D-1)

m  CE, FCC, UL, and CAN/CSE compliant (SEBS 500D, TDS600B &
TDS 700D Technical Referencenual)

m  Four channel or 2 + 2 channel operation, depending on the model. All
channels have 8-bit resolution. (See Table 1-1 on page 1-3.)

®  Dual Window Zoom, which shows a waveform magnified and unmagnified
on the same display (stsing Dual Window Moden page 3-56)

m  Sample, envelope, average, high res, peak-detect and DPO acquisition modes
(see Table 1-1, on page 1-3, for models and modes available)
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Product Description

Differences by Model

Table 1-1 lists some key TDS features and relates them to the different
TDS models that this manual covers.

Table 1-1: Key Features and differences of models

Feature 520D 540D 580D 620B 644B 630B 684B 724D 754D 784D 794D

No. of channels 2+21 4 4 2+21 4 2+21 4 2+21 4 4 4

Digitizing rate, max. 2GS/s | 2GSIs | 4GSIs 2.5GS/s 5GS/s 2GS/s | 2GS/s | 4GSIs | 4GSls

No. pf Channels. @ 1 2 1 2 4 2 4 1 2 1

maximum rate

Analog Bandwidth 500 MHz 1GHz 500 MHz 1GHz 500 MHz 1GHz | 2GHz

Record Lengths, max. To 50K/Channel? To 15K/Channel To 50K/Channel?

DPO Acquisitions Yes No Yes

Hi Res Acquisitions Yes No Yes

Advanced DSP Math3 Opt. 2F Std.4

Communication Signal Opt. 2C No Opt. 2C

Analyzer

Reference Receiver Opt. 3C and 4C No Opt. 3C and 4C No

Storage, Floppy Disk Std.

/0 includes RS-232 Opt. 13 Std.4

and Centronics®

iomega Zip Drive sup- Yes No Yes

port

Input Impedance 50 Qand 1 MQ 50Q
only

Display Mono Color | Mono Color

1 Two plus Two channel operation allows two of four channels to be displayed simultaneously. Channels not displayed can
be used to couple a triggering signal to the oscilloscope.

2 These TDS models can be purchased with Option 1M or Option 2M, which add longer record length settings (up to
2 Mb/channel). See Option 1M and Option 2M on page A-2.

3 Advanced digital signal processing provides FFTs, integrals, and derivatives of waveforms. See Option 2F on page A-3.

4 std. denotes a standard product feature as opposed to a feature included as part of an option.

5 GPIB /0 included with all models.
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Product Description

Product Specification

The product specification is found in the technical referdiiz® 500D,

TDS 600B, & TDS 700D Technical Reference (Performance Verification and
Specifications}hat is shipped as a standard accessory with the TDS Oscillo-
scope.
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Start Up

Preparation

Signal Path Compensation

Recommended Probes

Probe Usage

Before you use the TDS Oscilloscope, ensure that it is properly installed and
powered on.

To ensure maximum accuracy for your most critical measurements, you should
know about signal path compensation and the proper use of the probe you choose
to use with your oscilloscope.

Be sure you compensate your oscilloscope for the surrounding temperature. This
action, calledsignal Path Compensation (SR@hsures maximum possible
accuracy for your most critical measurements. Sigeal Path Compensatian

page 3-156 for a description of and operating information on this feature.

The TDS 580D, TDS 680B, TDS 684B, TDS 784D, and TDS 794D oscillo-
scopes ship without probes. To take advantage of the higher bandwidth of these
oscilloscopes, order the P6245, P6217, or P6158 probes.

The remaining TDS 500D, TDS 600B, and TDS 700D oscilloscopes ship with
general-purpose probes. The probe model and quantities shipped are listed in
Standard Accessories1 page A—4.

For a list of recommended optional-accessory probes for all oscilloscope models,
seeAccessory Probesn page A-5.

Be sure you use the appropriate probe for the measurement. For instance, do not
use the P6245 Active Probe to measure signals greatet&hapits or with

more thant10 volts of offset, since errors in signal measurement will result. (See
the User manual for the probe for more information.) Instead, use a passive
probe, such as P6139A passive probe, that allows higher voltage measurements.
The P6139A probe is for measurements ugb@0 volts.

Probes that require a 1®input, like the P6139A, will not work on the
TDS 794D.
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Start Up

CAUTION. Using the P6243 or P6245 Active Probe to measure signals greater
than+40 volts may damage the probe. Using the P6158 Voltage Divider Probe to
measure signals greater tha22 \kus may damage the probe.

Input Coupling Be sure to choose the proper input coupling and impedance for the probe or other
cabling you use to couple signals to your oscilloscope. You shouldimeaaid
Impedance Consideratiomms page 3-8 for information needed to ensure proper
coupling of your input signals.

Putting into Service

To learn how to install, access the front panel, power on, do a self test, and
power off the oscilloscope, do the following procedures:

Installation ~ To properly install and power on the oscilloscope, do the following steps:

1. Be sure you have the appropriate operating environment. Specifications for
temperature, relative humidity, altitude, vibrations, and emissions are
included in theTDS 500D, TDS 600B, & TDS 700D Technical Reference
(Performance Verification and Specificatiomsanual (Tektronix part
number 071-0135-xx).

2. Leave space for cooling. Do this by verifying that the air intake and exhaust
holes on the sides and bottom of the cabinet are free of any airflow obstruc-
tions. Leave at least 5.1 cm (2 inches) free on each side.

WARNING. To avoid electrical shock, be sure that the power cord is disconnected
! before checking the fuse.

3. Check the fuse to be sure it is the proper type and rating (see Figure 1-1).
You can use either of two fuses. Each fuse requires its own cap (see
Tablel-2). The oscilloscope is shipped with the UL approved fuse installed.

4. Check that you have the proper electrical connections. The oscilloscope
requires 100 to 240 VAgs, continuous range, 45 Hz to 440 Hz, and may
require up to 300 W.
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Start Up

Power Connector

€

= o (=]
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Figure 1-1: Rear Panel Controls Used in Start Up

@

Fuse

5. Connect the proper power cord from the rear-panel power connector (see
Figure 1-1) to the power system.

Table 1-2: Fuse and fuse cap part numbers

Fuse cap part
Fuse Fuse part number number
0.25inch x 1.25 inch (UL 198.6, 3AG): 6 A 159-0013-00 200-2264-00
FAST, 250 V
5mm x 20 mm (IEC 127): 5 A (T), 250 V 159-0210-00 200-2265-00

Front Cover Removal  To remove the front cover, grasp the left and right edges and snap the cover off
of the front subpanel. (To reinstall the cover, align it to the front subpanel and
shap it back on.)

Power On  To power on the oscilloscope, do the following steps:

1. Check that the rear-panel principal power switch is on (see Figure 1-1). The
principal power switch controls all AC power to the instrument.

2. If the oscilloscope is not powered on (the screen is blank), push the
front-panelON/STBY button to toggle it on (see Figure 1-2).
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Start Up

1-8

ON/STBY Button

Self Test

Power Off

N
Y
2l

Tektronix TDS 684B 53w S bstioscore 18
4
| [
Tek Run: 100kS/s sample

Tektronix
P

TDS 684B Digitizing Oscilloscope (FV:v4.0e) ,

Qptions: 13 1F 2F

1| (c) Copyright, Tektronix, Inc., 1991-1995.

0]
0
All rights reserved O
0
0

Power—0On self check PASSED.

Push CLEAR MENU to proceed.

—
Ch1 1.00VQ M 500us Ch1 .7 0V 17 Jul 1995
09:29:30
S |
S OO O OO O

N
—

Figure 1-2: ON/STBY Button

The ON/STBY button controls power to most of the instrument circuits. Power
continues to go to certain parts even when this switch is set to STBY.

Once the oscilloscope is installed, it is typical to leave the principal power
switch on and use the ON/STBY button instead of the power switch.

The oscilloscope automatically performs power-up tests each time it is turned on.
It will come up with a display screen that states whether or not it passed the self
test. To determine the self-test results, check the screen. (If the self test passed,
the status display screen will be removed after a few seconds.)

If the self test fails, call your local Tektronix Service Center. Depending on the
type of failure, you may still be able to use the oscilloscope before it is serviced.

To power off the oscilloscope, toggle tB&I/STBY switch.
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Overview

This chapter describes the basic concepts of operating the TDS Oscilloscope.
Understanding the basic concepts of your oscilloscope will help you use it much
more effectively.

The first sectionDperating Interface Mapgjuickly shows you how the
oscilloscope controls are organized and where you can read about them. It also
illustrates the general procedures for operating the menu system. This section
includes the titles:

m  Front Panel Map

m  Rear Panel Map

m  Display Map

m  To Operate a Menu

m  To Operate a Pop-Up Menu

The second sectioftutorial, contains example procedures that lead you through
the fundamental tasks needed to display a waveform measurement. It also
includes an example procedure that teaches you how to store a setup of the
oscilloscope controls for later use. This section includes the following tuto-

rial examples:

Setting Up for the Examples

m  Example 1: Displaying a Waveform

m  Example 2: Displaying Multiple Waveforms

®  Example 3: Taking Automated Measurements
m  Example 4: Saving Setups

To explore these topics in more depth and to read about topics not covered in this
section, se®eferenceA list of the topics covered begins on Page 3-1.
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Operating Interface Maps

This section contains illustrations, or maps, of the display, the front and rear
panels, and the menu system of the TDS Oscilloscope. These maps will help you
understand and operate the oscilloscope. This section also contains a visual guide
to using the menu system.

Front Panel Map — Left Side

from the Display

< N
| Tektronix TDS 684B {5 S umore % |
(3 I
File System, > O
page 3-175 O —— Side Menu Buttons,
H O page 2-7
7
STov ) K I COICDC CLEAR MENU
Removes Menus
N
X

ON/STBY Switch, Main Menu Buttons,
page 1-7 page 2-7
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Operating Interface Maps

Front Panel Map — Right Side

Cursor Measurements, page 3-138

Saving and Recalling
Waveforms, page 3-168
File System, page 3-175

Measurement System, page 3-126
Masks, page 3-148
Histograms, page 3-145

Hardcopy, page 3-180
File System, page 3-175

Acquisition Modes, page 3-31

\ —N\_—
SAVE/RECALL-\  appLICATION MENU ACQUIRE MENU
WAVEFORM MEASURE (CRUN/STOP / SELEch_/
Autoset, page 3-9 — ) \( ) N C DO C O ( C
uTILITY
Help, page 3-199 SETUP CURSOR DISPLAY DPO
! — D) D) ) C (G, —
Status, page 3-197 \\\%
S |EP AL MRy MR HOR'ZSNTAL MRy &S TRIGGER Iy
Saving and Recalling —] ; £),POSITION 4{PosITION]) MAIN [EvSS
Setups, page 3-165 Q TRIGD O M k.,
& T
Selecting Channels, — o gﬁ) o 2 ; £
page 3-12 SCALE D SETLEVEL E] (2]
A\vg — TO 50% A B [}
77N (D EBRERN
X ENTER
SINGLE TRIG
CLR
Waveform Math, ch&; (=]
page 3-206 m
~osv SIGNAL GND owsT
N W
CH2 |=»Z 7% CH3 1\ caa ||
\
\
N 7 =N 7 =N \ LN ‘
veria Conos, = (10)="=S10)=(0)=
page 3-16 J ) / ) / \ ) / :

J
\ /
\

Zoom, page 3-53

Ground

Horizontal Controls,
page 3-21

\

Triggering, page 3-73

Delay Triggering, page 3-117
Edge Triggering, page 3-82
Logic Triggering, page 3-86
Pulse Triggering, page 3-99
Comm Triggering, page 3-113

Cursor
Measurements,
page 3-138

DPO,
page 3-59

Color, page 3-47
Display Settings,
page 3-40
Remote
Communication,
page 3-191

Probe Calibration,
page 3-158
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Rear Panel Map

Principal Power
Switch, Centronics Connector, page 3-180 RS-232 Connector, GPIB Connector,
page 1-7 Zip Drive, page 3-179 page 3-180 page 3-191 VGA Output

]
7
(]

o
O
J
O
@

=
L

T POWER O m o
o) )
= TT
— | =
=1L_I[e] ]
\

@ (T @ )
L{ ﬂ I J L ) R( —
\ /] L J
Fuse, Serial Number Power Connector, Rear Panel Connectors Security Bracket

page 1-6 page 1-6 SIGNAL OUTPUT -

(Provides Analog Signal Output
from CH3 - or AX1 - @ 10 mV/div)

AUX TRIGGER INPUT -
(Provides Auxiliary Trigger Signal Input)

MAIN TRIGGER OUTPUT -
(Provides Main Trigger (TTL) Output)

DELAYED TRIGGER OUTPUT -
(Provides Delayed Trigger (TTL) Output)
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Operating Interface Maps

Display Map

The Indicates position of When present, the general
acquisition vertical bar cursors in the Trigger The value entered with purpose knob makes coarse
status, waveform record, position (T), the general purpose adjustments; when absent,

page 3-35 page 3-142 page 3-81 knob or keypad. fine adjustments.

