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WARRANTY

Tekironix warrants that this product will ba free from defects in materials and workmanship for a period of three (3) years from
the date of shipment. if any such product proves defective during this warranty period, Tektronix, at its option, either will repair
the defective product without charge for parts and taber, or will provide a replacement in exchangs for the defective product.

In order to obtain service under this warranty, Customer must notify Tekironix of the defect before the expiration of the
warranty pericd and make suitable arrangements for the performance of service. Customer shall be responsible for packaging
and shipping the defective product o the service cenier designated by Tekironix, with shipping charges prepaid. Tektronix
shail pay for the return of the product to Customer if the shipment is to a location within the country in which the Tektronix

service center is located. Customer shall be responsible for paying all shipping charges, duties, taxes, and any other charges
for products returned to any other locations.

This warranty shall not apply to any defect, fallure or damage caused by improper use or improper or inadequata
maintenance and cars. Tekironix shall not be obligated to fumish service under this warranty a) 1o repair damage resulting
from attempts by personnel other than Tekironix representatives to install, repair or service the product; b) to repair damage
resulting from improper use or connection o incompatible equipment; or ¢) 1o service a product that has been modified or
integrated with other products when the effect of such modification or integration increases the time or difficulty of servicing
the product.

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

INSTRUMENT SERIAL NUMBERS

Each instrumert manufactured by Tekironix has a serial number on a panel insert or tag, or stamped on the
chassis. The first letter in the serial number designates the country of manufacture. The last five digits of the
serial number are assigned sequentially and are unigue to each instrument. Those manufactured in the United
States have six unique digils. The country of manufacture is identified as follows:

-=BOIHO00 Tekironix, Inc., Beaverton, Cregon, USA
E200000 Tekironix United Kingdom, Ltd., London
J300000 Sony/Tekironix, Japan
H700000 Tekironix Holland, NV, Heerenveen, The Netherlands

instruments manufactured for Tekironix by external vendors outside the United States are assigned a two digit
alpha code 1o tdentify the country of manufaciure {e.g., JP for Japan, HK for Hong Kong, IL for Israel, etc.).

Tektronix, Inc., PO, Box 500, Beaverion, OR 97077
Printed in U.S.A.

COpyrEght © Tektronix, Inc., 1881, All rights reserved. Tekironix products are covered by U.8, and foreign
patents, issued and pending. The following are registered frademarks:
TEKTRONIX, TEK, TEKPROBE, SCOPEMOBILE and @(

Geskjet, HPGL, Laserjet and Thinkjet are products of the Hewlett-Packard Company.
Epson is a registered frademark of Epson America, Inc.

Irterieaf is a trademark of Interleat, Inc.

PostScript is a registered trademark of Adobe Systems, Inc.
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COMMTTED TO EXCELLENGE Date: 4-0CT-91 Change Reference: C1-1001
Product: Tuterial/User Manual Manual Part No.; 070-8317-00
DESCRIPTION Product Group 55

EFFECTIVE ALL FOR SERIAL NUMBERS

Add this insert to page A-50,
Table A-27: Analog Bandwidth

Table A-1: Analog Bandwidth

Vertical Attenuators Reference Amplitude Horizontal Test

Scale? {10X) {at 6 MHz) Scale Frequency Limits
100 mv none 600 mV (6 divisions) 1ns 500 MHz =424 my
1V none 5V (5 divisions) 1ns 500 MHz =>3.535 V
560 mv none 3V (B divisions) 1ns 500 MHz =121V
200 mv none 1.2 V (6 divisions) 1ns 500 MHz =848 mv
50 mv 1 300 mV {6 divisions) 1ns 500 MHz =212 mv
20 mv 1 120 mV (6 divisions) 1ns 500 MHz =84 mv
10 mv 1 60 mV (8 divisions) 1ns 500 MHz =242 mv
5mv 2 30 mV (B divisions) 1ns 500 Mhiz =21 my
2mv 2 12 mV (B divisions) 2ns 350 MHz =>84mv
1mv 2 6 mV (6 divisions) 2ns 250 MHz2 =24.2mV

10nly the 100 mV, 1 V, and 10 V vertical scale selings are avallable for the AUX 1 and AUX 2 input channels. ignore ail other settings
listed when checking those channels.

2200 MHz for TDS540 Channel 2.
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WriiF

You can get a copy of the digitizing oscilloscope’s display by using the hard-
copy feature. Depending of the output format you select, you create either an
image or a plot. images are direct bit map representations of the digitizing
oscilloscope display. Plots are veclor {piotied) representations of the cbjects
on the display.

Operation Before you make a hardcopy, you need to set up communications and hard-
copy parameters.

Setting Communication Parameters
Do the following to set up the communication parameters:

[:] Step 1: Press the UTILITY button (SHIFT and then DISPLAY) 1o show the
Utility menu.

[:] Step 2. Select /O from the System main menu pop-up {see Figure 3-16).
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Figure 3-16: Utiiity Menu - System /O

[] step 3: Choose Configure from the main menu.

B Step 4: Select the Hardcopy (Talk Only) option from the side menu.
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Hardcopy

Setting Hardcopy Parameters

You can specify the hardeopy’s formal, layout, and type of port using the
hardcopy menu. Press the HARDCOPY MENU button (SHIFT and then
HARDCOPY) to bring up the Hardcopy menu.

Format main menu item lets you change the way the oscilloscope formats the
hardcopy data.

[C] step 1: Press the main menu Format button.

I:l Step 2: You can choose Thinkjet, Deskjet, Laserjet, Epson, Interleaf,
EPS Image (Postscript) or HPGL from the side menu item.

Layout main menu item lets you specify whether to print the hardcopy in
landscape or porirait format.

] step 1: Press the Layout main menu button.

[7] step 2: Select the appropriate side menu item. You can choose Land-
scape or Portralt (see Figure 3-17).

EEEEEETER]

anetaasananan
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Landscape Porirait
Format Format

Figure 3-17: Hardcopy Formats

Port main menu item lets you specify the ouiput channel to send your hardco-
py through. The only choice is GPIB. '

Printing the Hardcopy

To print a copy of the display, simply press the HARDCOPY button. if for
some reason you want 1o stop the hardcopy process, press the HARDCGOPY
button on the front panel again.

3.40 e REV OCT 1991 in Detail



Hardcopy

Connection
Strategies

The digitizing oscilioscope’s ability to print a copy of its disptay in many

formats (Thinkjet, Deskjet, Laserjet, Epson, Interleaf, EPS Image (Postscript),
and HPGL) gives you flexibility in choosing a hardcopy device. It also makes
it easier for you to read TDS screen copies into a desktop publishing system.

However, since the TDS has only a GPIB interface port and many hardcepy
devices have only RS-232 or Centronics porls, you need a connection strategy
for sending the hardcopy data from the digitizing oscilloscope to the printer or
plotter. Three such strategies exist. You can:

®  use a printer/ploiter with a GPIB connector,
® use a GPIB-to-Centronics or GPIB-10-R8232 converter box, or

= send the data 10 a computer with both GPIB and RS-232 or Centronics
ports,

Using a GPIB-Based Hardcopy Device

You can connect the digitizing oscilloscope directly to a GPIB-based hardcopy
device (see Figure 3-18). An example of a GPIB hardcopy device is the Tekiro-
nix HC100 Plotter.

PNCEEEEED)

|

Digitizing

Hardcopy Device
Oscilloscope

{e.g. Tek HC100)

GPIB Cable

Figure 3-18: Connecting the TDS Directly to the Hardcopy Device
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Hardcopy

Using a GPIB-to-Centronics or GP!B-t0-RS232 Converter

You can put a GPIB-to-Centronics or GPIB-t0-R8232 interface converter box
between the TDS and the RS-232 or Centronics hardcopy device (see Figure
3-19). For example, a National Instruments GPIR-PRL GPiB-to-Parallel Conver-
ter will permit you to make screen prints on a Tektronix HC200 Dot Matrix
printer with just a Centrenics port.

[ B ©
= == = ggg
5120 O ==
Q I ITIDET GF ¢ “W
Digitizing Hardcopy Device
Oscilloscope {e.g. Tek HC200)
GPIB Cabie Centronics or

RS-232 Cable

GPIB-to-Centronics
or GPIB-t0-RS8232
Converter

Figure 3-19: Connecting the TDS and Hardcopy Device Via a Converter

Using a Controller

You can put a controlier with two ports between the TDS and the hardcopy
device (see Figure 3-20). One port must be a GPIB and the the other must be
either an RS-232 or a Centronics port.

if your controller is PC-compatible and it uses the Tektronix GURU or $3FG210
(National Instruments GPIB-PCHl/HA) GPIB package, you can operate this
setup as follows:

D Step 1: Use the MS-DOS ¢d command 0 move to the directary that holds
the software that came with your GPIB board. For example, if you instalied
the software in the GPIB-PC directory, type: cd GPIB-PC

[] step 2: Run the IBIC program that came with your GPIB board. Type: IBIG

[(] step 3: Type: IBFIND DEV1
where “DEV1” is the name for the digitizing oscilloscope you defined
using the IBCONF.EXE program that came with the GPIB board. Note: if
you defined another name then, of course, use it instead of “DEV1”. Also,
remember that the digitizing oscilloscope's device address as set with the
IBCONF.EXE program should match the address set in the TDS” Utility
renu (typically, use “1"}.

[ ] Step 4: Type: IBWRT “HARDCOPY START”
Be sure the TDS Utility menu is set to Talk/Listen and not Hardcopy (Taik
Oniy) or you will get an error message at this step. Setting the TDS Utility
menu was described in the start of this Hardcopy section under the head-
ing Setting Communication Parameters.

3-42
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Hardcopy

[] step 5: Type: IBRDF <Filename >
where <Filename> is a valid DOS file name you want 1o call your hard-
cepy information. It should be < = 8 characters iong withup to a 3
character extension. For example, you could type: ibrdf screeni.

Step 6: Exit the IBIC program by typing: EXIT

OO

Step 7: Type: COPY <Filename> < Output port>

where <Filename> is the name you defined in step 5 and < Output
port> is the PC output port your hardcopy device is connected {o (such
as LPT1 or LPT2). Copy the data from your file to your hardcopy device.
First, ensure your printer or plotter is properly attached to your PC. Then
copy the file. For exampte, if your file is called screen? and your printer is
attached to the Ipt? parallel port, type: copy screent Ipti:.

Centronics or
R8.-232 Cable
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Digftizing Hardcopy Device
Oscilloscope

Figure 3-20: Connecting the TDS and Hardcopy Device Via a PC

Your hardcopy device should now print a picture of the TDS screen.

For More See Save and Document, on page 2-31.
Information See Remote Communications, on page 2-35.

See Remote Communication Tasks, on page 3-87.
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12 ipesgdninginigiginl | Welcome

This is the Tutorial/User Manual for the TDS 520 and TDS 540 Digitizing Oscil-
loscopes,

If you are a new user, fry the Tutoria/ section 1o become familiar with your
digitizing oscilloscope’s operation.

The Concepts section covers basic principles of the oscilloscope’s operation.
These articles help you understand why your instrument works the way it does.

Use the /n Detail section to quickly figure out how 1o perform a specific task.

The Appendices provide an option and accessories listing, product specifica-
tions, performance verification instructions, and other useful information.

Related Manuals Other documentation for the digitizing oscilloscope includes:

»  The TDS 520 and 540 Programmer Manual {Tekironix part number
070-8318-00) describes using a computer to control the digitizing oscillo-
scope through the GPIB interface.

m  The TDS Quick Reference (Tekironix part number (70-8316-00) to give you
a quick overview of how 1o operale your digitizing oscilioscope.

=  The TDS 520 Service Manual (Tekironix part number 070-8312-00) and the
- TDS 540 Service Manual (070-8314-00) provide information to maintain
and service TDS 500 Series Digitizing Oscilloscopes, and provide a
compiete board-level description of the digitizing oscilloscope's opera-
tion.

TDS 520 and TDS 540 Tutorial/User Manual i
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ul l/%%mm Ll LI L Product Description

K Your Tektronix digitizing oscilloscope is a superb tool for acquiring, displaying

L

and measuring waveforms. its performance addresses the needs of both
benchiop lab and poriable applications with:

500 MHz maximum analog bandwidth (TDS 520 and 540)

1 Gigasamples/second maximum digitizing rate (TDS 540)
500 Megasamples/second maximum digitizing rate (TDS 520)

Four-channe! acquisition

{The TDS 540 offers 4 full-featured channels

The TDS 520 offers 2 full-featured channels and 2 channels with limited
vertical resolution: 100 mV, 1V, and 10 V)

Eight-bit digitizers

Up to 15,000-point record length per channel {(50,000-point optional)
Full software programmabiiity

Complete measurement and documentation ability

intuitive graphical icon operation blended with the familiarity of traditional
horizontal and vertical knobs

On-line help at the touch of a button

TDS 520 and TDS 540 Tutorial/User Manual v
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_ Safety

Please take a moment to review these safety precautions, They are provided
tor your proteciion and to prevent damage to the digitizing oscilloscope. This
safety information applies to all operators and service personnal.

Symbols and Terms

These two terms appear in manuals:

] statermnents identify conditions or practices that could resuit in
damage to the equipment or other property.

™ statements identify conditions or practices that could result in
personal injury or ioss of life.

These fwo terms appear on equipment:

m  CAUTION indicates a personal injury hazard not immediately accessibie
as one reads the marking, or a hazard to property including the equipment
itself.

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

This symbol appears in manuals:

®

Static-Sensitive Devices

These symbols appear on equipment:

4 @ A

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

TDS 520 and TDS 540 Tutorial/User Manual vii



Specific Precautions

Observe all of these precautions to ensure your personal safety and to prevent
damage to either the digitizing oscilloscope or equipment connected to it

Power Source

The digitizing oscilioscope is intended to operate from a power source that
will not apply more than 250 V rms between the supply conductors or betwesn
sither supply conductor and ground. A protective ground cornection, thraugh
the grounding conductor in the power cord, is essential for safe sysiem opera-
tion.

Grounding the Digitizing Oscilloscope

The digitizing oscilloscope is grounded through the power cord. To avoid
electric shock, plug the power cord into a properly wired receptacle where
garth ground has been verified by a qualified service person. Do this before
making connections to-the input or output terminals of the digitizing oscillo-
scope.

Without the protective ground connection, all paris of the digitizing oscillo-
scope are potential shock hazards. This includes knobs and controls that may
appear to be insulators.

Use the Proper Power Cord

Use only the power cord and connector specified for your product. Use only a
power cord that is in good condition.

Use the Proper Fuse

To avoid fire hazard, use only the fuse specified in the paris list for your prod-
uct, maiched by type, voltage rating, and current rating.

Do Not Remove Covers or Panels

To avoid personal injury, do not operate the digitizing oscilloscope without the
panels or covers. '

Do Not Operate in Explosive Atmospheres

The digitizing oscilloscope provides no expldsion protection from static dis-
charges or arcing components. Do not operate the digitizing oscilloscope in
an atrnosphere of explosive gases.

Electric Overload

Never apply to a connector on the digitizing oscilloscope a voltage that is
outside the range specified for that connector.

viii
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Iply’ (YU U U UL Start Up

Before you use the digitizing oscilloscepe, ensure that it is properly installed
and powered on.

Operation To properly install and power on the digitizing oscilloscope, do the following:

installation

D Step 1: Check that you have the proper electrical connections. The
digitizing oscilloscope requires 90 1o 250 VAC rms, continuous range,
47 Hz to 83 Hz, and may require up 1o 300 W.

[:i Step 2: Connect the proper power cord from the rear-panel power con-
nector (Figure i) to the power system.

Power Connector

Principal Power Swiich

ri
O [l%ﬁllim —
¥ 1 EIL 282100 [T R

Fuse

Figure i Rear Panel Controls Used in Start Up

[T step 3: Check the fuse to be sure it is of the proper type and rating

(Figure ). You can use efther of two fuses. Each requires its own fuse cap.
These are:

m .25 inch x 1.25 inch (UL 198.6, 3AG): 6 A FAST, 250 V.
m 5mm x 20 mm (IEC 127 5 A (T), 250 V.

|____] Step 4 Be sure you have the appropriate eperating environment. Specifi-
cations for temperature, relative humidity, altitude, vibrations and emis-
sions are included in Appendix B: Specifications at the rear of this manual.

7] step 5: Leave space for cooling. Do this by verifying that the air-intake
holes of the sides of the cabinet (where the fan operates) are free of any
airfiow obstructions (leave at teast 2 inches (5.1 cmy free on each side).

TDS 520 and TDS 540 Tutorial/User Manual X



Power On

D Step 6: Check that the rear-pane! principal power switch is on (Figure i).
The principal power switch controls all AC power to the instrument.

D Step 7: If the oscilloscope isn’t powered on {the screen is blank), check
that the front-panel ON/STBY button is {oggled on (Figure ii).

The ON/STBY bution controls power to most of the instrument’s circuits.

Power continues to go to certain parts even when this switch is set to
STRY

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

switch.
- ~N
Iy ‘Y
™
ON/STBY Switch ——\ J
L\ \\
SThv
: e
N —
Figure ii. ON/STBY Switch
Self Test

[[] step 8: Check the self test results. The digitizing oscilloscope automati-
cally performs power-up tests each time it is furned on. It will come up
with a display screen that stales whether or not it passed self test.

It the self test fails, call your local Tekironix Service Center. Depending on
the type of failure, you may still be able to use the oscilloscope in the
interim.

Power Off
[7] step 9: Toggle the ON/STBY switch.

Start Up



ul l/g/ %///E Example 1: Displaying a Waveform

(s

This section presents four examples of using your digitizing oscilloscope. You
may choose to go through these examples very carefully, or you may elect to
skip the exampies and investigate the digitizing oscilloscope on your own.

If you don't perform the examples, use the Concepts section to find out how
the digitizing oscilloscope is arranged, or use the In Detail section to answer
any specific questions you encounter.

The examples are not intended to give you a complete inventory of every
feature and function of the digitizing oscilloscope. Rather, the examples are 10
give you quick insight, so that you can easily explore those features that are of
interest to you.

Setting Up for the
Examples

Ail the exampies use the same setup. Once you perform this setup, you can
go through all the examples without changing signal connections.

[:i Step 1: Remove all probes and signal inputs from the input BNC connec-
tors along the lower right of the front panel. Then, use one of the probes
supplied with the digitizing oscilloscope to connect from the CH 1 con-
nector to the PROBE COMPENSATION connectors. Figure 1-1 shows the
proper connection of this probe.

EEEEE

Figure 1-1: Connecting a Probe for the Examples

THS 520 and TDS 540 Tutorial/User Manual 1-1



Exampie 1: Displaying a Waveform

Resetting the
Digitizing
Oscilloscope

SETUP Buiton

All examples in the tutorial begin by resetting the digitizing oscilloscope to a
known, factory default state. This is useful when you begin a new task and
need 10 “star] fresh” with known default seftings. Without resetting, the digitiz-
ing oscilloscope could be left with one or more parameters set to values that
imterfere with the job you are trying to accomplish.

The digitizing oscilloscope displays main menus along the bottom of the
screen, and side menus along the right side of the screen. Figure 1-2 shows
the locations of the buttons that display main menus. This figure also shows
the location of the savefrecall SETUP button, which displays the Setup main

ment.

D Step 2: Press the save/recall SETUP button 1o display the Setup menu.

N

SAVE/RECALL:
WAVEFORM

APPLIGATION
MEASURE

T MENU = ACQUIRE MENU

(HARDCORY) (CRUN/STOP )

c
-
AT VERTICAL q AR HORIZONTAL Al TRIGGER !
N 4 b
<
O O O
DE{AYED IRG
VERTICAL J00m HORIZONTAL TRIGGER
O MENU MENU MENU
€
N 4 b
ay ~
)

Figure 1-2: Menu Button Locations (Gray Buttons)

Figure 1-3 shows the Setup menu along the bottom of the display.

1.2
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Exarnple 1: Displaying a Waveform

Recall Factory Setup L] e
Menu ltem and Button - : . . . L . . . : ]

T oo chi v OK

: . 1 Confirm
P S T ] Factory Init
Tecall Recali ™y
Current Saved [ERSGTY
Setup Dl Setup

°/

Figure 1-3: The Dispiayed Setup Menu

You select menu items from a displayed main menu by pressing the button
below the desired menu item. For example, the third menu item from the left is
Recall Factory Setup, which is what you want to do.

D Step 3: Press the button directly below the Recall Factory Setup menu

itern.
"l
_{
o ' | Recal
. i Factory
\
w\w-uewwwl———_i»-
OK Confirm Factory init
Menu ltem and Bution

Figure 1-4: The Recall Factory Side Menu

The display shows the side menu along the right side of the display. The
buttons to select these side menu items are to the right of the display.

Because an accidental instrument reset could destroy a setup that took a long
time 1o creale, the digitizing oscilloscope asks you to verify the Recall Facto-
ry Setup main menu selection.

D Step 4: Press the button to the right of the OK Confirm Factory Init side
menu item.

TDS 520 and TDS 540 Tutorial/User Manual 1-3



Example 1. Displaying a Waveform

Display Elements Figure 1-5 shows the display that resuits from the instrument reset.

There are several important points to observe:

Trigger Position
indicator

Channel! Ground
Reference indicator

Trigger Readout
Time Base Readout

Channel Readout

The channel readout indicates that channel 1 (Ch1} is being displayed, at
100 mv/div with DC coupling (in AC coupling, a ™ appears after the
volts/div readout). The digitizing oscllfoscope always displays channel 1
at reset.

The time base readout shows that the main (M) time base is showing a
horizontal scale of 500 ws/div.

The trigger readout shows that that the digitizing oscilloscope is triggering
on channel 1 (Ch1) on a rising edge, and that the trigger level is 0 V.

The channel ground reference indicator shows the vertical position of
channei 1 ground.

The trigger position indicator shows that the trigger position of the wave-
form is in the horizontal center of the graticule,
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Figure 1-5: The Display After Factory initialization

Right now, the channel, time base, and trigger readouts appear below the
graticule. When you press & menu button to display a main menu, these
readouts move up into the graticule area. You can always press the CLEAR

MENU button to remove all menus and move the readouts below the graticule.
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Example 1: Displaying a Waveform

Adjusting the
Waveform Display

The display shows the probe compensation signal. it is a 1 kHz square wave
of approximately 0.5 V ampiitude. You can adjust the size and placement of
the waveform using the front-panei knobs.

Figure 1-6 shows the main VERTICAL, HORIZONTAL, and TRIGGER sec-
tions of the front panel. The vertical and horizontal sections each have SCALE
and POSITION knobs.

W VERTICAL A HORIZONTAL A TRIGGER \
£\ POSITION rosmon> MAIN LEVEL
~ . o TN
TRIGD
READY
DELAYED TRIG
VERTICAL HORIZONTAL TRIGGER
MENU Z00M MENU ARM T MENU

A\ SCALE ¢ sCALE > SET LEVEL
7 : TO 50%

FORCE
TRIGGER

WAVEFORM OFF

Figure 1-6: The VERTICAL, HORIZONTAL, and TRIGGER Controls

[C] step 5: Tumn the vertical SCALE knob one click clockwise, then a second

click clockwise. Observe the change in the displayed waveform. Also
observe the change in the channel readout at the bottomn of the display.

[ step 6: Turn the vertical POSITION knob first one direction, then the

other. Observe the change in the displayed waveform. When you are
done, use the POSITION knob 1o return the waveiom to the center of the
graticule.

[T1 step 7: Slowly turn the horizontal SCALE knob seven clicks counter-

O

clockwise. At each click, observe the time base readout at the bottom of
the display. When you are done, the time base should be set to 200 us/
div, and you should see two complete waveform cycles on the display.

Step 8: Slowly turn the trigger MAIN LEVEL knob first one direction, then
the other. Observe what happens when you move the trigger level above
the highest part of the displayed waveform. Leave the trigger level in this
untriggered state.
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Example 1: Displaying a Waveform

Using Autoset

When you reset the digitizing oscilloscope, you see a clear, stable display of-

the probe compensation waveform. This is because the probe compensation
signal happens to have characteristics that maich the default settings of the
digitizing oscllloscope.

Usually, when you first connect a signal to a channel and display &, the signal
characteristics will not provide such a useable display. Often, you will not see
a waveform display at all because the trigger parameters do not match the
signal. You do see a display now, but the waveform appears untriggered.

The digitizing oscilloscope has an autoset feature to quickly set the settings
for a clear, stable display.

Y

AUTOSET Button "\i

AUTOSET

STATUS

~SAVE/RECALL~
WAVEFORM

APPLICATION

MEASURE

CURSOR

£ MENU == AGGUIRE MENU
(HARDCOPY) (HUN/STOP)

UTILITY
DiSPLAY

)

AN VERTICAL ﬁ Al HORIZONTAL \ A

Figure 1-7: AUTOSET Button Location

[] step 9: Press the AUTOSET button. Observe the clear, stable waveform
display.

Figure 1-8 shows the display after pressing AUTOSET.

1-6
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if the signal on your

display doesn’t look fike

this one, you may need to
compensate your probe.
See Probe Compensation, on
page 3-63, for instructions.

Example 1: Bisplaying a Waveform
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Figure 1-8: The Display After Pressing Autoset

If necessary, you can adjust the waveform now by using the knobs that you
have used already.

TDS 520 and TDS 540 Tutorial/User Manual
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Example 1. Displaying a Waveform
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_U l/% %//}&Wﬁ Example 2: Multiple Waveforms

Firie v

This example shows you how to display and control more than one waveform
on the display at one time.

[0 step 1: K you aren’t continuing from the previous exampie, remove all
probes and signal inputs from the input BNC connectors along the lower
right of the front panel. Then, use one of the probes supplied with the
digitizing oscilloscope to connect from the CH 1 conneclor to the PROBE
COMPENSATION connectors. If you naed a review, this step is described
on page 1-1 under the heading “Setting Up for the Examples”.

D Step 2: Reset the digitizing oscilloscope. (Press the SETUP bution, and
on the maln menu prass the Recall Factory Setup button. Finally, on the
side menu, press the OK Confirm Factory Init button.)

Addjng a Waveform The VERTICAL seaction of the front panel contains the channel selection
buttons. On the TDS 540 Digitizing Oscilloscope, these are CH1, CH 2, CH 3,
CH 4, and MORE; on the TDS 520, they are CH1, CH 2, AUX 1, AUX 2, and
MORE. These are shown in Figure 1-0.

AN IV VERTICAL q
—[i]- &
A

O

CHz2

CH3

CH4

MORE

MATH,
HEF

Figure 1-9: The Channel Buttons and Lights (TDS 540 Shown)
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Example 2: Multiple Waveforms

Each of the channel (CH} buttons has a light behind its label. Right now, the
CH 1 light is on. This indicates that the vertical controls are set fo adjust
channet 1. You can verify this by turning the vertical POSITION knob in either
direction and observing the motion of the channe! 1 waveform.

[] step 3: Press the CH 2 button.

The display shows a second waveform, which represents the signal on chan-
nel 2. 8ince there is nothing connected tc 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 Ch1
and Ch2.

m  There are now two channel indicators at the left edge of the graticuls.
Right now, they overlap.

s The light above the CH 2 button is now on, and the CH 1 light is off. This
means the vertical controls are now set 1o adjust channel 2. That is,
channel 2 is selected. Even though there are two channels displayed, only
one channel light is on because the knobs control only one channel at a
time.

m  The trigger readout still indicates that the trigger is detecting trigger events
on Ch1. This has not been changed by your adding a channel. (If you
wanted to change the trigger source, you would use the TRIGGER MENU
button to display the trigger menu. Don’t do that now, because you will be
unabie to trigger the display from a channel having no signal.)

B Step 4: Tum the vertical POSITION knob clockwise, to move the chan-
nel 2 waveform up on the graticule. The channel ground reference indica-
tor for channel 2 moves with the waveform.

The VERTICAL MENU button displays a menu that gives you control over
many vertical channel parameters. The channel button lights indicate which
channel this menu sets, just as the channel button lights indicate which chan-
nel the vertical knobs adjust.

] Step 5: Press the VERTICAL MENU bution.

1-10
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Side Menu Title

Example 2: Multiple Waveforms
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Figure 1-10: The Vertical Main Menu and Coupling Side Menu

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. This always matches the
channel bution light.

[] step 6: Press the Q button on the side menu twice; once to select it, and
again to toggle the selection 1o 50 0. This changes the input coupling of
channel 2 from 1 M{) to 50 (1. Observe that the channel readout for chan-
nel 2 {near the bottom of the graticule) shows an £} indicator now.

Changing Controls
to Another Channel

When you press the channel (CH) button for a channel that is not being dis-
played, it displays that channel and sets the controls {o that channel,

When you press the channel (CH) button for a channel that is already being
displayed, it does not change the channel display, but simply assigns the
controls to that channel.

[[] step 7: Press the CH 1 button in the vertical section of the front panel.
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Side Menu Title
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Figure 1-11: The Msanus After Changing Channels

Observe that now the side menu title shows Cht, and that the CH 1 light is
lighted. The highlighted menu item in the side menu has changed from the O
channel 2 selting to the DC coupling, 1 MO impedance sefting of channet 1.

] step 8: Turn the vertical POSITION knob counterclockwise to move the
channel 1 waveform down on the display.

Removing a
Waveform

You use a two-step process to remove waveforms from the display. First,
select the channet using the channel (CH) button. Second, press the WAVE-
FORM OFF button.

[] step 9: Press the WAVEFORM OFF button.

Since the CH 1 light was on when you pressed the WAVEFORM OFF button,
the channel 1 waveform was removed.

The channel {CH) lights now indicate channe! 2. Channel 2 has become the
selected channel. When you remove the last waveform, all the CH lights are
turned off.
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lu l Example 3: Automated Measurements

This example shows you how to use the automated measurement system to
get numeric readouts of important waveform characteristics.

D Step 1: If you aren't continuing from the previous example, remove all
probes and signal inputs from the Input BNC connectors along the lower
rignt of the front panei. Then, use one of the probes supplied with the
digitizing oscilloscope to connect fram the CH 1 connector to the PROBE
COMPENSATION conneciors. If you need a review, this step is described
on page 1-1 under the heading “Setting Up for the Examples”.

[] step 2: Reset ihe digitizing oscilloscope. (Press the save/frecali SETUP
button, and on the main menu press the Recall Factory Setup button.
Finally, on the side menu, press the OK Confirm Factory Init button.)

[} step 3: Press the AUTOSET button.

f

Displaying
Automated
Measurements

To use the automated measurement system, you must first obtain a stable
display of your signal. As you can see, autoset makes this easy.

The waveform record must include all the segments of the waveform that will
be measured. For example, a rise time measurement requires at least one
rising edge. On the other hand, a frequency measurement requires at least
one full cycle of the waveform. .

D Step 4. Press the MEASURE button to display the Measure main menu.

[:] Step 5: If it is not already highlighted, press the button for the Select
Measrmnt menu item. The readout for this menu item indicates the chan-
nel the measurement will be taken from.

The right side of the display shows the Select Measurement side menu. This
menu Hsts measurements that can be taken on the waveform. Four measure-
ments are shown. Pressing the -more~ menu item can bring up more selec-
tions.
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Example 3: Automated Measurements
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Figure 1-12: Measure Main Menu and Select Measurement Side Menu

There are many different measurements availabte. From the list of available
measurements, you can select up 1o four measurements to be taken and
disptayed at-any one time.

[C] step 6: Press the Frequency button from the side menu. If the Frequen-
¢y menu item is not visible, press the —more~ button repeatediy until the
Frequency item appears, then press the Frequency menu button.

Observe that the frequency measurement appears within the right side of the
graticule area. The measurement readout includes the notation Ch1i, meaning
that this measurement is taken on the channel 1 waveform. (To take a mea-
surement on another channel, you would select that channel, then select the
measurement.)

[] step 7: Press the Positive Width side menu button.

[[] step 8: Press the ~more- side menu button once, and then press the
Rise time and Positive Duty Cycle side menu buttons.

Observe that all four measurements are displayed. Right now, they cover a
part of the graticule area, including the dispiayed waveforms. You can move
the measurement readouts outside the graticule by pressing the CLEAR
MENU bution.

[] step 9: Press the CLEAR MENU button.

The measurement readouts move to the right of the graticule, into the space
formerly occupied by the side menu.
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Figure 1-13: Four Simultaneous Measurement Readouts

i The Measure menu lets you remove measurements when you no longer want
emoving ¥ y 0 lohg
to display them. You can remove any one measwement, or you can remove
Measurement them all with a single menu itemn.
Readouts

D Step 10: Press the MEASURE bution o display the Measure main menu.

] step 11: Press the Remove Measrmnt main menu button to display the
Remove Measurement side menu.

E] Step 12: Press the Measurement 1, Measurement 2, and Measure-
ment 4 side menu butions to remove those measurements. Leave the rise
time measurament displayed.

Had you wished to remove all the measurernents, you could have pressed the
All Measurements side menu button,

Changing the By default, the measurement systern will use the 10% and 80% levels of the
Measurement waveform for taking the rise time measurement. You can change these values

to other percentages, or change them to absolute voltage levels.
Reference Levels

[ step 13: On the main menu, press the Reference Levels button.

e [[] step 14: On the side menu, press the High Ref bution.
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Example 3: Automated Measurements

General Purpose Knob
Setting and Readout

General Purpose
Knob indicator

Highlighted Menu ltem with
Boxed Readout Value

The General Purpose Knob

The general purpose knob, the large knob with the indentation, is now set to
adjust the high reference level. There are several important things to observe
on the screen:

m  The knob icon appears at the top of the screen. This indicates that the
general purpose knob has just been set to adjust a different parameter,

= The upper right comer of the screen shows the readout High Ref: 80.0%.

& The High Ref side menu item is highlighted, and a box has been drawn
around the 890% readout in the High Ref menu item. The box indicates that
the general purpose knob is currently set 1o adjust this parameter.
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Figure 1-14: General Purpose Knob Indicators

D Step 15: Tum the general purpose knab left and right, and then use it {o
adjust the high level to 80%.