X \ v
4 A \\ I
Tek Run: 5.00G5/s Sampl / Trlgger Level: 252m\«' 0
[l

Coarse Kni

\

\ /
\ /
\\ The acquisition record icon  Shows what part of the waveform The waveform  Shows what part of /

\ record is displayed, page 3-20 record icon the acquisition /
\ record is in the /
\ waveform record, /
\ page 3-26 /
\\ /
\ /
\ /
\ /
\ /
\ ™ /
Tek Run: 5.00GS/s Sample Trigaer Level: 252mv 0
; ;[ i 1 Coarse Knt
Trigger level on S } Level Cursor measurements,
waveform (may be an I page 3-138
arrow at right side of S } Level
screen instead of a bar). SAN \ ]
N . | ;
ERIVARRT B "_' Set to TTL
| .
Channel level and : The side menu
waveform source. | Set to ECL with phmce_s of
ot specific actions.
|
\[ Set to 50%
; : . [ i : : : AN—4~
S i 5 :
Vertical scale, \\" 2odm e o Chir '2'5'2n'1\}' Trigger parameters,
page 3-16 e — N page 3-81
i N e ode
yﬁggg, S"c‘;‘ff‘* CHEMIINT e G
K
- J
The main menu with Horizontal scale and time
choices of major actions base type, page 3-21
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Operating Interface Maps

To Operate a Menu

1 Press front-panel menu button. (Press SHIFT first if button label is blue.)

N
A

Tektronix TDS 684B §u7i Sittuoscore 585 }

TeK Run: 5.00GS/s Sample
1§

Trigger Level: —4my
1
Level
o

Level

I
Set to TTL
[
Set to ECL
set to 50%

ciolojo)

S

APPLICATION

MEASURE HARDCOPY

—MENU—

O O

Tty
CURSOR DISPLAY

()

-HORIZO

O

HORIZONTAL
MENU
qscaep

TAL
v

ACQUIRE NERS_§

RUN/STOP

SHIFT

0

TRIGGER I,

MAIN LEVEL

E—1

TRIGD
TG

TRIGSSR
A TMEND

—TTEVEL
T0'50%

SINGLE TRIG
CE TRIG

(-

- PROBE COMPENSATION=,
QGNAL aND

05 Ny & st

abe

G e

200my M 10.0ns Chi J —4my.

—1 —
- | Source Coupllngl Slope m Mode
<Zdge> Holdof

47

/ CH4 N
/

NYCEEEEEE

=2 M\
B/

A

=

\

f

2 Press one of these buttons to select from main menu.

3 Press one of these buttons to select from side menu (if displayed).

4 |f side menu item has an adjustable value (shown in reverse video), adjust it with the general purpose knob or keypad.
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To Operate a Pop-Up Menu

\
)
2l

Tektronix TDS 684B 5 e ik tsciioscore $88% }
| [
Tek Run: 100kS/s Sample
I

| Zj]i_]];]ij]iji ____ 3
IS e [0
B :

)

Ch4

5 S :
togie lom R Seous ‘CRI T ZS0mv]  —more—
Pulse : : : : : 10f2
— Video R S P T P
ﬁ e Coupling [ Slope Level MEUE
<Eibes ch1 be T 2s0mv | &

ON/

s Q) -] /@\
CLEAR
| MENU

~
U
2
U
I
|
2
U
I
|
2
U

)]

-

Press to display pop-up menus. Press here to
: : remove menus from
Press it again screen.

to make selection.

Alternatively, press SHIFT first to make
selection in the opposite direction.

A pop-up selection changes the other
main menu titles.
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Tutorial

This section quickly makes you acquainted with some of the fundamental
operations required to use the TDS Oscilloscope to take measurements. Start this
tutorial by doingSetting Up for the Examples this page.

Setting Up for the Examples

Perform the following tasks to connect input signals to the TDS Oscilloscope, to
reset it, and to become acquainted with its display screen. Once completed, these
tasks ready the oscilloscope for use in the examples that follow.

Connect the Input Signal ~ Remove all probes and signal inputs from the input BNC connectors along the
lower right of the front panel. Then, using an appropriate probe (such as the
P6245), connect from tHeH 1 connector of the oscilloscope to tRROBE
COMPENSATION connectors. (See Figure 2-1.)

NOTE. SeeAppendix A: Options and Accessoris optional probes you can
order and use with this product.
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Reset the Oscilloscope

2-10

=4

0

0

0
0000

clo]ololo]
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Q
0
0
0
O

O

-

Figure 2-1: Connecting a Probe for the Examples (P6245 shown)

Do the following steps to reset the oscilloscope to a known factory default state
before doing the examples. (You can reset the oscilloscope anytime you begin a
new task and need to “start fresh” with known default settings.)

1. Press the save/recSIETUP button to display the Setup menu. (See
Figure 2-2.)

TDS 500D, TDS 600B, & TDS 700D User Manual



Tutorial

SETUP Button

OK Confirm Factory Init
Menu Item and Button

Recall Factory Setup
Menu Item and Button

SAVE/RECALL
AUTOSET WAVEFORM

STATUS

HELP SETUP

—

O

Figure 2-2: SETUP Button Location

APPLICATION
MEASURE

D

CURSOR

D

—— MENU— ACQUIRE MENU

(HARDCOPY) ( RUN/STOP)

o OO

SHIFT
DISPLAY

o o

4 \'ERTICAL “ 4 HORIZONTAL \ 4

uTILITY

The oscilloscope displaysain menuslong the bottom of the screen.
Figure 2—3 shows the Setup main menu.

-

- M 500ps Ch1 5

v

oK

Confirm

] Factory Init

1

File
| utimoes

0

v

Figure

2-3: The Setup Menu

2. Press the button directly below tRecall Factory Setupmenu item.

The display showside menuslong the right side of the screen. The buttons
to select these side menu items are to the right of the side menu.

Because an accidental instrument reset could destroy a setup that took a long
time to create, the oscilloscope asks you to verify the Recall Factory Setup
selection. (See Figure 2-3.)

3. Press the button to the right of & Confirm Factory Init side menu item.
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NOTE. This manual uses the following notation to represent the sequence of
selections you made in steps 1, 2 anBréss save/rec8lETUP [0 Recall
Factory Setup(main)[J OK Confirm Factory Init (side).

@ Note that a clock icon appears on screen. The oscilloscope displays this icon
when performing operations that take longer than several seconds.

4. PressSET LEVEL TO 50% (see Figure 2—4) to be sure the oscilloscope
triggers on the input signal.

4l TRIGGER \

MAIN LEVEL

/ \
TRIG'D

READY
DELAYED TRIG

Arv TRIGGER
MENU

D

SET LEVEL
TO 50%

SET LEVEL TO 50% Button —————(___ )

Figure 2-4: Trigger Controls

Examine the Display =~ Read the following information to become familiar with the oscilloscope display
Elements  before doing the examples.

Figure 2-5 shows the display that results from the oscilloscope reset. There are
several important points to observe:

m  Thetrigger level barshows that the waveform is triggered at a level near
50% of its amplitude (from step 4).

m  Thetrigger position indicatorshows that the trigger position of the
waveform is located at the horizontal center of the graticule.

®  Thechannel reference indicat@hows the vertical position of channel 1
with no input signal. This indicator points to the ground level for the channel
when its vertical offset is set to 0 V in the vertical menu; when vertical offset
isnotset to 0V, it points to the vertical offset level.
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m  Thetrigger readoutshows that the oscilloscope is triggering on channel 1
(Ch1) on arising edge, and that the trigger level is about 200—300 mV.

m  Thetime base readowghows that the main time base is set to a horizontal
scale of 50Qs/div.

m  Thechannel readouindicates that channel 1 (Chl) is displayed with DC
coupling. (In AC coupling, ~ appears after the volts/div readout.) The
oscilloscope always displays channel 1 at reset.

g D

Tek Run: 100kS/s Sample
I
B Recall
Factory

L

Trigger Level Bar

Trigger Position Indicator O
Channel Reference Indicator R O
Trigger Readout : : O
Time Base Readout
Channel Readout O
1.00V . ~ M 500ls Chl.Jf 220mv. OK O
. . \ ; * : : . 1 confirm

Factory Init

File
Utilities

ecall P aca E E E
Saved Current [EEFISDYEN
Setup Setup Setu

O] C

D)

Figure 2-5: The Display After Factory Initialization

Right now, the channel, time base, and trigger readouts appear in the graticule
area because a menu is displayed. You can press the CLEAR MENU button at
any time to remove any menus and to move the readouts below the graticule.

Example 1: Displaying a Waveform

The TDS Oscilloscope provides front panel knobs for you to adjust a waveform,
or it can automatically set up its controls to display a waveform. Do the following
tasks to learn how to adjust a waveform and how to autoset the TDS Oscilloscope.
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Adjust the Waveform  The display shows the probe compensation signal. It is a 1 kHz square wave of
Display  approximately 0.5 V amplitude.

Figure 2—6 shows the main VERTICAL and HORIZONTAL sections of the front
panel. Each has SCALE and POSITION knobs. Do the following steps to adjust
the size and placement of the waveform using the front-panel knobs:

1. Turn the verticaBCALE knob clockwise. Observe the change in the
displayed waveform and the channel readout at the bottom of the display.

I VERTICAL q 4 HORIZONTAL

/\ POSITION {|Posimion]>
O O

VERTICAL HORIZONTAL
MENU Z00M MENU

A\ SCALE <| SCALE >

WAVEFORM OFF

D

Figure 2-6: The VERTICAL and HORIZONTAL Controls

2. Turn the verticaPOSITION knob first one direction, and then the other.
Observe the change in the displayed waveform. Then return the waveform to
the center of the graticule.

3. Turn the horizontaBCALE knob one click clockwise. Observe the time
base readout at the bottom of the display. The time base should be set to
200us/div now, and you should see two complete waveform cycles on the
display.
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Autoset the Oscilloscope  When you first connect a signal to a channel and display it, the signal displayed
may not be scaled and triggered correctly. Use the autoset function and you
should quickly get a meaningful display.

You should have a stable display of the probe compensation waveform from the
last step. Do the following steps to first create an unstable display and then to
autoset the display:

1. To create an unstable display, slowly turn the tridda&tN LEVEL knob
(see Figure 2-7) first one direction, and then the other. Observe what
happens when you move the trigger level above the highest part of the
waveform. Leave the trigger level in that untriggered state.

4R TRIGGER \

MAIN LEVEL

MAIN LEVEL Knob
TRIG'D \

READY 7
DELAYED TRIG

TRIGGER
ARM MENU

D,

SET LEVEL
TO 50%

D

Figure 2-7: TRIGGER Controls

2. PressAUTOSET (see Figure 2—-8) and observe the stable waveform display.

NOTE. The oscilloscope triggers on the input signal. Sometimes the oscilloscope
triggers on high frequency signal components that are not visible using the
current setup. You may see these signal components at higher HORIZONTAL
SCALE settings. You can eliminate these signal components using shorter probe
ground and signal leads or by using bandwidth limiting.
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SAVE/RECALL~  APPLICATION ~ —— MENU——  ACQUIRE MENU
WAVEFORM MEASURE  (HARDCOPY) (_RUN/STOP)

AUTOSET Button C O C. Ol C O O D

uTILITY SHIFT
CURSOR DISPLAY

OO O Co

4 VERTICAL H 4 HORIZONTAL \ r

Figure 2-8: AUTOSET Button Location

Figure 2—-9 shows the display after pressing AUTOSET. If necessary, you can
adjust the waveform now by using the knobs discussed earlier in this example.

-~

Tek Run: 100k5.(sr Sample
L

OOOOC

Z0omvy M 500ps Chi 7 260mv

)

Figure 2-9: The Display After Pressing Autoset
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NOTE. If you are using a passive probe, such as the P6139A probe, the corners
on your displayed signal may look rounded or pointed. (See Figure 2-10.) If so,
then you may need to compensate your probeT@E®mpensate Passive
Probeson page 3-6.

- T

Figure 2-10: Display Signals Requiring Probe Compensation

Example 2: Displaying Multiple Waveforms

The TDS Oscilloscope can display up to four channels, three math waveforms,
and four reference waveforms at one time. Do the following tasks to learn how to
display and control more than one waveform at a time.

Add a Waveform  The VERTICAL section of the front panel contains the channel selection
buttons. These buttons are CH 1, CH 2, CH 3, CH 4, and MORE. (See Fig-
ure 2-11.) (CH 3 and CH 4 will be replaced by AUX1 and AUX2 on some
models; se®efault Modelon page xii andDifferences by Modean page 1-3.)
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Figure 2-11: The Channel Buttons and Lights

Each of the channel (CH) buttons has a light behind its label. Right now, the
CH 1 light is on. That light indicates that the vertical controls are set to adjust
channel 1. Do the following steps to add a waveform to the display:

1. If you are not continuing from the previous example, follow the instructions
on page 2-9 under the headBetting Up for the Examples

2. PressSETUP Recall Factory Setup(main)d OK Confirm Factory
Init (side).

3. PressAUTOSET.
4. PresLH 2.

The display shows a second waveform, which represents the signal on
channel 2. Since there is nothing connected to the CH 2 input connector, this
waveform is a flat line. There are several other important things to observe:

®  The channel readout on the display now shows the settings for both Ch1l
and Ch2.
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m  There are two channel indicators at the left edge of the graticule. Right
now, they overlap.

m  The light above the CH 2 button is how on, and the CH 1 light is off.
Because the knobs control only one channel at a time, the vertical
controls are now set to adjust channel 2.

®  The trigger readout still indicates that the trigger is detecting trigger
events on channel one. The trigger source is not changed simply by
adding a channel. (You can change the trigger source by using the
TRIGGER MENU button to display the trigger menu.)

5. Turn the verticaPOSITION knob clockwise to move the channel 2
waveform up on the graticule. You will notice that the channel reference
indicator for channel 2 moves with the waveform.

6. PressvERTICAL MENU 0 Coupling (main).

The VERTICAL MENU button displays a menu that gives you control over
many vertical channel parameters. (See Figure 2—-12.) Although there can be
more than one channel displayed, the vertical menu and buttons only adjust
the selected channel.

Each menu item in the Vertical menu displays a side menu. Right now, the
Coupling item in the main menu is highlighted, which means that the side
menu shows the coupling choices. At the top of the side menu, the menu title
shows the channel affected by the menu choices. That channel always
matches the lighted channel button.

7. PressGND (side) to toggle the selection to grou®@ND). That changes the
input coupling of channel 2 from DC to GND. The channel readout for
channel 2 (near the bottom of the graticule) now shows a ground indicator.
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Figure 2-12: The Vertical Main Menu and Coupling Side Menu

Assign Controlsto  Pressing a channel (CH) button sets the vertical controls to that channel. It also
Another Channel  adds the channel to the display if that waveform is not already displayed. To
explore assigning controls to different channels, do the following steps:

1. Pres<CH 1.

Observe that now the side menu title shows Chl (see Figure 2—13) and that
the light above CH 1 is lighted. The highlighted menu item in the side menu
has changed from the GND channel 2 setting to the DC coupling setting of
channel 1.

2. PressCH 2 [0 DC (side) to toggle the selection@. That returns the
input coupling of channel 2 to its initial state.
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Figure 2-13: The Menus After Changing Channels

Remove a Waveform  Pressing the WAVEFORM OFF button removes the waveform for the currently
selected channel. If the waveform you want to remove is not already selected,
select that channel using the channel (CH) button.

1. PressWNAVEFORM OFF (under the verticdBCALE knob).

Since the CH 2 light was on when you pressed the WAVEFORM OFF
button, the channel 2 waveform was removed.

The channel (CH) lights now indicate channel 1. Channel 1 has become the
selected channel. When you remove the last waveform, all the CH lights are
turned off.

2. PressWVAVEFORM OFF again to remove the channel 1 waveform.
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Example 3: Taking Automated Measurements

The TDS Oscilloscope can measure many waveform parameters automatically
and read out the results on screen. Do the following tasks to discover how to set
up the oscilloscope to measure waveforms automatically. (For information on
additional measurement features, Bésplay Measurement Statistios

page 3—-137isplaying Histogram®n page 3-145, aridask Testingpn

page 3-148.)

Display Measurements  To use the automated measurement system, you must have a stable display of
Automatically ~ your signal. Also, the waveform must have all the segments necessary for the
measurement you want. For example, a rise time measurement requires at least
one rising edge, and a frequency measurement needs at least one complete cycle.
To take automated measurements, do the following steps:

1. If you are not continuing from the previous example, follow the instructions
on page 2-9 under the headBetting Up for the Examples

2. PressSETUP[ Recall Factory Setup(main)lJ OK Confirm Factory
Init (side).

3. PressAUTOSET.
4. PressMEASURE to display the Measure main menu. (See Figure 2-14.)

5. Ifitis not already selected, preSslect Measrmnt(main). The readout for
that menu item indicates which channel the measurement will be taken from.
All automated measurements are made on the selected channel.

The Select Measurement side menu lists some of the measurements that can
be taken on waveforms. There are many different measurements available;
up to four can be taken and displayed at any one time. Pressing the button
next to the-more—menu item brings up the other measurement selections.

Presd-requency (side). If theFrequency menu item is not visible, press
—more—(side) repeatedly until tHérequencyitem appears. Then press
Frequency (side).
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5 ]

Observe that the frequency measurement appears within the right side of the
graticule area. The measurement readout includes the natdtigmeaning
that the measurement is taken on the channel 1 waveform. (To take a

measurement on another channel, select that channel, and then select the
measurement.)

Tek Run: 100kS/s Sample
T
[

: Select
ImMeasurement

RN

Period

P F1f
1 Frequency

g4

Positive
...... e ] Width

L i

...... coloesDoo oDt Negative
width

OO

- M 500ps Ch1 S 248mV, —more—

Statistics Level Setu
OFF rHistogrampi Snapshot

Remove Gating
Measrmnt OFF

Measure
<Measure> |l

Figure 2-14: Measure Main Menu and Select Measurement Side Menu
7. PressPositive Width (side)0 —more—(side) Rise Time(side)[
Positive Duty Cycle(side).

All four measurements are displayed. Right now, they cover a part of the
graticule area, including the displayed waveforms.

8. To move the measurement readouts outside the graticule areaC pEsR

MENU. (See Figure 2-15.)
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Remove Measurement  Use the Measure menu to remove measurements you no longer want. To remove
Readouts  a measurement individually (you can also remove them, as a group), do the
following step:

1. TDS 600B models: Pre84EASURE O Remove Measrmnt(main)J
Measurement 1, Measurement 2 andMeasurement 4(side) to remove
those measurements. Leave the rise time measurement displayed.

2. TDS 500D and TDS 700D models: Pré8SASURE [0 Measure
(pop-up)d Remove Measrmnt(main)l Measurement 1, Measure-
ment 2, andMeasurement 4(side) to remove those measurements. Leave
the rise time measurement displayed.

Tek Run: 100kS/s Sample
I
[
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ch1 +width
501us
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: z : : : ; Low

...... [ S . P . P . resolution

4 Ch1 +Duty
! 50.0%

OO

WU Foomv T W Sooms Chi # 248mv

/

O C OO CC )()/,QAR

Press to Remove Menus From Screen

Figure 2-15: Four Simultaneous Measurement Readouts

Change the Measurement By default, the measurement system will use the 10% and 90% levels of the
Reference Levels  waveform for taking the rise time measurement. You can change these values to
other percentages or change them to absolute voltage levels.
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e To examine the current values, pressel Setup(main) High Ref (side).

The General Purpose Knob. The general purpose knob, the large knob, is now set
to adjust the high reference level (Figure 2-16.)

There are several important things to observe on the screen:

0 ®  The knob icon appears at the top of the screen. The knob icon indicates that
the general purpose knob has just been set to adjust a parameter.

m  The upper right corner of the screen shows the readout High Ref: 90%.

m  The High Ref side menu item is highlighted, and a box appears around the
90% readout in the High Ref menu item. The box indicates that the general
purpose knob is currently set to adjust that parameter.

Turn the general purpose knob left and right, and then use it to adjust the high
level to 80%. That sets the high measurement reference to 80%.

Hint: To make large changes quickly with the general purpose knob, press the
SHIFT button before turning the knob. When the light aboveStHE=T button

is on and the display sa@®arse Knobsn the upper-right corner, the general
purpose knob speeds up significantly.
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Figure 2-16: General Purpose Knob Indicators

The Numeric Keypad. Any time the general purpose knob is set to adjust a
numeric parameter, you can enter the value as a number using the keypad instead
of using the knob. Always end the entry of a number by pressing EN¥FER (

The numeric keypad also provides multipliers for engineering exponents, such as
m for milli, M for mega, andh for micro. To enter these multiplier values, press
the SHIFT button, and then press the multiplier.
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e 1. Presd.ow Ref (side).

2. On the numeric keypad, press thehe0, and theENTER (<) buttons,
which sets the low measurement reference to 20%. Observe that the rise-time
value has changed.

3. PressRemove Measrmnt(main)d All Measurements(side). That returns
the display to its original state.

Displaying a Snapshot of ~ You have seen how to display up to four individual automated measurements on
Automated Measurements screen. You can also pop up a display of almost all of the automated measure-
ments available in the Select Measrmnts side menus. This snapshot of measure-
ments is taken on the waveform currently selected using the channel selection
buttons.

As when displaying individual measurements, you must have a stable display of
your signal, and that signal must have all the segments necessary for the
measurement you want.

1. PressSnapshot(main) to pop up a snapshot of all available single waveform
measurements. (See Figure 2—-17.)

The snapshot display includes the label Ch 1, meaning that the measure-
ments displayed are taken on the channel 1 waveform. You take a snapshot
of a waveform in another channel by first selecting that channel using the
channel selection buttons.

The snapshot measurements do not continuously update. Snapshot executes a
one-time capture of all measurements and does not update those measure-
ments unless it is performed again.

2. PressAgain (side) to do another snapshot and update the snapshot measure-
ments.

3. PresRemove Measrmnt (main) to remove the snapshot display. (You can
also pres€LEAR MENU , but a new snapshot will be executed the next
time you display the Measure menu.)
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Figure 2-17: Snapshot of Channel 1

Example 4: Saving Setups

The TDS Oscilloscope can save its controls settings and recall them later to
quickly re-establish a setup. It provides ten storage locations to store up to ten

setups. It also provides a

file system, so that you can also save setups to a floppy

disk, an optional hard disk, or an external Zip drive. Do the following procedures

to learn how to save, and

then recall, a setup.

NOTE. Besides being able to save several complete setups, the oscilloscope
remembers all the parameter settings when you power it off. That feature lets
you power on and continue where you left off without having to reconstruct the
setup in effect when you powered off the oscilloscope.
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Save a Setup  First, you need to create an instrument setup you want to save. Perform the
following steps to create and save a setup that is complex enough that you might
prefer not to go through all these steps each time you want that display:

1. If you are not continuing from the previous example, follow the instructions
on page 2-9 under the headBetting Up for the Examples

2. PressSETUP [ Recall Factory Setup(main)d OK Confirm Factory
Init (side).

3. PressAUTOSET.

S 4. PressMEASURE O Select Measrmnt(main)d Frequency(side). (Press
the—more—side menu item if thErequency selection does not appear in
the side menu.)

5. PresCH 20 CLEAR MENU.

6. PressSAVE/RECALL SETUP [O Save Current Setup(main) to display
the Setup main menu. (See Figure 2-18.)

contain a stored setup or with the lalf@ttoryif they do not. To avoid overwrit-

ing (and losing forever) a saved setup, choose a setup location |dheted)

(Setup locations labeledctory have the factory setup stored as a default and

can be used to store current setups without disturbing previously stored setups.)

f CAUTION. Setup locations in the side menu appear with the ladeslif they
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Figure 2-18: Save/Recall Setup Menu

7.

!

!

2-30

Press one of théo Setupside menu buttons to store the current instrument
settings into that setup location. Remember which setup location you
selected for use later.

There are more setup locations than can be listed at one time in the side
menu. The —more— side menu item gives you access to all the setup
locations.

Once you have saved a particular setup, you can change the settings as you
wish, knowing that you can come back to that setup at any time.

TDS 600B models: Pre$8EASURE [ Positive Width (side) to add that
measurement to the display.