The Numeric Keypad

Any time the general purpose knob is set to adjust a parameter, you can
instead enter the value as a number using the keypad. Always end the entry of
a number by pressing the ENTER (<) button.

[:] Step 16: Onthe side menu, press the Low Ref bution.

[[] step 17: On the numeric keypad, press the 2 button, the 0 button, and
the ENTER (<) button.

This sets the low measurement reference 1o 20%.
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Example 3: Automated Measurements

The numeric keypad also provides multipliers for engineering exponents, such
as m for milli, M for mega, and . for micro. To enter these muitiplier values,
press the SHIFT button, then press the multiplier.

You wiil also use the SHIFT button to access certain menus. As with the

numeric keypad, the shift labels for these menu buttons are printed in blue
above the unshified label,
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_U l/’% %ﬁ/ﬂ /tﬂ/ | Example 4: Saving Setups

TS

When you power off the digitizing oscilloscope, it remembers all the parame-
ter settings for the next time you power i on. This lets you continue where you
left off without having to reconstruct the state of the digitizing oscilioscope.

The digitizing oscilloscope can also save several complete “setups™. This
example shows you how o save all the settings of the digitizing oscilloscope
in a setup location, and how to recall the setup later to quickly re-establish the
previously saved state,

E] Step 1@ If you aren’t continuing from the previous example, remove all
probes and signal inputs from the input BNC connectors along the lower
right of the front panel. Then, use one of the probes supplied with the
digitizing oscilloscope 10 connect from the CH 1 connector to the PROBE
COMPENSATION connectors. If you need a review, this step is described
on page 1-1 under the heading “Setting Up for the Examples”.

D Step 2: Reset the digitizing oscilloscope. {Press the savefrecall SETUP
button, and on the main menu press the Recall Factory Setup button.
Finally, on the sicde menu, press the OK Confirm Factory Init button.)

Saving a Setup

First, create an instrument setup that you want to save. The next several sleps
establish a two-waveform display with a measurement on one waveform. This
setup is complex enough that you wouldn’t want to go through all these steps
each time you want 1o see this display.

7] step 3: Press the AUTOSET button.

[T] step 4: Press the MEASURE button, then press Select Measrmnt in the
main menu and press the Frequency side menu button. (Press the
-more- button if the Frequency selection does not appear in the side
menu.)

[] Step 5: Pressthe CH 2 button in the vertical section of the front panel.
[[] step 6: Press the CLEAR MENU button.

Once you have established an instrument setup, you can save it in any of
several sefup locations,

NOTE

The next step asks you to save a setup in a setup location of your
choice. If you work in a laboratory environment where several
people share the digitizing oscilloscope, check with the other users
first to be certain the setup location you are using is niot already
being used by someone else.
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Example 4: Saving Setups

D Step 7: Press the SETUP button to display the Setup main menu. If it is
not already highlighted, press the Save Current Setup main menu button.

[:] Step 8: Then, press one of the To Setup side menu buttons to store the
current instrument seitings into that setup location.

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 loca-
tions.

Once you have saved the digitizing oscilloscope setup, you can change the

settings as you wish, knowing that you can come back 1o this setup at any
fime.

[] step 9: Press the MEASURE button to display the Measure main menu.

Press the Positive Width side menu item to add that measurement to the
disptay.

Recalling a Setup

Recalling a setup you saved earlier is very easy.
D Step 10: Press the SETUP button to display the Setup main menu.

[C] step 11: Press the Recall Saved Setup main menu bution to display the
Recall Setup side menu.

E Step 12: Press the Recall Setup side menu button for the setup location
you used in Siep 7.

The oscilloscope retums to the setup you saved in Step 8. You can see this
because the positive width measurement is now removed from the display,
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Iy’ 177U U U U1 Overview

Understanding the basic concepts of your digitizing oscilloscope will help you
obtain the greatest benefits from using it. This section explains concepts
behind the foliowing areas:

m the triggering system which establishes conditions {o acquire signals.
Properly set, triggers can convert displays from unstable jumbies or blank
screens into meaningful waveforms, See page 2-5.

N
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Triggered Waveform Untriggered Wavelorms

Figure 2-1: Examples of Triggered Waveforms

= the waveform scaling and positioning system which changes the dimen-
sions of the waveform display. Scaling waveforms involves increasing or
decreasing their displayed size and moving them up, down, right, and left
on the display. See page 2-13.

/ Fa Fa)
f \ i i
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vl /
A A
\ \
Scaled so at least Vertically scaled so Horizontally scaled so
one cycle appears only part of the cnly part of the cycle
on screen. amplitude appears appeats on screen.

on screenn.

Figure 2-2: Examples of Scaling
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Overview

= ihe acquisition systern which lets you select the modes for converting
analog data into digital form. See page 2-19.

| 75.0V\ +5-0\<\
/\/\/f\\/\\\j‘, ,,v\ qé ov

SN

-5.0V -5.0V
Figure 2-3: Acquisition: input Analog Signal, Sample, and Digitize

= the measurement system which provides numeric information on the

displayed waveforms. Three measurement classes are graticule, cursor
and automated. See page 2-27.
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Figure 2-4: Examples of Three Measurement Classes

= the save and document system which makes hardcopies and saves and

retrieves waveform data or setup information for later analysis, reporting,
or archiving. See page 2-31.

Figure 2-5: Save Waveforms and Settings
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Overview

the remote communications system which uses the GPIB interface to
connect the oscilloscope with other instruments, You can use a compuler
o remotely control the digitizing oscilloscope or read measurements for
later analysis and storage. You can &lso set up the oscilloscope to send a
screen hardcopy 10 & printer o7 plotter. See page 2-35.

Rear Panel Coniroller

Figure 2-6: GPIB Enables Data Transfers Between the Oscilloscope and a

Remote Computer
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Triggers deterrmine when the digitizing oscilloscope staris acquiring and
displaying a waveform. They help convert displays from unstable jumbles or
blank screens — o meaningiul waveforms.

T I I
e T | ™
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Triggered Waveform Un-Triggered Waveforms

Figure 2-7: Examples of Triggered Waveforms

A typical edge trigger event occurs when the trigger source (the signal that the
trigger circuit monitors) passes through a specified voitage level in the speci-
fied direction (the trigger slope). This event becomes a time reference point
that helps define when the digitizing oscilloscope combines waveform sam-
ples into a waveform record. The TDS 500 Series Digitizing Oscilloscope also
provides more advanced triggering options.

Trigger Sources

You can derive your trigger from various sources. Trigger sources can be:

w  any of the four input channels (four full-featured on the TDS 540; two
full-featured and two fimited on the TDS 520).

= the AC line voltage, and
m  an auxliary trigger input (on the rear panel of the TDS 540).

Select the trigger source using the Main Trigger menu Source menu iem.

Input Channel

This is the normal trigger source. You can select any one of the four input
channels as the frigger source. if the trigger source is one of the channels
selected for display, you can view the trigger source. You can also trigger from
an input channel not being displayed.
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AC Line Voltage

Triggering on the AC Line Voltage is useful when you're looking at signals
related to the power line frequency. Examples include devices Hke lighting
equiprnent and power supplies.

Auxiliary Trigger

This is often usefui in digital design and repair. For example, you might want to
look at a long train of very similar pulses while triggering with an external -
clock or with a signal from another part of the ¢ircuit. To use the auxiliary
frigger, connect the external triggering signal to the appropriate Auxiliary
Trigger input connector on the oscilloscope rear panel (TDS 540).

Types

IEwES

The main trigger types are edge, pulse, and logic.

You can set the trigger type on the digitizing oscilloscope with the Main Trigger
menu Type pop-up menu.

Edge Trigger

Edge trigger is typically considered the “basic” trigger. You can use it with
both analog and digital test circuits. An edge trigger event occurs when the
trigger source (the signal trigger circuit is monitoring) passes through a speci- ~
fied voltage fevel in the specified direction (the trigger slope).

Edge Wiggers are availabie through both the main and the delayed trigger
systemn. {The delayed trigger system is explained on page 3-23.)

Pulse Trigger

Pulse triggering is particularly useful on digital circuits. Three classes of pulse

triggers are width, runt and glitch. Pulse triggering is available on the main

trigger only.

Width — trigger occurs when the oscilloscope finds a signal pulse on the
triggering channel that has the

m  polarity {positive or negative} you choose, and
= lime limits you choose (inside or optionally outside the limits).

Width triggering is useful for checking the accuracy of pulses in pulse frains.
The width trigger is different from the glitch trigger (see below) because the
width trigger requires you o specify both the minimum and maximum values,

Runt — trigger occurs when the oscilloscope detects a pulse crossing one
user-set voltage threshold but failing to cross a second voltage threshold
before recrossing the first threshold. For example, the waveform of a positive
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runt would cross the lower amplitude threshold and rise but not cross the
upper amplitude threshold before heading down again past the lower thresh-
old. The crossings detected can be positive or negative.

One example of wheare runt triggers are useful is in troubleshooting an intermit-
tent tristate bus problem. The situation might arise where you suspect that the
interaction of multiple gates is causing a problem. One gate might puil the line
down while another gate pulls it up. This could create a puise with medium
amplitude. i’s too low 1o qualify as a high logic level and too high to gualify
as a low logic level, You can trigger on the runt whenever it appears, Then you
can examine the gating operations that occur at the same time,

nLuv Glitch — trigger occurs when the oscilloscope finds a signal pulse on the
triggering channel of the polarity (positive, negative or either) you choose and
the width (in time) you choose. it's particutarly useful for finding short voltage
spikes. This is different from the width trigger (see above) because you speci-
fy only the maximum width value. You do not include & minimum value. This
helps you work in terms of a spike.

Logic Triggers

Logic triggering is useful for working on digital logic circuits. You select Bool-
ean operators to apply to the trigger sources. Triggering cccurs when the
Boolsan conditions are satisfied. The two kinds of logic triggers are state and
patiern (available on the main trigger only).

State — In the logic state trigger, the oscilloscope:

)
5]
\J
[ ]

1. Walts until channet 4 (Aux 2 on the TDS 520) meets the set condition. For
example, checks if it Is a positive (or negative) slope of a certain voltage
level.

v
5
/
&)

2. When the channel 4 (Aux 2 on the TDS 520) condition is met, the oscillo-
scope checks for cerfain conditions you’ve defined on each of channels
1, 2 and 3 (Aux 1 on the TDS 520). That is, it checks whether they're at the
logic high, low or don't care conditions you set. The actual logic leveis
are determined by threshold voltages you assign 1o each channel. i
channels 1, 2, and 3 meet the settings according to a Boolean logic you
define (AND, OR, NAND or NOR), then the trigger occurs.

Pattern — In the logic pattem trigger, the oscilloscope triggers depending on
whether the logic conditions of channels 1, 2, 3, and 4 (1, 2, Aux 1 and Aux 2
on the TDS 520) are met. That is you can define whether each channel should
be at a logic high, low or don’t care condition. Then you can AND, OR, NAND
or NOR the results together. When the Boolean condition tums true, the trigger
occurs.

ol
ole
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Holdoff

Trigger Points

Trigger Level

The trigger system recognizes only one trigger during the time base duration,

Also, it will not recognize a trigger during a short period following the time
base duration (the holdoff pericd).

Sometimes the normal waveform period doesn’t provide enough time to
ensure you get a stable display. This possibility exists, for example, when the
trigger signal is a complex waveforn with many possible trigger points on it.
Though the waveform is repetitive, a simple trigger might get you a series of
patterns on the screen instead of the same pattern each time. Digital pulse
trains are good examples. Each pulse looks like any other so many possible
trigger points exist. Not all of these wili result in the same display. The holdoff
period provides additional time to ensure that your display is stable, as illus-
trated in Figure 2-8.

N\

L =4

™

Holdoff Holdoff - No Triggering Holdoff
Recognized During Holdotf Time

Figure 2-8: Trigger Holdoff Time Ensures Valid Triggering

To set the trigger holdoff on the digitizing oscilloscope, press the TRIGGER
MENU button 1o bring up the Main Trigger menu. Then select the main menu
Mode & Holdoff item and the side menu Holdoff item. You can set the holdoff
from 0% to 100%. Use the general purpose knob or the keypad to set holdoff.

2-8
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De[ay You can also set a delayed trigger 10 occur an absolute time or a set number
of trigger events after a main trigger evernt.

There are two main iypes of delayed triggering (Figure 2-9},

m  Delayed Runs After Main waits for a main trigger, then waits a user-defined
time, then triggers (Figure 2-10),

n  Delayed Triggerable waits for a main irigger, then walls a user-defined
time or number of delayed trigger events, then looks for a delayed trigger
event (Figure 2-10).

Wait for | Wait .
& Acquire
Delayed Runs After Main | Main L —»| User-Speoified N
Trigger : Time

Wat Wait for
Waitfor  § User-Specified Dela )
B Yy Acqire
Delayed Triggerable | Main TR Time or N%iml;)er Trgger . Da?a
Trgger : of Delayed Trigger Evont
Events

Figure 2-9: Delayed Triggering

The digitizing oscilloscope provides only a conventional Edge trigger for the
delayed time base. The delayed time base cannot be triggerable if the main
trigger type (as defined in the Main Trigger menu) is Logic, if the main trigger
type is Edge with its source set to Auxillary (TDS 540), or if the main trigger
type is Pulse with the Runt trigger class selected.

To use the delayed trigger on the digitizing oscilloscope, press the DELAYED
TRIG button to display the Delayed Trigger menu. Then enter values with the
appropriate main and side menus. Also press the HORIZONTAL MENU
button to bring up the Horizontal menu and change the time base mode as
desired. See Defayed Trigger on page 3-23 for more details,
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Note: Intensified zone for Delayed Runs After shows record length.

Start Acqguisition
. ) {Begins After Main Trigger)
Main Trigger Point ¢ Intensified Zone
Ends
Intensified Zone :
Begins pa—— Time Delay —w|
{From Horiz Menu)
Main \
Trigger
Source
Delayed
Runs After
Other .
Channels N K
Pretrigger Record Postirigger Record
ft——essnmem Dafayed Trigger Waveform Record ————-ean|
Note: Intensified zone for Delayed Triggerable shows where delayed trigger could happen,
nth Delayed
Intensified Zone Begins Trigger Event
Main Trigger Polni Waiting for nth Event l
\\ < A R T S
Main 1

Trigger ol Sl T
Delayed Source !
Triggerable A
(By Events) 1
Delayed !
Trigger .
Sotrce ,

Pretrigger Record Posttrigger Record

}t——— Delayed Trigger Waveform Record |

Delayed Trigger

Main Trigger Polnt {First Trigger After Delay)

Intensified Zone Begins

{=— Time Delay —=]
(From Delay Trig Menii)

Main \

Trigger

Delayed Source
Triggerable
{By Time}

Delayed

Trigger

Source R E PO I AN
Pretrigger Record Posttrigger Record
e Delayed Trigger Waveform Record —>
Figure 2-10: How the Delayed Triggers Work
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Modes

The trigger mode determines how the oscilloscope behaves in the absence of
frigger events. The digitizing oscilloscope provides two different trigger
modes. These are normal and automatic.

You can choose either Auto or Normal trigger mode using the Main Trigger
menu Mode item.

Normal trigger mode lets the oscilloscope acquire a waveform only when it is
triggered. When no trigger occurs, the oscilloscope will not acquire a wave-
form.

Automatic trigger mode (auto mode) lets the oscilloscope initiate acquisition
when a trigger occurs or after a certain time period (that varies based on the

time/div setting) following the end of the last acquisition — whichever occurs
first. This allows a waveform to be displayed even though the oscilloscope is
untriggered.

In other words, autornatic mode uses a timer that starts after a trigger event
occurs. If another trigger event is not detected before the timer runs out, the
oscilloscope generates another trigger anyway. No matter where you set your
trigger level, the oscilloscope generates a trigger. This mode is particularly
useful in letting you observe signals having a changing amplitude pattemn
without your having to readjust the trigger level.

Slope and Level
I W
_../_

The slope control determines whether the oscilioscope finds the trigger point
on the rising or the falling edge of a signal (see Figure 2-11).

You set frigger slope with the Main Trigger meru Slope itemn and the resutting
side menu’s rising or falling slope icons.

The level control determines where on that edge the trigger point occurs (see
Figure 2-11).

The digltizing oscilioscope lets you set the main trigger level with the trigger
MAIN LEVEL knob.

Positive-Going Edge Negative-Going Edge

Trigger Level Can be
Adjusted Yerlically

AN 7
N

Trigger Slope Can be Positive or Negative

Figure 2-11: Slope and Level Controls Help Define the Trigger
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Coupling

BC

AC N

AYAY

gy

Trigger coupling determines what part of the signal is passed to the trigger
circuit. Available coupling types include: AC, DC, Low Freguency Rejection,
High Frequency Rejection, and Noise Rejection.

You set the trigger coupling on the digitizing oscilioscope using the Main
Trigger menu Coupling item.

DC coupling passes all of an input signal. in other words, it passes both AC
and DC components to the trigger circuit.

AC coupling passes only the alternating components of an input signal (above
60 Hz). it removes the trigger signal’s DC components.

In addition, the trigger system also has high frequency rejection and iow
frequency rejection. These eliminate specific frequency components (noise)
from the trigger signal. This noise may otherwise prevent the trigger signal
from starting the time base at the same point every time.

High frequency rejection removes the high frequency portion of the triggering
signal. This allows oniy the low frequency components to pass on to the
triggering system and subseguently stari any acquisition. On the digitizing
oscilloscope, high frequency rejection filter roll off attenuates signals above
30 kHz.

Low frequency rejection accomplishes the opposite of high frequency. Low
frequency rejection filter roll off affects signais below 80 kMHz.

Noise Rejection provides DC low sensitivity. It requires additional signal
ampiitude for stable triggering and so reduces false triggering on noise.

For More
Information

See Delayed Triggering, on page 3-23.
See Giitch Triggering, on page 3-37.
See Logic Triggering, on page 3-48.
See Runt Triggering, on page 3-89.
See Trigger Settings, on page 3-99.
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LWL U UL Scaling Waveforms

Scaling waveforms means increasing or decreasing their displayed size and
moving them up, down, right, and left on the dispiay.

There are many reasons for you to scale waveforms. You can increase the
displayed size 10 see more resolution. You can decrease it to obtain a better
overall view of a waveform. You can adjust a waveform up or down on the
display to see multiple waveforms without overlap.

A

i/ i

\ T iy

¥ N/
v

£
i

o

Positioned so one cycle Vertically positioned se¢  Horizontal positioned so
appears on screen. only part of the cycle only part of the cycle
appears on screen, appears on screen,
/
la) n ™
{ A N
i
\ / N
Scaled so af least Vertically scaled so Horizontally scaled so
one cycle appears only part of the only part of the cycle
on screen. amplitude appears appears on screen.

on screen.

Figure 2-12: Proper andl Improper Scaling and Positioning

Vertical System

You can adjust the vertical position of the selected waveform. This means you
move it up or down on the display. For example, when trying to compare
multipte waveforms, you can put one signal’s display above another and
visually compare them, or you can overlay the two waveforms on top of each
ather. To move the selected waveform up, tumn the VERTICAL POSITION knob
clockwise. To move it down, tum the knob counter clockwise,

You can aiso alter the vertical scale. The digltizing oscilloscope provides a
rminimurmn of 256 levels (8 bits) of vertical resolution. You can manipulate the
voitage range to let you display a signal over more of the vertical window.
You'll, perhaps, see less of it as part of it may be off the display. However,
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DC

AC

GND A4

you'll have increased resolution on what you see. You can also display it over
less of the vertical window. You'll then, perhaps, see more of it but with de-
creased resolution.

The digitizing oscilfoscope shows the scale you use toward the bottom left of
the display. The scale readout shows the channel and the volts per division
used. As you turn the VERTICAL SCALE knob clockwise, the value de-
creases (higher resolution because you see a smaller range on the same size
display) and as you fumn it counter-clockwise the value increases (lower
resolution because you can see more of the vertical axis on the same size
display),

in addition to using the position and scale knobs mentioned above, you can
set the vertical scale and position with exact numbers. You can do this with the
Vertical menu Fine Scale and Position selections and the general purpose
knob and/or the keypad.

Coupling

You can define how to couple your input signal to the digitizing oscilloscope
using the vertical system. You can choosse from AC, DC, or Ground (GND). You
can aiso set input impedance.

DC coupling shows all of an input signal. In other words, it passes both AC
and DC components to the scope.

AC coupling shows only the alternating components of an input signal. It
removes the input signal's DC components,

Ground {GND} coupling disconnects the input signal for the vertical system.
Input Impedance lets you select either 1 MQ or 50 {1 impedance.

You can set the digitizing oscilloscope’s coupling using the Vertical menu
Coupling selection.

Bandwidth

Bandwidth refers to the range of frequencies which an oscilloscope can
acquire and display accurately, that is, with less than 3 dB attenuation.

You can set different bandwidths with the digitizing oscilloscope. Using lower
bandwidth settings lets you reduce unwanted signals at higher frequencies.
The TDS offers Full, 100 MHz, and 20 MHz bandwidth seftings.

You can set the bandwidth with the Vertical menu Bandwidih item.

Offset and Position

Vertical position and offset change where the ground reference point is shown
with respect to the graticule. You can use both offset and position interchange-
ably if you just want to move the waveform up and down on the display.

Position adds screen divisions to the reference poini. Adding divisions moves
the waveform up and subtracting them moves the waveform down.

214
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Oifset adds volts 1o the reference point. (Adding volts moves the waveform
down and subtracting volts moves the waveform up.)

Position is limited to a range of £5 divisions. Offset has a wider range. This
makes cffset useful in cases where a waveform has a DC bias. One example
is where you're frying to look at a small ripple on a power supply output. You
may be trying to look at a 100 mV rippie on fop of a 15V supply. Offset’s
range can prove valuable as you try to move and scale the ripple to meet your
needs.

Horizontal System

Adjusting the horizontal position of waveforms moves them right or left on the
display. This is usefui when the waveform’s record length is so large (greater
than 500 points) that the digitizing oscilloscope cannot display the entire
waveform at one time. To see a waveform section beyond the right or {eft edge
of the display, adjust the horizontal position control.

You can also change the horizontal scale. This is useful, for example, when
you want to see one cycle, and just one cycle, on the display at one time.

Scaling and Positioning

Typically, you can adjust the horizontal scale of the displayed traces using the
horizontal SCALE knob and the horizontal position using the horizontal
POSITION knob.

The digitizing oscilloscope shows the actual scale in the bottom right of the
display. The scale readout shows the time per division used. Since all live
waveforms use the same time base, your instrument only needs to display one
value for all channels used.

Real-time Sampling

The horizontal SCALE knob affects the time base. Generally, turning the knob
clockwise causes the scope to assign shorter and shorter fime periods to the
same space on the screen. The acquisition rate increases and the signal you
see on the display has finer resolution. In the real time mode, the oscilloscope
acquires all the sample points for a complete wavetorm record in a single
trigger event.

Equivalent-time Sampling

Al some point you tumn the horizontal SCALE knob so far that the oscilloscope
can't acquire points any faster in real time. That means the oscilloscope can’t
track single-shot (one time) events any faster. i still can track faster, repetitive
events, however, by using equivalent time sampling. That means the oscillo-
scope acquires signals over many repetitions of the event. It only takes a few
samples at each repetition. This allows the digitizing oscilloscope to accurate-
ly acquire signals whose frequency components are much higher than the
oscilloscope’s real-time acquisition rate.
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The Tektronix Digitizing Oscilloscope has a maximum equivalent-time rate of
100 Gigasamples/second,

Aliasing

Alfasing occurs when the highest frequency componert of the input signal is
greater than ¥ the current sample rate, That is, the oscilloscope cannot
acquire the signal fast enough to construct an accurate waveform record.
Figure 2-13 illustrates this by showing a slower aliased waveform on top of the
actual input waveform,

Actuai High-Frequency Waveform —————7

Apparent Low-Frequency
Waveform Due to Aliasing

Sampled Points

Figure 2-13: Aliasing

in real fime sampling, the oscilloscope must acquire events in the same time
frame that they occur. If the acquisition rate is not fast enough, aliasing can
occur. That means you may see a lower frequency waveform.

In order to accurately represent a signal and avoid aliasing, you must sample
the signal at least twice as fast as the highest frequency component (accord-
ing to the Nyquist theory). For example, a signal with frequency components
as high as 500 MHz would require a sample rate of at least 1 Gigasample/sec-
ond to accurately represent it.

One simple way to check for aliasing is to slowly change the horizontal scale
{time per division setting). If the shape of the displayed waveform changes
drastically, you may have aliasing. To overcome the problem, adjust the
horizontal scale as needed. You can prevent some aliasing by simply pressing
the AUTOSET button,

You can also counteract some aliasing by changing the acquisition mode. The
Acquisition articie that follows (page 2-19) explain this in more detail. Briefly,
however, if you're using the sampie mode and suspect aliasing, you may want
to change 1o the peak detect mode. In the peak detect mode the oscilloscope
makes use of more samples and can help detect faster signal components.
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Time Base

The tirne base consists of the horizontal {ime) axis parameters of every wave-
form record. You set these parameters. They determine how the digitizing
oscilloscope generates the waveform with respect {o time and how it displays
the waveform. A description of the digitizing oscilloscope’s horizontal system
is a description of the time base.

You can set a main time base and a delayed time base. Each time base has
its own trigger. The delayed time base has two additional parameters which
describe its triggering relationship to the main time base. These are:

1} delayed run mode and 2) delay amount (time or events). The delayed time
base is useful in catching events that follow other events.

Trigger Position

The trigger position defines where on the waveform record the frigger occurs.
It lets you properly align and measure data within records.

The part of the record that occurs before the trigger is the pretrigger portion.
The part of the record that occurs after the trigger is the postirigger portion.
Many users find keeping prefrigger information a valuable troubleshooting
technique. For exarnple, if you're trying to find the cause of an unwanted glitch
in your test circult, it may prove valuable to trigger on the glitch and set a
pretrigger to capture data (from various channels) right before the glitch. By
analyzing what happened right before the glitch, you may uncover clues about
the source of the giitch.

Record Length

The record length sets the lengih of the waveform, in terms of points. The
digitizing oscilloscope provides record lengths of 500, 1000, 2500, 5000, and
15000 points. You can order, as an option, a record length of 50000 points.
This option is availabie only at the time of original purchase. it cannot be
added in the field.

Zoom

You use zoom if you want {o view a magnified version of your waveform
without changing the voltage scale or the time per division at which the wave-
form was acquired. Zoom is a display-onty function. It does not affect acquisi-
tion.

You can use zoom 1o see more detail without changing the acquired signal.
For example, if you've just acquired a single shot event (with the Acquire
menu Stop After Single Acquisition Sequence setting) and want to magnify
the display, you can't change the time base or the displayed signal would
disappear. instead you can use zoom.

You might also use zoom if you've acquired data while using the maximum
time per division and want to magnify the results.

To use zoom on the digitizing oscilloscope, press the ZOOM button and then
use the resulting side menu.
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Autoset

Autoset lets you guickly obtain a stable, meaningful waveform display.

Autoset automatically adjusts a wide variety of settings. These include vertical
and horizontal scaling. They also Inciude trigger coupling, type, position,
slope, mode and display intensities. Autoset on page 3-17 describes in more
detail what autoset does.

For More
Information

See Autoset, on page 3-17.
See Horizontal Scale and Posltion, on page 3-43.
See Vertical Scale and Position, on page 3-105.

See Zoom, on page 3-109.
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Acguisition is the process of analog-to-digital conversion of input signals. The
digitizing oscilloscope creates a digital representation of the input signal by
sampling levels of the signal at regular time intervals {sampling rate). The
sampled points are stored in memory along with corresponding timing infor-
mation. You can use this digital representation of the signal for display, mea-
surements or further processing (Figure 2-14).

You can specify the mode in which the digitizing oscilloscope acquires and
processes signals, That is, you can define how the digitizing oscilloscope
acquires data points and assembles them into the waveform record that #
displays and analyzes. For example, in cefain cases you can reduce appar-
ent noise by introducing signal averaging or you can capture elusive glitches
with peak detection mode.

+ 5.0\/\ f S.OV\
SAVRY
-5.0V ~5.0V
input Signal Sampled Points Digital Values

Figure 2-14: Acquisition: Input Analog Signal, Sampie, and Digitize

Sam p[ing and The digitizing oscilloscope creates waveforms from multiple data points. Each
Digitizin point represents a voltage level that was sampled at a determined amount of
g g time from a trigger event.

Each time the digitizer takes a sample, the digitizer produces a numeric
representation of the signal at that time. The number of points sampled, how-
ever, may not equal the number of points in your waveform. In fact, the oscillo-
scope may take one or several sampies for each point used to create the
waveform (Figure 2-15).

’*—v—— Interval for One Waveform Data Point -—-"i
7N Fan. )y ) N

Figure 2-15: Several Points May be Acquired for Each Point Used

Samples Within a
Data Point
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The digitizer can use the extra points to perform added processing, such as
leoking for minimurm and maximum values, or averaging.

The number of points that make up the waveform is defined by the record
length. You can sef the record length in the instrument's Horizontal menu.

Sampling

Sampling is the process of converting the analog input signal to digital form
for display and processing. Two general methods of sampling are:

® real-tfime sampling

®  equivalent-time sampling

Real-Time Sampling — in realtime (RT) sampling, the oscilloscope digi-
tizes all the points it acquires in one rigger event (Figure 2-16). Use real-time
sampling to capture single-shot or fransient events.

1st and Only Acquisition _H_MLH_MU—LH_'UL

Figure 2-16: Real-Time Sampling

Two tactors that affect real time sampling on the digitizing oscilloscope are
interleaving and imterpolation.

Interleaving refers to the digitizing oscilloscope’s ability to attain high digitiz-
ing speeds by combining the efforts of several digitizers. For example, if you
want to digitize on all channels at one time {four on the TDS 540 and two on
the TDS 520}, each of those channels can digitize at a maximum real time
speed of 250 Megasamples/second {per channel). Iif you use two channels,
the TDS 540 oscilluscope can combine the efforts of two digitizers to each
channel and acquire at 500 Megasample/second (per channel). if you focus
on only one channel at the maximum possible real-time rate, the TDS 520
oscilloscope can use both its digitizers and acquire at 500 Megasampies/sec-
ond, while the TDS 540 oscilloscope can combine all four digitizers and
acquire at 1 Gigasample/second.

Interpolation refers to how the digitizing oscilloscope assigns values to points
in its record (interpolates) when you set the oscilloscope 1o sample in real
time at rates faster than it can actually sample at. The digitizing oscllloscope
gives you two options: linear or sin(x)/x interpolation.

Linear irterpolation works by assigning values using a straight line fit between
the actual values acquired. it assumes all the interpolated points fall in their
appropriate point in time on that straight line. This is useful for many linear
waveforms like pulse frains.
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Sin(x)/x interpolation works Dy assigning values using a curve fit between the
actual values acquired. it assumes all the interpolated points fall along that
curve. This is particularly useful when acquiring more rounded waveforms like
sine waves. Actually, it is appropriate for general use, although it may intro-
duce some overshoot in signals with fast rise times.

To select an Interpolation method on the digitizing oscilloscope, press the
DISPLAY button to bring up the Display menu and then press the Filter Types
button on the main menu. Select from Sin{x)/x or Linear on the resulting side
menu.

Equivalent-Time Sampling — In equivalent-time (ET) sampling the oscillo-
scope acquires signals over many repetitions of the event (Figure 2-17), Thus,
you use it on repelitive signals. The oscilloscope takes a few samples at each
repetition, and then reconstructs the waveform In equivalent time. This allows
your Instrument to accurately acquire signals whose frequency components
are much higher than its real-time sample rate.

The digitizing oscilloscope uses a type of equivalent-time sampling called
random equivalert-time sampling. It uses the fact that the oscilloscope sam-
ple clock runs asynchronously with respect to the input signal and the signal
trigger. The oscilloscope takes samples continuously, independent of the
trigger position, and displays them based on the time difference between the
sample and the trigger. Although the samples are taken seqguentially in fime,
they are random with respect to the trigger. That is why this is called “random”
equivalent-time sampling.

The oscilloscope automatically selects real-time or equivaient-time sampling
based on the sampling speed, number of channels in use, and digitizing

oscilloscope model.
15t Acquisition Cycle —ﬂ H ﬂ

2nd Acquisition Cycle

3rd Acquisition Cycle H ﬂ |—|__

Nth Acquisition Cycle I_l H

Figure 2-17: Eguivalent Time - Random Sequential Sampling
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Acquisition Modes

The acquisition mode you select affects how the several samples taken during
a single acquisition interval are combined into a data point value.

The digitizing oscilloscope supports five acquisition modes, These are;

sample
peak detect
hires
envelope

average

The first three modes (sample, peak detect and hi res) can operate in real time
on a single trigger event, provided the sample rate is sufficient.

The last two modes involve multiple acquisitions. The digitizing oscilloscope
averages or envelopes together several waveforms on a point-by-point basis.

Figure 2-18 ilustrates differences beiween the modes and lists some benefits
of using each mode. You should find this of interest when trying o decide
which mode to select.
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Uses First Sample in
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Use for fastest acquisition rate.

This is the default mode.

Single Waveform
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Peak Detect |~ - -

Use to reveal aliasing and for
glitch detection.
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[
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Hi Res
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Calculates Average of
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i
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around the signal,

Muttipfe Waveform
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Figure 2-18: How the Acquisition Modes Work

Average

Calculates Average Value
Over Many Acquisitions

Use to reduce apparent noise
in a repetitive signal.
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Sample Mode

In Sample mode, the oscilioscope saves cne sample during each acguisition
interval. (An acquisition interval is the time duration of the waveform record
divided by the record length) This is the defauit mode.

Peak Detect Mode

Peak Detect maode lets you acqguire and display a waveform that shows tha
variation extremes over all samples In an acquisition interval. This is the same
as envelope mode with a single time period selected This mode works with
real time, non-interpolated sampling only.

For many ghitch-free signals, this mode is indistinguishable from the sample
mode. If you set the digitizing oscilioscope to operate so fast that it requires
real ime interpolation ar equivalent time sampiing, the mode awtomatically
changes {o sample, although the menu selection will not change.

Hi Res Mode

In Hi Res mode, the digitizing oscilloscope averages all samples taken during
a waveform interval. This average {a boxcar or biock average) resulis in a
higher-resolution, lower-bandwidth waveform. This mode works with real-time,
non-interpolated sampling only. If you set the digitizing oscilloscope to oper-
ate so fast it requires real-lime interpolation or equivalent time sampling, the
mode automatically becomes sample, although the menu selection will not
change.

A key advantages of Hi Res is its potential for increasing resolution regards-
less of input signal. The equations shown below illustrate how you can obtain
up to 15 significant bits with hi res mode (Table 2-1). Note that the resolution
improvements are limited 1o speeds below 400 ns/div. Also, resolutions above
15 bits are not allowed by internal hardware and computation Hmitations.

Si = Sampling interval or A/D conversion rate = 4 ns

Time /Div _ 5us/Div
Number Of Points/Div 50 Poinis /Div

At = Sample Interval = = 100 ns

At
— = 25
Si

il

Nd = Number of points per decimation interval
Resolution Enhancement (bils} = 0.5* LOG,(Nd) = 2 extra bits

Table 2-1: Theoretical Resolution in Hi Res Mode
at Different Time/Div Settings

8Bits 9Bits 10Bits 11Bits 12Bits 13Bits 14Bits 15Bits

400ns tTpusto Susto 20us 100us 500ps 1Tmsto 5ms
and 2us 10 us o 1o 2ms and
faster BOus  200us slower
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Envelope Mode

Envelope mode lets you acquire and display a waveform that shows the
variation extremes of several acquisitions. The oscilloscope detects peaks as
in the peak detect mode. No smoothing algorithm is applied to the data.
Instead, you can specify a number of acquisitions over which to accurmulate
and display the min/max data. The oscilloscope compares the min/max
values from the current acquisition with those stored from previous acquisi-
tions up to the specified number of acquisitions. Envelope mode is distinct
from peak detect In its abiiity to accumulate peaks over many acquisitions.

Average Mode

Average mode lets you acquire and display a waveform that is the combined
result of several acquisitions. This reduces the random noise. The oscillo-
scope acquires data as in the sample mode and then averages it according to
the number of averages that you specify.

Sampling and
Acquisition Mode

The sampling speeds and the number of channels you use can affect the
acqguisition mode the digitizing oscilloscope uses (Table 2-2). Basically, if the
sampling speed is equal to or slower than 200 ns/division {10 s/div to 200 ns/
div), then the digitizing oscilloscope will sample in real time in the mode
you've selected. For speeds greater than 20 ns/division (20 ns to 500 ps), the
oscilloscope will use either equivalent time sampling or real time sampling
with interpoiation.

Table 2-2: Theoretical Resolution in Hi Res Mode
at Different Time/Div Settings General Sampling Mode Selection

=200 ns/divs 100 ns/div to 50 ns/div <20 ns/div

Real time Real time or equivalent Equivalent time or interpo-
time ~ lated real time

For speeds between 100 ns/division and 50 ns/division the oscilloscope may
run in either

& real time without interpolation, or
m  equivalent time, or
s real time with interpolation sampling.

The sampling strategy the oscilloscope uses (real fime or equivalent time,
interpolation or not) depends on the number of input channels and the type of
ascilloscope you're using.
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Table 2-3: Theoretical Resolution in Hi Res Mode
at Different Time/Div Settings Sampling Mode Selection —
100 ns/Div to 50 ns/Div

Instrument and 100 ns/div 50 ns/div or Faster

Number of Channels

TDS 540, Real time Real time or equivalent

any 1 channel time or interpolated real

fime

TDS 540, Real time Equivalent time or

any 2 channels interpolated real time

TDS 540, Equivalent time or Equivalent time or

3 or more channels interpolated real time interpolated real time

TDS 520, Real time Equivalent time or

CH1 or CH2 interpolated real time

TDS 520, other Equivalent time or Equivaient time or
interpolated real time interpolated real time

Finaily, at sampling speeds faster than 200 ns/division the peak detect and
hi res acquisition modes become functionally equivalent to sampie mode,
because the oscilloscope can only sample one point per waveform interval.

For More See Scaling Waveforms, on page 2-13.
Information See Acquisition Modes, on page 3-13.
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The TDS 500 Series Digitizing Oscilloscopes not only display graphs of volt-
age versus time, but also can help you take measurements on the information
displayed. These measurements can provide numeric information to further
help you solve problems.

Automated
Measurements

Gratictife l

Ch1i
Frequency
1.0 kHz

Ch 1 Period
\ 1.0 ms

Cursors

—
Mh
’_‘—.’f—-‘-’
AT bbb
]
b

Figure 2-19: Graticuie, Cursor and Automated Measurements

Measurement
Sources

The oscilloscope provides three measurement classes. These are: graticules,
cursors and automated measurements.

Graticules are fixed marks on the display (the grid). Graticule measurements
are quick visual estimations derived from these marks.

Cursors are movable lines on the display. You set their value by positioning
them on the display. Their actual value, however, comes from internal data.
This makes them more precise than graticules, They use numeric readouts 10
present resulis,

Automated measurements are even more precise than cursors. They rely on

internal acquisition and display data. Like the cursors they use numeric read-
outs o present results. They are more consistent from case o case than
graticules and cursors because the oscilloscope derives them from internally
stored waveform data.
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Graticule
Measurements

Graticule measurements provide you with quick, visual estimates. For exam-
ple, you might look at a waveform’s amplitude and say “it’s a fittle more than
a voit”.

You can perform simple measurements by counting the number of major and
minor graticule divisions involved and multiplying by the scale factor. For
example, if you counted five major vertical graticule divisions between a
waveform’s minimum and maximum values and knew you had a scale factor
of 2 volts/division then you could easily calculate your peak-to-peak voltage
as:

5 divisions x 2 volts/division = 10 voits.

Cursor
Measurements

Cursor measurements are more accurate than graticule measurements. Unlike
graticules, they include a readout area on the display that shows numeric
values. Cursors are also fast and easy-to-understand measurements. You take
measurements by moving the cursors and displaying their horizonial or vertical
values.

Cursors appear in pairs. One is active and the other inactive. You move the
active cursor with the general purpose knob. The screen readout can show ot
only the values of the cursors but also the difference between them.

Two types of cursors are available. These are horizontal bar and vertical bar
cursors (Figure 2-20).

Horizontal bar cursors measure vertical parameters (typically volts).

Vertical bar cursors measure horizontal parameters (typically time).

\VARY;

Horizontal Bar Cursors Vertical Bar Cursors

Figure 2-20: Cursor types

Cursor measurement readouts show measurement status. These readouts are
updated as you adjust cursor positions (by moving the general purpose knob).
The horizontal bar cursor’'s readout shows the voliage level of the active
horizontal bar relative to ground and ihe voliage difference between the two
horizontal bars. The vertical bar cursor’s readout shows the time of the active
vertical bar relative to the trigger and the time difference between the two
vertical bars. The TOGGLE button lets you select (toggle) which of the two
horizortal or vertical bars is active.
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To take cursor measurements on the digitizing oscilloscope, press the CUR-
SOR button to call up the Cursor Menu. Then press the main menu Function
itern and select the cursor type from the side menu.

Automated
Measurements

You use automated measurements merely by pressing a few buttons. The
digitizing oscilloscope does the calculating for you. '

Because these measurements use the waveform record points directly, they
are more accurate than cursors or graticules.

Measurements cover amplitude and timing.

Amplitude measuremenis are made on vertical parameters. This typically
means voltage. They include minimum, maximum, high, low, positive over-
shoot, negative overshoot, peak to peak, amplitude, mean, cycle mean, BMS,
and cycle RMS.

Timing measurements are made on horizontal parameters. This typically
means seconds or Hertz. They include period, frequency, positive width,
negative width, rise time, fall ime, positive duty cycle, negative duty cycle,
propagation detay, and burst width.

See Appendix D for more delails on how the digitizing oscilloscope calculates
each measurement.

Measurement Display

Automated measurements use readouts to show measurement status. These
readouts are continuously updated as the oscilloscope acquires new data or
as you change settings. You can select and display up to four measurements.

Each measurement relates to the channel that was active when you selected
that measurement. Each measurement remains displayed untll you remove it
or turn the related waveform off with the WAVEFORM OFF button.

To take automated measurements, press the MEASURE bution to bring up the
Measure menu. Then press the main menu Select Measrmnt bution and
select the relevant measurements from the side menu,

For More
Information

See Tutorial Example 3: Automated Measurements, on page 1-13.
See Cursor Measurements, on page 3-19.
See Measurement System, on page 3-53.

See Appendix D: Algorithms, on page A-77.
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You can save data or setup information for later anaiysis, reporting, or archiv-
ing. For example, you can electronically save waveforms for later comparison
to other waveforms. You can also save sefup information to help replicate test
procedures. You can print a copy of what’s on the screen to use for analysis or
documentation.

Figure 2-21: Save Setup and Waveform Data

Saving and A stored waveform is a record of a waveform. You can also think of itas a
Recalling snapshot of a waveform.
Waveforms The digitizing oscilloscope can save acquired waveforms in any of four inter-

nal, nonvolatile reference (REF) memories. You can later recall them, display
them, and use them for a variety of tasks including performing waveform math
with stored or newly acquired waveforms or for comparing newly acquired
waveforms with stored template waveforms.

Stored waveforms are saved when you turn off the digitizing oscilloscope.
They will be available when you tum the power back on,

To save waveforms on the digitizing oscilloscope, press the save/recall
WAVEFORM button to bring up the Save/Recall Waveform menu. Select the
Save Waveform main menu item and then select the desired destination
reference meamory from the side menu.

If you run out of memory when you try to save a waveform, you can choose
the Save/Recall Waveform menu’s Delete Refs main menu item and then
select the references you no longer need from the side menu. You'll know if
you run out of memory because the digitizing oscilloscope will display a
message.

To recall waveforms, press the MORE button o bring up the More menu. Then
select the reference waveform desired from the main menu (Ref1, Ref2, Ref3,
or Ref4),
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The digitizing oscilloscope only lets you save 50,000 waveform points total.
Therefore, you can save four 500, 1000, 2500, or 5000-points waveforms. You
can save up to three 15000-point waveforms. You can also save combinations
of these waveforms, providing they contain less than 50000 points total. If you
have option 1M, you can save one 50000-point waveform.

Saving and
Recalling Setups

The digitizing oscilloscope can save front panel setups in any of ten nonvola-
tile reference (REF) internal memories. You can later recall them to reset the
oscilloscope. This is useful, for example, when trying to reproduce your exact
settings to accurately re-create an experimental or testing situation at a later
date.

You can also recall the factory setup at any time.

Stored settings are saved when you power off the digitizing oscilloscope. and
are availabte when you turn the power back on.

To save and recall setups on the digitizing oscilioscope, use the save/recall
SETUP button. This calls up the Save/Recall Seiup menu. Select from the
main meny Save Current Setup, Recall Saved Setup, or Recall Factory
Setup. Use the resulting side menu to choose which intemal setup memory to
use.

Hardcopies

The digitizing oscilioscope can output a copy of exactly what's on the screen
to a variety of graphics printers and plotters. The oulput includes waveforms,
graticules and measurements.

The TDS 500 series oscilloscope uses the GPIB port 1o interface with a printer.
GPIB is described in more detail in a concept article titled Remote Communi-
cations on page 2-35.

Different hardcopy devices use different formats. The digitizing oscilloscepe
supports several, These include HP Thinkjet, Deskijet, Laserjet, Epson®,
interleaf®, Postscript® and HPGL. Some formats, particularly interieaf, Post
script, and HPGL, are compatible with various desktop publishing packages.
This means you can paste files created from these output formats directly into
a docurnent on any of various deskiop publishing systems.

You can send information in landscape or porirait format {see Figure 2-22).

RN

IEEEEEREE YN

Landscape Portrait
Format Format

Figure 2-22: Hardcopy Formats
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To make a hardcopy on the digitizing oscilloscope, simply press the HARD-
COPY button. To set up hardcopy parameters, press the HARDCOPY MENU
button (SHIFT and then HARDCOPY). This brings up the Hardcopy menu.
Select Format, Layout, or Port from the main menu and then make a selec-
tion from the resulting side menu.

For More See Tutorial Example 4: Saving Setups, on page 1-18.
Information See Hardcopy, on page 3-39.
See Remote Communications (Concepts), on page 2-35.
See Remote Communication Tasks, on page 3-87.
See Saving and Recalling Settings, on page 3-91.

See Saving and Recalling Waveforms, on page 3-93.
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You can use a computer to remotely set the oscilloscope’s front panel controls
or take measurements and read those measurements for later analysis and
storage. You can also set up the oscilloscope to make a screen hardcopy on
a printer or a plotter.

The standard profocol for remote communications available on the digitizing
oscilloscope is the General Purpose Interface Bus (GPIB or I[EEE Std
488.2-1987).

Rear Panel Controller

Figure 2-23: GPIB Enables Data Transfers Between the Oscilloscope and
a Remote Computer

GPIB Protocol

GPIB enables data transfers between instruments that support the GPIB proto-
cols. it provides:

& Remote instrument control
= Bidirectional data transfer
s Device compaitibility

m  Siatus and event reporting

In addition to the base prolocols, Tekironix has defined codes and formats for
messages to travel over GPIB. Each device that follows these codes and
formats, such as the TD8 520 and TDS 540, supports standard commands.
Use of instruments that support these commands can greatly simplify develop-
ment of GPIB systems.
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Why GPIB?

GPIB is a good solution for setups requiring speed {(up 1o 1 Megabyte/second)
and multiple instrument control (up 1o 15 devices on a bus). GPIB uses a
paraliel bus that provides faster data transfer rates than typical serial RS8-232-C
devices. The GPIB addressing scheme allows you to hook multiple instru-
ments together in a system.

GPIB Setup

Before connecting devices to GPIB, you need to be aware of some rules
conceming GPIB networks, cables, and connectors.

GPIB Interface Requirements — You can connect GPIB networks in many
configurations provided you adhere to these rules;

®m  You can include no more than 15 devices, including the controller, on a
single bus,

= You must connect one device load every two meters {(about six feet) of
cable length to maintain bus elecirical characteristics. Generally, each
instrument represents one device load on the bus.

»  The total cumulative cable length must not exceed 20 meters.

®  You must power on at least two-thirds of the device loads when you use
your network.

® You must have only one cable path from each device o each other device
on your network. You carnnot create loop configurations (see Figure 2-24).

GPIB Device / GPIB Device GPIB Device
GPIB Device GPiB Device
GPIB Device GPIB Device

Figure 2-24: Typical GPIB Network Configuration

Cables — An |EEE Std 488.1-1987 GPIB cable (available from Tektronix) is
required to connect two GPIB devices.

Connector — A 24-pin GPIB connector is located on the oscilloscope (on
the rear panel). The connector has a D-type shell and conforms to IEEE Std
488.1-1987. You can stack GPIB conneciors on top of each other as shown in
Figure 2-25.
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Figure 2-25: Stacking GPIB Connectors

GPIB Parameters — Important GPIB parameters are:
®  Mode: Set the mode to: talker/listener, talker, or listener.
»  Address: Set the primary communication address from 0 to 30.

®  Terminator: Set the method of indicating the erid of device-dependent
messages sent between the controller and the instrument. The choices
include: EQI (assert EOI {ine with transmission of last message byte) or
EQI/LF (send line feed character and assert EQ! line with its transmission).

Specific Operations

To set up the digitizing oscilloscope for GPIB operation, press the UTILITY
button (the SHIFT and DISPLAY buttons) to call up the Utility menu. Press the
main menu itern System {o bring up a pop-up menu. On this menu select 1/O.
Press the main menu item Port and use the resulting pop-up menu to select
GPIB. To see a screen of GPIB status Information, press the STATUS button
{SHIFT and then HELP). Then select GPIB from the side menu.

Set GPIB Address — Press the Utility menu Configure item and select
Talk/Listen Address from the side menu. Enter the aclual address using the
general purpose knob or the keypad.
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Set GPIB Mode — Press the Utility menu main menu Configure item and
setect Talk/Listen or Talk Only from the side menu.

For More See Remote Communication Tasks, on page 3-87.
Information
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This section describes the detalis of operating the digitizing oscillescope.

The first part, called At a Glance, presents general roadmaps to the rest of the
section {(and some very general operating instructions). The roadmaps show
parts of the instrument and the page numbers of the /n Detail articles that
discuss those items. This section includes:

= Front Panel Map - Left Side

= Front Panel Map - Right Side

m  Rear Panel Map

m Display Map

®  Basic Menu Operation

= Menu Map

The second part contains an alphabetical list of tasks you can run with the

digitizing oscilloscope. Use this section i answer specific questions about
instrument operation, These tasks include:

®  Acquisition Modes

s Autoset

& Cursor Measurements

= Delayed Triggering

m Display Modes

w  Glitch Triggering

m Hardcopy

# Help

»  Horizontal Scale and Position
& Logic Triggering

s Measurement Systern

m  Probe Compensation

m  Probe Connection

m  Probe Selection

»  Remoie Communication Tasks
= Runt Triggering

= Saving and Recalling Setups

= Saving and Recalling Waveforms

TDS 520 and TDS 540 Tutorial/User Manuat 3-1



Overview

Selecting Channels

Status

Trigger Settings

Vertical Scale and Position
Waveform Math

Zoom

trt Detail
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The At a Glance section contains maps of the display, front and rear panel and
menu system. These should help you navigate the digitizing oscilloscope. It
also contains a visual guide 1o using the menu systerm.

= The Display Map shows the parts of a typical display and what they mean.

® The Front Panel Maps show the location’s and purposes of the various
buttons and knobs on the front panel of the digitizing oscllloscope.

W The Rear Panel Map shows the various parts of your instrument’s rear
panel.

m  The Mernu Map shows each of the main menus {the menus on the botiom

of the display that use the botton bezei buttons) and their associated side
menu items.
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Front Panel Map -

Left Side
- ~
| Tektronix TDS 540 SRS@Somw: PR
Iy Y
pe——— Side Menu Buttons,
/ page 3-8
i
s
“ / =
|
ON{STBY Switch, Main Menu Buttons, CLEAR MENU

page ix page 3-8 Removes Menus
from the Display
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Front Panei Map ~
Right Side

Cursor Measurements, page 3-19

Saving and Recalling
Waveforms, page 3-93

Saving and Recalling Sefups

page 3-91 \

Measurement Tasks, page 3-53

Hardcopy, page 3-39

At a Glance

Display Modes, page 3-29
Remote Communication Tasks, page 3-87

Acquisition Tasks,
page 3-13

Cursor Measurements,
page 3-19

(CUTHSET \,

Autoset, page 3-17 —————»{ D

STATUS

Status, page 3-97

Selecting Channels,
page 3-95

N

Waveform Math, *‘—‘/ /

page 3-107

Veriical Scale and Position
page, 3-105

Zoom, page 3-109

Ground

Horizontal Scale

and Posltion, page 3-43

Probe Compensation,
page 3-63

Trigger Settings, page 3-99
Delay Triggering, page 3-23
Glitch Triggering, page 3-37
Logic Triggering, page 3-49
Runt Triggering, page 3-89
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Rear Panel Map

Principai Powe_r Switch, Fuse, Power connector, GPIB
page Ix page ix page ix Connector

/

|

WARNING &
WS TEACABE CURAENT. T AVOK) RECTAGE J0CK, THE
IR SO0 FRTTICTIVS SROUAEISS CONCUCTOR LLST 81

INECTED T GhRotiet:
A CoRIMUED At SNOTECTION, SLPLACE FLSE OMCY WAl
e FUEE OF THE SHSLRED TORE AWD Baling.

G OFTAXTON DENKCEABLE COMFUNENTE/MEDE D3 ket
MY COVERD. IEFRN KNG
CRIINNETT PEAVER D) O ATP AL S FUSE

—
SUPRY IR T3 T
O vocuac [ m whige] e, CHMNLI  AKTNGTIE  MANTRGSDL  DEAYED TAIGEDN
Mt | woed ) oearue 1 samme SGNALTIT Wy AT outPur
WaN/IN W e EL i . [
uepe | R AT ful £

TU RV PWEN LOND, DILCOAMETT FLS AMD KITATE
FERNE LI L
TEKTHONGL THC., TEAVERYON, UR, LS4
[

sy
e frmry
o I (sp,:
Tt i

=

-
P, A AR .

1 Rerss wr,

BOGOO00

2182 bwtr.

TOS 840

Serial Number TDS 546 Only Security
Rear Panel Bracket
Connectors
CHANNEL 3 SIGNAL OUT -
{Provides analog signal output)
AUX TRIGGER INPUT -
{Provides auxiliary trigger signal input)
MAIN TRIGGER QUTPUT -
{Provides main trigger (TTL) outpul}
DELAYED TRIGGER QUTPUT -

(Provides delayad trigger (TTL) output)
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Display Map

Acquisition
readout shows the \
acyguisition status, s

page 3-12. /7

Channel ground —
reference
indicator shows
ground levels
and waveform
sources,

Record view readout shows
1. trigger position (T),
page 3-103,
2. horizontal position of waveform yaadout shows the value
record relative to the dispiay,
page 3-46,

3. position of vertical bar cursors,
page 3-20.
FaN

N\,

The general purpose knob

entered with the general
purpose knob or keypad.

Tek Stopped:

7

M

11579 Acquisitions
[
E :

Trigger tevei:

—880mv d

: '3"3‘ 5ps A 7
D187 _{ iewve

Level

=S XOMmY

Set to TTL

The Channel
readout shows
each selected
channel’s vertical

scale, page 3-46.

Coupnna

<Iops Level Mode

Set to ECL

At a Glance

Whenever the general
purpose knob s
activated, the knob
icon appears here.

pd———————— The side menu
items on the
right side of
the screen

Set to 50%

give you
choices of
actions.

—83f2mv HolGoT T }

The main menu items
on the bottom of the
screen give you
choices of major
actions.

7‘/\

The trigger
readout shows
trigger
parameters,
page 3-104,

The time base readout
shows the horizontal
scale and time base fype,
page 3-46.
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At a Glance

To Operate A Menu

1. Press front-panel menu button.

| Tektronix  TDS 540 DAEA e

H

-

o
TRk Stepped; HISTY Ao Trgger Levek: ~F50ryv o
Fommcden )

. RIS f

}{\\I_- . /fﬁ\ - \ fr\\ . /f\ s :
I }[\ 4 \ ; ‘sX L o -4

| 1 f ' E 58210 ICL
T Ry B L “
'!.. 1.'\.,15 RS A ) / 38140 508 B ©_ swwn

RS I = @ =
‘:.afv . LR TI s Ay —xxnm \_ ,.,:],Emmm..
‘:*%SM%" \

=0 Q-iﬁ-u-u-n- =)

¢

n G -

-~

2. Press one of these butions 1o ww—
select from main menu,

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

4. If side menu item has an out-
lying number, adjust it with the
general purpose knob or by
entering keypad value.
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At a Glance

To Operate A Pop-Up

Menu
a )
| Tekironix TDS 540 RStiSucsre 5|
/s ™
TeK Stopped: 234 Acquisitions Trigger tevet; BV 9
t F : !
) "~ i i! Eevel
~ -~ |0
v

Lo p o T o] Sette TTL

Set to ECL

1 serwo sow

L L s e Ly
) orhy UM S00Us CREY v

P logic . : : : . : .
Fulse . |

Type
cfﬁgw

I
L

A

i H 1 i
Source | Coupling Slope
Chi tfc

&
| Holooff

EQ

\ | -~

Pregs B, Press here to
to display pop-ups. remove menus
from screen.

Press it again
to make sefection,

A pop-up selection changes the
other main menu tilles.
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Menu Map

Press these
buttons:

SHIFT]  ACQUIRE MENU
RUN/STO

)

¢

APPLICATION
MEASURE

i SHIFT

CURSOR

DELAYED TRIG
SHIFT TRIGGER
MENU

UTIITY
DISPLAY

MENL

HARDCOPY

HORIZONTAL
MENU

DELAVED TRG

TRIGGER
MENU

To bring up these menus:

Acquire menu

sode |

Application menu

Cursor menu

ime
uniis
seconds

Delayed Trigger menu

belay by | Sourge | Couplin Slope Leved
% i Time I Chi g Jp av ]
Display menu
Styrle Readout Filter Graticuie | Format
Intensiy | govians | sia(m/x Fuit ¥ 1
Hardcopy menu
rormat S Port
UutAC g Portralt GPIB
Horizontal menu
Ti I Trigger Recora | HGTiE Horlz | l t
P Position Lenqth Scaie
30% 500 (rdivy Fos
Main Trigger menu ~ Edge
Source { Coupling Slope ievel Mode
Type i &
1 <kdge> Chi Jp av Holdoff

To do these
tasks:

Define acquisition mode,
page 3-13

Bring up user-defined
menu {see Programmer
Manual for more details)

Define cursor types,
page 3-19

Define delayed time base,
page 3-23

Define display style,
page 3-29

Define hardcopy
parameters,
page 3-39

Define time base
parameters,
page 3-43

Deftine edge trigger
parameters,
page 3-89
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Al a Glance

Press these To bring up these menus: To do these
buttons: tasks:
DELAYED TRIG
T?ﬁ%ﬁ& R Main Trigger ment/ - Lo?fimw Define logic trigger
el | R i o | parameter
<teaic> |<pattern> M anp  |Goes TRUE Holdoff page 3-49, .99,

DELAYED TRIG
TRIGGER Main Trigger ments - Pulse : i
Define puise trigger
MENY = = Source IRCKIAE T Level Mode parame?ers 9
g T Type Class Chr and on & i
X ; <pukses | <Gliton> | |k width Holdoff page 3-37, 3-89, 3-99
APPLICATION
MEASURE Maasue ment Select/delete automatic
. WA Remove |7 ggjlgw Reference measurements,
for Cit7  NAALILLL FITFerpssin Levels page 3-53
MORE Move menu . Detine math and recalt
i reference waveforms,
Math2 Math3 " , v - ’
ﬁ%‘% chi-Chz | inviCh1) i Reft I Ret2 ‘ Rel3 l Ret4 I page 3-107

SETUP Save/Recall Setup menu ‘ Save/recall instrument
Save Recad RéTH seftings,

Current JEEVSY Factory
_ Setup setup setup page 3-91

SAVE/RECALL Save/Recall Wavelorm menu

WAVEFCR
‘ ORM i Recall Delete Save/recall waveform,
: : Mathi wWaveform Refs page 3-93

HELP e instrument staius,

"‘ SHIFT) STATUS Status menu Provide snapshot of
Snapshot page 3-97

Trigger

wavelorms

GPiE
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At a Glance
Press these

buttons:

UTILITY
DISPLAY

UTILITY
DISPLAY

uTILITY
BISPLAY

VERTICAL
MENU

ZOOM

To bring up these menus:

Utility menu - 1{O
e | Configure
system Porl A i
Son DS I 7 aik/ Llsten

Status

Utility menu - Calibration

- 1G4 Voltage [FreqUency]| Pulse
sSystem Path Reference § Response | Trigger
i <calr 955 initialized { initialized | Initfalized

Utility menu - Diagnostics

%E Execute | loop I | Errer
i< piagrErrok ali aveas>) Run n_fi E Haited Once Log

Vertical Channel menu

) sandwidth| FIRE sQle T pocivion T Grfset
Fuit Smy 0 div av

Zoom meny

Zooth

OFF

Horizontal
Lock
iive

Resat

2o0m
Factors

To do these
tasks:

Detine
communications poris,
page 3-87

Run thermal
compensation routine,
page A-27

Run diagnostic tests,
page A-27

Define vertical
system parameoters,
page 3-105

Define zoom
parameters,
page 3-109
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[ Acquisition Modes

The acquisition systemn lets you seleci ways to convert analog data into digital
farm. You can select from the acquisition mode. whether or not 1o permit
equivalent time sampling, and a means of stopping acquisitions.

Operation

To operate the acquisition modes, perform the following steps:

Acquisition Mode

The available acquisition modes are sample, peak detect, hi res, average and
envelope.

The sample, peak delect, and hi res acquisition modes are useful in examin-
ing real-time signals.

»  Sample mode (default) saves one sample during each acqguisition interval.
it is useful for acquiring fast signals.

®  Peak detect mode saves the minimum and maximum samples over two
acquisition intervals. '

® Hires mode averages all samples taken during an acquisition interval,
The average and ernvelope modes are useful for acquiring repetitive signals.

m  Average mode reduces the random noise of a displayed waveform and
provides a cleaner display. The digitizing oscilloscope presents a wave-
form that is an average of several accumulated waveform records. (Each
point in a record is numerically averaged with the same point in all other
records.)

®  Envelope mode shows the cumulative effect of noise over a period of
time. It resernbles averaging in that the oscilloscope accumuiates several
waveform records and displays a combined result. An enveloped wave-
form shows the maximum excursions of the individual waveform records.
This often resuits in a “thicker” waveform that shows the variations of the
signal.

To set the acquisition mode:

E:] Step 1: Press the ACQUIRE MENL) button (SHIFT and then RUN/STOP)
to bring up the Acquire menu (Figure 3-1).

[] step 2: On the Acquire menu, select Mode from the main menu and then
select the mode (Sample, Peak Detect, Hi Res, Enveiope, or Average)
from the side menu.

[ step 3: If you select Envelope or Average, you can enter the number of
acquisitions to use from the keypad or with the general purpose knob.
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Figure 3-1: Acquire Menu

Repetitive Signal

To select the repetitive signal, use the Acquire menu as selected above,

l:] Step 1: Press Repetitive Signat from the main menu.

L

O

Step 2: If desired, press ON (Enable ET) from the side menu. This will let
you use both the real time and the equivalent time features of the digitizing
oscilloscope.

Step 3: If desired, press OFF (Real Time Only) from the side menu. This
will permit you to use real time sampling only. If you request the oscillo-
scope to acquire samples at a faster speed than possible in real time, the
instrument will use the interpolation method chosen in the Display menu to
fill in-missing points. That is, it can use a linear or a sindg/x algorithm,

Stop After

To select the stop mode, use the Acguire menu as selected above.

[] step 1: Press Stop Atter from the main menu.

[] step 2: If desired, press RUN/STOP from the side menu. This will let you

stop and start acquisitions using the from panel RUN/STOP bution.
Pressing it once will stop the acquisitions and the Acquisition readout will
resermble the one shown in Figure 3-2. Pressing it again will restart taking
acquisitions.
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Acquisition Modes

[T] step 3: If desired, press Single Acquisition Sequence from the side
menu. This will let you run a single sequence of acquisitions. If you select
sample, peak detect, or hi res, this means the instrument wiil respond to
e first valid trigger event and stop. If you select envelope or average, the
instrument wili acquire number of acquisitions necessary 10 complete the
defined averaging or enveloping tasks.

Acquisition Readout

The Acquisition readout at the top of the display shows the state of the acqui-
sition system (running or stopped). The “running” state also shows the sample
speed and acquisition mode. The “stopped” state shows ihie nurnber of acqui-
siiions since the prior step.

( 3
Acquisition Readout wd: 19138 Acqulsitions
: 1 |
h v E) T
fecord
: . i . R . } iength
. 3 X . | sampies in
RUUIEY 8 DR ¥ 3 SN Sy iedivs
/ S : : AR 1000
AT S Y | S, D AR sainpias in ﬁ
4 . . : . : i 20 divs
E'.. {-.“H‘.';‘;'ﬁr‘ - 25[{]0.
samples in
o T 50 divs ﬁ
. Hoe00
- 4 sampies in
T 7 160 divs .
eyl T M 2oeus Chil W ~4omy —more-
: : : Lo ‘ : : S def2 ]
Time Base] TGS WS R Horlz - !
: Position ehg Scale
Main £ V) Pos E
AN /
=

Figure 3-2: Acgquisition Readout Shows Acquisition Status

For More See Acquisition, on page 2-19.
information
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TUUUUUU Autoset

The autoset function lets you quickly obtain and display a stable waveform of
usable size. Autoset automatically sets up the front panel conirols based on
the signal’s characteristics. This is faster than manual control-by-comirol setup.

Autoset makes adjustments in these areas:

= Acquisition

m  Display

w»  Horizontal
m  Trigger

m  \Vertical

Operation

When you want the digitizing oscilloscope to quickly adjust itself to produce a
stable signal display, press the AUTOSET button.

[7] step 1: Attach a source (probe or BNC connector) to one of the input
channels (such as CH 1).

Step 2: Connect the source to the signal you wish to measure on your
device under test.

[] step 3: Press the Channel Selection button corresponding to your input
channel to make it active (such as CH 1).

Step 4: Press AUTOSET.

Aigorithms

Autoset works as follows:

If you use autoset when one or more channels are displayed, the digitizing
oscilloscope selects the lowest numbered channel for horizontal scaling. Al
channels in use are vertically scaled.

If you use autoset when no channels are displayed, the digitizing oscilloscope

will tumn on channel one (CH 1) and scale it. If there’s no signal, the default
settings are 50 mV/div and 100 ps/div.

Table 3-1 lists the autoset defaults.

TDS 520 and TDS 540 Tutorial/User Manual
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Table 3-1: Autoset Defaulis

Control

Changed by Autoset to

Selected channel

Numerically lowest of the displayed
channels

Acquire Mode Sample

Acquire Repetitive Signal On

Acquire Stop After RUN/STOP button only
Display Style Vectors

Display Intensity — Overall

If less than 50%, set to 75%

Display Format

Y7

Horizontal Position

Centered within the graticule window

Horizontal Scale

As determined by the signal frequency

Horizontal Time Base Main Oniy

Horizontal Record Length Unchanged

Trigger Position No change

Trigger Type Edge

Trigger Source The selected channel - as defined by
Auicset

Trigger Slope Posltive

Trigger Coupling DC

Trigger Holdoff 0

Vertical Scale As determined by the signa! level

Vertical Coupling

DC unless AC was previously set.
AC remains unchanged.