TDS 500D and TDS 700D models: Pré(4SASURE O Measure
(pop-up)d Positive Width (side) to add that measurement to the display.
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Recall a Setup  To recall the setup, preS®VE/RECALL SETUP 0O Recall Saved Set-
up (main)J Recall Setup(side) for the setup location you used in the last
exercise. The positive width measurement is now removed from the display
because you selected it after you saved the setup.

The step just performed completes the examples. You can restore the default

settings by pressin§ETUP O Recall Factory Setup(main)J OK Confirm
Factory Init (side).
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Y A
Overview

This chapter describes in detail how to perform the operating tasks you must do
to measure, test, process, or save and document your waveforms. It leads with
three sections on the fundamental tasks of acquiring, stably displaying, and
taking measurements on waveforms:

®m  Acquiring and Displaying Waveforms
m  Triggering on Waveforms
®  Measuring Waveforms

Once you have acquired and measured waveforms, you may want to save and
restore them or the control setups used to acquire and measure them. Or you may
want to save the display screen, complete with waveform and setup information,
to include them with the documents you produce with your desk top publishing
system. You may even want to digitally process them (add, multiply, or divide
them; integrate, differentiate or take an FFT of them). The following two topics
cover these tasks:

m  Saving Waveforms and Setups
m  Using Features for Advanced Applications

When performing any operation task, you might want to display a comprehen-
sive listing of its current control settings on screen. Or you may find it handy to
display operating information about front panel controls and menus instead of
looking them up in this manual. The following topic tells you how to do both:

m  Determining Status and Accessing Help

The topics just listed contain steps that you perform to accomplish the task that
the topic defines. You should re@dnventionon page xii oPrefacebefore
reading about these tasks.

Each topic just listed comprises more basic operation tasks and topics. A list of
these tasks follows.
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Acquiring and Displaying Waveforms

To use the TDS Oscilloscope to measure or monitor waveforms, you need to
know how to acquire, select, and display those waveforms properly. To help you
do so, this section describes how to do the following tasks:

®  How to couple waveforms to the oscilloscope channels
m  How to select channels to turn on and off their display
®  How to size and position the selected channel on screen

m  How to use the menus to set vertical (coupling, offset, and bandwidth) and
horizontal (time base, record length, and so on) parameters

This section also describes how to choose the appropriate acquisition mode for
acquiring your waveform, how to customize the display (including selecting the
color of the display elements), and how to useZtiam FastFrameand DPO
features.

Coupling Waveforms to the Oscilloscope

Tektronix produces a variety of probes and cables suitable for connecting various
types of signals to the input channels of this product. This subsection covers two
topics important to coupling?robe Compensatioandinput Impedance
Considerations.

If your model oscilloscope ships with a probe, use it for general-purpose
coupling of waveforms to the oscilloscope. For a list of other probes available
for use, seéccessory Probesn page A-5.

The TDS 580D, TDS 680B, TDS 684B, TDS 784D, and TDS 794D oscillo-

scopes ship without probes. Tektronix recommends you order and use the P6245,
P6217, or P6158 probes. These probes take advantage of the higher bandwidth of
these models.
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The remaining TDS 500D, TDS 600B, and TDS 700D oscilloscopes ship with
general-purpose probes — either the P6139A or P6243, depending on the
oscilloscope model. The standard-accessory probes and quantities shipped for
these oscilloscopes are listedStandard Accessoriem page A—4.

Tektronix also offers a variety of optical probes, differential probes, adapters, and
BNC cabling and connectors to couple a variety of signal sources to the input
channels. Se®ptions and Accessoriem page A—1 or your Tektronix Sales
representative for the specific items offered for signal coupling.

NOTE. A buffered passive probe, such as the P6339A, does not require com-
pensation.

To Compensate When using gassiveprobe with any product, compensate it to ensure maximum
Passive Probes  distortion-free input to the oscilloscope and to avoid high frequency amplitude
errors (see Figure 3—1). To compensate your probe, do the following steps:

1. Connect the probe to the probe compensation signal on the front panel.
Connect the probe ground lead to the ground terminal on the front panel.

2. PressAUTOSET.
3. PressVERTICAL MENU [ Bandwidth (main)d 20 MHz (side).

Probe Compensated Correctly

Probe Overcompensated

‘ | ‘ | Probe Undercompensated

Figure 3-1: How Probe Compensation Affects Signals
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4. If you need to change the input impedance, pgeagpling (main). Then
toggle the side menu selectifnto get the correct impedance.

5. TDS 500D and 700D models only: Pr&s$iFT ACQUIRE MENU [
Mode (main)[J Hi Res (side).

6. TDS 600B models only: PreS$HIFT ACQUIRE MENU [
Mode (main)d Average (side). Use the keypad to set Averages to 5.

7. Adjust the probe until you see a square wave with a perfectly flat top on the
display. Figure 3—2 shows where the adjustment is located.

> 7]

Figure 3-2: P6139A Probe Adjustment
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Input Impedance
Considerations

To Find More Information

3-8

NOTE. The TDS 794D Oscilloscope requires a P6339A probe for AC10 M
and bandwidth selections to appear in the menus.

To ensure proper coupling of your input signals to the oscilloscope, consider the
following points when you use 30 coupling with any channel:

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

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

m  The oscilloscope switches to 8Dand disables AC coupling (and switches
coupling to DC if AC is selected) if you connect an active probe, such as the
P6245 probe. Such probes also reduce the maximum volts/div to 10 V as just
described. This behavior results in@0nonAC coupling, which is
appropriate for active probes (probes with a level 2 or 3 interface do not
displayQ in the readout).

NOTE. If you remove an active probe, the oscilloscope does not switch coupling
back to 1 M2 (nor AC if it was previously selected). Nor does the oscilloscope,
whenyou restore 1 NP coupling, return to a volts/division setting that was
reduced due to the 5@ selection. You must set channel scale, input coupling,
and impedance appropriate for your input coupling scheme. Be sure to switch to
1 M@ for any input signahot from a 5022 system.

To find a procedure for changing the coupling and input impedance settings, see
To Change Vertical Parameteos page 3—18.

To find a list of available probes, sdecessory Probesn page A—6.

To find a guide for selecting probes for a variety of applicationsAppen-
dix D: Probe Selectioon page D-1.
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Setting up Automatically: Autoset and Reset

The TDS Oscilloscope can automatically obtain and display a stable waveform

of usable size. It can also be reset to its factory default settings. This subsection
describes how to execute Autoset and reset, and lists the default settings in effect
after an Autoset.

Autoset automatically sets up the front panel controls based on the characteristics
of the input signal. It is much faster and easier than a manual control-by-control
setup. Autoset adjusts controls in these categdkieuisition, Display,

Horizontal, Trigger, and Vertical.

To Autosetthe Do the following steps to automatically set up the oscilloscope:
Oscilloscope

1. Press the channel selection button (sudGiid) corresponding to your
input channel to make it active.

2. PressAUTOSET.

If you use Autoset when one or more channels are displayed, the oscilloscope
selects the lowest numbered channel for horizontal scaling and triggering.
Vertically, all channels in use are individually scaled. If you use Autoset when no
channels are displayed, the oscilloscope will turn on channdGihé) and

scale it.

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

If a standard mask is active, Autoset adjusts the selected trace to match the
mask, if possible. Vertical scale and offset, horizontal scale, trigger position, full
bandwidth, average, and trigger parameters are set as required for the standard.
If a calibrated optical probe is attached to Chl and an OC or FC standard is
selected, Ch 1 is selected and other channels are turned off.
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List of Autoset Defaults

3-10

Table 3-1 lists the autoset defaults.

Table 3-1: Autoset defaults

Control

Changed by autoset to

Selected channel

Numerically lowest of the displayed channels

Acquire Mode Sample

Acquire Repetitive Signal On

(TDS 500D and 700D Models

Only)

Acquire Stop After RUN/STOP button only
Deskew, Channel/Probe Unchanged

Display Style Vectors

Display Intensity — Overall If less than 50%, set to 75%
Display Format YT

FastFrame (TDS 500D and Off

700D Models Only)

Horizontal Position

Centered within the graticule window

Horizontal Scale

As determined by the signal frequency

Horizontal Time Base Main Only

Horizontal Record Length Unchanged

Horizontal Lock Unchanged

Horizontal Fit-to-Screen Unchanged

DPO Acquisitions (TDS 500D | Unchanged

and 700D Models Only)

Limit Test Off

Trigger Position Unchanged

Trigger Type Edge

Trigger Source Numerically lowest of the displayed channels (the selected

channel)
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Table 3-1: Autoset defaults (cont.)

Control Changed by autoset to

Trigger Level Midpoint of data for the trigger source
Trigger Slope Positive

Trigger Coupling DC

Trigger Holdoff

Default Holdoff: Set equal to 5 horizontal divisions
Adjustable Holdoff: 250 ns

Selection in Mode and Holdoff menu determines whether the
default holdoff value or the adjustable hold value is used.

Vertical Scale

As determined by the signal level

Vertical Coupling

DC unless AC was previously set. AC remains unchanged.

Vertical Bandwidth

Full

Vertical Offset

0 volts

Zoom

off
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To Reset the
Oscilloscope

Selecting Channels

3-12

To Identify the
Selected Channel

Do the following steps to reset the oscilloscope to its factory default settings:

1. Press the Save/RecS8ETUP button to display the Setup menu (see Fig-
ure 3-3). Press the button directly belowReeall Factory Setupmenu item.

2. Press the button to the right of & Confirm Factory Init side menu item.

3. Press th&ET LEVEL TO 50% button (front panel) to be sure the
oscilloscope triggers on the input signal.

The TDS Oscilloscope applies all actions based speaificwaveform, such as
taking measurements or applying any changes it receives to the vertical control
settings, to theelectedvaveform.You can select ahannel waveforiramath
waveformpr areference wavefornT.his subsection describes how to select a
waveform and how you can turn the display of a waveform off.

To determine which channel is currently selected, chec&henel readoutit
shows the selected channel in inverse video in the lower left corner of the
display. Thechannel reference indicatdor the selected channel also appears in
reverse video along the left side of the display. (See Figure 3-3.)
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\

Tek Run: 100kS/s Sample
I-
[

Recall
Factory

Channel Reference

OO

o T

Indicator
@ oomy .UM Soous Chi S 27.2mY OK

Channel Readout @ [ Contem

ot e, ] Factory Init
eca ave aca File
Saved Current Factory Utilities
Setup Setup setu

Figure 3-3: The Channel Readout

To Selectand  To select a channel, use ttieannel selectiobuttons on the right of the display.
Remove Waveforms These buttons labelggH 1, CH 2, CH 3, CH 4, andMORE select a channel
and display it if its off. (ThéMORE button allows you to select internally stored
Math andRefwaveforms for display and manipulation.) The selected channel is
indicated by the lighting the LED above the button of the selected channel.
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Do the following steps to first display and then remove waveforms from the
display:

1. Press€CH 1, CH 2, CH 3 or CH 4to turn on as many of these channels as
desired. The one you select last (or first if you only select one) becomes the
selected channel. Selecting a channel turns it on if it is not already on.

You do not use the channel selection buttons to select the trigger source.
Instead you select the trigger source in the Main Trigger menu or Delayed
Trigger menu.

2. PressWVAVEFORM OFF to turn OFF the display of the selected channel
waveform. It will also remove from the display any automated measurements
being made on that waveform.

3. To select a math waveform you have created or a reference waveform you
have stored, preddORE and select the waveform from the More menu.
PressWVAVEFORM OFF while the MORE button is lit to remove the
display of the waveform selected in the More menu.

Waveform Priority ~ When you turn off a waveform, the oscilloscope automatically selects the next
highest priority waveform. Figure 3—4 shows the order of priority.

1.CH1 1. MATH1
2.CH2 2. MATH2
3.CH3 or AX1 3. MATH3
4. CH4 or AX2 4. REF1
5. REF2
6. REF3
7.REF4

Figure 3-4: Waveform Selection Priority

Note Figure 3—4 shows two orders of priority due to the following rules: If you
are turning off more than one waveform and you start by turning off a channel
waveform, all channels will be turned off before going to the MORE waveforms.
If you start by turning off the MORE waveforms, all the MORE waveforms will
be turned off before going to the channel waveforms.

If you turn off a channel that is a trigger source, it continues to be the trigger
source even though the waveform is not displayed.
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To Find More Information ~ To read about selecting reference waveformsSseéng and Recalling
Waveform®n page 3-168.

To read about selecting (and creating) math waveformayaeeform Matton
page 3-206.

Scaling and Positioning Waveforms

The TDS Oscilloscope allows you to scale (change the vertical or horizontal

size) and position (move up, down, left, or right) waveforms on screen for best
display. (Figure 3-5 shows the results of both vertical and horizontal scaling and
positioning.) This section first tells you how to quickly check and set vertical

and horizontal scales, positions, and other parameters, such as vertical bandwidth
and horizontal record length.

To Check Position  To quickly see the position of the waveform in the display, chec&hizanel
ReferenceRecord ViewandAcquisition Viewicons. (See figures 3-5, 3-9, and
3-10.)

The Channel Reference icon, at the left side of the display, points to ground on
the waveform record when offset is set to 0 V. The oscilloscope contracts or
expands the selected waveform around this point when you change the vertical
scale.

The Record View, at the top of the display, indicates where the trigger occurs and
what part of the waveform record is displayed. In extended acquisition mode, if
the trigger is shown at 0% or 100% of the record view, see the acquisition view
for the actual trigger location.

In extended acquisition mode (option 2M only), when a live channel is dis-
played, the acquisition view at the top of the display indicates where the trigger
and waveform record occur in the extended acquisition.

To Check the Check thevertical Readouat the bottom-left part of the display to read the
Vertical Scale  volts/division setting for each displayed channel (the selected channel is in
inverse video). (See Figure 3-6.)
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Acquisition View ———

Record View = —F—

Channel Reference Icon 1] v

Original Position Positioned Vertically Positioned Horizontally

e T
AN

———,

\
\
\

/

|
J

Original Scale Scaled Vertically Scaled Horizontally

Figure 3-5: Scaling and Positioning

To Change Vertical Scale ~ The TDS Oscilloscope permits you to change vertical scale and position quickly
and Position  from the front panel using dedicated control knobs. To change the vertical scale
and position:

1. Turn the verticaBCALE knob. Note only the scale of the selected wave-
form changes.

As you turn the vertical SCALE knob clockwise, the value decreases
resulting in higher resolution because you see a smaller part of the wave-
form. As you turn it counterclockwise, the scale increases allowing you to
see more of the waveform but with lower resolution.

2. Turn the verticaPOSITION knob. Again, note that only the selected
waveform changes position.
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3. To make positioning faster, press 8idIFT button. When the light above
the SHIFT button is on and the display saysarse Knobsin the upper
right corner, thd®OSITION knob positions waveforms more quickly.

The POSITION knob simply adds screen divisions to the reference point of
the selected waveform. Adding divisions moves the waveform up and
subtracting them moves the waveform down. You also can adjust the
waveform position using the offset option in the Vertical menu (discussed

later in this section).

TeK Run: 100!(5/5r Sample
£

Vertical Readout

[€iE 200mvA )

- M 500us ChiJ  244mv

) Ch1 Coupling
Impedance

DC

-

3
OO OO

EA 50

P~ e TTine scale ™
Coupling |EGIGHING] Position
Full 200mv | —somdiv

av as

Offset | Deskew

Probe
Functions

Figure 3-6: Vertical Readouts and Channel Menu

By changing the vertical scale, you can focus on a particular portion of a
waveform. By adjusting the vertical position, you can move the waveform up or
down on the display. Adjustment of vertical position is particularly useful when
you are comparing two or more waveforms.
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To Change To select the coupling, bandwidth, and offset for the selected waveform, use the
Vertical Parameters  Vertical menuFigure 3—6). This menu also lets you numerically change the
position or scale instead of using the vertical knobs. To make such changes, do
the following procedures:

NOTE. The TDS 794D Oscilloscope requires a P6339 probe for AC coupling,
10 M@ input impedance, and bandwidth selections to appear in the menus.

Coupling. To choose the type of coupling for attaching the input signal to the
vertical attenuator for the selected channel and to set its input impedance:

PressvERTICAL MENU [ Coupling (main)[J DC, AC, GND, orQ (side).

DC m  DC coupling shows both the AC and DC components of an input signal.
AC Ny m  AC coupling shows only the alternating components of an input signal.
GNDA# ®  Ground GND) coupling disconnects the input signal from the acquisition.
Q ®m  Input impedance lets you select either Mr 502 impedance.

NOTE. If you select 5@ impedance with AC coupling, the digitizing oscillo-
scope will not accurately display frequencies under 200 kHz.

Also, when you connect an active probe to the oscilloscope (such as the P6245),
the input impedance of the oscilloscope automatically becom@si6@ou then
connect a passive probe (like the P613%Au need to set the input impedance
back to 1 M2.

The maximum volts/div setting is reduced from 10 V to 1 V when you sed&ct 50
impedance. See the discusdioput Impedance Consideratioos page 3-8.
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Bandwidth. Bandwidthrefers to the range of frequencies that an oscilloscope can
acquire and display accurately (that is, with less than 3 dB attenuation). If you
limit the upper limit for the higher frequency components by sele2&gViHz

or 20 MHz, aByy symbol will appear in the lower part of the display. To change
the bandwidth of the selected channel:

PressvERTICAL MENU [0 Bandwidth (main)O Full, 250 MHz, or
20 MHz (side).

Fine Scale. To make fine adjustments to the vertical scale, pV&RTICAL
MENU O Fine Scale(main) and use the general purpose knob or the keypad.

Position. To adjust the vertical position to a specific number of divisions, press
VERTICAL MENU [O Position (main) and use the general purpose knob or the
keypad to set the offset value. Pr&ss to 0 divs(side) if you want to reset the
reference point of the selected waveform to the center of the display.

Offset. Use offset to subtract DC bias before examining a waveform. For example,
you might want to display a small ripple (for example, 100 mV of ripple) on a
power supply output (for example, a +5 V output). Adjust offset to keep the ripple
on screen while setting the vertical scale sensitive enough to best display the ripple.

To adjust offset, preSsERTICAL MENU [0 Offset (main). Then use the
general purpose knob or keypad to set the vertical offset. Beess 0 V(side)
if you want to reset the offset to zero.

To Set External  You can set an external attenuation (or gain) in addition to the attenuation
Attenuation (TDS 500D  specified by the probe.

and TDS 700D Only) To set external attenuation, pr&4sSRTICAL MENU 0O Probe Func-

tions (main)0 External Attenuation or External Attenuation in dB (side).

External Attenuation — Use the general purpose knob or the keypad to set the
external attenuation as a multiplier.

External Attenuation in dB — Use the general purpose knob or the keypad to
set the external attenuation in dB.
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To set the probe attenuation to its default value, pres€TICAL MENU [J
Probe Functions(main)O Set to Unity External Attenuation (side).
Attaching a probe also sets the probe attenuation to its default value.

To Check the Check theRecord Vievto determine the size and location of the waveform
Horizontal Status  record and the location of the trigger relative to the display. (See Figure 3-7.)

Check thelTime Base readouat the lower right of the display to see the
time/division settings and the time base (main or delayed) being referred to. (See
Figure 3—7. Also see Figure 3-5 on page 3-16.) Since all live waveforms use the
same time base, the oscilloscope only displays one time base and time/division
setting for all the active channels.

g N

Time Base

| Main Qnly

. Tek Stopped: 2%35 Acquisitions WG.SOM
Record View Readout a Qi et D

& Intensified

/
Delayed Only

Delayed Runs

16,5018
After Main

. i /. ... . | Delyed
Time Base Readout e @chu’ Joomv] Triggerable

(see Delayed
Time Base [JHEEREA
ATain Position
50%

Trig Menu)
)| C O C ) C D)D) )

OO

Length Scale HP%"S'Z FastFrame
500 (/div) Setup

Extd Acq
Set up
8M

Figure 3-7: Record View and Time Base Readouts

3-20 TDS 500D, TDS 600B, & TDS 700D User Manual



Acquiring and Displaying Waveforms

To Change Horizontal ~ The TDS Oscilloscope provides control of horizontal position and scale using
Scale and Position  the horizontal front panel knobs.

By changing the horizontal position, you can move the waveform right or left to
see different portions of the waveform. That is particularly useful when you are
using larger record sizes and cannot view the entire waveform on one screen.

To change the horizontal scale and position:

1. Turn the horizontaPOSITION and horizontaBCALE knobs. (See
Figure 3-8.)

2. If you want thePOSITION knob to move faster, press t8ellFT button.
When the light above the shift button is on and the displayGagse Knobs
in the upper right corner, tiROSITION knob positions waveforms more
quickly.

4l HORIZONTAL
{Jrosimion]>

HORIZONTAL
MENU

{| SCALE >

Figure 3-8: Horizontal Controls

When you select a channel, the horizo®@ALE knob scales all channel
waveforms displayed at the same time. If you select a math or reference
waveform, the knob scales only the selected waveform.
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To Change Horizontal
Parameters

3-22

When you select a channel, the horizoR@ISITION knob positions all channel,
reference, and math waveforms displayed at the samevtigreHorizontal Lock is
set to Lock in the Zoom menu. Séeom a Waveforran page 3-54.

To select the waveform record length and the trigger position, ustotizntal

menu You can also use this menu to change the horizontal position or scale
instead of using the horizontal knobs. You can select the delayed time base (see
Delayed Triggeringon page 3—117%r choose th&rameson the waveform that

you want to see (sdésing FastFramen page 3—-67

Trigger Position. The trigger point marks time zero in a waveform or acquisition

(in Extended Acquisition mode) record. All record points before the trigger event
make up the pretrigger portion of the record. Every record point after the trigger
event is part of the posttrigger portion. All timing measurements in the record are
made relative to the trigger event. To define the trigger point position:

PrestHORIZONTAL MENU [ Trigger Position (main)[J Set to 10% Set
to 50%, or Set to 90%(side), or use the general purpose knob or the keypad to
change the value.

Record Length. The number of points that make up the waveform record is
defined by the record length. To set the waveform record length:

1. PresHORIZONTAL MENU [ Record Length (main). Select the record
length desired from the side menu. Pras®re—to see additional choices:

TDS 600B Oscilloscopes have standard record lengths up to 15,000 points.
TDS 500D Oscilloscopes have standard record lengths up to 50,000 points.
TDS 700D Oscilloscopes have standard record lengths up to 500,000 points.
With Option 1M and Option 2M, TDS 500D and TDS 700D Oscilloscopes
have record and acquisition lengths of up to 8,000,000 points depending on
the model and option (see Table A-1 starting on page A-1 for more
information). Option 2M is available only at the time of original purchase.
Neither option is available for the TDS 600B models.

TDS 500D, TDS 600B, & TDS 700D User Manual



Acquiring and Displaying Waveforms

NOTE. TDS 500D and TDS 700D Models: Hi Res acquisition mode requires
twice the acquisition memory of other acquisition modes. Therefore, turning Hi
Res on switches the setting for record length accordingly, thereby keeping the
oscilloscope from running out of memory.

2. To fit an acquired waveform (or with Extended Acquisition On, an acquisi-
tion) to the visible screen, regardless of record length, pf@§dZONTAL
MENU 0O Record Length (main). Then toggl€&it to Screento ON from
the side menu. This feature fits the waveform automatically much like you
could do manually — by turning zoom mode on and changing the time/division
until the waveform fits the screen. To turn off this feature, tdggle® Screen
to OFF.

Horizontal Scale. To change the horizontal scale (time per division) numerically
in the menu instead of using the Horizor8&IALE knob:

PressHORIZONTAL MENU 0O Horiz Scale(main)0 Main Scaleor
Delayed Scalgside), and use the keypad or the general purpose knob to change
the scale values.

Horizontal Position. To set the horizontal position to specific values in the menu
instead of using the HorizontRIOSITION knob:

PressHORIZONTAL MENU [0 Horiz Pos (main)] Set to 10% Set to
50%, or Set to 90%(side) to choose how much of the waveform will be
displayed to the left of the display center.

You can also control whether changing the horizontal position setting affects all
displayed waveforms, just the live waveforms, or only the selected waveform.
SeeZoom a Waveforngn page 3-54 for the steps to set the horizontal lock feature.
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To Select the
Delayed Time Base

Extended Acquisition
Length (Option 2M Only)

You also can select Delayed Runs After Main or Delayed Triggerable. Use the
main time base for most applications. Use the delayed time base when you want
to delay an acquisition so it captures and displays events that follow other
events. Se@o Find More Informatiorbelow.

Use Extended Acquisition mode to acquire an extended-length acquisition
record. After the data is acquired, you can move to and display any portion of the
data (see Figure 3-9).