Vertical Bandwidih Full
Vertical Offgat O volis
Zoom Off
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j/l/f /.

You may want to measure the difference between two waveiorm locations, For
exampie, you might want to find the time or the voliage difference between
wo events. The events may be on the same waveform or may be on different
waveforms.

One way to make such measurements is with cursors. Cursors are markers
that you position using the knobs. Once you position the cursors, readouts in
the screen display show the absoiute location of the selected cursor and the
difference between the selected and non-selected cursor. Two cursor types
are vertical bar and horizontal bar (Figure 3-8).

m Vertical bar cursors consist of two vertical bars. The position of the se-
lected cursor and the horizontal distance between the selected and non-
selected cursor are shown in horizontal axis units.

m  Horizontal bar cursors consist of two horizontal bars. The position of the
selected cursor and the vertical distance between the selected and non-
selected cursor are shown in vertical axis units.

Operation To take cursor measurements do the following:

D Step 1: Press the CURSOR bution to display the Cursor menu (Fig-
ure 3-4).

[] step 2: Select Function from the main menu.

[:] Step 3: From the side menu, select H Bars to display horizontal bars, V
Bars to display vertical bars, or Off 10 remove any existing cursor bars.,

D Step 4: Use the general purpose knob to move the selected (active)
cursor. Use the TOGGLE bution to change which cursor to move (that is,
to select the active cursor). A solid line indicates the active cursor and a
dashed line shows the inactive (set} cursor.

ERVARVARVERY

Horizontal Bar Cursors measire Yertical Bar Cursors measure
between two horizontal bars. between two vertical bars.

Figure 3-3: Cursor Types

TDS 520 and TDS 540 Tutorial/User Manuai 3-19



Cursor Measurements

Cursor Readout (H Bars):

& shows the vollage difference
between the cursors.

@ shows the voltage position of the
selected cursor relative to ground.

Set cursor doesn’t move.
{Dashed line)

Active clirsor moves.
{Solid line)

Cursor Readout (V Bars):

A shows the time (or, optionally,
frequency} difference

between the cursors.

@ shows the time {or optionally
frequency)} position of the
sefected cursor relative

to the lrigger.

Active cursor moves
{Solid line)

Set cursor doesn’t move.
(Dashed line}

-

N\

Tex Stoppedd: 2267 Acquisitions
|

‘N Cursor
Funetion

aff

H Bars

V Bars

ol () (G} L) (e

LI
[ Units
| seconds

Record View shows

position of vertical bar cursors relative to the
display and the waveform record (particularly
useful for locating cursors outside the dispiay).

A\

/’

>~
"TeK Stopped: 16520 Acgpsitions \!
{.,,w.,. . L :r‘.,....‘? S————
[T gy T Careor
‘ - . = - - Function
: ™\
R : 3 X . Off
//\7‘/\ i =
- : v Birs .
; S : : ]
LM 200s Ch1.s 4omv.
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Futiction H
! [ Units
vEars seconds l i l
-/

Figure 3-4: Cursor Menu and Cursor Readouts
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Cursor Measurements

Time Units

You can choose to display vertical bar cursor resulis in units of elapsed time
(seconds) or freguency (Hertz). Do this as follows:

[] Step 1: From the Cursor main menu, select the Time Units item.

[] step 2: From the side menu, select seconds or 1/seconds {Hz).

Speed Up

You can increase the response of the general purpose knob operation about
8X by pressing SHIFT before tuming the general purpose knob. That is, the
same knob twm will produce a rmuch greater movement of the cursor when the
SHIFT bution is in its lighted ON state. This feature is particularly useful when
moving V Bar cursors around waveforms with long record lengths.

For More
Information

See Measurements, on page 2-27.
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Delayed Runs After Main | Main

Wait .
" Wait for o
Waitfor | _Lrjs er—Spe;\lclfseg Delay © | Acquire
Delayed Triggerable | Main el | 1138 OF NUMDET : >
4 9 of Delayed Trigger gigﬁfr Data
Evenis

lipipipininh) Delayed Triggering

The TDS 500 Series oscilloscopes provide a main fime base and a delayed
time base. Delayed triggering affects the delayed time base.

There are Wwo types of delayed triggering.

»  Delayed Runs After Main waits for a main trigger, then waits a user-defined
time, then triggers.

w  Delayed Triggerable waits for a main trigger, then waits a user-defined
time or number of delayed trigger events, then looks for a delayed trigger

event.
Waitfor | Wait
L User-Specified
Time

Trigger

Figure 3-5: Delayed Triggering

The digitizing oscilioscope provides only a conventional Edge trigger for the
delayed time base. The delayed time base cannot be friggerable if the main
trigger type (as defined in the Main Trigger menu) is Logic, if the main trigger
type is Edge with its source set {o Auxiliary {TDS 540}, or if the main trigger
type is Pulse with the Runt trigger class selecied.

Operation

To set up and use delayed triggering, do the following:

Delayed Triggerable

l:] Step 1: Press the DELAYED TRIG button (SHIFT and TRIGGER MENU
buttons) to bring up the Delayed Trigger menu (Figure 3-6).
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Figure 3-6: Delayed Trigger Menu

[[] Step 2: Press the main menu Delay by item to select, from the side

meny, a time {Delay by Time) or an event-based (Delay by Events) delay
{Figure 3-8).

[:] Step 3: Press the main menu Source itemn 1o select the delayed trigger
source. From the side menu, select Chi, Ch2, on the TDS 540, Ch3, Ch4,
or Auxitiary (Rear Panel), and, on the TDS 520, Ax1 or Ax2,

1 N\
Tei Stopped: 1845 Acquisitions N
E T,
i ¥ A
—T e ot T . e
: : Edge source
L ETL T
: IR chz
. e .
E . €hl

2ab tha

H
T
T

Ch LT ‘S‘U'D'm\-"!'f M OS00Ns ChIV T -gmyYl —more-

Col.g)éiné V-Sigp; “evel | [

Figure 3-7; Delayed Trigger Menu — Source
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Delayed Triggering

[[] step 4: Press the main menu Coupling item to define how to couple the
input signal to the delayed trigger. From the side menu, choose DC, AC,
HF Rei, LF Rej, or Noise Rej. See Triggering on page 2-12 for descrip-
tions of these coupling types.

e ™
Tk Stopped: 1172 Acquisitions )
EM...“... e

""" ! ! ! 1 Delay Edge
1 Coupling
0 0 e e
SRERRC I S o B R
P A, s
: ; : : : 1 HT Re j
NN FrPsVelsy
i ARV VVVY
2",..-_ .......... {F Rej
So0myCR2 Soove M soss chlssmy| ose Rel s
. ; : ! L : ) . 1 Sensltivity) ;
T é)ei?; b . Sourre § 'u Iin - ‘Slo e ‘ li..eve.l
i Tiwe | | CTH . i Y '
N> )

Figure 3-8: Delayed Trigger Menu — Coupling

D Step 5: Press the main menu Slope item to select the slope that the
delayed ftrigger wilf occur on (Figure 3-8). Alternatives are rising edge and
falling edge slopes.
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Tk Stopped: 2207 Acquisitions

belay
Edge $lope

bt

]
e

sk

T 20 S 1t

LB

po

IEm' Sb.gmb T cnz’ soemV T M SBous CRI YT —Emv]

i M PR N H " ‘ : LA

i Delay by { Source | Coupling @ Level

i Time chi l?(: ] | - tmv
NS S

/

Figure 3-9: Delayed Trigger Menu — Slope
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Delayed Triggering

[:] Step 6: Press the main menu Level item to bring up a side menu of
alternative ways 10 enter the delayed trigger level. Press the side menu
Level item and use the general purpose knob or the keypad to enter a
user definable voltage level.

You can also choose from side menu preset values using the Set to TTL
and Set to ECL itemns.

NOTE

The oscilloscope will reduce the TTL or ECL trigger level as you
increase the vertical sensitivity (decrease the volts/div) beyond a
certain level. That's because the trigger level range is set at £12
divisions from the center. Thus, the effective trigger level range in
volts can shrink as you increase the veritical sensitivity. This will
bound the trigger fevel to a smaller vaiue than the typical TTL or ECL
fevel As you decrease the sensitivity {increase the volts/div), the
desired TTL or ECL value will return,

Finally, you can select Set to 50%. This sets the delayed trigger level to
50% of the peak-to-peak value of the delayed trigger source signal.

NOTE

You should select the delayed trigger from the Horizontal menu
before using Setto 50%.

(T N\
Rk Stopped: 1675 Acquisitions Delay Trigger Lavel: —tmy o
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Delzy by Coupling | sope  [INETTN
Tie | ded| TFC e

Source
hie Chi

Figure 3-10: Delayed Trigger Menu — Level
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D Step 71 You can optionally display an intensified zone that shows where
the delayed trigger record length COULD occur relative 1o the main trigger.
Do this as follows:

Press the HORIZONTAL MENU button to bring up the Horizontal menu.
Then, press Time Base from the main menu to select the time base {0
view. Press Intensified 10 view the delayed time base's position as a
more intensified portion of each time base's waveform than the rest of that
waveform. This will help you see when the delay trigger might be enabled,
To review how 1o define the intensity level of the nomal and intensified
waveform, see the Display Modes task reference on page 3-31. Finally,
press Delayed Triggerable o enable the delayed trigger as defined in the
Delayed Trigger menu.

The start of the intensified zone corresponds 1o the possibie start point of
the delayed trigger record length. The end of the zone is at the end of the
record because the delay trigger has no set time to occur,

Delayed Runs After Main

Use the Horizontal menu’s Time Base item to define the Delayed Runs After
Main mode and to ensure proper activation of delayed triggering in general .

[C] step 8: Press the HORIZONTAL MENU bution to bring up the Horizontal
menu.

[:! Step 9: Press Time Base from the main menu to select the time base to
view. To define the Delayed Runs After Main mode, choose the Delayed
Runs After Main item from the side menu. This will enable the delayed
rigger to occur a set time (the delay) after the main trigger. Use the gener-
al purpose knob or the keypad to actually adjust the delay time.

I:] Step 10: You can optionally display an intensified zone that shows where
the delayed frigger record length occurs relative to the main trigger. Do
this as foliows:

Press Intensified to view the delayed time base’s position as a more
intensified portion of each time base’s waveform than the rest of that
waveform. This will help you see when the delay trigger might be enabled.
To review how to define the intensity level of the normal and intensified
waveform, see the Display Modes task reference on page 3-31. Finally,
press Delayed Runs After Main to enable the delayed trigger to occur a
set time (the delay) after the main trigger. Use the general purpose knob or
the keypad 1o actually adjust the delay time.

The start of the Intensified zone corresponds to the possible start point of
the delayed trigger record length. The end of the zone corresponds 1o the
end of the delayed trigger record.

Note: In addition to using the time-base side menu to view the intensified
zone, you can use it to view just the main trigger’s time base (press Main
Only) or to view only the delayed time base (press Delayed Only).
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NOTE

The delay time in the Delay Runs After Main mode is independent
from the delay time in the Delayed Triggerable mode. The times do
not track each other.

Delay Runs After - set deiay from the Horizontal menu (Time base).

Delayed Triggerable - set delay from the Delayed Trig menu (Delay
by).

For More See Triggering, on page 2-5.
Information
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You may want the oscilloscope 1o present information in a panicular way. For
example, you may wart 1o use variable persistence for time-jitter analysis. You
can to adjust the oscilloscope’s display style, intensity level, graticule or
format.

Display Options

Display options include:

Style

The display styie includes a choice of vectors or dots and of variable or
infinite persistence.

Vectors versus Dots — The oscilioscope can dispiay waveforms as dots
which represent the sample points or show vectors (lines) that connect these
points. This is a display conirol which does not aifect the waveform data
points,

Variable Persistence versus infinite Persistence — The oscilloscope
can dispiay points so that they accumulated on screen over many acquisitions
and remain displayed only for a specific time interval (variable persistence}.
You can also set persistence 1o be infinite, in which case points accumulate
uritil some control change {such as & change of scale factor) occurs o cause
erasure.

Intensity

Intensity lets you set overall, text/graticule, and waveform intensity {brighiness)
levels. You can also set the contrast between a normal waveform and the
intensified portion of that waveform that shows the delay.

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

Contrast operates over a range from 100% (waveform and intensified portion
look the same) to 250% (Intensified portion Is at full brightness).

NOTE

If the waveform intensily is set to 100%, it will be at full brightness
and will look just fike the intensified portion.
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Readout Options

Readout options control whether the trigger indicator appears on the display.

Filter Types

The display filter types are sin(x)/x interpolation and linear interpoiation. Inter-
polation is used ordy when the oscilloscope is in its real time interpolated
sampiing mode (as when Acquire menu’'s Repetitive Signal choice is set to
OFF).

Sin(x)/x interpolation does a curve fit to fill in missing data points. it provides a
smooth approximation to many waveforms, but can introduce overshoot into
waveforms with fast rise times.

Linear interpoiation uses siraight lines o connect the waveform data points.

Graticule Types

Graticule types are full, grid, frame, and crosshalr.

Format

YT format is the normal time (on the horizontal axis) versus voltage (on the
vertical axis) format. XY format displays voltages of two waveforms against
each other.
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Operation Press the DISPLAY button to show the Display menu. Each main menu item
(Style, Intensity, Graticule, and Format) displays a secondary side mend.

Display Style
You can select how to display waveforms with the Style menu ltem {Fig-
ure 3-11).

e, Y

Jek Stopped: 1265 Ar_qruisltlons
i P
H T

e

Display Style

/

Vectors smoothly
,_/ connect waveform points,

i

Iy

Dots show waveform
points only.

Dots

tnfinilg
Persistence

Infinite Persistence keeps

oo oo

varlable )
1 persistence - accumulating waveform
se0ms points indefinitely,
[C:17 3 I 1 S S B 41 F LS o £ B WP S Y17 30
. - - - - i 1
o ./ Vari i
it : ariable Persistence
AT | tonsity | Readour | Filter | Graticule | Format disnl p nee .
Iz rr ) INtensity | onvions | Sinx) /x Fotlf ¥ isplays waveform points
L ; )) for a specified time.

/

Figure 3-11: Display Menu — Style Selected

Intensity

You can set overall screen intensity, fractional waveform intensities and the
intensity of text and the graticule with the Intensity menu item (Figure 3-12}.
The values are in percent, 100% is {full brightness; 20% is almost fully off.
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Figure 3-12: Display Menu - Intensity Selected

Display Readout
You can define the display readout with the Readout menu item as follows:
[] step 1: Press Readout from the main menu.

D Step 2: Toggle the side menu Display ‘T’ @ Trigger Point to select
whether or not to display a ‘T" to indicate the trigger point. You can select
ON or OFF.

Filter Type
You can define an interpolation filter with the Filter menu item as foliows:
[[] step 1: Press Filter from the main menu.

l:l Step 2: Select either Sin{x)/x Interpolation or Linear Interpolation from
the side menu.

Graticule Type

Select one of four graticule types using the Graticule menu ilem (Figure 3-13).
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Figure 3-13: Display Menu — Graticule Selected

Format

Typical oscilloscope displays show a signal voltage (the vertical axis) as it
varies over time (the horizontal axis). You can also create a display that shows
how two signals’ voliage levels compare with each other independent of time
values. That is, the digitizing oscilloscope can display a graph of the voltage
of one signal against the voitage of another signal. This mode is particularly
useful for studying phase relationships.

To set the display axis format:

D Step 1: You can set the display axis format with the main menu Format
item (Figure 3-14).

L] Step 2: Choose XY from the side menu to display a graph of ihe voitage
of one signal against the voltage of another signal.

or

Choose YT to display the more typical voltage-over-time waveform,
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Figure 3-14: Dis

play Menu — Format Selected

When you choose XY, the channels that can make up an XY waveform are

fixed as shown in Table 3-2.

Table 3-2:

XY Format Pairs

X-Axis Channel

Y-Axis Channel

Cht Ch2

Ch 3 (TDS 540) Ch 4 (TDS 540)

{Aux 1 on the TDS 520) (Aux 2 on the TDS 520)
Ref 1 Ref 2

Ref3 Ref 4

This means that if you press the CH 1 channel selector bution, the digitizing
osciloscope will display a graph of Channel 1's voltage levels on the X-axis
against channel 2's voltage levels on the Y-axis. This will occur whether or not
you were displaying channel 2's waveform when in YT format. if, while chan-
nei 1 is selected, you press the WAVEFORM OFF button, the digitizing oscil-
loscope will delete the XY graph of channe! 1 versus channel 2.

Since the YT/XY choice is a display choice only, the horizontal and vertical
scale and position controls will usually cantrol the same parameters with
either selection. Specifically, in XY format, the hotizontal scale will continue 1o
control the time base and the horizontal position will continue to control which
portion of the waveforms are dispiayed.
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XY format is a dot-only display, although it can have persistence. The Vector
and Intensified Samples style selections have no effect when you seiect
XY format. They become the same as the Dots selaection

You cannot dispiay Math waveforms in XY format. They will disappear from the
display when you select XY. You can still adjust them, however, even though
they are not displayed.
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A glitch is a pulse narrower in width than some specified time. The glitch
trigger feature aliows triggering on glitches of either polarity. Alternatively, you
can set the glitch trigger to reject glifches of either polarity.

You may want 1o use the glitch as your trigger event. For example, imagine
you're testing a product with a giitch in the power suppiy. However, the glitch
only appears once a day. Instead of sitting by and waiting for this glitch to
appeat, you can use the gliich trigger to automatically capture your data.

You can define a glitch source, polarity, rigger on, or filter out, set mode (auto
or normal), set voltage levels, and set holdoff times.

Operation

To trigger on a glitch:

D Step 1: Press the TRIGGER MENU button o bring up the Main Trigger
menu (Figure 3~15).

Then, use the Main Trigger menu options ta define glitch trigger parameters 1o
look for:

E:l Step 2: Press the Type main menu button untit you select Pulse from the
POp-up menu.

[T] step 3: Press the Class button until you select Glitch from the pop up
menu.

D Step 4: Choose the glitch source, by selecting the main menu Source
item and then one the four available channels in the side menu (Cht,
Ch2, Ch3 (Ax1 on the TDS 520), Ch4 (Ax2 on the TDS 520)).

[T] step 5: Define the glitch in terms of polarity (positive, negative, or either)
and width. Polarity is shown as icons. Select the Polarity and Width item
on the main menu, and one of the four choices that appear on the result-
ing side menu (Positive, Negative, Either, Width),

Glitch Positive looks at positive-going pulses.
Glitch Negative looks at negative-going pulses.
Glitch Either looks at both posiive and negative puises.

Glitch Width lets you set the glitch width to search for. You enter the actual
time value using the general purpose knob or the keypad.

[C] step 6: Specify whether to trigger on glitches or filter out glitches using
the Filter main menu jtem and the side menu Accept Glitch or Reject
Glitch iterns. When Filter is Off (Accepl Glitch), the oscilloscope will
trigger only on pulses narrower than Width. When Filter s On (Reject
Glitch), it will trigger only on pulses wider than Width.
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[] step 7: Set the trigger level with the Level main menu item (or the front
panel trigger LEVEL knoby), and an appropriate side menu item. From the
side menu, you can;

®  select Level and enter a value with the general purpose knob or the
keypad.

®  select Set to TTL to automatically set the trigger level to the TTL
switching threshold.

n  select Set to ECL to automatically set the trigger level to the ECL
switching threshold,

m  select Set to 50% {o cause the digitizing oscilloscope o search for
the point haifway between the peaks of the trigger source signat and
set the trigger level to that point.

[] step 8: Choose between the auto and normal trigger modes. Do this
using the Mode & Hoidoff tem in the main menu and the resulting Auto
and Normal side menu items.

[] step 9: Set the trigger holdoff time. Do this using the Mode & Holdoff
item in the main menu. Enter the value in % using the general purpose
knob or the keypad. The value appears below the Holdoff menu item.

4 ™\
Tek Stopped: ?99 Acquisitions
.
[y T

-

4 Puise Gliteh
: Source

T EhiPer T
1ms

T

L PRI o] Ch4
T SO0 'Gliiéﬁ 'Cﬁ§ S
PP BT RO M‘oﬂe "
? Filter Level
Tyne L 4 &
I ':Pw)sv <Glitch» | on av Holdoff |

Figure 3-15: Main Trigger Menu — Glitch Class

For More See Triggering, on page 2-5.
Information
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You may want to print a copy of what is on the screen. You can get a screen
copy using the hardcopy feature. Depending of the output format you select,
you can create either an image or a plot. Images are direct bit map represen-
tations of the digitizing oscilloscope display. Plots are vector (plotted) repre-
sentations of the objects on the display.

Operation Before you make a hardcopy, you need to set up communications and hard-
copy parameters.

D Step 1: Setup the communications parameters:

Press the UTILITY button (SHIFT and then DISPLAY} to show the Utllity
menu. Then select 1/0 from the System main menu pop-up. Choose
Configure from the main menu. Select the Hardcopy (Talk Only} option
from the side menu. '

D Step 2: Set up the hardcopy parameters:

Press the shifted HARDCOPY MENU bution (SHIFT and then HARDCO-
PY) to bring up the Hardcopy menu on the display (see Figure 3-16).

7 N

“TeK Stopped: 132655Acquisttions
i .
£
T T Hardcopy
; : Format

e T T

e—

A

Thinkjet

Deskjet

iaseriet

RALRY : : rMOd.Os Chi T 404V ~more-

B

.

“rorimat T Port
[ Portralt GPIB

Figure 3-16: Hardcopy Menu - Format Selected
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If you want to change the way the oscilloscope will format the hardcopy
data, press the main menu Format button and select the appropriate side
menu item, You can choose Thinkjet, Deskjet, Laserjet, Epson, Inter-
leaf, EPS Image (Postscript) or HPGL.

If you want to specify whether to send out hardcopy in landscape or
portrait format, press the Layout main menu button and select the appro-
priate side menu item. You can choose Landscape or Portrait,

The Port main menu item lets you specify the output channel to send your
hardcopy through. The only choice is GPIB.

[] step 3: Print the screen copy.
Press the HARDCOPY button,

If for some reason you want to stop the hardcopy process, simply press the
HARDCOPY button on the front panel again.

For More See Save and Docurment, on page 2-31.
Information See Remote Communications, on page 2-35.

See Rernote Communication Tasks, on page 3-87.
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The on-line help system provides brief information about the digiiizing oscilio-
scope’s controls.

Operation

To use the on-line help system:

|:] Step 1: Press the HELP button 1o provide on-screen information on any
front panel button, knob or menu item.

When you press this button, the entire instrument changes mode to support
on-line help. Press the HELP button again o refumn to regular operating mode,
Whenever the oscillosceope is in help mode, pressing any button {except HELP
or SHIFT), tuming any knob, or pressing any menu #em displays help &xd on
the screen that discusses that controt.

The menu selections that were displayed when HELP was first pressed remain
on the screen. On-line heip is available for each menu selection displayed at
the time the HELP button was first pressed. If you are in help mede and want
10 see help on seiections from non-displayed menus, you first exit help mode,
dispiay the menu you want information on, and prass HELP again to re-enter
help mode.

Holp dode is on- PUSH HELE 10 eXit)

Press any button or turn any knob for Informatlon about that
controf, Changlng a control while In help mode wili not affect
the ascillocope settings,

Press HELP again to exit the help mode.

Press the SHIFT button with varlous front-pane! manu butions
te bring up help screens for shifted menus {Acquire meny,
Application menu, Hardcopy menu, Delaved Trigger menu,
Status ment, and UtlHty men).

W 500ps ChT ./ [

Figure 3-17: Initlal Help Screen
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iy

By changing the horizomntal scale, you can focus on a particular portion of a
waveform. By adjusting the horizontal position, you move the waveform right
or left to see different portions of it. This s particularly useful whan you're
using larger record sizes and can't view the entire waveiorm on cne screen.

Operation To change the horizontal scale and position, use the horizontal POSITION and
horizontal SCALE knobs. The horizontal controls (Figure 3-18) manage the
acquisition time base and horizontal waveform positioning on the screen.

Al HORIZONTAL ‘
Jrosmion>

HORIZONTAL
MENU

{ SCALE >

Figure 3-18: Horizontal Controls
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Horizontal Menu

Press the HORIZONTAL MENU button to bring up the Horizontal menu (Fig-
ure 3-19).

The Horizontal menu fets you select either a main or delayed view of the time
base for acquisitions, and leis you set the record length and trigger position
parameters.

1 ~\
Tek Stopped: 15 Acqulsltiens .
- LS ——— e Shows Main Time Base
T i Time base
e . . . .
e R Shows Main Time Base and
o aW ‘ - Intensified Delayed Time Base
1 ‘Intensified ;
| betved onty : e Showes Defayed Time Base Only
Belayad Runs
ans
After kEain \
U T 1 _Delayes 1 \-— Defay Time Adjustment and
R 1 +H g . ;
: M 50.0ns - Ght ] (ség%%réyeed Changes Delayed Trigger Mode
N 1 Trig Menu) 2
HoTR ;
|
v
Sets Delayed Triggerable Mode

A\

Figure 3-19; Horizontal Menu — Time Base

Main and Delayed Time Base

To select between the Main and Delayed views of the time base, choose the
Time Base main menu item (Figure 3-18). This selection also lets you see an
intensified zone indicating the location of the delayed time base with respect
to the main.

For more information on the delayed time base, see Delayed Triggering on
page 3-23.
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Trigger Position

To set the trigger position, seiect Trigger Position from the main menu (Fig-
ure 3-20). Then set the trigger position by using the general purpose knob or
the keypad. This enters a value into the side menu Pretrigger item. You can
select presets using the Set to 10%, Setto 50%, and Set to 90% items from
the side menu.

-

=

~
TeK Stopped: 60 Acquisitions Trigger Position: 56% o
E T 3
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R T : Trigger
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: : ; : i | Setto s6%
e J
S Loz 110
T L 1 Setto 90%
%3 - . .
T T selens Glitch CRlC ]
L .;_a. T ./
I3 Retor Horiz n
Length scale HP%!;Z
500 (/divy
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Figure 3-20: Horizontal Menu - Trigger Position
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Record View Readout

Readouts

At the top of the display, the Record View readout shows the size and location
of the waveform record and the location of the trigger relative to the display.

The Time Base readout at the lower right of the display shows the time/divi-
sion settings and the time base (main or delayed) being referred to.

The Channel readout at the lower part of the display shows each displayed
channel (the selected channel is in inverse video), and its volts/division set-
ting.

M ——— -\

ﬁ Tek Stopped:  1223% Acquisitions
: L ) + ] d
- ! T T T Record
) : : Lergth

590
samples in
¢ divs

00
samples in
20°divs

1 2500
1 samples in
1 50 divs

I&
=

' 3000
samples In
. 160 divs

TOM Zoops Chi/ T -aemvi —more-
: . : : 1of2

—HEY

Hotlz
| Scale
(rdiv) Pos | '

Figure 3-21: Record View Readout
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Figure 3-22: Record View, Channel, and Time Base Readouts

Record Length

To set the waveform iength, choose the Record Length ilem in the Horizontal
main menu {Figure 3-23). The side menu selections of 500 points in 10 divs,
1000 points in 20 divs, 2500 points in 50 divs, 5000 points in 100 divs,
15000 points in 300 divs and, with option 1M, 50000 peints in 1000 divs
give you a set of discrete record length choices.

‘1 N
Tek Stopped: 56 Acuuisitions
1

A ou

Record
tength

500
8 samples In
10d
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1008 .
1 samples in
; 29 divs
2500
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106 divs
~more-
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S

Tors
Scaje
{rdiv)

Horiz
Pos
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Figure 3-23: Horizontal Menu — Record Length
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Horizontal Scale

To change the horizontal scale of either the main or the delayed time base,
press the Horiz Scale main menu item. On tha resulting side menu, press
either Main Scale or Delayed Scale to enable entering the corresponding
scale values with the keypad or the general purpose knob.

Horizontal Position

To change the horizontal (efi-right) position of the selected waveform and all
other waveforms horizontally locked to it, press the Horiz Pos main menu
iten. On the resulting side menu, press the Set to 10%, Setto 50% or Setto
90% buttons to choose how much of the waveform 1o display 1o the left of the
display center.

For More
Information

See Scaling Waveforms, on page 2-13.
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i TINs

You can set the oscilloscope 1o trigger on a speclfied togic state or a jogic
combination across multiple channels.

Operation To perform logic Yriggering:

[] step 1: Press the TRIGGER MENU button to call up the Main Trigger
rmenu (Figure 3-26).

D Step 2: From the Main Trigger menu, use the Type main menu pop-up to
set your oscilloscope to trigger on logic signals.

[T] step 3: Set the trigger class.

Use the Class main menu pop-up to trigger on Pattern or State.

NOTE

Trigger Level has no meaning for the Logic Trigger, and therefore,
when Logic is selected, the Trigger Level readout will disappear
and the Trigger Level knob will be inactive.

D Step 4: Set the trigger conditions as described in the rest of this section.

Pattern Triggering

When the patiern submenu is selected, the oscilloscope will trigger on a
specified logic combination of the four channels. The Logic Pattern menu
items are described below.

Define Inputs — Press the main menu Define Inputs button to bring up a
side menu that lets you set the logic state to be considered TRUE for each of
the input channels {(Ch1, Ch2 ...). The available selections for each channel
are: High (H), Low {L), and Don’t Care {X). The Logic Pattern Inputs menu Is
shown in Figure 3-24.
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Figure 3-24: Setting Logic Pattern Inputs

Define Logic — Press the main menu Define Logic button to bring up a side
menu of logic operators o apply o the combinational inputs. Your choices
are: AND, OR, NAND, and NOR (Figure 3-26).

[:} Step 5: The pattem trigger logic works as follows: Check the combinato-
rial logic conditions of Ch1, Ch2, Ch3 (Ax1 on the TDS 520), and Ch4 {(Ax2
on the TDS 520). If they result in a frueg, then the ¥rigger occurs,

D AND D OR g:} NAND D NOR

Figure 3-25: Pattern Trigger Logic

Trigger When ~ Press the main menu Trigger When button to bring up a
side menu of friggering conditions. Your choices are: Goes TRUE and Goes
FALSE. Press Goes TRUE to trigger when the logic condition is met. Press
Goes FALSE to trigger when the logic condition is no longer met.
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Figure 3-26: Main Trigger Menu — Logic Pattern Function

Set Thresholds — Press the main menu Set Thresholds item io enable the
general purpose knob and keypad to set the trigger comparator threshold for
each channel. The side menu selections are Ch1 and Ch2. On the TDS 540
you can also select Ch3 or Ch4. On the TDS 520 you can also select Ax1 or
Ax2.

Mode and Holdoff — Press the rain menu Mode and Holdoff bution 10
bring up a side menu of Auto or Normal mode and holdoff %.

State Triggering

The State selection preassigns Channel 4 1o be used as a clock input to
synchronize the pattern defined on the remaining channels.

Define Inputs — Press the main menu Define Inputs button to bring up a
side menu that lets you set the logic state to be considered TRUE for each of
the first three input channels (Chi, Ch2 and Ch3 on the TDS 540 and Ch1,
Ch2 and Ax1 on the TDS 520). The availabie choices are High (H), Low (L),
and Don't Care (X). The choices for the Ch4 (Ax2 on the TDS 520) edge are
rising edge and falling edge.
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Figure 3-27: Setting the Logic State Function

Define Logic — Operates the same as for the Pattern class described
above. The choices are: AND, OR, NAND, and NOR. The Logic State Func-
tion side menu is shown in Figure 3-27.

The state trigger logic works as follows: Walt unti] the fourth channel meets the
preset slope and voltage threshold, then check the combinatorial logic condi-
tions of the first three channels. If they result in a true, then the trigger ocours,

™ ’ Clocked Clocked ’-’ Clocked Clocked
b AND OR ¢ NAND 9 NOR

Figure 3-28: State Trigger Logic

Set Thresholds — Operates the same as for the Pattern class described
above.

Mode & Holdoff — Operates the same as for the Pattern class described
above.

For More See Triggering, on page 2-5.
Information
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There are various ways {0 measure properties of waveforms. You can usge
graticule, cursor, or automatic measurements. The cursors and graticules are
described elsewhere. (See Cursor Measurements on page 3-19 and Measure-
rmerits on page 2-27.) This section describes automatic measurements. These
are generally more accurate and quicker than, for exampie, manually counting
graticule divisions. The oscilloscope will continuously update and display
these measuremeants.

The TDS 500 Series Digitizing Oscilioscopes provide you with 22 autornatic
measurements; These include; period, frequency, positive width, negative
width, rise time, fall time, positive duty cycle, negative duly cycle, delay, burst
width, pasitive overshoot, negative overshoot, high, low, maximum, minimum,
peak to peak, amplitude, mean, cycle mean, RMS, and cycle RMS.

Automatic measurements calculate waveform parameters from acquired data.
Measuremenis are made on data for the entire record {(where relevant), not just
the portion displayed on the screen.

Definitions The following are brief definitions of the automated measurements in the
digitizing oscilloscope (for more details see Appendix D: Algorithms,

page A-77).

Table 3-3: Measurement Definitions

Name Definition

mplitude e high value less the low value. Measure
Amplitud The high value | the | M d
) over the entire waveform.

Amplitude = High - Low

AL Burst Width Timing measurement. The curation of a burst.
Measured over the entire waveform.

f#  Cycle Mean Ampilitude (voltage) measurement. The arithme-
tic mean over the first cycle in the waveform.

vy  Cycle RMS The true Root Mean Square voltage over the
first cycle In the waveform.

S Delay Timing measurement. The time between the

MidRef crossings of two different traces.