NOTE. To function properly, Extended acquisition mode forces some oscilloscope
modes and settings to new values. Also, measurements, gating, and cursors are
restricted to the current waveform record.

Move to any portion of the acquisition record

L— — Extended-length Acquisition Record

Waveform
Record

Display

Figure 3-9: Displaying an Extended Acquisition Length Record

3-24

TDS 500D, TDS 600B, & TDS 700D User Manual



Acquiring and Displaying Waveforms

Extended acquisition mode is a single acquisition sequence mode allowing you
time to examine the acquired data. To set Extended Acquisition mode:

PressHORIZONTAL MENU 0O Extd Acq Setup(main)d Extended
Acquisition (side) to toggle Extended Acquisition mode On (see Figure 3-10).

To acquire a new data record, prBss/Stop.

Read the side menus to determine the acquisition length, waveform record
length, acquisition duration, and the record starting location:

m  Acq Len displays the length of the acquisition record. The oscilloscope
model and the number of channels in use determines the length.

®  Wfm Len displays the length of the waveform record. The settings for
Record Length in the Horizontal menu and for Extended Acquisition mode
(on or off) determine the length.

m  Acq Duration displays the time spanned by the acquisition data.

m  Waveform Record Start displays/selects the percentage of the acquisition
data that is before the waveform record of the selected channel and any
locked live channels.

m  Fit To Screen duplicates the function of Fit To Screen in the Record Length
menu.

To set the starting position of the waveform record in the acquisition data, press
HORIZONTAL MENU [ Extd Acq Setup (main)J Waveform Record
Start (side). Then use the general purpose knob or keypad to set the percentage.

To view all acquisition data, use the Horizontal Position to pan the waveform
record through the acquisition record. Or, use Zoom or Fit To Screen to
compress the acquisition data into the waveform record.
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Percentage of
: : acquisition data before
N1 extended ~ start of the waveform

s 10 T~ record
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Start of waveform record
é ||C | |1C ||1C DIE | |1C ||1C ) —————— Acquisition record waveform

Figure 3-10: Extended Acquisition Length and Zoom

To Find More Information  To perform tutorials that teach selecting, scaling, and positioning of waveforms,
seeExample 1: Displaying a Waveforom page 2—13 arieixample 2: Displaying
Multiple Waveform®&n page 2-17

To learn how to use delay with waveforms, Bedayed Triggeringpn
page 3-117. To learn how to magnify waveforms,Zmeming on Waveforms
on page 3-53.
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Choosing an Acquisition Mode

The TDS Oscilloscopes are digital products that can acquire and process your
input signal in a variety of modes. To help you choose the best mode to use for
your signal measurement task, this section first describes:

m  How the oscilloscope samples and digitizes an input signal
m  How the different acquisition modes (suctirderpolation) affect this process
®  How to select among these modes

Following these descriptions are procedures for selecting the sampling and
acquisition modes, beginning wi@hecking the Acquisition Readart page 3-35.

Sampling and Digitizing  Acquisition is the process of sampling the analog input signal, digitizing it to
convert it into digital data, and assembling it into a waveform record. (See
Figure 3—11.) The oscilloscope creates a digital representation of the input signal
by sampling the voltage level of the signal at regular time intervals. The sampled
and digitized points are stored in memory along with corresponding timing
information. You can use this digital representation of the signal for display,
measurements, or further processing.

75.0 V\ /+5.0 V\
ov ov oV ov
N/ \ /
-5.0V -5.0V
Input Signal Sampled Points Digital Values

Figure 3-11: Acquisition: Input Analog Signal, Sample, and Digitize
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The oscilloscope uses the samples it takes (see Figure 3—13) to create a
waveform record containing a user-specified number of data or record points.
Each record point represents a certain voltage level that occurs a determined
amount of time from the trigger event.

The oscilloscope may take more samples than the number of points in your
waveform record. In fact, the oscilloscope may take several samples for each record
point (see Figure 3—12). The digitizer can use any extra samples to perform
additional processing, such as averaging or looking for minimum and maximum
values. The methods of sampling and acquisition modes you choose determine how
the oscilloscope assembles the sample points it acquires into the waveform record.

ki Interval for one waveform record point. —»‘

rrrr

Samples for a record point.

Figure 3-12: Several Points May be Acquired for Each Point Used

Real-time Sampling  The two general methods of sampling ex&@-timeandequivalent-timeThe
TDS 600B Oscilloscopes use only real-time sampling; the TDS 500D and
TDS 700D Oscilloscopes use both real- and equivalent-time sampling.

In real-time sampling, the oscilloscope digitizes all the points it acquires after
onetrigger event (see Figure 3-13). Always use real-time sampling to capture
single-shot or transient events.

Record Points M—
sammoree L LT

Figure 3-13: Real-Time Sampling
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Equivalent-time Sampling A TDS 500D or TDS 700D model oscilloscope (the TDS 600B models use only
real time sampling) uses equivalent time sampling to extend its sample rate over
its real-time maximum sampling rate, but only under two conditions:

®  You must have turned equivalent-time on in the Acquisition menu

®  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 makedltiple acquisitions of aepetitive
waveform to obtain the sample density required for a waveform record. (See
Figure 3—-14.) By doing so, the oscilloscope lets you accurately acquire signals
with frequencies much higher than its maximum real-time bandwidth would
allow. Equivalent-time sampling should only be used on repetitive signals.

o M

1st Acquisition Cycle J_l |_| |_|

1 1 L

nth Acquisition Cycle |_| |_|

2nd Acquisition Cycle

3rd Acquisition Cycle

Figure 3-14: Equivalent-Time Sampling

The type of equivalent-time sampling the oscilloscope uses is callddm
equivalent-time samplinghlthough 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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3-30

Interpolation

Your oscilloscope can interpolate between the samples it acquires. Like for
equivalent time sampling, it does so only when it cannot obtain ak&he

samples it needs to fill up its waveform record. For instance, setting the
horizontal SCALE to progressively faster acquisition rates leaves progressively
shorter time periods for the waveform record. Therefore, the oscilloscope must
sample faster to acquire the samples (record points) needed to fill up the record.
Eventually the time period established by scale setting does not allow enough
time to get all the real samples needed to fill the record.

The situation just described occurs if you set the Horizontal SCALE knob to a
time base setting that is faster than 10 ns (TDS 600B). (The setting varies with
the number of channels for TDS 500D and TDS 700D models; see Table 3—4 on
page 3—-37.) The oscilloscope then interpolates to create the intervening points in
the waveform record. There are two options for interpolation: linear or sin(x)/x.
(TDS 500D and TDS 700D models can also equivalent-time sample to acquire
more samples; sdequivalent-Time Samplingn page 3-29.)

Linear interpolationcomputes 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 interpolatiorcomputes record points using a curve fit between the actual
values acquired. It assumes all the interpolated points fall along that curve. That
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.

NOTE. When using either type of interpolation, you may want to set the display
style so that the real samples are displayed intensified relative to the interpolated
samples. The instructions undgelect the Display Stylen page 3—41 explain

how to turn on intensified samples.
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Interleaving A TDS 500D or TDS 700D Oscilloscope can interleave its channels to attain
higher digitizing rates without equivalent time sampling or interpolating. 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 3-2 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 3-2), the oscillosddpmt be able to

get enough samples to create a waveform record. At that point, the oscilloscope
will either interpolateto calculate additional samples or it will switch from real

to equivalent time sampling to obtain additional samples. I(8egpolationon

page 3—-30 anBquivalent-Time Samplingn page 3—-29.)

Table 3-2: How interleaving affects sample rate

Maximum digitizing ratel
No. of
channels on TDS 580D,
TDS 520D & TDS 784D, &
TDS 724D TDS 540D TDS 754D TDS 794D
One 2 GS/sec 2 GS/sec 2 GS/sec 4 GS/sec
Two 1 GS/sec 2 GS/sec 2 GS/sec 2 GS/sec
Three or Four Not Available 1 GS/sec 1 GS/sec 1 GS/sec

1 When real-time sampling. (GS = Gigasamples; MS = Megasamples.)

The Acquisition Modes  All oscilloscopes in this manual support the following four acquisition modes:
Sample, Envelope, Average, and Peak Detdé2® 500D and TDS 700D
Oscilloscopes also suppdit Res.Keep in mind which modes apply to your
model oscilloscope as you read the following descriptions.

Sample (the mode most commonly used), Peak Detect, and Hi Res modes
operate in real time on a single trigger event, provided that the oscilloscope can
acquire enough samples for each trigger event. Envelope and Average modes
operate on multiple acquisitions; the oscilloscope averages or envelopes several
waveforms on a point-by-point basis. (For TDS 500D and TDS 700D models
only, Hi Res, Envelope, and Average modes are not available when in DPO
mode; seéncompatible Modesn page 3-66.)
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Figure 3-15 illustrates the different modes and lists the benefits of each. It will
help you select the appropriate mode for your application. Refer to it as your
read the following descriptions of each mode.

AL Sample Mode. In Sample mode, the oscilloscope creates a record point by saving
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.

o W Envelope Mode. In Envelope mode, the oscilloscope acquires and displays a
waveform record that shows the extremes in variation over several acquisitions
(you specify the number of acquisitions). The oscilloscope saves the highest and
lowest values in two adjacent intervals similar to the Peak Detect mode. But
Envelope mode, unlike Peak Detect, gathers peaks over many trigger events.

After each trigger event, the oscilloscope acquires data and then compares the
min/max values from the current acquisition with those stored from previous
acquisitions. The final display shows the most extreme values for all the
acquisitions for each point in the waveform record.

IL Average Mode. Average mode lets you acquire and display a waveform record
that is the averaged result of several acquisitions. This mode reduces random
noise. The oscilloscope acquires data after each trigger event using Sample
mode. It then averages the record point from the current acquisition with those
stored from previous acquisitions.

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

If you set the time base so fast that it requires real-time interpolation or
equivalent-time sampling, the mode automatically changes from Peak Detect to
Sample, although the menu selection will not change.
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Figure 3-15: How the Acquisition Modes Work
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I Hi Res Mode. TDS 500D and 700D models only: Hi Res mode averages all
samples taken during an acquisition interval to create a record point. The average
results in a higher-resolution, lower-bandwidth waveform.

A key advantage of Hi Res is its potential for increasing resolution regardless of
the input signal. Table 3-3 and the equations shown below illustrate how you
can obtain up to 15 significant bits with Hi res mode. Note that the resolution
improvements are limited to speeds slower than 100 ns/div. Also, resolutions
above 15 bits are not allowed by internal hardware and computation limitations.

Si = Sampling Interval for TDS 754D = 1 ns

Time/Div _ 5us/Div
Number Of Points/Div 50 PointgDiv
Nd = Number of points per decimation inter t| =100

At = Sample IntervaF =100ns

Resolution Enhancement (bits)05 x LOG,(Nd) ~ 3 extra bits
Bits of Resolution = Resolution Enhancement (3 bits) + 8%Bitd bits

Hi Res mode only works with real-time, noninterpolated sampling. If you set the
time base so fast that it requires real-time interpolation or equivalent-time
sampling, the mode automatically becomes Sample even though the menu
selection will not change.

Table 3-3: Additional resolution bits

Time base speed Bits of resolution
100 ns and faster 8 hits

200 ns to 500 ns 9 hits

1usto2 us 10 hits

5 usto 10 us 11 bits

20 us to 50 ps 12 hits

100 ps to 200 us 13 hits

500 ps 14 bits

1 ms and slower 15 hits
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Checking the To determine the acquisition sampling rate, the acquisition state (running or
Acquisition Readout ~ stopped), and the acquisition mode, check the Acquisition readout at the top of
the display. (See Figure 3—16.) The state “Run:” shows the sample rate and
acquisition mode. The state “Stop:"shows the number of acquisitions acquired
since the last stop or major change.

g N

. Run: 100k5/5r Sample

Acquisition Readout

|| Acquisition
Mode

sample

1 Peak Detect

4 z0
O oo

Envelope
10
200mve - . L M 500Ms Chil /S 248mV I
. . . . . . Average
16

Limit Test
Sources

. Repetitive — Crea'l‘Te
Mode A Stop After Limit Test Pt
Signal Limit Test
Sample ON R/S button | Setup Template

O COjCOC D)

Figure 3-16: Acquisition Menu and Readout

Selecting an The oscilloscope provides several modes 8eeAcquisition Modesn
Acquisition Mode  page 3-31) for acquiring and converting analog data into digital form. To choose
how the oscilloscope will create points in the waveform record:

1. PressSHIFT ACQUIRE MENU [ Mode (main). (See Figure 3-16.)
2. TDS 600B: PresSample Envelope Average, or Peak Detect(side) or ...