-y FallTime Timing measurement. Time taken for the falling

edge of the first puise in the waveform to fall
from a High Ref value {defaull = 90%) 1o a Low
Ref value (default =10%) of is final value.
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Table 3-3: Measurement Definitions {Cont.)

Name

Definition

Frequency

Timing measurement for the first cycle in the
waveform. The reciprocal of the period. Mea-
sured in Hertz (Hz) where 1 Hz = 1 ¢ycle per
second.

High

The vaiue used as 100% whenever High Ref,
Mid Ref, and Low Hef values are needed as in
fall time and rise time measurements. May be
calculated using either the min/max or the histo-
gram method. With the min/max method it is the
maximum value found. With the histogram
method, it refers to the most common value
found above the mid point. Measured over the
entire waveform.

Low

The value used as 0% whenever High Ref, Mid
Ref, and Low Ref values are needed as in fall
tirne and rise time measurements. May be cal-
culated using either the min/max or the histo-
gram method. With the min/max method it is the
minimum value found. With the histogram meth-
od, i refers 1o the most common value found
below the mid point. Measured over the entire
waveform.

Maximum

Amplitude (voltage} measurement. The maxi-
mum amplitude. Typically the most positive
peak voltage. Measured over the entire wave-
form.

Mean

Amplitude (voltage) measurement. The arithme-
tic mean over the entire waveform.

Minimum

Amplitude (voltage) measurement. The mini-
mum amplitude. Typically the most negative
peak voltage. Measured over the entire wave-
form.

Negative Duty
Cycle

Timing measurement of the first cycle in the
waveform. The ratio of the negative pulse width
o the signal period expressed as a percentage,

NegativeWidth

¢ [»?
Period 100%

NegativeDutyCycle =

MNegative Over-
shoot

Amplitude {voltage) measurement. Measured
over the entire waveform.
Low - Min

x 100%
Amplitude 00%

NegativeOvershoot =

Negative Width

Timing measurement of the first pulse in the
waveform. The distance (time) between MicRef
(default 50%) amplitude points of a negative
pulse.
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Table 3-3: Measurement Definitions (Cont.)

Name

Definition

Peak 10 Peak

Amplitude (voltage) measurement. The absolute
difference between the maximum and minimum
amplitude.

J 14 Period Timing measurement. Time it takes for the first
complete signal cycie to happen. The recipro-
cal of frequency. Measured in seconds.

H_T PosHiive Duty Timing measurement of the first cycle in the

Cycle waveform. The ratio of the positive pulse width

1o the signal period expressed as a percentage.

PositiveWidth
PositiveDutyCycle = —m— ————— x 1009
: utyCy Period 00%

Positive Over-
shoot

Amplitude (voltage) measurement over the en-
tire waveform.
Max - High

% 10
Amplitude 0%

PositiveOvershoot =

Positive Width

Tirming raeasuremnent of the first pulse in the
waveform. The distance (time) between MidRef
{default 50%) amplitude points of a positive
pulse. -

Rise time

Timing measurement. Time taken for the leading
edge of the first puise to rise from a L.ow Ref
value (default = 10%) to a High Ref value
{default = 909%) of its final value,

RMS

Amplitude {voitage) measurement. The true
Root Mean Sqguare voltage over the entire
waveform.
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Measurement Djspjay The readout area for measurements is nomally the area to the right of the
waveform window as shown in Figure 3-29. The digitizing oscilloscope has
four areas for measurement readouts. You can simultaneously display and
continuously update up to four measuremerts.
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Figure 3-29: Measurement Readouds
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Operaﬂo n Te use the automatic measurements:
I:} Step 1: Obtain a stable display of the waveform to be measured. Autoset
may help.
[:i Step 2: Press the MEASURE button 1o bring up the Measure menu (Fig-
ure 3-30).
/1 ™
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Figure 3-30: Measure Menu

Selecting a Measurement

[7] step 3: Press the main menu Select Measrmnt button to call up the side
menu measurements list.

[[] step 4: Select a measurement from the side menu. When they are
created, the oscilloscope can perform four measurements at one time.
Measurements use the current selected waveform as their target.

The following are hints on making automatic measurements:

®  You can take a maximum of four measurements at a time. If you attempt to
create a fifth measurement, the oscilloscope will generate an error mes-
sage. You must remove one or more of the existing four measurements
before you can add another one.

®  You can vary the source for measurements. The source waveform for each
measurement is simply the waveform that was selected when you created
the measurement.

»  Measurements are made on data for the entire record, not just the portion
displayed on the screen.
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= Be careful when taking automatic measurements on noisy signals. You
want to ensure that when, for example, you measure frequency on signals
where the noise level is relatively high, you measure the frequency of the
desired waveform phenomena and not of the noise.

Your digitizing oscilloscope helps identify such situations by presenting
low signal amplitude or iow resolution waming messages.

You can ¥y to work around noise problems by changing the verlical scale
o enlarge the waveform height and make it easier to ignore certain noise.
You can also change the acquisition mode. You might use Hi Res mode,
which is less susceptible to this type of noise problem, rather than the
more susceptible Peak Detect mode. '

Removing Measurements

The Remove Measrmnt selection provides explicit choices for removing
measurements from the display according to iheir readout block position.
Measurernent 1 is the one in the top readout block. Measurement 2 is below it,
and so forth. The fifth menu button provides the choice to remove all the
measurements at once. The measurement blocks stay in their positions even
when you remove measurements above them.

To remove measurements:

I:I Step 1: Press the MEASURE button 1o bring up the Measure menu (Fig-
ure 3-31).

[] step 2: Press the Remove Measrmnt main menu ltem (Figure 3-31).

[[] step 3: Select the measurement to remove from the side menu.

e ~
Tek Stopped: 713 Acquisitions
i b 1
i ¥ 1
T R 1 Remove
I Megstrement
‘ Measu_rlement \
‘ ]
| Measurement
Measugemem
- b Measurement
24 PR 3 AR A, 4
- +
WU 1,00V CHR 2000V M 2000s Chl o W2emV All
: R : : : ; : . R - Measurements :
Jeiecl EPETTIR i. OV | Reference
Meass et NS Setu
’—iur Chi |l Moy | Evels
A3 w

_/

Figure 3-31. Remove Measurement Side Menu
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Delay Measurement

The delay measurement measures from the selected waveform to another
waveform, which you specify. When you select this measurernent, the oscillo-
scope prompts you for further information by displaying the menu (Fig-

ure 3-32). This allows you to specify the parameters needed to complete the
delay measurement.

To use:

|:] Step 1: Press the Measure menu's Delay side menu button. This brings
up the Measure Delay menu (Figure 3-32).

[7] step 2: Onthe Measure Delay menu, press the bution below the main
menu item called Delay To. It provides a side menu with one itlem: Mea-
sure Delay to (Figure 3-32). Press the side menu button repeatedly or turn
the general purpose knob to choose the Delay to waveform. The choices
are: Chi, Ch2, Ch3 and Ch4 (on the TDS 540), Ax1 and Ax2 {on the
TDS 520). Math1, Math2, Math3, Ref1, Ref2, Ref3, and Ref4d.

'\

Rk Stopped: 2?35 Acguisitions Mear;ure Belay to: Chi 9

t E

| Pelay from
iselected wim

Measure -

| l}qlav 1Q

Verlfiyor-change the-waveiornrtowhich Dty
wili be measured, the Search Direction, and the p
.1 kdges at which to measure, When satisfied with | -
selections, press Create Measurement. Press
CLEAR MENY to return to the Measure menu
wHiout creating the Delay measurement.

4

3]

Edges

Creats
Yy,

2 R N B

vy

Figure 3-32: Measure Delay Menu ~ Delay To

D Step 3: On the Measure Delay menu, press the main menu bution with
the label Edges. A side menu of delay edges and direction will appear
(Figure 3-33).

The direction arrows on the choices aliow you o specify whether to do a
forwarg search on both waveforms or forward on the selected, (or “from™),
waveform and backwards on the “to” waveform. This tatter choice is
useful for isolating a specific pair of edges out of a stream.
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The waveform slopes allow you to specify the slope to be detected on
each of the target wavetorms. The upper waveform on each icon repre-
sents the from waveform and the lower one represents to to waveform.

/g N\

TEK Stopped: 13¥  Acgulsitions
E T

13 i T
R T A a e el Eges
| & Direction

C 3 M OSPBOMS Stafe HXKX TF -more-

iy

i s hmininsiod

Create i
Measrmnt !

Figure 3-33: Measure Delay Menu — Edges

[[] step 4: Press the main menu Create Measrmnt button. On the resulting
side menu, press: OK Create Measurement. This causes the specified
delay measurement to be created and retums you to the Measure menu.

To exit the Measure Delay menu without causing the delay measurement to be
created, press the CLEAR MENU button, which retumns you to the Measure
menu.

High-Low Setup

The High-L.ow Setup item provides two choices for how the oscilloscope
determines the High and Low levels of waveforms. These are: histogram and
max/min. Histogram sets the values statistically. Max/Min uses the reference
levels you set with the Reference Level main menu and resulting side menu.

To set the high-low setup type:

{:] Step 1: Press the MEASURE button to bring up the Measure menu (Fig-
ure 3-34).

D Step 2: Press the High-Low Setup main menu item.

7] Step 3: Select either Histogram (best for pulses) or Min-Max (all other
waveforms) from the High-Low side menu. If you select Min-Max, you
may also want to check and/or revise values using the Reference Levels
side mendu.
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You can set the veriical reference levels with the Reference Levels main

Measurement System

menu item. Once you've selected an item with the side menu, you can enter a
value with the general purpose kncb or key pad. Side menu items are:

Set Levels in % (or) units — Choose whether the References are set in %
relative to High (100%) and Low (0%}, or set explicilly in units of the target
waveform (typically volts}, The units or % selection applies 10 all Reference
Levels. % is the defauit selection. [’s useful for many general purpose appli-
cations. The units selection Is helpful for setling precise vaiues. For example,
if you're trying to measure adherence to published interface specifications on
an RS-232-C circuit, then it makes sense 1o assign the High and Low refer-
ences to units. In this case you might set those units to equal precise
R&-232-C specification voltage values.

High Ref — Set the high reference level. The default is 90%.

Mid Ref — Set the middie reference level. The default is 50%.

Low Ref — Set the low reference level. The default is 10%.

Mid2 Bef — Set the middie reference level used on the second waveform
specified in the Delay Measurements. The defaul is 50%.

-
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Figure 3-34: Measure Menu — Reference Levels
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For More See Measurements, on page 2-27.
Information See Appendix D: Algorithms, on page A-77.
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s

Passive probes require compensation to ensure maxirmum distortion-free
output and to avoid high frequency amplitude erors.

Probe Compensated Correctly

Probe Over-Compensated

Probe Under-Compensaled

Figure 3-35: How Probe Compensation Affects Signals

Operation To compensate your probe:

[ step 1: Connect the probe to the probe compensation signal on the front
panel.

[] step 2: Press AUTOSET.

[[] step 3: Adjust the frimmer in the probe until you see a perfectly flat top
square wave on the display. Figure 3-36 shows where the adjustment
trimmer is located.

TDS 520 and TDS 540 Tutorial/User Manual 3-63



Probe Compensation

Figure 3-36. P6135A Probe Trimmer Adjustment

For More See Probe Connection, on page 3-65.
Information See Probe Selection, on page 3-77.
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The way you aftach your probe to a signal source can affect the results you
get.

Two important factors that can affect your signal are:
m ground lead inductance (infroduced by the probe), and

@ the physical layout of your circuit and component devices.

Ground Lead In order for an amplitude measurement to be meaningful, you must give the

Inductance measurement some point of reference. Your probe offers you the capability for
referencing the voliage at its tip to ground. Use the ground lead to access the
ground reference.

However, when you touch your probe tip 1o a circuit element, you are introduc-
ing new resistance, capacitance, and inductance into the circuit (Figure 3-37).

Rsource Tip Inductance L,

AN

Probe
Ysource @ Bin 10 M

e s e
Ground Lead inductance Ly

.. Probe
™ 8.3 pF

Ay

Figure 3-37: A Probe Adds Resistance, Capacitance, and inductance

For mast circuits, the high input resistance of a passive probe has a negligible
effect on the signal. The series inductances representad by the probe tip and
ground lead, however, can result in a parasitic resonant circuit that may “ring”
within the bandwidth of the oscilloscope. Figure 3-38 shows the effect of the
same signal through the same probe with different ground leads.
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4" Ground Lead e

Low-Induciance
Ground Lead

Figure 3-38: Signal Variation Introduced by Probe Ground Lead
{1 ns/division)

Ringing and rise time degradation may be hidden i the frequency of the
induced ringing is beyond the bandwidth of the oscilloscope. If you know the
seif-inductance (L) and capacitance {C) of your probe and ground lead, you
can calculate the resonant frequency (fp) at which this parasitic circuit will
resonate:

f o= bl
¢ 27 x JLC

Reducing the ground lead inductance will raise the resonant frequency. ideal-
ly, the inductance is low enough that the resulting frequency is above the
frequency at which you want 1o take measurements. For this purpose, the
probes include several accessories 1o help reduce ground lead inductance.
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Probe Accessories The following descriptions explain how {o use many of the accessories that

Overview came with your probe as well as optional ones you can order. Figure 3-39
shows the standard and optional probe accessories and how they fit with your
probe.

The accessories serve two purposes. Some reduce ground lead inductance,
and some are physical adapters 1o help you connect the probe to your circuit.

Marker Ring
{Standard) @

Marker Ring
(Standard)
Compact-to-Minlature
Probe Tip Adapter
{Optional)

IC Protector Tip <

(Optional) & Probe Tip-to-Circuit
Board Adapter
(Standard)

Dual Lead Adapter |
(Opt:onal)

Probe Tip-to-Chassis @®

Adapter (Optional)

Slip-on
Ground Lead
(Standard)

|| Alligator Clip
/) Ground Lead

(Standard)
&7 T &
% / Low Inductance
Spring Tip (Optional)

Retractable Hook Tip P
(Standard) «+

KilipChip™

{Standard)
Low Inductance
Ground Lead
{Standard)

Figure 3-39: Probe Accessories
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Standard Probe
Accessories

Slandard probe accessories include the following:

Retractable Hook Tip

The Retractable Hook Tip attaches to your signal test point for hands-free
operation of the prebe. The hook tip attaches o components having leads,
such as resistors, capacitors, and discrete semicenductors. You can also grip
stripped wire, jumpers, busses, and test pins with the retractable hook.

For maxirnum fiexibility with the hook tip, use one of the six-inch ground leads.
For precise reasurements at high frequency, however, long ground leads may
have toc much inductance. In these cases you can use one of the low-induc-
tance probe tip configurations instead.

To remove the hook tip, simply pull it off the probe. Reinstall it by pushing it
firmly onto the ribbed ferrule of the probe tip {see Figures 3-38 and 3-40).

Figure 3-40. Retractable Hook Tip

Marker Rings

The Marker Rings help you keep track of individual probes and signal sources
when you have a complicated test setup. Use the marker rings whenever you
wantt 10 identily a particular probe for any reason.

To make probe identification easy, clip matching colored rings onto the probe
cable and probe tip as shown (Figure 3-41).

Figure 3-41: Marker Rings
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Long Ground Leads

Long Ground Leads help when a iong reach is important and high-frequency
information is not. Because of the high inductance associated with long
ground leads, you should not use them for precise measurements above
approximately 30 MHz (or for puises with rise times less than about 11 ns).
Long ground leads are ideal for quick troubleshooting when you are lcoking
for the presence or absence of a signal and are not concerned with the preci-
sion of the measurerment.

You can choose between a ground lead terminated with an alligator clip and a
fead terminated with a square-pin receptacie. To attach the lead, unscrew the
ribbed ferrule, slip the ground lead ring over the probe tip, and push it firnly
against the molded portion of the cable. Secure the cable by reinstaliing the
ribbed ferrule (see Figure 3-42).

il
J
v
&

Figure 3-42: Long Ground Leads

Low-Inductance Ground Lead

Low-inductance Ground Leads substantially reduces ground lead inductance.
Compared 10 a typical six-inch ground lead with an inductance of approxi-
mately 140 nH, the low-inductance lip assermnbly has an inductance of approxi-
mately 32 nH. This improved performance means that your measurements will
be relatively free of probe-related high-frequency degradation to approximately
250 MHz.

The low-inductance tip has a partially insulated flexible ground pin that allows
you to ground the probe and still have a limited amount of reach with the
probe tip. Because the ground lead simply contacts the ground reference
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{instead of clipping onto ity you can move the probe around your device under
test with ease. The assernbly is well-suited to densely populated circuit
boards and muiti-pin connectors.

To attach the low-induciance tip assembly, unscrew the ribbed ferrule and
remove the long ground lead, if installed. Slip the plastic adapter onto the
probe tip so that the end of the adapter with two holes is nearest the probe tip.
Secure the adapter by reinstalling the ribbed ferrule. Insert the receptacie end
of the shorl, black, flexible wire into the remaining hole in the adapter and seat
it firmly onto the recessed pin (see Figure 3-43).

Figure 3-43: Low-Inductance Ground Lead

Probe-Tip-to-Circuit Board Adapters

The Probe-Tip-to-Circuit Board Adapters let you design minimum inductance
test points into your next circuit board. With this type of adapter installed, the
practical frequency limit of your measurements is determined by system
performance specifications and not by ground lead inductance effects.

Instructions for installing the probe tip-to-circuit board adapters are packaged
with the adapters. For maximum performance and ease of testing, Tekironix
strongly recommends that you incorporate the probe tip-to-circuit board adapt-
ers (or the probe tip-to-chassis adapters described below) into your next
design.

To use your probe with these adapters, unscrew and remove the ribbed ferrule.
Use the probe tip directly with the adapter (see Figure 3-44},
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Figure 3-44: Probe-Tip-to-Circuit Board Adapter

SMT KiipChip™

The SMT KlipChip provides hands-free attachment to a physically small signal
or ground source (Figure 3-45). The low profile of the KlipChip allows you to
grasp surface-mounted devices that the full-size retractable hook tip can't grip.

To use the SMT KlipChip as a ground attachment, use the long ground lead
terminated with a pin receptacle (described earlier in this section) and connect
the termination to the pin in one of the KlipChip shoulders.

To use the KlipChip as a signal attachment, use a single-lead adapter (similar
to the dual-lead adapter described later in this section) and connect the
termination to the pin in one of the KlipChip shoulders.

You can use a KlipChip for both ground and signal attachment by combining
thern with the dual-lead adapter, or by combining the single-lead adapter with
the long ground lead.
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Figure 3-45: SMT KlipChipT™

Optional Probe Optional probe accessories include the following:

Accessories
Low-Inductance Spring-Tips

The Low-Inductance Spring-Tips can be used whenever you will be making
many measurements of devices with known fixed spacings. The spring-tip is
jdeal for repetitive production use. Select different length springs to match
device spacings on a variety of components, including edge connectors, IC
packages, multi-pin connectors and receptacies, and adjacent runs on circuit
boards or other devices, Because the spring-tip ground lead simply contacts
the ground reference (instead of clipping onto it) you can move the probe
around your device-under-test with ease.

To attach the low-inductance spring-lip assembly, remove the ribbed ferrule
{and long ground lead) if instalied. Slip the smooth plastic ferrule onto the
probe tip and push it firmly against the molded portion of the cable. Select a
spring tip and push it onto the metal barrel of the probe tip (Figure 3-46).

.

Figure 3-46: Low-inductance Spring-Tips
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Probe-Tip-to-Chassis Adapter

The Probe-Tip-to-Chassis Adapter makes your test point accessible without
removing instrument covers or panels. It provides an easy-access, low-induc-
fance test point anywhere on your circuit (Figure 3-47). The probe tip-fo-chas-
sis adapter has the same low induciance properties as the probe tip-to-circuit
board adapter described previously.

To use your probe with these adapters, unscrew and remove the ribbed ferrule.

Figure 3-47: Probe-Tip-to-Chassis Adapter

Compact-to-Miniature Probe Tip Adapter

The Compact-to-Miniature Probe Tip Adapter allows you 1o use accessories
that are designed to accept a larger probe tip (Figure 3-48). These accesso-
rles include the IC protector tip, single- and dual-lead adapters, and others,

To install the adapter, unscrew and remove the ribbed ferrule and screw the
adapter on in its place. (The iC protector tip discussed below is installed on
the adapier tip when shipped. Remove the protector tip by pulling it off before
using the adapter with other accessories.)

Figure 3-48: Compact-to-Miniature Probe Tip Adapter
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IC Protector Tip

The IC Protector Tip simplifies probing inline IC packages (Figure 3-48). The
shape of the IC protector guides the probe tip to the IC pin and prevents
accidental shorting of pins by the probe tip. It is used with the compaci-to-mi-
niature probe tip adapter. When using this tip, the spacing (pitch) between
leads should be greater than or equal to 0.100 inches (100 mils).

Because the IC protector tip prevents you from using the low-inductance tips,
you will have to use one of the longer ground leads. For this reason you
should take into account ground lead inductance effects on measurements at
frequencies greater than about 30 MHz.

To attach the G protector tip, push it firmly onto the end of the metal barrel of
the compactto-miniature probe tip adapter.

Figure 3-49: iC Protector Tip

Dual-Lead Adapter

The Duai-L.ead Adapter makes an easy connection to 0.025 diameter connec-
tor pins (Figure 3-50). One lead connects to a ground reference pin and the
other to the signal pin. The adapter prevenis burring and pin damage that can
result when a retractable hook tip is used on soft pins. A single-lead adapter Is
also available. These adapters can aiso be used with the SMT KiipChip to
provide access 10 very small signal and ground test poinis.

Although the dual-lead adapter is an improvement over the long ground leads
in terms of added inductance, measurements at frequencies greater than

30 MHz may require using one of the low-inductance ground ieads. Because
of the length of the signal lead, the dual-lead configuration is also more sus-
ceptible 1o signal crosstalk than other tip configurations.

To use the duai-lead adapter you must first instali the optional compact-ic-mi-
niature probe tip adapter (or a KlipChip. See Figure 3-45). Remove the ribbed
ferrule if it is installed. Screw the compact-to-miniature adapter onto the probe
tip. Then insert the miniature probe tip into the dual+ead adapter.
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Figure 3-50: Dual-Lead Adapter
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[ Probe Selection

The probes included with your digitizing oscilloscope are useful for a wide
variety of tasks. For special measurement situations, you need different
probes. This section helps you select the right probe for the job.

Probes by One way 1o classify probes is by applications. Different applications dermand
App!i cation different probes. Use Table 3-4 to select a probe for your application.
Table 3-4: Probes by Application
Typical Applications Telecommuni-  Industrial Consumer/ High Energy Certification,
cations & High- FElectronics Computer Pulsed Power  Regulatory, &
Speed Logic Electronics Compliance
Testing
Passive, high-impedance P6139A1 P6130AT:2 P6139A1:2,3 P6139A1:2,3 P6139A1.23
voltage P8101A1 P610TAL2 P6101AT P6101AT12 PE101AL2
Active, high-speed digital P620523 P62052:3 P62052:3 P62052.3 P62052:3
voltage P62042.3 P6204 w/1103
poOWer Sup-
ply?3
Low capacitance voltage P@1561:2.3 P61561:2.3
(Low impedance Zo)
Passive, high voltage P600g1:2 P600g1.2.3 P600g1,2 P800g1,2:3 P600g1:2,3
P60151:2,3 ’ P0151.2:3 P60151:2,3
Active, differential PB0462.3 P60462,3 P60462.3
voltage
Current AM 503523 AM 503823  AM 503823  AM 503523 AM 503823
peo211.2 Pep2112 Pgo211:2 pgp211.2 P60211:2
CT41:2 CT1/22:3
CT412
Fixtured AB50123 AB5012,3
P650123 P650123
Optical PE701A2:3 PB701A3 PE701A2:3
P6703A2,3 PE703A%3 PB703A%:3
PE7112:3 P67112:3 P67112:3
P67132.3 P67132:3 P67132.3
Time-to-voltage conver-  TVC 50123 TVC 50123 TVC 50123 TVC 50123

ter

YQualitative signal evaluation — doesn’t require a great deal of accuracy, such as in go/no go measurement.
2Functional testing — good for when the device under test is being compared to some standard.
3Quantitative Signal Evaluation — involves detailed evaluation.
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Probes can also be classified by type. Figure 3-51 and Table 3-5 show such a

breakdowr.
Probes
Voltage-Sensin Cu t-Sensi ;
g g frent-sensing Light-Sensing Conversion
(optical) Active
Time to voltage
Passive Active AC pe Active

w High bandwidth = High bandwidth » Closed-core = Split-core w High bandwidth
= General purpose ® High impedance = Split-core = General purpose u DC-responding
wlowlZ a High sensitivity = High frequency » Medium frequency w Fiber-optics
w High attentuation wlowC = [ow current = Low current " Free-space
n High volfage w Differential = High current » Medium High n Optical power

n Placed/fixtured & Placed/fixtured current measurements
microprobes microprobes s Lasers, LED’s &
other light sources
Figure 3-51: Basic Probe Types by Type
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Table 3-5: TDS 520/540 Compatible Probes

Probe Type Tektronix Model #  Description
Passive, high impedance PE139A {(std.) 10X, 500 MHz
voltage FB101A 1X, 15 MMz
Passive, iow capacitance PE156 10X, 3.5 GHz, for 50 (3 inputs
voltage {1X, 20X, 100X optional)
(low impedance Zo)
Passive, high voltage P6009 100X,1.6 kv, DC + peak AC
PE015 1000X, 20 kV, DC + peak AC
Active, high speed voltage P&205 DC to 750 MHz FET
P&204 DG io 1 GHz. DC offset. Needs Tek 1103 TekProbe
Power Supply for offset capability.
Active, differential voltage PB046 1X/10X, DC to 100 MHz
Active, fixtured voltage AB501 Buffer Amplifier, 1 GHz, 1 MO, 10X
PG6501 iviicroprobe with TekProbe Powsr Cable, 750 MHz,
Opt. 02 1 MQ, 10X
Current AM 5038 AC/DC. Uses AB302 Current Probe.
AM 3035 AC/DC. Uses AB303 Current Probe.
Opt. 03
P&021 AC. 120 Hz to 60 MHz.
PE022 AC, 835 kHz to 120 MHz.
C1-1/C1-2 Designed for permanent or semi-
permanent in-circuit installation
CT-1: 25 kHz 1o 1 GHz, 50 O input
CT-2: 1.2 kHz to 200 MHz, 50 & input
CT-4 Current Transformer for use with
AM 5038 and P8021. Peak pulse
1 kA, 0.5Hz to 20 MHz with AM 5035
Optical P6701A 500 to 950 nm, DC to 850 MHz, 1 Vimw
{Opto-Electronic Converters) P&703A 1100 10 1700 nm, DC to 1 GHz, 1 V/mw
P&711 500 to 950 nm, DC to 250 MHz, 5 V/imW
P&713 1100 to 1700 nm, DC to 300 MHz,
5V/mwW
Time-to-Voltage Converter TVC 501 Time delay, pulse width and period measurements
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Passive Voltage
Probes

Passive voliage probes measure volitage. They employ passive circuit compo-
nents such as resistors, capacitors and inductors. Three common classes of
passive voltage probes are:

m  General purpose (High input resistance)
m  Low impedance Zo

= High voltage

General Purpose (High Input Resistance) Probes

These are considered “typical” oscilloscope probes. The P6139A probes
included with the digitizing oscllloscope are passive probes. The high input
resistance of passive probes (ypically 10 M) provides negligible DC load-
ing. This makes them a good choice for accurate DC amplitude measure-
ments. On the negative side, their S pF 1o 12 pF (over 80 pF for 1X) capacitive
loading can disiort timing and phase measurements. High input resistance
passive probes are preferred for measurements involving:

w device characterization (above 15V, thermal drift applications)
W maximum sensitivity using 1X high Z passives
= between 15and 500V

m qualitative or go/no-go measurements

Low Impedance Zo Probes

Low Impedance probes offer more accurate frequency measurement than
general purpose probes, but at the tradeoff of less accurate amplitude mea-
surement. They offer a higher bandwidth to cost ratio.

These probes, however, must be terminated in a 50 {1 scope input. input
capacitance is much lower than high Z passive probes, typically 1 pF, but
input resistance is also lower (500 1o 5000 O typically). Though DC loading
degrades amplitude accuracy, the lower input capacitance reduces high
frequency loading 1o the circuit under test. This makes Zo probes ideal for
timing and phase measurements,

Zo probes are useful for measurements of up o 40 V.

A low impedance Zo probe that works with the TDS 500 Series Digitizing
Oscilloscope is the Tektronix P6156 3.5 GHz probe. it comes standard with a
10X (300 {3} atienuator 1ip. 1X, 20X, and 100X attenuator tips are also avail-
able.

High Voltage Probes

High Voltage probes have attenuation factors in the 100X to 1000X range. The
considerations which apply to other passive probes apply equally well to high
voltage probes with a few exceptions. The voltage range on high voltage
probes varies from 1 kV 1o 20 kV (BC + peak AC), resulting in prebe head
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mechanical designs which are larger than their passive probe counterparis.
High voltage probes have the added advantage of lower input capacitance,
although this is offset by the reduced sensitivity.

The TDS 500 Series Digitizing Oscilloscope works with the Tektronix P600S
and PB015 high voltage probes for 1 MO inputs. The PB009 works with a
maximum input voltage of 1.5 kV DC + peak AC and the PB015 works with a
maximum input voltage of 20 kV DC + peak AC continuous {or 40 kV peak for
less than 100 ms).

Figure 3-52: The P8G0S and P8015 High Volitage Probes

Active Voltage
Probes

Active voltage probes use active circuit elements such as transistors. Three
common classes of active probes are;

a  High speed active
m  Differential active
w  Fixtured active

Active voltage measuring probes employ active elements In the probe body
and compensation box o acquire and process signals from the circuit under
test. All active probes require a source of power for their operation. Power is
either obtained from an external power supply or from the oscilloscope itself.

Active probes offer low input capacitance (1 to 2 pF typical} while maintaining
the higher input resistance of passive probes {10 K} to 10 MQ). Like Zo
probes, active probes are useful for making accurate timing and phase mea-
surements, but without the degradation of amplitude accuracy. Active probes
typically have a dynamic range of £10to =15V,

Some active probes are also referred to as “FET” probes.
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High-Speed Active Probes

Two high speed active probes that work with the TDS 500 Series Digitizing
Oscilloscope are the P6204 and PE205. The PB205 has a sufficient linear
dynamic range for most logic family applications. The P6204's linear dynamic
range can be extended through its offset capabiiity. The P6204 and P6205
probes will automnatically set attenuation to 10X and set the coupling to 50 0.

NOTE

To use the offset capability of the P6204 probe, you also need the
Tektronix 1103 TEKPROBE Power Supply.

Differential Probes

Differential Probes determine the voltage drop between two points in a circuit
under test. Differential probes enable you to simultaneously measure two
points and to display the difference between the two voltages on your digitiz-
ing oscilloscope.

Differential signal processing takes place in the probe itself, resulting in high
common-mode signal rejection at higher frequencies. Differential probe-tip
signal processing minimizes the measurement errors caused by differences in
probes, cable lengths, and input attenuators.

Active differential probes are stand alone products designed 1o be used with
50 & inputs. The same characteristics that apply o active probes appiy to
active differential probes.

The common mode rejection ratio is a measure of how effectively the probe
cancels signals which are common {o both inputs while the common mode
range indicates the maximum amplitude the common signal can reach before
the probe circuitry is saturated,

The TDS 500 Digitizing Oscilloscope works with the Tekironix P6046 Differen-
tial Probe. This is a 100 MHz differential amplifier in probe form which con-
nects to one oscilloscope input channel.

Fixtured Active Probes

in some small geomelry or dense circuitry applications, such as surface
mounted devices (SMD), a hand-held probe is too big to be practical. You can
instead use fixtured (or probe card mounted) active probes (or buffered ampli-
fiers} to precisely connect your instrument 1o your device-under-test. These
probes have the same electrical characteristics as high speed, active probes
but use a smaller mechanical design.

The TDS 500 Series Digitizing Oscilloscope works with the Tektronix AG501
Buffer Amplifier and the P8501 Microprobe.
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Current Probes

Current sensing probes use transformers or a combination of fransformers and
Hail effect devices to convert flux fields {o voltage signals.

Current probes enable you to directly observe and measure current wave-
forms, which may be very different from voltage signals. Tektronix current
probes are unique in that they can measure from DC to 1 GHz.

Two types of current probes are available: one that measures AC current only,
and AC/DC probes which utiize the Hall effect to accurately measure the AC
or DC components of a DC or mixed AC/DC signal. AC-only current probes
use a transformer fo convert AC current flux into a voltage signal o the oscillo
scope, and have a frequency response from a few hundred Hertz up to 1 GHz.
AC/DC current probes include Hall effect semiconductor devices and provide
frequency response from DC to 50 MHz.

Use a current probe by clipping its jaws around the wire carnrying the current
that you want to measure. (This is unlike an ammeter which you must connect
in series with the circuit.) Because current probes are non-invasive, with
loading typicaliy in the m} {o low {1 rangs, they are especially useful where
low loading of the circuit is important. Current probes can also make differen-
tial measurements by measuring the results of two opposing currents in two
conductors in the jaws of the probe.

The TDS 500 Series Digitizing Osclliioscope works with a wide variety of
Tektronix current probes including:

®  the AM 50385 current probe systern, which provides you the capability 1o
measure both AC and DC current with one probe

= the PE021 AC current measurement system

= the PB022, with a small package that makes it well-sulted o measure
current in compact semiconductor circuits

« the CT-1 and CT-2, which are designed for more permanent in-circuit
installation.

Figure 3-53: A8303 Current Probe Used in the AM 503 Opt. 03
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Optical Probes OpiicaE probes (opte-electronic converters) allow you to acquire optical sig-
nals and convert them to electrical signals for convenient analysis on your
digitizing oscilloscope.

Optical probes let you blend the functions of an optical power meter with the
high-speed analog waveform analysis capability of a traditional oscilloscope,
You have the capability of acauiring, displaying and analyzing optical and
electrical signals simultaneously.

Applications include measuring the transient optical properties of lasers,
LED's, electro-optic modulators, and flashlamps, the development, manufac-
turing, and maintenance of fiber optic controf networks, local area networks
(LANSs), fiber-based systems based on the FDDI and SONET standard, optical
disk devices, and high-speed fiber optic communications systems.

NOTE

TDS Digitizing Oscilioscopes recognize level I active probes as
having 10X attenuation. However, Tekironix optical probes actually
frave 1X attenuation. Thus, the values calculated are really lower
than what these oscilloscopes state. Also, the display shows mea-
surements in volts rather than walts as used by optical probes. To
convert the resuit to watts you must use the equation on the side of
the probe. For example, the message of the side of the PE701A
States that there is 1 V/mW. Table 3-6 shows how you might take a
result displayed on the oscilloscope and calculate the corrected
value.

Table 3-6: P6701A Optical Probe Measurement Conversion

Measurement on Corrected for 1X, not Expressed in Watls
Oscilioscope 10X, Attenuation (1 V/imw)

1V AV gdmw

gV 01V 01 mw
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Time—tO«VoEtage The instantaneous time-interval 10 voltage converter (TVC) continuously con-
Converter verts consecutive timing measurements o a time-interval vs. time waveform.

Timing variations typicaily appear as left-to-right motion, or jitter, on an oscillo-
scope. Time base or frigger holdoff adjustments may improve display stability,
but they do not show timing dynamics. The TVC untangles the often confusing
waveforms in digital systemns and delivers a coherent real-time view.

The TVC adds three measurement functions to your oscilloscope’s voliage vs.
fime capability: time delay vs. time, puise-width vs. time, and period vs. time.

The TVC continuously measures the timing parameter and Instantaneously
generates a voitage proportional to the measurement. Since the TVC gener-
ates voltages proportional 1o time-intervals, you can set your scope to trigger
on iming violations such as a time-delay that exceeds a threshold or an
incorrectly narrow pulse or glitch.

The TDS 500 Series Digitizing Oscilloscope works with the Tektronix TVG 501
Instantanecus Time Interval to Vollage Converter.
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ELF

You may want to integrate your oscilloscope into a benchtop or rack system
environment. This lets you remotely control your oscilloscope or exchange
measurement or waveform data with a computer. You can control your oscillo-
scope remotely via the |IEEE Std 488.2-1987 {GPIB) interface.

Operation To set up remote communications, you must ensure that your oscilloscope is
physically cabled to the controller and that your oscilloscope's parameters are
correctly set. Plug an IEEE Std 488.2-1987 GPIB cable (available as Tekironix
part number 012-0991-00) into the 24-pin, D-shell, GPIB connector on your
oscilloscope’s rear panel, and to the GPIB port on your controller.

Rear Panel

Figure 3-54: Connecting the Digitizing Oscilloscope to a Controller

You set remote communications parameters as follows:

7] step 1: Press the UTILITY (SHIFT and then DISPLAY) button to reach the
Utllity menu (Figure 3-55).

[[] step 2: Select System from the main menu. Choose the 1/O pop-up item
from the resulting pop-up menu.

[] step 3: Select Port from the main menu.

[:] Step 4: Select GPIB from the Port pop-up menu and Configure from the
main menu to select the GPIB operating configuration.

The GPIB Configuration side menu, shown below, should appear.

D Step 5: Select Talk/Listen Address for normal, controfler-based system
operation, Hardcopy (Talk Only) for possible use as the instrument’s
hardcopy port, or Off Bus, 1o disconnect the digitizing oscilloscope from
the bus.

The address is defined with the general purpose knob or keypad when
Talk/Listen is selected.
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You may be using GPIB for making hardcopies. The following should
happen when you press the hardcopy button:

= {f the configuration is Hardcopy (Talk Only), then when the HARDCO-
PY bution is pressed, the oscilloscope will send the hardeopy data to
any listeners on the bus.

= ifthe configuration is Talk/Listen, then when the HARDCOPY bution
is pressed, an error will occur and you will see a message that the
selected hardcopy port is currently unavaitable,

s if the configuration is Off Bus, then when the HARDCOPY button is
pressed, an error will occur and you wili see a message that the
selected hardcopy port is currently unavaitable.

Tek Stopped: 1252 Acgulsitions GPIB Address: 1
] :

i TatksListen
Addrass

i‘ )
1 Hardcopy

ST A f\:ﬂ’alkomv)
AR S e T

M seoEs CRT T 1 umy

The GPIB Configuration Menu

ololgcle

éys!em ot Y ) i 1 j
L3 70 ] <GPIg»

Figure 3-55: Utility Menu

For More See ARemote Communications, on page 2-35.
Information See TDS Digitizing Oscilloscopes Programmer Manual, Tektronix Part Number
070-8318-00.
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Hirt s

A runt is a short pulse that crosses one threshotd but fails to cross a second
threshold before recrossing the first (Figure 3-56). You can set your osciilo-
scope to detect positive or negative runt pulse crossings.

Runt “1[ 07 Runt TTI1°
Positive -}-pH4- Negative .fduwas

Figure 3-56: Runt Triggers

Operaﬁon To set up runt triggering:

[ step 1: Press the TRIGGER MENU button to call up the Main Trigger
menu (Figure 3-57).

[[] step 2: In the Main Trigger menu, select Pulse from the Type pop-up
menu.

[J step 3: In the Main Trigger menu, select Runt from the Class pop-up
menu.

D Step 4: Select the runt source from the four available channels listed in
the Source side menu (Ch1, Ch2, Ch3 (Ax1 in the TDS 520}, or Ch4
{Ax2 in the TDS 520)).

D Step 5: Press Polarity on the main menu and define the polarity of the
runt (Positive, Negative, or Either)} using the Polarity side menu.

["1 step 6: Set the upper and lower thresholds for runt detection with the
Thresholds main menu item, the side menu selections and the keypad or
the general purpose knob.

[T} sStep 7: Set the mode by selecting the Mode & Holdoff main menu item
and either Auto or Normal mode from the side menu.

I:] Step 8: Set the holdoff by selecting Mode & Holdoff from the main menu
and Hotdoff from the resulting side menu. Valid holdoff values are in
percent from 0% 1o 100%. You can use the general purpose knob or the
keypad to enter values,
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Information

Figure 3-57: Main Trigger Menu — Runt Class

See Triggering, on page 2-5.
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ul l/’/ W Saving and Recalling Setups

You may want {o save and reuse setups for many reasons. For example, afier
changing the setting during the course of an experiment, you may want to
quickiy return to your original setup.

You can save and recall up to ten instrument setups from internal oscilioscope
memory which retains information even when you turn the oscilloscope power
off.

Operation To operate:

[J step 1: Press the savefrecall SETUP button to call up the Save/Recall
Setup menu {Figure 3-58).

Saving a Setup

D Step 2: Press the main menu Save Current Setup bution. Then press the
side menu itern corresponding to the reference memory to save fo.

This allows direct saving of the current setup into any one of the ten setup
storage locations.

Recalling a Setup

[[] step 3: Press the main menu Recall Saved Setup button. Then press the
side menu item corresponding to the reference memory holding the de-
sired setup (Recall Setup 1, Recall Setup 2 ...).

Recalling a setup will not change the menu that is currently displayed.

Recail Factory Setup

] step 4: Press the main menu Recall Factory Setup button. Then press
the side menu OK Confirm Factory Init itern.

This allows you to reset your oscilloscope setup to the factory defaults.
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Figure 3-58: Save/Recall Setup Menu

For More
Information

See Tutorial Example 4: Saving Setups, on page 1-19.
See Save and Document, on page 2-31.

See Factory Initialization Settings, on page A-91.
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/Jﬂ// s

The digitizing oscilloscope can display up to 11 {9 on the TDS 520) waveforms
at one time. This includes four {two on the TDS 520) input channeis, four
reference memories and three math waveforms.

One exampie use for storing waveforms is a testing application where you
esiablish a library of known output waveforms from a good device-under-fest
1o compare with a device just off the manufaciuring line.

You wilt find saved waveform descriptions useful when you work with many
waveforms and many channels. if you have more waveforms than you want to
display, you can save a waveform as a saved description and remove the
displayed version. This lets you display another waveform, while keeping the
original in a form that you can easily retrieve.

You can store a waveformn in one of four internal digitizing oscilloscope memo-
ries that remain even when you tum the power off. (This memaory is also called
non-volatile RAM or NVRAM).

Operation To operate:

Saving a Waveform

[[] step 1: Press the save/recall WAVEFORM bution to call up the Save/Re-
call Waveform menu (Figure 3-59).

[ step 2: Press the Save Waveform main menu button.

D Step 3: From the side menu, select the reference memory o save the
selected waveform to. The side memory lists four references (To Refl, To
Ref2, To Ref3, To Retfd).

If you run out of memory when you try to save a waveform, you can
choose the Delete Refs main menu item and then select the references
you no longer need from the side menu (Delete Refl, Delete Ref2,
Delete Refd, Delete Ref4d or Delete All Refs). You'll know if you run out of
memory because the digitizing oscilloscope will display an appropriate
message.

The digitizing oscilloscope only lets you save 50,000 points total. There-
fore, you can save four 500-, 1000-, 2500-, or 5000-point waveforms. You
can save up to three 15000-point waveforms. You can also save combina-
tions of these waveforms providing they contain less than 50000 point
total. If you have oplion 1M, you can save one 50000-point waveform.
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Figure 3-59: Save Waveform Menu

Recalling a Waveform

[:I Step 1: Press the MORE button to bring up the More menu (Figure 3-60).

D Step 2: Press the main mend bution corresponding 1o the waveiom

reference mermnory to retrieve from (Ref1, Ref2, Ref3 or Ref4).

I

~
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For More
Information

See Save and Document, on page 2-31.
See Selecting Channels, on page 3-95.

Figure 3-60: More Menu
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The selected channel is the channel that the vertical controls act upon.

Operation The channel selection buttons are on the right of the display and are labeled
CH 1, CH 2, CH 3 {AUX 1 on the TDS 520), CH 4 (AUX 2 on the TDS 520),
and MORE (Figure 3-61). They determine which channel is selected for the
vertical controis 1o act upon.

The selected channel is indicated by the lighted LED above each button. The
iflustration shows Channel 2 as the currently selected channel. The MORE
button allows you to select virtual channels carrying intemaliy stored Math and
Ref waveforrns for display and manipulation.

LDOLOOC

Q DOOEICCE O @ = - —
! | \ MORE
\\ MATH,

REF

Figure 3-61: Channel Selection Buttons

These buttons are the primary means for pointing fo a waveform. Waveform-
specific activities, like measurements, are applied 1o the selected waveform.

Selecting a channel {urs it on if it is not already on. This operation is immedi-
ate when one of the CH 1, CH 2, CH 3 (AUX 1 on the TDS 520), CH 4 (AUX 2
on the TDS 520) buttons is pressed. When you press the MORE bution, the
More menu appears with Math and Ref selections.

Triggering does not use the channel selection buttons. i has its own source
selection mechanism embedded in the Main Trigger menu and Delayed
Trigger menu.

Removing Waveforms From the Display

The WAVEFORM OFF bution turmns OFF the selected channel’s waveform
display. This will also tum off any automated measurements on that waveform.
You still can, however, use the channel for triggering.
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Selecting Channels

When you turn off a waveform, the digitizing oscilloscope autornatically se-
tects ancther waveform. Figure 3-62 shows which waveform will be selected
when you turn off a waveform.

You may tumn off all waveforms by using the WAVEFORM OFF button. The last
waveform turned off remains selected.

CH1
CH2 . .
It starting in the channels, all the channels will be
CH3 turned off before going to the MORE waveforms.
CH4
C MATH1
MATH2
MATHS3 It starting in the MORE waveforms, all the MORE
REF1 waveforms will be turned off before going fo the
channels.
REF2
REF3
REF4

Figure 3-62: Waveform Selecticn Priority (TDS 540}

Readout

The Channel Readout shows the selected channel in inverse video.
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Figure 3-63: The Channel Readout
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The status screens provide a snapshot of information about the oscliloscope
siate. This includes information on settings for triggers, GPIB, waveforms and
other systems.

Operation To operate the status system:

[T] step 1: Press the STATUS button (SHIFT and HELP) to bring up the
Status side menu (Figure 3-64).

[T] step 2: Setect System from the menu to display information about the
Horizontal, Zoom, Acguisition, Display, Measure, and Hardcopy systems
{Figure 3-64).

[[] step 3: Select Trigger from the menu to display information about the
parameters of the various triggers (Figure 3-65).

[] step 4: Select Waveforms from the menu to display information about

the various waveforms. This includes live, math and reference waveforms
(Not shown).

}:I Step 5: Select GPIB from the menu to display inforration about the GPIB
system (Figure 3-66).

p ")
TEK Stopped: 728952 Acquisitions . G

 Siatus
| snapshot

[EVEEFAE Seriaf No: _BROQOOCG Version: fYivee

Horlz Seale  Mode Trig Pos...Becinglh......EQ5..
Matn 500ps  Maln  50% 500 todlvs E0.0%
Dlyd 1.0us  Runs Afler: 4ns

Zaom  Status Yertleal Horlzontal Trigger
OFF .o .8

et S0P
Average on RIS button
waveforms

1 Whn_Cortrast. Eiiter . Formst
Vectors 83%  60% 70% 130% St/ ¥

Histogram 90% 50% 0% 30% GPIR

interleaf Portrait GPIR

M 590us Chi Jf ~60mv

=/

Figure 3-64: Status Menu — System Shown
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Figure 3-65: Status Menu — Trigger

Tek stopped: 7126 Acquisitions
H e
i ¥

Status
Snapshot

Bus Mode  Address Y

Taik/Listen 7 System

Dala Sources 2
chi
[431] Wirdth Encdg Trigger
Reff 1pts 500 pts 1 bytes ribinar
y isterst ESER DESER SRE SESH 518
0 55 1 0 E
o waveforms g
A OFF it
nhm———
a3 o [ 1 o
)
TN EOGEY M5O0Es  State AN LF
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WY

You may want to adjust any of several frigger settings 1o help you obtain the
desired resulis. These settings include the trigger type, mode, holdoff, and the
trigger level.

Type To select the trigger type:

[J step 1: Press the TRIGGER MENU button to cali up the Main Trigger
ment.

I:l Step 2! Select the appropriate rigger using the main menu Type (Edge,
Logic or Pulse) and Class (Pattern, State, Glitch, Runt and Width)
tems.

[ 1 Step 3: Select further parameters from the main menu and the resulting
side menus.

The trigger types, classes and some related parameters as avallable on the
TDS 500 Series Digitizing Oscilloscopes are:

Table 3-7: Pulse Triggers

Name ' Definition

LA Glitch positive Triggering occurs if the scope detects positive
spike widths less than the specified glitch time.

v Glitch negative Triggering occurs if the scope detects negative
spike widths less than the specified glitch time.

Na v Glitch either Triggering occurs If the scope detects horizon-
tal, positive or negative widths less than the
specified glitch time,

yiry Runt positive input values cross one threshold but fail {o
cross a second threshold before recrossing the
first. The crossings detected must be in the
increasing direction,

Jic Runt negative input values cross one tiveshold but fail 1o
cross a second threshold before recrossing the
first. The crossings detected must be in the
decreasing direction.

TR Runt either input values cross one threshold but fail to
cross a second threshold before recrossing the
first. The crossings detected can be in the de-
creasing or increasing direction.
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Table 3-7: Pulse Triggers (Cont)

Name

Definition

AR

Width positive

Triggering occurs if the scope finds a positive
puise with a width between, or oplionally out-
side, the user-speciiied lower and upper fime
limits.

Width negative

Triggeting ccours if the scope finds a negative
puise with a width between, or optionally out-

side, the user-specified lower and upper time

limits.

Table

3-8; Logic Triggers

Name

Definition

State

The oscilloscope checks for conditions on
chamnels 1, 2 and 3 If channel 4 meets the set
condition. If the conditions of 1, 2, and 3 exist
then the oscilloscope triggers. (Channels 1,2,
and 3 are checked at the time channei 4 goes
through its threshold.)

Clocked AND

Samples the AND combinatorial logic state of
inputs from channels 1, 2, and 3 on the speci-
fied edge of channel 4's inputs to determine
whether to trigger. It ALL the preconditions se-
lected for channels 1, 2, 3 are irue, then trigger.

Clocked NAND

Samples the NAND combinatorial logic state of
inputs from channels 1, 2, and 3 on the speci-
fied edge of channe! 4’s inputs to determine
whether to trigger. If NOT ALL of the precondi-
tions selected for channels 1, 2, 3 are true then
trigger.

Clocked OR

Samples the CR combinatorial logic state of
inputs from channels 1, 2, and 3 on the speci-
fied edge of channel 4’s inputs to determine
whether to trigger. If ANY of the preconditions
selected for channels 1, 2, 3 are true then trig-
ger.

Clocked NOR

Samples the NOR combinatorial logic state of
inputs from channels 1, 2, and 3 on the speci-
fied edge of channel 4’s inputs to determine
whether to trigger. If NONE of the preconditions
selected for channels 1, 2, 3 are true then trig-
ger.

Pattern

The scope triggers depending on condition of
channels 1, 2, 3, and 4.

AND

If ALL the preconditions selected for channels
1, 2, 3, and 4 are true then trigger.
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Table 3-8: Logic Triggers (Cont.)

Name Definition

D NAND If NOT ALL of the preconditions selected for
channels 1, 2, 3, and 4 are true then trigger.

@ OR K ANY of the preconditions selected for chan-
nels 1, 2, 3, and 4 are true then trigger.

{) NOR ¥ NONE of the preconditicns selected for chan-
nels 1, 2, 3, and 4 are true then trigger.

Mode

You set your trigger mode 1o auto to produce an internal trigger In the absence
of other trigger events on the trigger signal. You may also want normal mode
to make the oscilloscope walt for a valid trigger before acquiring data.

To Set Up Trigger Mode

I:] Step 1: Press the TRIGGER MENU bution to bring up the Main Trigger
menu.

[ ] step 2: Select the main menu item Mode & Holdoff.

[] step 3: Select the side menu item Auto or Normal.

Holdoff

Trigger hofdoff to stabilizes the display. Sometimes you can experience
trouble obtaining a meaningful trigger because the signal contains spurious
activity between the meaningful activity you wanit to trigger on. The oscillo-
scope may trigger on the spurious activity rather than on the meaningfu!
activity. To minimize the chance of this, you can define a bianking or masking
time (holdoff) between triggers during which the digitizing oscilloscope will not
trigger.

To Set the Holdoff

D Step 1: Press the TRIGGER MENU button to call up the Main Trigger
menu.

7] step 2: Select the main menu item Mode & Holdoff.

[ step 3: Enter the holdoff % inte the side menu item labelled Holdoff with
the general purpose knob or the keypad. Visually check your signal to see
it is stable.
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Level To set the trigger level, you can do the following:
" To Set An User-Defined Level
You can set the trigger level with the front panel trigger LEVEL knob. You can
also press the Trigger menu’s Level main menu item, Level from the side
menu and enter a value with the general purpose knob or the keypad.
To Setto ECL
You can automatically set the trigger level to the ECL switching threshoid by
pressing the side menu Set to ECL itern,
To Setto TTL
You can autormatically set the irigger level to the TTL switching threshoid by
pressing the side menu Set to TTL item.
To Set to 50%
When appropriate to the currently defined rigger type, you can press the SET
LEVEL TO 50% button or the Set to 50% side menu itemn to cause the instru-
ment to search for the point halfway between the peaks of the trigger source
signal and sat the trigger level to that point. When that is complete, the trigger
controls resume their normal operation.
Appropriate trigger types are edge triggers and width or glitch pulse triggers.
NOTE
The LEVEL knob and menu items apply to the main trigger level
only. To access the delayed trigger level controls, use the Delayed
Trigger menu’s Level jtem and corresponding side menu.
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Force Trigger

Location of Trigger Position p— - p— S
Relative {o the Display and L D h g Recond
Waveform Record SUUUE SRR SRR TR T Tt

You force a trigger event if you want the oscilloscope 1o trigger immediately
regardless of whether any other trigger event ocours.

To Force a Trigger Event

Press the FORCE TRIGGER front panel button, 10 cause ihe oscilloscope 1o
trigger and complete the current acquisition regardiess of whether any other

triggering event occurs. The oscilloscope recognizes and acts upon FORCE
TRIGGER even if you press it before the end of pretrigger holdoff.

The FORCE TRIGGER button has no effect If the acguisition system is .
stopped.

If your goal is to wait for and act on the next valid trigger event and siop, as
opposed to FORCE TRIGGER's immediate operation, you might want to use
the Acquire menu’s Single Acquisition Sequence option. To use this feature,
press the ACQUIRE MENU button (SHIFT and then RUN/STOP) followed by
the main menu’s Stop After selection. Finally, select Single Acquisition
Sequence from the resulting side menu.

Readouis

The Record View Readout at the top of the display shows the location of the
trigger signal in the display and in the waveform record (Figure 3-67).
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Figure 3-67: Record View Readout Showing Trigger Position

At the bottom of the display, the Trigger readout shows the selected trigger(s)
and some key parameters (Figure 3-68).
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Main Trigger

Source = Ch 1
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Rising Edge

Main Trigger
Level = 80 mV

Main Time Base

IF Rej

sggy . ) P REREPN PP REp e A l‘i.lg(l:sfoﬁgj
. i . 4 . : . . 1 sensitivity)
AT IR T I SIS S S .
source NHlLe]  Slope Levet Mode
e B gomy

)
cii Holdeff

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

Ch 4 input =

Trigger Class = State Rising Edge

Logic = OR

. L . Z Y
ey 'S‘G‘O')isi © Gtate MMM &

‘‘‘‘‘‘

b < ; P i
. (i Deline sa! Miode
. *ﬂc e - s 5
| digies | <State> TRLLAIR Ok fresholds) yoidon

Trigger Class = Runi

-

——
: : ! : ¥ - : . ireliyved
CfeEmY T LT M Se0ds  Raat Chi T 7] Triggerable
. ; X T D 1.0us Runs After 1 (see Defayed
L R Trig Mes)

rigger R Horlz -
e vositon wepath Jf scile Horiz ! l
0% 58 f (rdivy )
/.

\ i

| =

Deiayed Timeo Base -—/ \--- Delayed Trigger -

Delayed Time Runs After mode
Base Time/Div

Figure 3-68: Example Trigger Readouts

For More See Triggering, on page 2-5.
Information
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You may want to adjust the vertical size and ptacement of your displayed
waveforms. By changing the size, you can move in or out of a particular
portion of a waveform. By adjusting the position, you move the waveform up
or down.

The digitizing oscilioscope lets you adjust the position with either the vertical
position or the offset controls. Vertical position and offset change where the
ground reference point is shown with respect to the graticule. You can use
both offset and position interchangeably If you just want to move the wavefarm
up and down on the display.

Position adds screen divisions to the reference poird. Adding divisions moves
the waveform up and subtracting them moves the waveforn down.

Offset adds volis to the reference point. (Adding volts moves the waveform
down and subtracting volts moves the waveform up.)

Position is limited to a range of =5 divisions. Offset has a wider range. This
makes offset useful in cases where a waveformn has a DC bias. One exampie
is where you're trying 1o look at a small ripple on a power supply output. You
may be trying to look at a 100 mV ripple on top of a 15 V supply. Offset’s
range can prove valuable as you iry to move and scale the ripple to meet your
needs.

Operation To change the vertical scale and position:

i:l Step 1: Select the desired channel to size or position. Do this with the
channel selection buttons (to the right of the display).

[] step 2: Adijust the front-pane! vertical POSITION and SCALE knobs as
needed.

[] step 3: Press the VERTICAL MENU button to call up the appropriate
vertical menu (Figure 3-69).

This button brings up the menu for the selected waveform. There are two

types of vertical menus. One is the Vertical Channel menu, of which there
is one for each channel, and the other is the More menu. The menu type

depends on the selecied waveform.

The More menu is called up either by pressing MORE or by pressing
VERTICAL MENU when the MORE LED is lit. The Vertical Channel menu
is only directly called up by the VERTICAL MENU button. However, if the
More menu is already up, pushing any of the CH1 through CH4 butions
wiil switch menus to the appropriate Vertical Channel menu.
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Figure 3-69: Vertical Channel Menu

] step 4: Press the main menu Coupling item to select the vertical cou-

pling method (from the side menu choices) to attach the input signal 1o the
vertical atleniuator. The choices are static and only one is allowed ata
time. Also, the side menu aliows selection of the input impedance. You
can choose 50 £ or 1 M.

Step 5: Press the main menu Bandwidth itern to select one of the

preamp bandwidth filters, Side menu choices are: Full, 20 MHz, and
100 MHz.

Step 6: Press the main menu Fine Scale item to attach fine control of the
vertical scaie 1o the general purpose knob. Only the top itemn in the side
menu contains an entry. It shows the setting of the Fine Scale parameter.
The menu readout and the normal scale factor readout of volts/division will
reftect the finely calibrated volts/division.

Step 7: Press the main menu Posktion to attach control of the vertical
Position to the general purpose knob. The Set to Zero selection is a
momentary selection which resets the position 1o zero,

Step 8: Press the main menu Offset item to attach conirol of the vertical
Offset to the general purpose knob. The Set to Zero side menu selection
is a momentary selection which resets the offset 1o zerc.

For More
Information

See Scaling Waveforms, on page 2-13.
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ﬁf}///

You can mathematically manipulate your waveforms. For example, imagine
you had a waveform of interest clouded by background noise and wanted a
cleaner waveform, You could obtain the cleaner waveform by sublracting a
waveform with just the background noise from your original waveform.,

Operation To perform waveform math:

D Step 1: Press the MORE bution to bring up the More menu (Figure 3-70).
The More menu allows you {o display, define and manipuiate three math

functions.
e ™
Tek Stopped: 1120 Acquisiions )
l —
: . . . 5 X : : : &
. . . - + . - . . -+ Change Math \
: : i . . . . i waveform ]
B P oAb vy definition
. . W v - . .
: / : Tt : : :
1 i ,\E \.L
T ! ) .
TIUUM R00ds Chil o Tonmy
I : . : ; ]
Math2 Math3
m&ﬂcnamcm mvichn | Reft Ref2 Ret3 I Refd ‘
e i

Figure 3-70: More Menu

Math1, Math2, and Math3:

[:] Step 2: Press the main menu key corresponding to the math waveform
you wish to display or change. You can choose Math1, Math2, or Math3
(Figure 3-70).

D Step 3: Press the side menu Change Math waveform definition key 1o
bring up & second set of main and side menus to alter the present math
waveform definition {Figure 3-70).
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[[] step 4: select Single Wim Math or Dual Wfm Math from the main menu.
Choose the waveform(s) {o operate on and the operator to use from the
resulting side menus (Figure 3-71).

»  For Single Wim Math, you can select Set Function to. The only
argument choice is inv (inverse), This takes the inverse of the source
waveform. You can also define the source waveform by toggiing the
Set Single Source to item or by selecting this item and using the
general purpose knob. When you're ready to perform the function,
press the OK Create Math Wfm itemn.

»  For Dual Wim Math, you can select the sources with the Set 1st
Source to and Set 2nd Source to items. Enter the sources by
toggling the retevant button or by using the general purpose knob.
Enter the math operator to use on the sources by selecting the Set
operator to item. Enter the operator by toggling in the values or
tuming the general purpose knob. Supported operators are -+, -, and
*. To periorm the function, press the OK Create Math Wfm item.
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Figure 3-71: Dual Waveform Math Main and Side Menus
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U U U UUU UL Zoom

At times, you may want to expand or coniract a waveform on the display
without changing the acquisition parameters. You can do this with the zoom
feature.

Operation

Zoom mode selected but no zooming

7 ™
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still at their pre-zoom size.

When you tum on the zoom feature, the vertical and horizontal scale and
position controis cease to have any effect on the acquisition hardware. In-
stead, they contro! the displayed size and position of waveforms, allowing
them to be expanded, contracted, and repositioned on screen.

To use zoom:

D Step 1: Press the ZOOM button. The Zoom side menu will appear {Fig-
ure 3-72).

The Zoom menu is unigue in that it displays itself totally along the side {verti-
cal) menu. There are no choices at ail along the main (horizontal) axis.

Figure 3-72: Zoom Menu

[T] step 2: Press the side menu ON item. The label above the ZOOM front-
panel button should light.
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Horizontal Lock

Toggle Horizontal Lock 1o None. In this mode, only the selected waveform is
affected by horizontal zoom changes (Figure 3-73). Toggle Horizontal Lock to
Live. In this mode, ail acquired waveforms are zoomed together in a locked
state. That is, they all have the same zoom parameters. Ali the waveforms are
magnified and positioned together (Figure 3-74).

Reset Zoom

To reset all zoom factors to their defaults, press the Reset Zoom Factors side
menu choice. The defaults are as follows;

Table 3-9; Zoom Defauits

Parameter Setting

Zoom Vertical Position 0

Zoom Vertical Gain 1X

Zoom Horizontal Position Tracking Horizontal Position
Zoom Horizontal Gain 1X

D Step 3: Press Zoom Off o return to normal oscilloscope {non-zoom)
operation.
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Figure 3-73: Zoom Mode and Horizontal Lock Set to None
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Figure 3-74: Zoom Mode and Horizontal Lock Set 1o Live

TDS 520 and TDS 540 Tutorial/User Manuatl 3-111



Zoom

3-112 In Detail



__._ll l Appendix A: Options and Accessories

This section describes the various options as well as the standard and option-
al accessories that are available for the TDS 520 and TDS 540 Digitizing
Oscilloscopes.

Options

Options include:

Options A1-A5: International Power Cords

Besides the standard North American, 110V, 60 Hz power cord, Tektronix
ships any of five alternate power cord configurations with the oscilioscope
when ordered by the customer,

Table A-1: International Power Cords

Option Power Cord

Al Universal European — 220V, 50 Hz
A2 UK ~ 240V, 50 Hz

A3 Australian — 240 V, 50 Hz

A4 North American — 240 V, 60 Hz

AS Switzerland — 220V, 50 Hz

Option 1M: 50,000 Point Record Length

This option provides a maximum record length of 50,000 points per acquisttion
(50,000/channei).

Option 1R: Rackmounted Digitizing Oscilloscope

Tekironix ships the digitizing oscilloscope, when ordered with Option 1R,
configured for installation in a 19 inch wide instrument rack. Customers with
instruments not configured for rackmounting can order a rackmount kit
(016-1136-00 for field conversicns).

Instructions for rackmounting the digitizing oscilloscope are shipped with the
rackmount kit or the option 1R.

Rackmounted Instruments include holes in their front panels for mounting
connectors. You can route signais found at rear-pane! connectors to front-pa-
net connectors you install in use these holes. You must provide the cables and
connectors to implement such through-panel access. However, you can order
them separately as catalog items from Tektronix, inc.
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Option 22: Additional Probes

‘With this option, Tekironix ships two additional probes identical to the two
~ standard-accessory P6139A probes normally shipped with the instrurnent. This

provides one probe for each front-panel input.

Option 1P: HC100 4 Pen Plotter

With this option, Tektronix ships a four-color plotier designed to make wave-
form plots directly from the digitizing oscilloscope without requiring an external
controller. it handles A4 and US letter size media.

Option 9C: Certificate of Calibration and Test Data Report

Tektronix ships a Certificate of Calibration which states this instrument meets
or exceeds all warranted specifications and has been calibrated using stan-
dards and instruments whose accuracies are traceable to the National Institute
of Standards and Technclogy, an accepted value of a natural physical con-
stant or a ratio calibration tfechnique. The calibration is in compliance with US
MIL-STD-45662A. This option also includes & test data report for the instru-
ment.

Siandard The following standard accessories are included with the digitizing osciflo-
Accessories scape:
Table A-2: Standard Accessories
Accessory Part Number
Tutorial/User Manual 070-8317-00
Programmer Manual 070-8318-00
Quick Reference 070-8316-00
Fromt Cover 200-3696-C0
U.8. Power Cord 161-0230-01
Probes (gty. two) P6138A 10X Passive P8139A (single
: Lnit)
Probe Accessories
These are accessories to the standard probe listed previously (P6139A).
Except for the probe-tip-to-circuit board adapter, they can also be ordered
separately.
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Table A-3: Probe Accessories

Accessory Part Number
Retractable Hook Tip 013-0107-06
Body sheli, lip cover 204-1048-00

. Probe-Tip-to-Circuit Beard Adapter

(qty. two standard, optionally available in package of
25 as 131-5031-00)

No customer ord-

erable part num-

ber for double unit

Optional Accessories

§ Inch Slip-On Ground Lead 196-3113-02
Low Inductance Ground Lead 185-4240-00
Marker Rings Set (qty. eighteen rings which includes 016-0633-00
two each of nine colors)
Ground collar 343-1003-01
6 inch Aliigator Clip Ground Lead 196-3305-00
Screwdriver: adjustment tool, metal tip 003-1433-00
SMT KiipChipT 206-0364-00
Accessory pouch 016-0708-00
You can aiso order the following opti.onak accessories:

Table A-4: Optional Accessories
Accessory Part Number
TDS 520 Service Manual 070-8312-00
TDS 540 Service Manual 070-8314-00
Plotter (GPIB and Centronics Standard) HC100
Oscilloscope Cart K218
Rack Mount KHit (for field conversion) 016-1136-00
Oscilloscope Camera co
Gscilloscope Camera Adapter 016-1145-00
Soft-Sided Carrying Case 016-0809-01
Transit Case 016-1135-00
GPIB Cabtle (1 meter) 012-0991-01
GPIB Cable (2 meter) 012-0991-00
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Accessory Probes

The following optional accessory probes are recommended for use with your
digitizing oscilioscope:

PB101A 1X, 15 MHz, Passive probe.