TDS 500D and TDS 700D Models: Pr&ample Peak DetectHi Res,
Envelope,or Average (side). (DPO mode must be off to use Hi Res,
Envelope, or Average modes.)
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Selecting Repetitive
Sampling

3-36

3. If you selected Envelope or Average, enter the number of waveform records
to be enveloped or averaged using the keypad or the general purpose knob.

NOTE. TDS 500D and 700D models only: Selecting Hi Res mode in the Acquire
menu automatically reduces long record-length settings to prevent overflow of
acquisition memory. Because Hi Res mode uses twice the acquisition memory
used by other acquisition modes, allowing selection of the longer horizontal
record lengths with Hi Res mode would cause the oscilloscope to run out of
memory.

TDS 500D and TDS 700D models only: To limit the oscilloscope to real-time
sampling or let it choose between real-time or equivalent-time sampling:

PressSHIFT ACQUIRE MENU [ Repetitive Signal(main)
ON or OFF (side).

®  ON (Enable ET) uses both the real-time and the equivalent-time sampling
as appropriate (see Table 3—4).

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.
Seelnterpolationon page 3—-3for a discussion of interpolation

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 ET is on
or off.

TDS 500D, TDS 600B, & TDS 700D User Manual



Acquiring and Displaying Waveforms

®  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.

Check Table 3—4 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 model.

Table 3-4: TDS 500D and TDS 700D Sampling mode selection (when fit to screen is off)

TDS 520D & TDS 754D & TDS 540D
Model TDS 724D TDS 580D, TDS 784D, & TDS794D
Channels on? 1 2 lor2 3or4d 1 2 3or4d
Time base?
>50ns |RT3 RT RT RT RT RT RT
50ns |RT RT RT RT RT RT RT
25ns |RT ETI RT ETI RT RT ETI
125ns | ETI ETI ETI ETI RT ETI ETI
<125ns |ETI ETI ETI ETI ETI ETI ETI

1 Note that the TDS 520D and TDS 724D can have no more that two channels on at a time.
2 “>"means “slower than”; “ <” means “faster than.”
3 “RT” abbreviates “Real-Time Sampling” throughout this table.

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

Stop After  To choose the event that stops the acquiring waveforms, do the following step:

PressSHIFT ACQUIRE MENU 0O Stop After (main)0 RUN/STOP button
only, Single Acquisition Sequenceor Limit Test Condition Met (side). (See
Figure 3—17.) (TDS 500D and TDS 700D models only: single acquisition and
limit testing are ignored in DPO mode; $aeompatible Modesn page 3—66.)
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“Create
Limit Test
Template

Limit Test

Mode eé:aie rlnallve Stop After Limit Test
sample 3N 875 button Setup

Sources
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Figure 3-17: Acquire Menu — Stop After

B PressRUN/STOP button only (side) to use thRUN/STOP button to start
or stop acquiring. Pressing the RUN/STOP button once will stop the
acquisitions. The upper left hand corner in the display will say “Stop” and
show the number of acquisitions. If you press the button again, the oscillo-
scope will resume taking acquisitions.

m  PressSingle Acquisition Sequencéside). That selection lets you run a
single sequence of acquisitions by pressingRUdl/STOP button. In
Sample, Peak Detect, or Hi Res mode, the oscilloscope will acquire a
waveform record with the first valid trigger event and stop. (Hi Res is
available only on TDS 500D and TDS 700D models.)

In Envelope or Average mode, the oscilloscope will make the specified
number of acquisitions to complete the averaging or enveloping task.

TDS 500D and TDS 700D models only: If the oscilloscope is in equivalent-
time mode and you preSsngle Acquisition Sequencéside), it will

continue to recognize trigger events and acquire samples until the waveform
record is filled.
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NOTE. To quickly select Single Acquisition Sequence without displaying the
Acquire and Stop After menus, press SHIFT FORCE TRIG. Now the RUN/STOP
button operates as just described. (You still must display the Acquire menu and
then the Stop After menu to leave Single Acquisition Sequence operation.)

m  Presd.imit Test Condition Met (side) to acquire waveforms until
waveform data exceeds the limits specified in the limit test. Then acquisition
stops. At that point, you can also specify other actions for the oscilloscope to
take, using the selections available in the Limit Test Setup main menu.

NOTE. For the oscilloscope to stop an acquisition when limit test conditions have
been met, limit testing must be turned ON using the Limit Test Setup main menu.

Setting up limit testing requires several more stepsLBei¢ Testingon
page 3-201.

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

About Aliasing. 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 light next torRIG'D is lighted. Aliasing occurs because the oscilloscope
cannot sample the signal fast enough to construct an accurate waveform record.
(See Figure 3-18.)

Actual High-Frequency Waveform —————

Apparent Low-frequency
Waveform Due to Aliasing

Sampled Points

Figure 3-18: Aliasing
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Methods to Check and Eliminate. 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:

m  Try adjusting the horizontal scale.
m  Try pressing thUTOSET button.

m  Try switching the acquisition mode (in the acquisition menu) to Envelope or
Peak Detect. Envelope searches for samples with the highest and lowest
values over multiple acquisitions; Peak Detect mode does the same but in a
single acquisition. Either can detect faster signal components over time.

®  Try pressing th&PO acquisition button (TDS 500D and TDS 700D models
only). DPO mode results in waveform displays similar to those obtained
using an analog oscilloscope.

Customizing the Display

The TDS Oscilloscope can display waveform records and other display elements
in different ways. This section describes how to adjust the oscilloscope display
style, intensity level, graticule, and format.

NOTE. TDS 500D and 700D models only: This section assumes you are using
Normal acquisition mode and gives display settings for this mode. If you select
DPO acquisitions, procedures for making Style, Format, and Readout display
settings differ and some selections are not permittedUSieg DPO
AcquisitionMode, on page 3-59, for setup differences, lmmbmpatible Modes

on page 3-66.
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Change Display Settings  To bring up the Display menu:
PresDISPLAY [0 Settings(main)C] Display (pop-up).

TheDisplay menu allows you to adjust the style, intensity level, graticule, and
format features described below. T@elor menu allows you to alter color
settings for various display components such as waveforms and text. To find
more information on color, s€eustomizing the Display Colam page 3—47.

Select the Display Style  TDS 600B only: PresBISPLAY [ Settings(main) Display (pop-up)C
Style (main)J Vectors, Dots, Intensified Samplesinfinite Persistence or
Variable Persistence(side). (See Figure 3—19.)

TDS 500D and TDS 700D models only: PredSPLAY [0 Settings(main)[]
Display (pop-up)d Mode (main)[0 Normal (pop-up)d Style (main)O
Vectors, Dots, Intensified Samples Infinite Persistence or Variable
Persistence(side)

Vectorsstyle displays vectors (lines) between the record points.
Dotsstyle displays waveform record points as dots.

Intensified Samplestyle also displays waveform record points as dots. However,
the points actually sampled are displayed in the color labeled “Zone” in the
Display Colors menus.

In addition to choosing Intensified Samples in the side menu, the oscilloscope
must be interpolating (equivalent time must be off for TDS 500D and TDS 700D
models) or Zoom must be on with its horizontal expansion greater that 1X. See
Interpolationon page 3-30; se®boming on Wavefornm page 3-53.

Variable Persistencstyle accumulates the record points on screen and displays
them only for a specific time interval. In that mode, the display behaves like that
of an analog oscilloscope. You enter the time for that option with the keypad or
the general purpose knob. Record points are also displayed with colors that vary
depending on the persistence of the point. Gemose a Paletten page 3—48.

Infinite Persistencestyle accumulates the record points until you change some
control (such as scale factor) causing the display to be erased.
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<Displdp> Options | Sin(x)/x Full vr

Figure 3-19: Display Menu — Style

NOTE. TDS 500D and TDS 700D models only: Begng DPO Acquisition
Mode, on page 3-59, teee how Style and Intensity setup differs for DPO mode.

Adjust Intensity Intensity lets you set text/graticule and waveform intensity (brightness) levels.
To set the intensity:

PresDISPLAY 0O Settings(main)d Display (pop-up)d Intensity (main)C
Text/Grat or Waveform (side). Enter the intensity percentage values with the
keypad or the general purpose knob.

All intensity adjustments operate over a range from 20% (close to fully off) to
100% (fully bright).

Set Display Readout ~ Readout options control whether the trigger indicator, trigger level bar, and
Options  current date and time appear on the display. The options also control what style
trigger level bar, long or short, is displayed.
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1. TDS 600B: PresPISPLAY [ Settings(main)[J Display (pop-up)C]
Readout Options(main).

TDS 500D and TDS 700D Models: Pr&dISPLAY O Settings(main)O
Display (pop-up)d Mode (main)0 Normal (pop-up) Format/
RO (main).

2. ToggleDisplay ‘T' @ Trigger Point (side) to select whether or not to
display ‘T’ indicating the trigger point. You can sel&i¥l or OFF. (The
trigger point indicates the position of the trigger in the waveform record.)

3. Presslrigger Bar Style (side) to select either the short or the long trigger
bar or to turn the trigger bar off. (See Figure 3—20. Note that both styles are
shown for illustrating purposes, but you can only display one style at a time.)

The trigger bar is only displayed if the trigger source is an active, displayed
waveform. Also, two trigger bars are displayed when delay triggerable
acquisitions are displayed — one for the main and one for the delayed time
base. The trigger bar is a visual indicator of the trigger level.

Tek Run: 50.0kS/s Sample
I
[

Readout
Options

...... 1 pisplay T’ @
Trigger Point
onN

Trigger Point Indicator —— S — 7&;7 N D\ Trigger Bar
Style
; [ X Lo /\ﬁ \ Long
Trigger Bar—Long St)éle \ / \ / AT B Daﬂie:)}’i??{f.e
- r.
Trigger Bar—Short Style - \/ S \/ SN o

@ s00omv T T MT.00ms Chi S 69mv]

oo )

Style f Readout Filter
settings Intensity H 5
<Display> Vectors Options (IS FsY

Graticule

Format
Full VT

Figure 3-20: Trigger Point and Level Indicators
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Select Interpolation Filter

3-44

Sometimes, especially when using the hardcopy feature, you may want to
display the current date and time on screen. (To find more information
displaying and setting date and time, Be¢e/Time Stamp the Hardcopwy
page 3-184.)

4. PresdDisplay Date/Time (side) to turn it on or off. Pusblear Menu to see
the current date and time.

The display filter types are sin(x)/x interpolation and linear interpolation. To
switch between interpolation filters:

TDS 600B: PresBISPLAY O Settings(main) Display (pop-up)U
Filter (main)d Sin(x)/x Interpolation or Linear Interpolation (side).

TDS 500D and TDS 700D Models: Pré&3iSPLAY O Settings(main)
Display (pop-up)) Normal (pop-up)d Filter (main)J Sin(x)/x Interpola-
tion or Linear Interpolation (side).

NOTE. When the horizontal scale is set to the faster rates (10 ns/div for the
TDS 600B; see Table 3—4 on page 3-37 for rates specific to the TDS 500D and
TDS 700D models) or when using the ZOOM feature to expand waveforms
horizontally, interpolation occurs. (The filter type, linear or sin(x)/(x), depends
on which is set in the Display menu.) Otherwise, interpolation is not used. See
Interpolationon page 3—3@or a discussion of interpolation
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Select the Graticule Type  To change the graticule:

PresDISPLAY [ Settings(main) Display (pop-up)d Graticule (main)
Full, Grid, Cross Hair, Frame, NTSC or PAL (side).

Full provides a grid, cross hairs and a frame.
Grid displays a frame and a grid.
Cross Hairprovides cross hairs, and a frame.

Framedisplays just a frame.

NTSCprovides a grid useful for measuring NTSC-class waveforms.

PAL provides a grid useful for measuring PAL-class waveforms.

NOTE. Selecting either NTSC or PAL graticules automatically changes the
vertical scale, position settings, coupling, and sets to zero any vertical offset of
any channel displayed. These settings are not restored after switching to other
graticule types. Therefore, you might want to recall the factory setup or other
stored setup after selecting a different graticule.

Select the Format  The oscilloscope displays waveforms in either of two formats: YT and XY. To
set the display axis format:

TDS 600B: PresPISPLAY [ Settings(main)O Display (pop-up)O
Format (main)d XY or YT (side).