P8156 10X, 3.5 GHz, Passive, low capacitance, (low impedance Zo)
probe. Opticn 25 provides 100X.

P6009 Passive, high voltage probe, 100X, 1500 vDC + Peak AC

P6015 Passive extra high voltage probe, 1000X, 20 kVDC + Peak AC
(40 kV peak for less than 100 ms)

P6205 750 MHz probe bandwidth. Active (FET) voltage probe.

P6204 Active, high speed digital voltage probe. FET. DG o 1 GHz. DC
offset. 50 O input. Use with 1103 Tekprobe Power Supply for offset con-
frol. '

P6046 Active, differential probe, 1X/10X, DC to 100 MHz, 50 Q input.
A6501 Buffer Amplifier {active fixtured), 1 GHz, 1 MQ, 10X.

P6501 Option 02: Microprobe with TekProbe power cable (active fixtured),
750 Mz, 1 MQ, 10X,

AM 5035 — DC/AGC Current probe systemn, AC/DC. Uses AB302 Current
Probe.

AM 5035 Option 03: DC/AC Current probe system, AC/DC. Uses A6303
Current Probe.

P8021 AC Current probe. 120 Hz to 60 MHz.
P8022 AC Current probe. 935 kHz to 120 MHz

CT-1 Current probe — designed for permanent or semi-permanent in-
circuit installation. 25 kHz to 1 GHz, 50 O input.

C7-2 Current probe — desighed for permanent or semi-permanent in-
circuit installation. 1.2 kHz to 200 MHz, 50 Q input.

CT-4 Current Transformer — for use with the AM 5035 (A6302) and P6021.
Peak pulse 1 kA. 0.5 Hz to 20 MHz with AM 5035 (A6302).

P6701A Opto-Electronic Converter, 500 to 850 nm, DC to 850 MHz
T VImW.

PE703A Opto-Electronic Converter, 110010 1700 nm, DC to 1 GHz
1 V/imw.

PG711 Opto-Electronic Converter, 500 1o 950 nm, DC to 250 MHz & V/mW.

P6712 Opto-Eiectronic Converter, 1100 to 1700 nrm, DC 1o 300 MHz.
5 V/mw.

TVC 501 Time-to-voltage converter. Time delay, pulse width and period
measurements.
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Probe Accessories

The following optional accessories are recommended for use with the stan-
dard probe listed under Standard Accessories.

Table A-5: Probe Accessories

Accessory Part Number
Connector, BNC: BNC to Probe Tip Adapter 013-0226-00
Connector, BNG: 50 , BNC to Probe Tip Adapter 013-0227-00
Connector, Probe: Package of 100, compact 131-4244-00
Connector, Probe: Package of 25, compact 131-5031-00
Screwdriver Adjustrent Tool, Package of five 003-1433-01
Compactio-Miniature Probe Tip Adapter 013-0202-02
Probe Tip Holder: (holds three tips) 352-0670-00
3 Inch Slip-On Ground Lead 196-3113-03
Probe Holder: Black ABS 352-0351-00
IC Protector Tip, Package of 10 015-0201-07
IC Protector Tip, Package of 100 015-0201-08
Marker Ring Set: Two each of nine colors 016-0633-00
SMT KlipChip™: 20 Adapters SMGS0

Low-Inductance Spring-Tips: Two each of five different  016-1077-C0
springs and insulator

Probe Tip-to-Chassis Adapter 131-4210-00

NOTE

The next four items below can only be used with the Compact-to-
Miniature Probe Tip Adapter.

Dual-lead Adapter 015-0325-00
BNC-to-Probe Tip Adapter 013-0084-01
G.R.-to-Probe Tip Adapter, 50 O 017-0088-00
Bayonet Ground Assembly 013;00854)0
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Accessory Software

The following optional accessories are Tekironix software products recom-
mended for use with your digitizing oscilloscope:

Table A-6: Accessory Software

Software Part Number
EZ-Test Program Generator 845F030
Wavewriter: AWG and waveform creation S3FT400
TekTMS: Test management system S3FT001
LabWindows S3FGO10

Warranty Information

Check for the full warranty statements for this product, the probes, and the
products listed above on the back of each product manual’s title page.
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WL

This subsection begins with a general description of the traits of the TDS 520
and TDS 540 Digitizing Oscilloscope. Three subsections follow, one for each
of three classes of traits: nominal traits, warranted characteristics, and typical
characteristics.

General Product
Description

The Tektronix TDS 520 and 540 Digitizing Oscilloscopes are both portable,
four-channel instruments suitable for use in a variety of test and measurement
applications and systems. Key differences between the two modeis are as
follows:

= The TDS 540 supplies fowr full-featured vertical channels. The TDS 520
supplies two full-featured channels; the remaining two channeis are auxil-
iary channels with fewer vertical scale factors.

m  The TDS 540 acquires all four channels simultaneousty; the TDS 520 can
acquire any two channels at the same time,

»  The TDS 540 has a maximum digitizing rate of 1 Gigasample/second with
an analog bandwidth of 500 MHz; the TDS 520 has a maximum digitizing
rate of 500 Megasample/second with an analog bandwidth of 500 MHz.

Key features they have in common are:

m  Selectable record lengths of 500 to 15,000 points. A 50,000-point record
length is available with the 1M option.

®  Extensive triggering capabilities: such as edge, logic, and glitch,

®»  Full programmability and printer/piotter output.

®  Advanced functions like continuously updated measurements.

®  Specialized display modes, such as infinite and variable persistence.

®m A unigue graphical user interface (GUI), an on-board help mode, and a
logical front-panel layout which combine to deliver a new standard in
usability.

User Interface

This digitizing oscilloscope uses a combination of front-pane! butions, knobs,
and on-screen menus to control its many functions. The front-pane! controls
are grouped according to function: vertical, horizontal, trigger, and special.
Within each group, any function likely to get adjusted often, such as vertical
positioning, or the time base setting, is set directly by its own front-panel
knob.
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Menus.

Those functions for which control settings are usually changed less often,
such as vertical coupling and horizontal mode, are set indirectly. That is,
pressing one {someatimes two) front-pane! button, such as vertical menu,
displays a menu of functions at the bottom of the screen that are related to
that button. (For the button vertical meny, the menu displayed contains the
functions such as coupling, bandwidth, etc.) Using the buticns below this
main menu to select a function, such as coupling, displays a side menu of
setlings for that function, such as AC, DC, or GND {ground) coupling, at the
right side of the screen. Use the buttons to the right of the menu 10 select a
setting, such as DC,

Indicators

Several on-screen readouts help you keep track of the settings for various
functions, such as vertical and horizontal scale and trigger level. There are
also readouts to display the results of measurements made using cursors or
using the autornatic parameter extraction feature (called measure) and read-
outs to display the status of the instrument.

General Purpose Knob

Menus can also be used to assign the general purpose knob to adjust a
selected parameter function. The method employed is the same as for select-
ing a function, except the final selection in the side menu causes the general
purpose knob to agjust some function, such as the position of measurement
cursors on screer, or the setting for a channel’s fine gain.

GUI

The user interface also makes use of a GUI, or Graphical User Interface, to
make seiting functions and interpreting the display more intuitive. Some
menus and status are displayed using iconic represertations of function
settings such as those shown here for full, 100 MHz, and 20 MHz bandwidth,
Such icons allow you to more readily determine status or the avaiiable set-
fings.

Signal Acquisition
System

TDS 520

The signal acquisition systemn of the TDS 520 provides four vertical channels:
two full-featured vertical channels (CH 1 and CH 2) with calibrated vertical
scale factors from 1 mV to 10 V per division, plus two auxiliary channels
(AUX 1 and AUX 2) with three calibrated vertical scale factors of 100 mV, 1V,
and 10 V per division. Any two of the four channels can be acquired simulta-
neousty.
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Each of the four channels can be displayed, vertically posiiioned, and offset;
CH 1 and CH 2 can also have their bandwidth limited (100 Mz or 20 MHz)
and their vertical coupling specified. Fine gain can also be adjusted for CH 1
and CH 2. '

TDS 540

The signal acquisition system of the TDS 540 provides four vertical channels.
All four channels have calibrated vertical scale factors from 1 mV to 10V per
division; all four channels can be acquired simultaneously.

Each channel can be displayed and/or bandwidth limited (100 MHz or
20 MHz), its vertical position, fine gain, and offset can be adjusted, and its
vertical coupling can be specified.

Both Models

Besides the four channets, up to three math waveformns and four reference
waveforms are available for display. (A math waveform resulis when you
specify dual waveform operations, such as add, on any iwo channels; a
reference waveform resuits when you save a live waveform in a reference
memory.)

Horizontal System

There are three horizontal display modes: main only, main intensified, and
delayed only. You can select among various horizontal record fength seftings
(see Table A-7).

Table A-7: Record Length vs Divisions per Record

Record Length®: 2 Divisions per Record
(50 Points/Division)

50000 1000 divs .

15000 300 divs

5000 100 divs

2500 50 divs

1000 20 divs

500 10 divs

1The 50,000 points in 1,000 division record is only avaiiable with Option 10.

2The maximum record length of 15,000 points (50,000 points with Option 1M) is selectable
with all acquisition modes except Hi Res. In Hi Res, the maximum record length is 5,000
paints (15,000 points with Option 1M).
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Both the delayed only display and the intensified zone on the main intensified
display may be delayed by time with respect to the main trigger. Both can be
be sel to display immediately after the delay (delayed runs afier main mode);
the delayed display can also be set to display at the first valig trigger after the
delay (delayed triggerable mode).

The delayed display (or the intensified zone) may also be delayed by a se-
lected number of events. In such a case, the evenis source is the delayed
trigger source. For any events signal, the delayed-trigger system conditions
the signal by determining the source, coupling, etc., of that signal.

Trigger System

The triggering system comprises a rich set of features for friggering the signal-
acquisition system. Types of trigger signals recognized include:

a  Edge {(main- and delayed-trigger systems): This familiar type of triggering
is fully configurable for source, slope, coupling, mode {auto or nomaly,
and holdoff. -

= Logic (main-frigger system): This type of triggering can be based on
pattern (asynchronous) or state (synchronous). In either case, logic trigger-
ing is configurable for sources, for Boolean operators 1o apply to those
sources, for logic pattern or state on which to trigger, for mode (auto or
normal), and for holdoff.

® Pulse (main-lrigger system): Pulse triggering is configurable for friggering
on runt or gilitch pulses, or on pulse widths, or periods inside or outside
limits that you specify. it is also configurable for source, polarity, mode,
and holdoft.

You can choose where the trigger point is located within the acquired wave-
form record by selecting the amount of pretrigger data displayed. Presets of
10%, 50%, and 90% of pretrigger data can be selected in the horizontal
meny, or the General Purpose knob can be assigned 1o set pretrigger data to
any vailue within the limits of trigger position resolution,

Acquisition Control

Depending on your measuremsnt requirements, you can specify the mode and
manner in which signals are acquired and processed:

®  You can select equivalent-time sampling on repetitive signals or interpola-
tion of points sampled on non-repetitive signals. Both can increase the
apparent sample rate on the waveform when maximum real-time rates are
reached,

m  Peak-detect, high-resolution, sample, envelope, and average modes can
be used to acquire signals.

m The acquisition can be set to stop after a single acquisition {or sequence
of acquisitions if acquiring in average or envelope modes).
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On-Board User
Assistance

Two features that help you set up this digitizing oscilloscope 10 make your
measurements are help and autoset.

Help

Displays operational information about any front-pane! conirol. When help
mode is in effect, manipulating any front-panel control causes the digitizing
oscilloscope 1o display information about that control. When help is first
invoked, an infroduction fo help is displayed on screen.

Autoset

Automatically sets up the digitizing oscilloscope for a viewable display based
on the input signal.

Measurement
Assistance

Once you have set up 1o make your measurements, the features cursor and
measure can help you guickly make those measurements.

Cursor

Two types of cursors are provided for making parametric measurements on the
displayed waveforms. Voltage can be measured between the positions of

H Bar (horizontal) cursors and time can be measured between V Bar (vertical)
cursors. These are deita measurements; that is, measurements based on the
difference between two cursors.

Both V Bar and H Bar cursors can also be used 1o make absolile measure-
ments — measurements relative to a defined level or event. In the case of the
V Bars, either cursor can be selected to read out its voltage with respect to
any channel's ground reference level; in the case of the H Bars, its time with
respect 1o the trigger point {event) of the acquisition.

For time measurements, units can be either seconds or Hz (for 1/time).

Measure

Measure can automatically extract parameters from the signal input to the
digitizing oscilioscope. Any four out of the more than 20 parameters available
can be displayed to the screen. The disptayed parameters are exiracted
cortinuously and the resulls updated on-screen as the digitizing oscllloscope
continues to acquire waveforms.

Digital Signal Processing (DSP)

An important component of the multiprocessor architecture of this digitizing
oscilloscope is Tektronix’s proprietary digital signal processor, the DSP. This
dedicated processor supports advanced analysis of your waveforms when
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doing such compute-intensive tasks as interpolation, waveform math, and
signat averaging. It also teams with a custom display system to deliver spe-
cialized display modes (See Display, later in this description.)

Storage and I/O

Acquired waveforms may be saved in any of four nonvolatile REF {reference)
memories. Any or all of the saved waveforms may be displayed for compari-
son with the waveforms being currently acquired.

The source and destination of waveforms to be saved may be chosen. Assign-
ment can be made io save any of the four channels to any REF memory or to
move a stored reference from one REF memory fo another. Reference wave-
forms ray also be writlen into a REF memory location via the GPIB interface.

The digitizing oscilloscope is fully controliable and capable of sending and
receiving waveforms over the GPIB interface (IEEE Std 488.1-1887 and

IEEE 31d 488.2-1987 standard). This feature makes the instrument ideal for
making automated measurements in a production or research and develop-
ment environment that calls for repetitive data {aking. Self-compensation and
self-diagnostic features built into the digitizing oscilloscope to aid in fault
detection and servicing are also accessible using commands sent from a
GPIB controller.

Another standard feature is hardcopy. This feature ailows you o output wave-
forms and other on-screen information to a variety of graphic printers and
plotiers from the digitizing oscilloscope front panel, providing hardcopies
without requiring you 1o put the digitizing oscilloscope Into a system-controlier
environrment. The hardcopies obtained are WYSIWYG (What-You-Ses-is-What-
You-Get), based on what is displayed at the time hardcopy is invoked.

Display The TD§ 540 Digiﬁzir_ig Oscilloscope oﬁers.ftexible display options. You can
customize the following attributes of your display:
The TDS 520 and 540 Digitizing Oscilloscopes offer flexible display options.
You can customize the following attributes of your display:
B Intensity: waveforms, readouts, graticule, ete,
®  Style of waveform display(s): vectors or dots, intensified or non-intensified

samples, and infinite or variable persistence

m  Display format: XY or YT and graticule type
Zoom
This digitizing oscilloscope also provides an easy way to focus in on those
waveform features you wish to examine up close. By invoking zoom, you can
magnify the waveform parameter using the vertical and horizontal controls to
expand (or contract) and position it for viewing.
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Nominal Traits This subsecticn coniains a collection of tables that list the various nominal
traits that describe the TDS 520 and 540 Digitizing Oscilioscopes. (Traits that
differ according to model or only apply to one model are preceded by the
appropriate mode! number, TDS 520 or TDS 540, in the tables.) Included are
electrical and mechanical traits.

Nominal fraits are described using simple siatements of fact such as “Four, all
identical” for the trait “Input Channels, Number of”, rather than in terms of
limits that are performance requirements,

Table A-8: Nominal Traits — Signal Acquisition System

Name

~ Description

Bandwidth Selections

20 MHz, 100 MHz, and FULL {500 MHz)

TDS 540: Digitizers, Number of

Four, all identical

TDS 520: Digitizers, Number of

Two, both identical

Digitized Bits, Number of

8 bits1

TDS 540: Input Channels, Number of

Four, all identical

TDS 520: Input Channels, Number of

Two full-featured (CH 1 and CH 2), plus two limited, auxiliary inputs
(AUX 1 and AUX 2)

Input Coupling? DC, AC, or GND

input Impedance Selections 1MQ or 500

TDS 540: Ranges, Offset, All Channels  Volts/Div Setting _ Offset Range
1 mv/div-99.6 mV/div +1V
100 mV/div-8956 mv/div +10V
1 V/div-10 V/div =100V

TDS 520: Ranges, Offset, CH 1 and
CH2

Same as is listed for the TDS 540

TDS 520: Ranges, Offset, AUX 1 and Volts/Div Setting Offset Range
AUX2 50 mv/div & 100 mv/div +05V

500 mv/div & 1 V/div +50V

5 V/div & 10 V/div +50V
Range, Position + 5 divislons

Displayed vertically with 25 digitization levels {DLs) per division and 10.24 divisions dynamic range with zoom off. A DL is the
smaliest voltage level change that can be resolved by the 8-bit A-D Converter, with the input scaled to the volts/division setting of
the channel used. Expressed as a voltage, a DL is equal to 1/25 of a division times the volts/division setting.

2The input characteristics (Input Coupling, Input impedance Selections, efc,) apply to both full-featured and auxiliary inputs except

where otherwise specified.
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Table A-8: Nominal Traits — Signal Acquisition System (Cont.)

Name ' Description

TDS 540: Range, Sensitivity, All 1 mV/div to 10 V/div3

Channeis

TDS 520: Range, Sensitivity, CH 1 and  Same as listed for the TDS 540

CH2

TDS 520: Range, Sensitivity, AUX 1 and 1060 mV/div, 1 V/div, and 10 V/div4

AUX2

Rise TimeS Voits/Div Setting Rise Time
5 mV/div-10 V/div 700 ps
2 mV/div-4.98 mv/div ins
1 mVidiv-1.99 mv/div 1.2ns

3The sensitivity ranges from 1 mV/div to 10 V/div in a 1-2-5 sequence of coarse settings. Between a pair of adjacent coarse settings,
the sensitivity can be finely adjusted. The resolution of such a fine adjustment is 1% of the more sensitive of the pair, For example,
between 50 mV/div and 100 mV/div, the volts/division can be set with 0.5 mV resolution,

“There is no fine adjustment between the three sensitivity selections for AUX 1 and AUX 2.

*Rise time is defined by the following formula: Rjse Time {ns) = W%ﬁon_HT
z
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Table A-9: Nominal Traits — Time Base System

Name Description
TDS 540: Range, Sample-Rate!,? "Number of Sample-Rate Range
Channeis On
1 5 Samples/s-1 GSample/s
2 5 Sampies/s-500 MSamples/s
3or4d 5 Sampies/s-250 MSamples/s
TDS 520: Range, Sampie-Ratel:3 Input Channel Number of Channels Sample-Rate Range
On
CH1orCH2 1 5 Samples/s-500 MSam-
ples/s
CH1orCHZ 2 5 Samples/s-250 MSam-
ples/s
AUX 1 or AUX 2 Doesn’'t matter 5 Samples/s-250 MSam-
: ples/s
Range, Equivalent Time or Interpolated 500 MSamples/s 1o 100 GSamples/s
Waveform Rate?-3 {2 ns/Sample to 1 ps/Sample)
Range, Seconds/Division 500 ps/div 1o 10 s/div
Range, Time Base Delay Time 4 ns to 250 seconds
Record Length Selection? 500 points, 1000 poins, 2500 points, 5000 peints, 15000 points. A

record length 50000 points is available with Option 1M.

The range of real-time rates, expressed in samples/second, at which a digitizer samples signals at its inputs and stores the sampies
in memory to produce a record of time-sequential samples

?The range of waveform rates for equivalent time or interpolated waveform records.

3The Wavetorm Rate (WR) is the equivalent sample rate of a waveforin record. For a wavetorm record acquired by real-time sampling
of a single acquisition, the waveform rate is the same as the real-time sampie rate; for a waveform created by interpolation of real-time
sampies from a single acquisition or by equivalent-time sampling of multiple acquisitions, the waveform rate is faster than the real
fime sample rate. For all three tases, the waveform rate is 1/(Waveform Interval) for the waveform record, where the waveform intervai
(V1) is the time between the samples in the waveform record.

#The maximum record length of 15,000 points (50,000 points with Option 1M) is selectable with all acquisition modes except Hi Res,
In Hi Res, the maximum record length is 5,000 points (15,000 points with Option 1M).
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Table A-10: Nominal Traits — Triggering System

Name Description

Range, Delayed Trigger Time Delay 4 ns to 250 seconds

Hange, Events Delay 210 9,999,999

Range (Time) for Pulse-Glitch or Pulse- 2nsto1s

Width Triggering

Ranges,Trigger Level or Threshold Source Range
Any Channel + 12 divisions from center of screen
Auxiliary (TDS 540 only) =4V
Line +300 V

Table A-11: Nominal Traits — Display System

Name Description

Video Display Resolution 640 pixets horizontally by 480 pixels vertically in a display area of
5.2 inches hotizontally by 3.9 inches vertically

Waveform Display Graticule Single Graticule: 401 x 501 pixels/8 x 10 divisions, where divisions
are temby 1ocm

Waveform Display Grey Scale Sixteen levels in infinite-persistence and variable persistence display

styles

Table A-12: Nominal Traits — Interfaces, Qutput Ports, and Power Fuse

Name Description

Interface, GPIB . GPIB interface complies with IEEE Std 488.1-1987 and {EEE Std
488.2-1987.

Logic Polarity for Main- and Delayed- Negative TRUE. High 1o iow transition indicates the trigger ccourred.

Trigger Outputs

Fuse Rating Either of two fuses! may be used: a .25" x 1.25” (UL 198.6, 3AG):

S AFAST, 250V, ora5mm x 20 mm, (IEC 1272 5 A (T), 280 V.

1Each fuse type requires its own fuse cap.
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Nominal Traits — Mechanical

Name

Description

Cooling Method

Forced-air circulation with no air filier.

Construction Material

Chassis parts constructed of aluminum ailoy; front panel constructed
of plastic laminate; circult boards construcied of glass-laminate. Cabi-
net is aluminum and is clad in Tekironix Blue vinyl material.

Finish Type

Tekironix Blue vinyl-clad aluminum cabinet.

Weight

Standard digitizing oscilloscope

12.3 kg (27 Ibs), with front cover. 20.0 kg (44 Ibs), when packaged
for domestic shipment.

Rackmount digitizing oscilloscope

12.3 kg (27 Ibs) plus weight of rackmount parts, for the rack-
mounted digitizing oscilioscope (Option 1R). 20.5 kg (45 Ibs),
when the rackmounted digitizing oscilloscope is packaged for
domestic shipment.

Rackmount conversion kit

2.3 kg (5 lbs), parts only; 3.6 kg (8 Ibs), parts plus package for
domestic shipping.

Overall Dimensions

Standard digitizing oscilloscope

Helight: 236 mm (9.3 in}, when feet and accessories pouch are
installed. 183 mm (7.8 in), without the accessories pouch in-
stafled.

Width: 445 mm (17.5 in), with handle.

Depth: 432 mm (17.0 in}, with front cover installed.
Rackmount digitizing oscilloscope

Height: 178 mm (7.0 in).

Widih: 483 mm (18.0 in}.

Depth: 558.8 mm (22.0 in).

TDS 520 and TDS 540 Tutorial/User Manual
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This subsection lists the varous warranted characteristics that describe the
TDS 8540 and 520 Digitizing Oscilloscopes. {Characteristics that differ
according to model or only apply to one model are precedsad by the
appropriaie maodeai number, TDS 520 or TDS 540, in the tables.) Included are
electrical and environmental characteristics.

Warranted
Characteristics

Warranted characteristics are described in terms of quantifiable performance
limits which are warranted.

NOTE

in these tables, those warranted characteristics that are checked in
the procedure Performance Verification, found in Appendix C, ap-
pear in boldface type under the column Name.

As stated above, this subsection lists only warranted characteristics. A list of
typical characteristics slarts on page A-23.

Performance Conditions

The electrical characteristics found in these {ables of warranted characteristics
apply when the scope has been adjusted at an ambient temperature between
+20°C and +30°C, has had a warm-up period of at least 20 minutes, and is
operating at an ambient temperature between 0°C and +50°C (unless other-
wise noted).

Table A-14: Warranted Characteristics - Signal Acquisition System

Name Description

Accuracy, DC Gain +1%

Accuracy, DC Voltage Measurement,
Averaged

Measurement Type
Average of >16 waveforms

DC Accuracy

+(1.0% X (reading -
Net Offset!) + Offset
Accuracy + 0.06 div)

Delta voits between any two av-
erages of >>16 waveforms?2

+{1.0% X reading + 0.1 div +
0.3 mV)

TDS 540: Accuracy, Offset Volts/Div Setting

1 mv/div - 98.5 mv/div
160 mv/div ~ 895 mV/div

1 V/div - 16 V/div

Oifset Accuracy

* (0.2% of Net Offset! + 1.5mVv
+ 0.1 div)

+ (0.2% of Net Offset! + 15 mv
+ 0.1 dv)

*(0.2% of Net Offset! + 150 mV
+ 0.1 div)

iNet Otffset = Offset — (Position x Volts/Div). Net Offset is the voltage level at the center of the A-D converter's dynamic range.

Offset Accuracy is the accuracy of this Voltage level.

2The samples must be acquired under the same setup and ambient conditions,
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Table A-14: Warranted Characteristics — Signal Acquisition System {Cont.)

Name Description
TDS 520: Accuracy, Offset Same as is listed for the TDS 540
(CH 1 and CH 2)
TDS 520: Accuracy, Offset + (1% of Net Offset! + 0.1 div)
(AUX 1 and AUX 2)
Analog Bandwicdth, DC-50 { Coupled Volts/Div Bandwidth3
5 mv/div - 10 V/div DC - 500 MHz
2 m\/div ~ 4.88 mv/div DC - 350 MHz
1 mV/div - 1.99 mv/div DC - 250 MHz
Cross Talk (Channel Isclation) =100:1 at 100 MHz and >30:1 at 500 MHz for any two channels hav-

ing equal volts/division settings

Delay Between Channels, Full Band- <250 ps for any two channels with equal volts/division and coupling
width, Equivalent Time settings

Input Impedance, DC-1 MQ Coupled 1 MO +0.5% in parallet with 10 pF =2 pF

Input Impedance, DC-50 & Coupled 50 0 +1% with VSWR <1.3:1 from DC - 500 MHz

Input Voltage, Maximum, DC-1 M, =400V (DC + peak AC); derate at 20 dB/decade above 1 MHz
AC-1 M{1, or GND Coupled

Input Voltage, Maximum, DC-50 O or 5V rms, with peaks less than or equal to +30V
AC-50 £) Coupled

Lower Frequency Limit, AC Coupled <<10 Hz when AC-1 M) Coupled; <200 kHz when AC-50 Q) coupled®

INet Offset = Offset - (Position x Voits/Div). Net Offset is the voliage leve! at the center of the A-D converter's dynamie range. Offset
Accuracy is the accuracy of this voltage level.

?The samples must be acquired under the same setup and ambient conditions.

3The limits given are for the ambient lemperature range of 0°C to + 30°C. Reduce the upper bandwidth frequencies by 2.5 MHz for
each °C above +30°C,

“The AC Coupled Lower Frequency Limits are reduced by a factor of 10 when 10X, passive probes are used.
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Table A-15: Warranted Characteristics — Time Base System

MName Description
Accuracy, Long Term Sample Rate + 25 ppm over any 21 ms interval
and Delay Time
TDS 540: Accuracy, Delta Time For single-shot acquisitions using sampie or high-resolution atquisi-
Measurement tion modes:
Channels On/Bandwidth Measurement Accuracy!2
Selected
= {1 Wi + 25 ppm of Reading
1 or 2 channeis/100 MHz + 500 ps)
3 or 4 channeis/20 MHz = (1 Wl + 25 ppm of Reading
+ 1.3 ns)

For repetitive acquisitions using average acquisition mode with =8

averages:
Channels On/Bandwidth Measurement Accuracy’?
Selected
. + (1 WI + 25 ppm of Reading
1 to 4 Channels/Full Bandwidth + 200 ps)
TDS 520: Accuracy, Delta Time For single-shot acquisitions using sample or high-resolution acquisk-
Measurement tion modes on CH 1 andfor CH 2;
Channels On/Bandwidth Measurement Accuracyls2
Selected
£ (1 Wi + 25 ppm of Reading
1 channel/100 MHz + 500 ps)
2 channels/20 MHz + (1 WI + 25 ppm of Reading
+ 1.3 nsg)

For repetitive acquisitions using average acquisition mode with =8

averages:
Channels On/Bandwidth Measurement Accuracy'
Selected _
110 2 Channels/Full Bandwidth ~ + (1 Wi + 25 ppm of Reading

+ 200 ps)

For input signals = 5 divisions in amplitude and a slew rate of > 2.0 divisions/ns at the delta time measurement points. Signal must
have been acquired at a volts/division setting = 5 mV/division.

2The WI (waveform interval) is the time between the samples in the waveform record. Also, see the footnotes for Sample Rate Range
and Equivalent Time or Interpolated Waveform Rates in Table A-9 on page A-15,
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Table A-16; Warranted Characteristics — Triggering System

Name " Description

Accuracy (Time) for Pulse-Glitch or Time Range Accuracy

Pulse-Width Triggering 2nsto 1 us +(20% of setting + 1.5 ns)
1.02 usto 18 +(100 ns + .0025% of setting)

Accuracy, Trigger Level or Threshold,
DC Coupled

Trigger Source
Any Channel

Awpdiiary (TDS 540 only)

Accuracy

+ (2% of {Setting - Net Offset!) + 0.2 div
X volis/div setling + Offset Accuracy)

+{6% of Setting + 8% of p-p signal +
100 mv)

Sensitivity, Edge-Type Trigger, DC
Coupled?

Trigger Source
Any Channel

Auxiliary (TDS 540 only)

Sensitivity

0.35 division from DC to 50 MHz, increas-
ing to 1 division at 500 MHz

0.256 voits from DC to 50 MHz

Width, Minimurm Pulse and Rearm, for
Pulse Triggering

Pulse Class

Glitch

Runt
Width

Minimum Pulse Minimum Rearm Width

Width
2ns

25ns
2ns

5ns 4+ 5% of Gliich Width Set-
ting
25ns

5ns + 5% of Width Upper Limit
Setting

TNet Offset = Offset ~ (Position x Volts/Div). Net Offset is the voltage level at the center of the A-D converter’s dynamic range. Offset

Accuracy is the accuracy of this voliage level.

2The minimum sensitivity for obtalning a stable frigger. A stable trigger results in a uniform, regular display triggered on the selected
siope. The trigger point must not switch between opposite slopes on the waveform, and the dispiay must not “roll” across the screen
on successive acquisitions. The TRIG'D LED stays constantly lighted when the SEC/DIV setting is 2 ms or faster but may flash when

the SEC/DIV setting is 10 ms or slower.

Table A-17: Warranted Characteristics —
Output Ports Probe Compensator and Power Requirements

Name

Description

TDS 540: Logic Levels, Main- and
Delayed-Trigger Outputs

Characteristic

Limits

Vout {HI) =2.5V open circuit; =1.0Vinto a
50 £ load to ground
Vout (LO) <0.7 Vinto a load of <4 mA;
<0.25Vinto a 50 O load 1o
ground
Output Voitage and Frequency, Characteristic Limits
Probe Compensator Voltage 0.5V (base-top) =5% into a
1 M load; 0.25 V (base-top)
+7.5% into a 50 ( load
Frequency 1kHz =5%
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Table A-17: Warranted Characteristics —
Output Ports Probe Compensator and Power Requirements (Cont.)

Name Description

Output Voltage, Channel 3 Signal Out 20 mV/division = 10% into a2 1 M{ load; 10 mV/division +10% into a
50 O load

Source Voltage 80 to 250 VAC s, continuous range

Source Freguency 47 Hz to 63 Hz

Power Consumption <300 W (450 VA)

Table A-18: Warranted Characteristics — Environmental, Safety, and Reliability

Name Description

Atmospherics Temperature:
0°Cto +80°C, operating; -40°C 1o +75°C, non-operating
Relative humidity:
010 95%, at or below +40°C; 010 75%, +41°Cto 50°C
Aftitude:

To 15,000 ft. (4570 m), operating; o 40,000 ft. (12180 m), non-op-
erating

Dynamics Random vibration:

0.31 g rms, from & to 500 Hz, 10 minutes each axis, operating;
2.46 g rms, from 5 to 500 Hz, 10 mirutes each axis, non-operating

Emissions Meets or exceeds the requirements of the following standards:
MIL-5TD-461C
CE-083, part 4, curve #1, RE-02, part 7
VDE 0871, Category B
FCC Rules and Regulations, Part 15, Subpart J, Class A

User-Misuse Simuiation Electrostatic Discharge Susceptibility: Up to 8 kV with no change to
settings or impairment of normal operation; up to 15 kV with no dam-
age that prevents recovery of normal operation
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Typjcag This subsection contains tables that lisis the varicus iypical characteristics

Characteristics

that describe the TDS 520 and 540 Digitizing Oscilloscope.(Characteristics

that differ according to model or only apply {0 one modet are preceded by the
appropriate model number, TDS 520 or TDS 540, in the tables.)

Typical characteristics are described in terms of typicai or average
performance. Typical characteristics are not warranted.

This subsection lists only typical characteristics. A list of warranted character-
istics starts on page A-18.

Table A-19: Typical Characteristics — Signal Acquisition System

Name Description
Accuracy, DC Voltage Measurement, Measurement Type DC Accuracy
Not Averaged Any Sample +(1.0% x (reading - Net

Delta Volts between any two
samples?