TDS 500D and TDS 700D models: PrédSPLAY O Settings(main)U
Display (pop-up)d Mode (main)d Normal (pop-up)d Format/
RO (main) XY orYT (side).
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YTis the conventional oscilloscope display format. It shows a signal voltage (the
vertical axis) as it varies over time (the horizontal axis).

XY format compares the voltage levels of two waveform records point by point.
That is, the oscilloscope displays a graph of the voltage of one waveform record
against the voltage of another waveform record. This mode is particularly useful
for studying phase relationships.

When you choose the XY format, any channel or reference displayed is assigned
to the axis indicated in Table 3-5 and displayed as part of an XY pair. If only one
source in an XY pair is displayed, the oscilloscope automatically turns on the
other source to complete the XY pair when you select XY. Moreover, once XY is
on, selecting either source in a pair turns the pair on; pressing WAVEFORM OFF
for either source in the pair removes both sources from the display.

Table 3-5: XY Format pairs

XY Pair X-Axis source Y-Axis source
ChlandCh2 Ch1l Ch2
Ch3and Ch 4 (Ax1 and Ax2) |Ch 3 (Ax1) Ch 4 (Ax2)
Ref 1 and Ref 2 Ref 1 Ref 2

Ref 3 and Ref 4 Ref 3 Ref 4

Since selecting YT or XY affects only the display, the horizontal and vertical
scale and position knobs and menus control the same parameters regardless of
the mode selected. Specifically, in XY mode, the horizontal scale will continue
to control the time base and the horizontal position will continue to control
which portion of the waveforms are displayed.

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

You cannot display Math waveforms in XY format. They will disappear from the
display when you select XY.

NOTE. Use of XY at higher room temperatures or with higher intensity display
formats, such as the white fields in the Hardcopy palette, can temporarily
degrade display quality.
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Customizing the Display Color

The TDS Oscilloscope can display information in different colors. This section
describes how to use the Color menu to choose the colors in which the various
display objects appear. Some items in the color menu are also available on the
monochrome TDS 500D Oscilloscopes.

Change the Display Color  To bring up the Color menu:
1. Pres<DISPLAY to show the Display menu.

2. PressSettingsin the main menu until you selegColor from the pop-up
menu. (See Figure 3-21.)

The Color menu allows you to alter color settings for various display compo-
nents such as waveforms and text. The Display menu allows you to adjust the
style, intensity level, graticule, and format features. To find more information on
display, se€hange the Display Settings page 3—41.

-~
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Figure 3-21: Display Menu — Setting
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Choose a Palette

Change the Palette Colors

3-48

To choose a palette of 13 colors from a menu of preset palettes:
1. Choose the starting palette by selectagette from the main menu.

2. Select one of the available palettes in the side menu. Choosél&nonal,
Bold, Hardcopy Preview or Monochrome.

3. If you are using a persistence display and want to vary the color of each
point depending on its persistence, chd@eesistence PalettesThen
chooseTemperature, Spectral, or Gray Scalefrom the resulting side menu.
ChooseView Paletteto preview your selection on the display. Press
Persistence Palettéo quit preview mode. Pre€dear Menu to return to the
Palette menu.

NOTE. Use at higher room temperatures or with higher intensity display formats,
such as the white fields in the Hardcopy Preview palette, can temporarily
degrade display quality.

You can select the Hardcopy Preview palette when using certain color hardcopy
formats. The default colors in the this palette comprise a white background and
fully saturated primary colors which generally produce the best result.

To change the color of the current palette, select a color and vary these attributes:

Hue,which is the wavelength of light reflected from the surface. It varies
continuously along the color spectrum as produced by a rainbow. Hue is not
available on monochrome oscilloscopes.

Lightnesswhich is the amount of light reflected from the surface. It varies from
black, to the nominal color, to white.

Saturation,which is the intensity of color. Completely desaturated color is gray.
Completely saturated color of any hue is that color at its most intense level.
Saturation is not available on monochrome oscilloscopes.

1. Color oscilloscopes: Select the main m&hange Colorsitem. (See
Figure 3-22.)

If changing the colors of a persistence palette: rasstte (main)
Persistence Palette¢side) View Palette (main). Then select the palette
you want to change from the side menu and select the main@mamge
Colors for item.
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Monochrome oscilloscopes: Select the main m@éhange Persistence
Colors item.

2. Select one of the colors by pressing (repeate@ibfdr (Color Index if
changing a persistence palette) in the side menu.

3. If you want to use the factory default for this color or color index, press the
side menuReset to Factory Color

4. ChooseHue from the side menu and use the general purpose knob or keypad
to select the desired hue. Values range from 0 to 359. Sample values are:
0 = blue, 60 = magenta, 120 = red, 180 = yellow, 240 = green, and
300 = cyan.

5. Choosedlightnessfrom the side menu and use the general purpose knob or
keypad to select the lightness you desire. A value of 0 results in black. A
value of 50 provides the nominal color. A value of 100 results in white.

6. ChooseSaturation from the side menu and use the general purpose knob or
keypad to select the saturation you desire. A value of 100 provides a pure
color. A value of 0 provides gray.
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Figure 3-22: Display Menu — Palette Colors
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Set Math Waveform Color

Set Reference Waveform

3-50

Color

To define math waveform colors:

1.

Choose to define math waveform colors by selecting the main Mepu
Math item.

Select one of the three math waveforms by preddiatl in the side menu.

If you want to assign the selected math waveform to a specific color, press
Color and cycle through the choices.

If you want the selected math waveform to be the same color as the
waveform it is based on, seléeblor Matches Contents If the math

waveform is based on dual waveforms, the math waveform will use the color
of the first constituent waveform.

To return to the factory defaults, sel&gset to Factory Color

To define reference waveform colors:

PresaViap Referencein the main menu. (See Figure 3-23.)
Select one of the four reference waveforms by pre$@ign the side menu.

To assign the selected reference waveform to a specific color, press
(repeatedlyColor and choose the value.

To make the selected reference waveform the same color as the waveform it
is based on, sele€wolor Matches Contents

To return to the factory defaults, sel&#set to Factory Color
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Figure 3-23: Display Menu — Map Reference Colors

Select Options  To define what color to show where a waveform crosses another waveform:
1. TDS 600B models: Press tlgptions main menu item.

TDS 500D and TDS 700D models: Press@mions Restoremain menu
item.

2. ToggleCollision Contrast to ON in the side menu to mark collision zones
with a special color.

Restore Colors  To restore colors to their factory default settings:

1. TDS 600B models: Press the main m&astore Colorsitem. (See
Figure 3-24.)

TDS 500D and TDS 700D models: Press the main ngtions Restore
item.

2. Select the object(s) you want to restore by predRigpet Current Palette
To Factory, Reset All Palettes To FactoryReset Paletteon monochrome
oscilloscopes), dreset All Mappings To Factoryin the side menu.
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Select Color Mapping

Percentage Color Mapping

3-52
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Figure 3-24: Display Menu — Restore Colors

To define the method to map acquisition-database values to display indices
(TDS 500D and 700D models only) do the following steps:

1. Press th®©ptions Restoremain menu item.

2. ToggleColor Mapping to Intensity or Percentagesn the side menu to
map values in intensity or percentage values.

Intensity allows you to control the intensity using the DPO Brightness and
Contrast menu items (see page 3-63). Percentages allows you to set the
Color Mapping percentages in the Map Colors menu.

To set the percentages that map the acquisition-database values to display indices
(TDS 500D and 700D models only), do the following steps:

1. Press th@ercentage Color Mappingmain menu item.
2. ToggleColor Index (side) to the color index range to be adjusted.

3. PresaMin Percentage(side). Then use the general purpose knob or keypad
to set the lower limit percentage of the selected color index.

To return to the factory defaults, sel&#set to Factory

TDS 500D, TDS 600B, & TDS 700D User Manual



Acquiring and Displaying Waveforms

Zooming on Waveforms

The TDS 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. It also describes how interpolation can affect Zoom.

Use Zoom (press the ZOOM button) when you want to temporarily expand a
waveform to inspect small feature(s) on that waveform. For example, to
temporarily expand the front corner of a pulse to inspect its aberrations, use
Zoom to expand it horizontally and vertically. After you are finished, you can
return to your original horizontal scale setting by pressing one menu button.
(Zoom is also handy if you have acquired a waveform at the fastest time per
division and want to further expand the waveform horizontally.)

Using with Waveforms  To help you use zoom effectively, consider how it operates on waveforms. When
zooming vertically, the oscilloscope expands or contractsaleetedvaveform
only. Also, the oscilloscope only positions the selected waveform when in Zoom.

When zooming horizontally, Zoom expands either the selected waveform, 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 factor.

Interpolation and Zoom  To help you use Zoom effectively, consider how it is affected by interpolation.
When you zoom on a waveform, you expand a portion of it. If the expansion
requires the oscilloscope to show more points for that portion than it has
acquired, it interpolates.
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The method the oscilloscope uses to interpolaiear or sin(x)/x can affect the
way Zoom displays your waveform. If you selected sin(x)/x (the default), it may
introduce some overshoot or undershoot to the waveform edges. If such is the
case, change the interpolation method to linear, following the instructions on
page 3-56.

To read about the two interpolation methods,|sg&polationon page 3-30. To
differentiate between the real and interpolated samples, set the display style to
Intensified Samples (SeeSelect the Display Styten page 3—41.)

Checking the Zoom Factor ~ To quickly determine the zoom factor of a zoomed waveform, select it and check
the Zoom readout. It shows the selected waveform by number, along with the
horizontal and vertical expansion factors.

The Zoom readout appears at the top of the display when zoom is on. (See
Figure 3—25 on page 3-56.) Dual-window (preview) mode does not display the
Zoom readout.

Zoom a Waveform To use Zoom, select a waveform, turn Zoom on, and magnify that waveform
using the vertical and horizontal scale knobs:

1. Press any of waveform selection butt@td 1 throughCH 4 on the right
side of the display. Or preB4ORE and select a math or reference waveform
from the More menu.

2. PreszOOM.

PresszOOM [0 Mode (main)[J ON (side). The ZOOM front-panel button
should light up. Toggl®ual Zoom to OFF in the side menu.

3. Adjust the vertical zoom factor for the selected waveform using the vertical
SCALE knob. Adjust the vertical position of the zoomed waveform using
the verticalPOSITION knob.

4. Adjust the horizontal zoom factor using the horizo®@KALE knob. Adjust
the horizontal position of the zoomed waveform using the horizontal
POSITION knob.
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Depending on the selection for Horizontal Lock in the side menu, Zoom
affects the displayed waveforms as follows:

None— only the waveform currently selected can be magnified and
positioned horizontally (Figure 3-25).

Live— all “live” (as opposed to reference) waveforms can be magnified and
positioned horizontally at the same time. leéerenceor mathwaveform is
selected and Horizontal Lock set to Live, only the selected reference or math
waveform is magnified and positioned.

All — all waveforms displayed (live, math, and reference) can be magnified
and positioned horizontally at the same time.

5. PresZzOOM 0O Lock (main)d All, Live, or None (side).

NOTE. Although Zoom must be turned on to control which waveforms Zoom
affects, the setting for Horizontal Lock affects which waveforms the horizontal
control positions whether Zoom is on or off. The rules for the three settings are
listed in step 4 on page 3-54.
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Only the selected
waveform (the top one)
changes size.

Set Interpolation

Reset Zoom

Using Dual Window Mode
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Figure 3-25: Zoom Mode with Horizontal Lock Set to None

To change the interpolation method used, ppS$LAY [ Settings(main) U
Display (pop-up)! Filter (main)O Sin(x)/x Interpolation or Linear
Interpolation (side).

To reset all zoom factors to their defaults, do the following step:

PresZzOOM 0O Reset(main)0 Reset Live Factorsor Reset All Factors
(side). Reset Live Factors resets only for live waveforms, as opposed to reference
waveforms; Reset All Factors resets for all waveforms.

The oscilloscope can display and control a waveform that is both zoomed and
unzoomed (magnified and unmagnified). To do so, it creates two 1/2 height
graticules, or windows, and displays the magnified waveform in the upper, and
the unmagnified waveform in the lower graticule. To use Dual Window Zoom
(also called zoom preview mode), do the following steps:

1. PresZoom [J Mode (main)] Preview (side).Note that the oscilloscope
displays the box-enclosed area on the waveform as magnified in the top
graticule. (See Figure 3-26.)
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2. To scale or position thenmagnifiedvaveform, presSelected Grati-
cule (main)J Lower (side). Use the vertical and horizontal knobs to scale
and position the unmagnified waveform in the 