Offset!) + Offset Accuracy
+ 0.13 div -+ 0.6 mV)

+(1.0% X reading + 0.26 div
+ 1.2mV)

TDS 840: Frequency Limit, Upper,
100 MHz Bandwidth Limited (All Chan-
nels)

100 MHz

TDS 520; Frequency Limit, Upper,
100 MHz Bandwidth Limited (CH 1 and
CH 2 only)

Same as listed for the TDS 540

TDS 540: Frequency Limit, Upper,
20 MHz Bandwidth Limited (All
Channels)

20 MHz

TDS 520: Frequency Limi, Upper,
20 MHz Bandwidth Limited (CH 1 and
CH 2 only)

Same as listed for the TDS 540

TNet Offset = Offset - (Position X Volts/Div). Net Offset is the voltage level at the center of the A-D converter’s dynamio range.
Offset Accuracy is the accuracy of this voitage level,

2The samples must be acquired under the same setup and ambient conditions.
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Table A-19: Typical Characteristics — Signal Acquisition System (Cont.)

Name Description

Nonlinearity <1 DL, differential; << 1 DL, integral, independently based

TDS 540: Step Response Settling Errors Step
Volts/Div Setting Amplitude Settling Error (%)3

20ns 100ns 20ms

1 mv/div-89.5 mv/div <2V <05 <02 =0.1
100 mv/div-995 mv/div <20V <10 <05 <02
1 V/div—10 V/div <200V <10 <05 <02

TDS 520: Step Response Settling Emors  Same as is listed for the TDS 540
(CH 1 and CH 2 cniy)

*The values given are the maximum absolute difference between the value at the end of a specified time interval after the mid-level
crossing of the step, and the value one second after the mid-level crossing of the step, expressed as a percentage of the step ampli-
tude.

Table A-20: Typical Characteristics — Time Base System

Name Deseription

Aperture Uncertainty <(50ps -+ 0.03 ppm x Record Duration) rms, for real-time or interpo-
lated records having duration <1 minute;
<(50 ps + 0.03 x WI') ims, for equivalent time records

1The W! (waveform interval) is the time between the samples in the waveform record. Also, see the footnotes for Sample Rate Range
and Equijvalent Time or Interpolated Waveform Rates in Table A-9 on page A-15.
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Table A-21: Typical Characteristics — Triggering System

Name Description

TDS 540: input, Auxiliary Trigger The input resistance is >>1.5 kQ; the maximum safe input voitage
is +20V (DC + peak AC).

Error, Trigger Position, Edge Triggering Acquire Mode Trigger-Position Errori:2
Sample, Hi-Res, Average {1 WE+ 1ns)
Peak Detect, Enveiope =2 Wi+ 1ns)

Holdoff, Variable, Main Trigger Minimurm: For any horizontal scale setting, minimum holdoff is10 x

that setting, but is never jess than 1 us or more than 5 s.

Maxirnum: For any horizontal scale setting, maximurn holdoff is at
ieast 2 times the minimum holdoff for that setting, but is never more
than 10 times the minimum holdoff for that setting,

Lowest Frequency for Successful Opera- 50 Hz
tion of “Set Level to 50%” Function

Sensitivit 3y Edge Trigger, Not DC Trigger Coupling Typical Signal Level for Stable Trigger-
Coupled ing
AC Same as DC-coupled limits?# for frequen-
cles above 60 Hz, Attenuates signals be-
low 60 Hz.
Noise Reject Three and one half times the DG-coupled
limits.4

H;gh Frequency Reject One and one haEf times tim@s the DC"
coupled limits? from DC to 30 kHz. Attenu-
ates signals above 30 kHz,

Low Frequency Reject One and one half times the DC-coupled
limits# for frequencies above 80 kHz. At-
tenuates signals below 80 kHz.

Sensitivities, Logic Trigger/Puise Trigger/ 1.0 division, from DC to 100 MHz with a minimum slew rate of
Events, DC Coupled 5 25 div/ps at the trigger level or the threshold crossing

Width, Minimum Pulse and Rearm, for  5ns
Logic Triggering or Events Delay®

*The trigger position errors are typically less than the values given here. These values are for triggering signals having a slew rate at
the trigger point of +0.5 division/ns.

The wavetorm interval {W1) is the time between the samples in the wavelorm record. Also, see the footnote for the characteristics
Sample Rate Range and Equivalent Time or Interpolated Waveform Rates in Table A-8 on page A-15.

3The minimum sensitivity for obtaining a stable trigger. A stable trigger results in a uniform, reguiar display triggered on the selected
slope. The trigger point must not switch between opposite siopes on the waveform, and the display must not “roll” across the screen
on successive acquisitions. The TRIG'D LED stays constantly lighted when the SEC/DIV setting is 2 ms or faster but may flash when
the SEC/DIV setting is 10 ms or slower.

4See the characteristic Sensitivily, Edge-Type Trigger, DC Coupled In Table A-16, which begins on page A-21.

5The minimum signal levels required for stable logic or pulse triggering of an acquisition or for stable counting of a DC coupled
events delay signal. (Stable counting of events is counting that misses no events.)

5The minimum pulse width and rearm width required for logic-type triggering or events delaying to occur.
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Table A-22: Typicai Characteristics — Data Handling and Reliability

Name Description
Time, Data-Retention, Nonvolatile 5 years
Memory1:2

The time that reference waveforms, stored setups, and calibration constants are retained when there is no power to the digitizing
oscilloscope.

2Data is maintained by small lithium-thionyl-chloride hatteries internal to the memory ICs. The amount of lithium is so small in these
ICs that they can typically be safely disposed of with ordinary garbage in a sanitary landfill,

The average length of time between successive failures, calculated by summing the failure rates of all components and connections
in the instrument and taking the reciprocal of that sum.
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i

Brief Procedures These procedures verify both the TDS 520 and the TDS 540 Digitizing
' Oscilloscopes.

The Self Tests use intemnal routines to confinm basic functionaiity and proper
adiustment. No test equipment is required 1o do these test procedures.

The Functional Tests utilize the probe-compensation output at the front panel
as a test-signai source for further verifying that the oscilloscope functions
properly. A standard-accessory probe, included with this oscilloscope, is the
only equipment required.

General Instructions

Besides the Brief Procedures, the set of procedures that can be used to verify
oscilloscope performance includes the Performance Tests, found later in this
appendix. You may not need to perform all of these procedures, depending on
what you want to accomplish:

m o rapidly confirm that this oscilloscope functions and was adjusted
properly, just do the procedures under Self Tests, which begin on
page A-30.

Advantages: These procedures are quick 1o do, require nc external
equipment or signal sources, and perform extensive functional and accu-
racy testing to provide high confidence that the oscilloscope will perform
properly. They can be used as a quick check before making a series of
important measurements.

m o further check functionality, first do the Seff Tests just mentioned; then do
the procedures under Functional Tests that begin on page A-32.

Advantages: These procedures require minimal additional time to per-
form, require no additional equipment other than a slandard-accessory
probe, and more completely test the internal hardware of this osclilo-
scope. They can be used to quickly determine if the oscilloscope is
suitable for putting into service, such as when it is first received.

m If more extensive confirmation of performance is desired, do the Performi-
arnce Tests, beginning on page A-38, after doing the Functional and Seff
Tests just referenced.

Advantages: These procedures add direct checking of warranted specifi-
cations. They require more time 1o perform and sulfable fest equipment is
required. (See Equipment Required on page A-39.)

If you are not familiar with operating this oscilloscope, read At a Glance in
section 3 of this manual.

TDS 520 and TDS 540 Tutorial/User Manual A-27



Appendix C: Performance Verification

Conventions

Throughout these procedures the following conventions apply:

Each test procedure uses the following generat format:
Title of Test

Equipment Required

Prerequisies

Procedure

Each procedure consists of as many steps, substeps, and subparts as
reguired to do the test. Steps, substeps, and subparts are sequenced as
follows:

First Step
a. First Substep

u  First Subpari

m  Second Subpart
b. Second Subsiep
Second Step

In steps and substeps, the lead-in statement in italics instructs you what to
do, white the instructions that follow tell you how to do it: in the example
step below, “Initialize the oscifloscope” by doing “Press save/recall
SETUP. Now, press the main-menu button...”.

Initialize the oscilloscope: Press save/recall SETUP. Now, press the
main-menu button Recall Factory Setup; then the side-menu button
OK Confirm Factory Init.

Where instructed to use a front-pane! button or knob, or select from a main
or side menu, or verify a readout or status message, the name of the
button or knob appears in boldface type: “press SHIFT; then ACQUIRE
MENU", “press the main-menu button Coupling”, or “verify that the status
message is Pass.”

The symbol at the left is accompanied by information you must read
to do the procedure properly.
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®  Refer to Figure A-1. “Main menu” refers 1o the menu that labels the seven
menu buttons under the display; “side menu” refers o the menu that
labels the five buttons to the right of the display. “Pop-up menu” refers to a
menu that pops up the when a main-menu bution is pressed.

Brief Status Posltion of Waveform
Information Record Relative to General Purpose
the Screen and Display Knob Readout

?"““"'. . 7
Graticule and Wavetorms Te{, Stopped:

' et to TTL

Waveform Reference : : : Ay A
Symbols: Ground Levels Y \ ' [ /
and Waveform Sources \ ’“’"/‘""-f '--%-v@;-v-n-- L W ,f T f -
\J o ‘. : . \/

\ Lt} Z : : 5 S :

T oy ChE SEOmYT A 19.0us Chi s
tegic | : @I 160mv _n F0fing 1 L

TPulcs

T I
ls <£§'ge>
H t {

T 2( 3 {E;E_} (*”)i

< Sefto £CL

Pop-up Menu

\ Set to 50%

-

: ]' L -
Sc)ctérrce §Cuu5)émg 5“;}"—‘ ‘

[ l

E .
. Holdott

Side Menu Area

Main Menu Display Area

Figure A-1: Map of Display Functions

TDS 520 and TDS 540 Tutorial/User Manual A-29



Appendix C: Performance Verification

Self Tests

This procedure uses internal routines to verify that this oscilloscope functions
and was adjusted properly. No test equipment or hookups are reguired.

Verify Internal Adjustment, Seif Compensation, and’
Diagnostics

Equipment Required: None,

Prerequisites: Power up the oscilloscope and allow a 20 minute warm-up
before doing this procedure.

Procedure:

1. Verify that internal diagnostics pass: Do the following substeps to verify
passing of internal diagnostics.

a.

Display the System diagnostics menu:
® Press SHIFT, then press UTILITY.

& Repeatedly press the main-menu button System until Diag/Err is
highiighted in the pop-up menu.

Run the Systern Diagnostics: Press the main-menu button Execute;
then press the side-menu button OK Confirrn Run Test.

Wait: The internal diagnostics do an exhaustive verification of proper
oscilloscope function. This verification will take up to two minutes.
While it progresses, a “clock™ icon (shown at left) is displayed on-
screen. When finished, the resulting staius will appear on the screen,

Confirm no failures are found: Verify that no failures are found and
reponed on-screen.

Confirm the three adjustment sections have passed status:
»  Press SHIFT; then press UTILITY.

®  Press the main menu button System until Cal is highiighted in the
pop-uUp menu.

®m  Verify that the word Pass appears in the main menu under the
foilowing menu labels: Voltage Reference, Frequency Re-
sponse, and Pulse Trigger. (See Figure A-2)
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First, the CAL menu is displayed.

Appendix C: Performance Verification

Second, the adjustment
sections are verified.

Third, a signal path
compensation Is run and is
verified.

\
Tek stopped) 4442 Acgulsitlons
£ T ]
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T B gl Path
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£ .
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" |Signal Pati\ Compensation, SPC, corrects for DC " ° - -
inaccuraciel\caused by ambient temperature
variations ar\/or feng term drift. SPC can be
Lo fran at any Tin\g after the Instrument is warmed i - ] 1
up, and should\be run whersever the
L instrument's aNbient temperature has changed |
N by more than 5°%. . oK
By
1 Compensate 3
1 signal Paths S
[F vollage |frequency] POwe
Path ‘] Reference | Response | Trigger
h Pass Pass Pass
- ‘ 7/

Figure A-2: Verifying Adjustments and Signal-Path Compensation

Run the signal-path compensation: Press the main-menu button
Signal Path; then press the side-menu button OK Compensate
Signal Paths.

Wait: Signal-path compensation runs in about one to two minutes.

While it progresses, a “clock” lcon {shown at left) is displayed on-
screen. When compensation completes, the status message will be

updated to Pass or Fail in the main menu (see step h).

Confirm signal-path compensation returns passed status: Verify the
word Pass appears under Signal Path in the main menu. (Ses Fig-

ure A-2.)

2. Return to regufar service: Press CLEAR MENU to exit the system menus.
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Functional Tests

The purpose of these procedures is 1o confirm that this oscilioscope functions

properly. The only equipment required is one of the standard-accessory
probes.

These procedures verify functions; that is, they verify that oscilloscope
features operate. They do not verify that they operate within limits.

Therefore, when the instructions in the functional tests that follow call
for you to verify that a signal appears on-screen “that is about five
divisions in amplitude” or “*has a period of about six horizontal divi-
sions”, etc., do NOT interpret the guantilies given as limits, Operation
within limits is checked in Performance Tests, which begin on

page A-39.

DO NOT make changes o the front-panei setlings that are not called

@ out in the procedures. Each verification procedure will require you to
set the oscilloscope o cerlain default settings before verifying func-
tions. If you make changes to these settings other than those called
out in the procedure, you may obtain invalid results. In this case, just
redo the procedure from step 1,

When you are instrucied to press a menu button, the button may
already be selecied (its label will be highlighted). If this is the case, it
is not necessary o press the button.

Verify: Al Input Channels
Equipment Required: One P6139A probe.
Prerequisites: None.
Procedure:

1. Install the test hookup and preset the oscilloscope controls:

ey ool

QO SR o

4! L

Figure A-3: Universal Test Hookup for Functional Tests

a. Hook up the signal source: Install the probe on CH 1. Connect the
probe tip to PROBE COMPENSATION SIGNAL on the front panei;
connect the probe ground to PROBE COMPENSATION GND,
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Initialize the oscilloscope:

Press save/recall SETUP.
Press the main-menu button Recall Factory Setup.
Press the side-menu button OK Confirm Factory init.

Set the horizontal SCALE {o 200 us. Press CLEAR MENU tor
remove any menu that may be on the screen. '

2. Verify that all input channels operate: Do the following substeps — test
CH 1 first, skipping substep a since CH 1 is already set up for verification
from step 1.

a. Select an unverified channel:

SR

A

Press WAVEFORM OFF 1o remove from display the channel just
verified.

Press the front-panel button that corresponds to the channe! you
are to verify.

Move probe to the channel you selected.

Set up the selected channel: Press AUTOSET to obtain a viewable,
triggered display in the selected channel.

Verify that the channel is operational: Gonfirm that the following state-
ments are frue.

The vertical scale readout for the channel under test shows a
setting of 100 m\V, and a square-wave probe-compensation signal
about five divisions in amplitude is on-screen. (See Figure A-1 on
page A-29 to locaie the readout.)

Tuming the vertical SCALE kncb counterclockwise decreases the
amplitude of the waveform on-screen, turmning the knob clockwise
increases the amplitude, and retuming the knob to 100 mV returns
the ampiitudle to about five divisions.

Verify that the channel acquires in all acquisition modes: Press
SHIFT,; then press ACQUIRE MENU. Use the side menu 1o select, in
turn, each of the five hardware acquire modes and confirm that the
following statements are frue. Refer 1o the icons at the left of each
statement as you confirm those statements,

Sample mode displays an actively acquiring waveform on-screen.
(Note that there is noise present on the peaks of the square
wave.)

Peak Detect mode displays an aclively acquiring waveform
on-screen with the neise present in Sample mode “peak de-
tected”.

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

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

TDS 520 and TDS 540 Tutorial/User Manual

A-33



Appendix C: Performance Verification

@

®»  Average mode displays an actively acquiring waveform on-
screen with the noise reduced like in Hi Res mode.

TDS 520 only: Substep e will have you repeat the previous substeps
te check ali input channels. Be sure to check only CH 1 and CH 2
when testing the TDS 520. (Step 3 will test the AUX 1 and AUX 2
inputs.) When testing the TDS540, test all four channeis, CH 1 through
CH 4)

Test alf channels: Repeat substeps a through d until all input channels
are verified.

3. TDS 520 Only: Verify auxiliary inputs operate: Perform the foliowing sub-
steps when checking the AUX 1 and AUX 2 inputs only.

4,

a,

e.

Select an auxiliary channel:

w  Press WAVEFORM CFF to remove from display the channel just
verified.

m  Press the front-panel button that corresponds to the channel you
are to verify,

»  Move probe to the channel you selected.

Set up the selected channel: Press AUTOSET to obtain a viewable,
triggered display in the selected channel.

Verify that the channel is operational: Confirm that the following state-
ments are true.

®  The vertical scale readout for the channel under test shows a
setting of 1 V, and a square-wave probe-compensation signal
about 1/2 division in amplitude is on-screen. (See Figure A-1 on
page A-29 {o locate the readout.)

m  The vertical POSITION knob moves the signal up and down the
screen when rotated.

a  Tuming the vertical SCALE knob counterclockwise to 1 V and
further to 10 V decreases the amplitude of the waveform on-
screan. {The amplitude will drop 1o near zero when daing this
substep.)

= Returning the knob to 1 V returns the amplitude to about onefhalf
division.

Verify that the channel acquires in all acquisition modes: Disconnect
the probe ground lead from the probe-compensation terminal. Do
step 2, substep d to verlfy the five acquire modes.

Test all channels: Repeat substeps a through d to verify AUX 2.

Remove the test hookup: Disconnect the probe from the input and the

probe-compensation terminals.
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Verify: The Time Base

Equipment Required: One PB139A probe.

Prerequisites: None.

Procedure:

1. Instali the test hookup and preset the oscilloscope controls:

a.

Hook up the signal source: Install the probe on CH 1. Connect the
probe tip to PROBE COMPENSATION SIGNAL on the front panel,
connect the probe ground 1o PROBE COMPENSATION GND. (See
Figure A-3 on page A-32.)

Initialize the oscilloscope:
m  Press save/recall SETUP.

»  Press the main-menu button Recalt Factory Setup; then press the
side-menu button OK Confirm Factory Init.

Modify default settings:
m  Press AUTOSET to obtain a viewable, triggered display.
m  Setthe horizontal SCALE to 200 ps.

m  Press CLEAR MENU io remove the menus from the screen.

2. Verify that the time base operates: Gonfirm the following statements.

a.

One period of the square-wave probe-compensation signal is about
five horizontal divisions on-screen for the 200 us horizontal scale
setting (set in step 1c).

Rotating the horizontal SCALE knob clockwise expands the waveform
on-screen {more horizontal divisions per waveform period), and that
counterclockwise rotation contracts #t, and that returning the horizontal
scale to 200 us returns the period to about five divisions.

The horizontal POSITION knob positions the signal left and right
or-screen when rotated.

3. Remove the test hookup: Disconnect the probe from the channel input and
the probe-compensation terminals.

Verify: The Main and Delayed Trigger Systems

Equipment Required: One P6139A probe.

Prerequisites; None.

Procedure:

1. Install the test hookup and preset the oscilfoscope comntrols:

a.

Hook up the signal source: Instal the probe on CH 1. Connect the
probe tip to PROBE COMPENSATION SIGNAL on the front panel;
connect the probe ground to PROBE COMPENSATION GND. (See
Figure A-3 on page A-32.)
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b. Initiatize the cscllfoscope:

Press save/recall SETUP.
Press the main-menu button Recall Factory Setup.

Press the side-menu button OK Confirm Factory Init.

c. Modify default settings:

Press AUTOSET to obtain a viewable, triggered display.

Set the horizontal SCALE for the M (main) time base to 200 us.
Press TRIGGER MENU.

Press the main-menu button Mode & Holdoff.

Press the side-menu button Normal.

Press CLEAR MENLU to remove the menus from the screen.

2. Verify that the main trigger system operates: Confirm that the following
statermneris are true.

The trigger level readout for the main trigger systern changes with
the trigger LEVEL knob.

The trigger-level knob can trigger and unirigger the square-wave
signal as you rotate it. {Leave the signal untriggered.)

Pressing SET LEVEL TO 50% triggers the signal that you just left
untriggered. (Leave the signal friggered.)

3. Verify that the delayed trigger system operates:

a. Select the delayed time base:

Press HORIZONTAL MENU.
Press the main-menu button Time Base.

Press the side-menu button Delayed Triggerable; then press the
side-menu button Delayed Only.

Set the horizontal SCALE for the D (delayed) time base o 200 us.
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Select the delayed trigger level menu:

Press SHIFT; then press DELAYED TRIG.

Press the main-menu button Level; then press the side-menu
button Level.

Conifirmn that the following staternents are true:

The trigger-level readout for the delayed trigger system changes
with the general purpose knob.

The general purpose knob can trigger and untrigger the square-
wave probe-compensation signal as you rotate it. {Leave the
signal untriggered.)

Pressing the side-menu button Set to 50% triggers the probe-
compensation signal that you just left untriggered. {Leave the
signal triggered.)

Verify the delayed trigger counter:

Press the main-menu button Delay by Time.
Use the keypad 1o enter a delay time of 1 second.

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

4. Remove the test hookup: Disconnect the standard-accessary probe from
the channe! input and the probe-compensation terminals.
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Performance Tests This subsection contains a collection of procedures for checking that the
TDS 520 and TDS 540 Digitizing Oscilloscopes perform as warranted. Since
both models are covered by these procedures, instructions that apply only to
one of the models are clearly identified. Otherwise, al! test inskructions apply
0 both the TDS 520 and TDS 540.

The procedures are arranged in four logical groupings: Signal Acquisition
Systern Checks, Time Base System Checks, Triggering System Checks, and
Output Ports Checks. They check all the characteristics that are designated as
checked in Section B, Specification. (The characteristics that are checked
appear in boldface type under Warranted Characteristics in Appendix B.)

These procedures extend the confidence level provided by the basic
procedures described on page A-27. The basic procedures should be
done first, then these procedures performed if desired.

Prerequisites

The tests in this subsection comprise an extensive, vaiid confirnation of
performance and functionality when the following requirements are met:

= The cabinet must be installed on the digitizing oscilloscope.

= You must have performed and passed the procedures under Seff Tests,
found on page A-30, and those under Functional Tests, found on
page A-32.

A signal-path compensation must have be done withint the recommended
calibration interval and at a temperature within £5°C of the present
operating temperature. (If at the time you did the prerequisite Self Tests,
the temperature was within the limits just stated, consider this prerequisite
met.)

®  The digitizing oscilloscope must have been last adjusted at an ambient
temperature between + 20°C and +30°C, must have been operating for a
warm-up period of at least 20 minutes, and must be operating at an ambi-
ent temperature between 0°C and + 50°C. (The warm-up requirement is
usually met in the course of mesting the first prerequisite listed above.)

Related Information — Read General Instructions and Conventions starting
on page A-27. Also, if you are not familiar with operating this digitizing oscillo-
scope, read At a Glance in Section 3 before doing any of these procedures.
Equipment Required

These procedures utilize external, fraceable signal sources to directly check
warranted characteristics. The required equipment list follows this intreduction.
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Table A-23: Test Equipment

ltem Number and
Description

Minimum Requirements

Example

Purpose

1

Atienuator, 10X
{ihree required)

Ratio: 10X; impedance 50 Q;
connectors: female BNGC input,

male BNC output

Tektronix part number
011-0059-02

Signal Attenuation

2 Attenuator, 5X Ratio: 6X; impedance 50 O, Tektronix part number Signal Attenuation
connectors: female BNC inpui, 011-0060-02
male BNC output
3 fermination, impedance 50 O, connectors:  Tekironix part number Signal Termination
500 female BNC input, male BNC  011-0049-01 for Channel Delay
output Test
4 Cabie, Precision 50 0, 36 in, male to male BNC Tektronix part number Signal Interconnec-
Coaxial (fwo re-  connectors 012-0482-00 fion
quired)
5 Connector, Dual- Female BNC to dual banana  Tektronix part number Various Accuracy
Banana (two re- 103-0090-00 Tests *
quired)
6 Comnector, BNC Male BNC to dual female BNC  Tektronix part number Checking Trigger
T 103-0030-00 Sensitivity
7 Coupler, Duak Female BNC to dual male Tektronix part numbear Checking Delay Be-
Input BNC 067-0525-02 tween Channels
8 Generator, DC Variable amplitude to =110V, Data Precision 8200, with 1 KV Checking DC Offset,
Calibration accuracy 10 0.1% option Gain, and Measure-
ment Accuracy
9 Generator, Cali- 500 mV square wave calibrator PG 506A1 Use to check accu-
bration amplitude; accuracy 0 0.25% racy of the CH 3 Out-
put (TDS 540 Only).
10 Generator, Lev- 200 kHz o 250 MHz; Variable  TEKTRONIX SG 508 Leveled Checking Trigger
eled Sine-Wave, amplitude from 5 mV to 4 Vp-p Sine Wave Generator? Sensitivity at low fre-
Medium-Fre- into 50 & quencies
guency
11 Generator, Lev- 250 MHz o 500 MHz; Variable TEKTRONIX 8G 504 Leveled Checking Analog
eled Sine-Wave, amplitude from5mV 1o 4 V pp 8ine Wave Generator! with its Bandwidth and Trig-
High-Frequency  into 50 ; 6 MHz reference Leveling Head ger Sensitivity at
high frequencies
12 Generator, Time  Variable marker frequency TEKTRONIX TG 501 Time Checking Sample-
Mark from 10 ms fo 10 ns; accuracy  Mark Generator! Rate and Delay-time
within 2 ppm Accuracy
13 Probe, 10X, in- A P§139A probe Tektronix number P6139A Signal Interconnec-
cluded with this tion
instrument

1Requires a TM 500 or TM5000 Series Power Module Mainframe.

TDS 520 and TDS 540 Tutorial/User Manual

A-39



Appendix C: Performance Verification

Signal Acquisition System Checks

These procedures check those characieristics that relate to the signal-acguisi-
tion system and are listed as checked under Warranted Characteristics in
Appendix B: Specification.

Check: Accuracy of Offset (Zero Setting)

Equipment Required: None.

Prerequisites: The oscilloscope must meet the prerequisites listed on

page A-38.

1. Preset the instrument controls:

a. Initialize the oscilloscope:

Press savefrecall SETUP.
Press the main-menu button Recall Factory Setup.
Press the side-menu bution OK Confirm Factory Init.

Press CLEAR MENU to remove the menus from the screen,

b. Modify the default settings:

Set the horizontal SCALE to 1 ms.
Press SHIFT; then ACQUIRE MENU.

Press the main-menu buttcn Mode; then press the side-menu
pbutton Hi Res.

Press DISPLAY.

Press the main-menu button Graticule; then press the side-menu
button Frame.

Press CURSOR.

Press the main-menu button Function; then press the side-menu
button H Bars.

Press CLEAR MENU.

2. Confirm input channels are within iimits for offset accuracy at zero offset:
Do the following substeps — test CH 1 first, skipping substep a since
CH 1 Is already set up to be checked from step 1.

a. Select an unchecked channel: Press WAVEFQORM OFF fo remove the
channel just confirmed from the display. Then, press the front-pansl
button that corresponds to the channel you are 1o confirm.
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Foliow these rules to mateh this procedure to the model of the oscillo-
scope under fest:

Mode! TDS 540 Digitizing Oscilloscope Only — When using
Table A-24 to test CH 1 — CH 4; ignore the columns for AUX 1 &
AUX 2 settings and limits.

Model TDS 520 Digitizing Oscilloscope Only — Use Table A-24 10
test inpui channels; use the columns for CH 1 — CH 4 when testing
CH 1 and CH 2Z; use the columns for AUX 1 and AUX 2 when testing
those channels.

Table A-24: DC Oiffset Accuracy {(Zero Setting)

Vertical Scale Vertical

Setting Position Offset Accuracy Limits
CH1- AUX1& and Offset
CH4 AUX 2 Setting! CH1-CH4 AUX 1 & AUX 2
1mv 100mvy O ' =1.6my =10 mv
100mv 1V 0 =25 mv +100 mv
1V 10V 0 =250 mv 1.0V

Wertical position is set 1o 0 divisions and vertical offset to 0 V when the oscilloscope is
initialized in step 1,

b.

Set the vertical scale.: Set the veriical SCALE 10 one of the setlings
listed in Tabie A-24 that is not yet checkad. (Start with the first setling
listed.)

Display the test signal: The baseline DC test level was initialized for
all channeis In step 1 and is displayed as you select each channel
and its vertical scale. Be sure nof to use the vertical POSITION knob
while checking any channel for accuracy of offset, since varying the
position invalidates the check.

Measure the test signal: Rotate the general purpose knob to superim-
pose the active cursor over the baseline DC test lsvel. (Ignore the
other cursor.)

Read the measurement results at the absolute (@:) cursor readout, not
the delta (A:) readout on screen.

TDS 520 and TBS 540 Tutorial/User Manual
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f. Check against limits: Do the following subparis in the order listed.

® CHECK that the measurement resuits are within the limits listed for
the current vertical scaie setting.

= Repeat subsieps b through f until all vertical scale settings set-
tings listed in Table A-24 are checked for the channel under test,

e =
Tek Stopped: 1543 Acguisitions
i e
i ¥

140 2.86mY

fgnore the 20V
inaclive cursor. A
Align the active
cursor to the DC
baseline (no input). -
“
Thenreadthe meme o -~~~ T ‘
offset relative to : ) "t /
ground reference, RN T Y e T
N S

Figure A-4: Measurement of DC Offset Accuracy at Zero Setting

g. Test all channels: Repeat substeps a through f for all input channels.

3. Disconnect the hookup: No hookup was required.
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Check: DC Gain and Voltage Measurement Accuracy

_ WARN.’NG

Performance of this procedure requires input voltages up to

180 VDC. Be sure to set the DC calibration generator to 0 volts
before connecting, disconnecting, andfor moving the test hookup
during the performance of this procedure.

Equipment Required: Two dual-banana connectors (ltem 5}, one BNC T
connector {item ), one DC calibration generator {item 8), and two precision
coaxial cables (ltem 4},

Prerequisites: The oscilloscope must meet the prerequisites listed on
page A-38.

Procedure:

1. Install the test hookup and preset the instrument controls:

cooooof Y%
e O %O

0t o C O gc
DC Calibrator lle cwe o 553

: [

e p— =0 O zEE

Lo Ml o LI ]

Dusl Banana to | ceeeees o B @i 6 ®

BNC Adapter ! -

[C I

-

Coaxial Cabl
caxial Cables BNC T

Connector

Figure A-5: Initial Test Hookup

a. Hook up the test-signal source:
m  Set the output of a DC cailbration generator 1o O volts.

® Connect the output of a DC calibration generator through a dual-
banana connector followed by a 50 Q precision coaxial cable to
one side of a BNC T connector.

a  Conpect the Sense output of the generator through a second
dual-banana connector foliowed by a 50 £ precision coaxial
cable to other side of the BNC T connector. Now connect the
BNC T connector to CH 1.
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b. Initialize th_e oscilloscope:

»  Press save/recall SETUP.

= Press the main-menu button Recall Factory Setup.

= Press the side-menu button OK Confirm Factory Init.
c. Modify the default settings:

& Press SHIFT, then ACQUIRE MENU.

»  Press the main-menu button Mode; then press the side-menu
button Average 16.

®  Press CURSOR.

m  Press the main-menu button Function; then press the side-menu
button H Bars.

m  Press DISPLAY.

m  Press the main-menu button Graticule; then press the side-menu
button Frame.

2. Confirm input channels are within limits for DC delta voltage accuracy: Do
the following substeps — test CH 1 first, skipping substep a since CH 1is
already selected from step 1.

a. Select an unchecked channel:
= Set the generator output to 0 V.

& Press WAVEFGRM OFF to remove the channel just confirmed
from the display.

®  Press the front-panel button that corresponds to the next channel
you are to confirm.

= Move the test hookup to the channel you select.
b. Dispiay the test signal:
= Press VERTICAL MENU. Press the main-menu button Position,

»  Use the keypad to set vertical position to -2.5 divisions (press
-2.5, then ENTER, on the keypad).

C. Measure the test signal:

m  Press CURSOR. Use the general purpose knob to precisely align
the active cursor to the DC baseline level on screen.

m  Set the generator output to 500 mv.

m  Press TOGGLE. Use the general purpose knob 1o precisely align
the alternate cursor to the 500 mV DBC {est level on screen.

= Press CLEAR MENU. Read the measuremert results from the
delia {A:) readout, not the absolute (@:) readout. See Figure A-6
on page A-45.
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d. Check against iimits: CHECK that the A: readout on screen is within
485 mv to 515 mV.

T N

Tek Stopped: 2830 Acquisitlons O
i T
[ T

. 4 T

First aflign a cursor to the
DC basefine (no input).

Second align the second
cursor to the DC test
level that you input.

Third read the L
resulls of the ADC e o b T
measurement here. jch I LT MITEEms TCRT ERY
Al -/

Figure A-6. Measurement of the DC Accuracy for Delta Measurements

e. Test alf channels: Repeat substeps a through d for all four channels,
3. Reestablish the initial test hookup setup:
a. Hook up the test-signal source:
= Setthe output of a DC calibration generator to 0 volts.
& Move the BNC T connector back {o CH 1.
b. Initialize the oscilfoscope:
& Press save/recall SETUP.
m  Press the main-menu button Recall Factory Setup.
a  Press the side-menu button OK Confirm Factory Init.
¢. Modify the default settings:
s Press SHIFT,; then ACQUIRE MENU.

»  Press the main-menu button Mode; then press the side-menu
button Average 16.

®  Press DISPLAY.

m  Press the main-menu button Graticule, then press the side-menu
button Frame,
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4. Confirm input channels are within fimits for DC accuracy at maximum
offset and position: Do the foliowing substeps — test CH 1 first, skipping
substep a since CH 1 s aiready selected from step 3.

a. Select an unchecked channel:

m  Press WAVEFORM OFF to remove the channel just confirmed
from the display.

= Press the front-panel button that corresponds to the channel you
are to confirm.

w  Setthe generator output to O V.
= Move the test hookup to the channel you select.
b. Turn on the measurement Mean for the channel:

®  Press MEASURE, then press the main-menu button Select Mea-
surement for CHx.

»  Press the side menu button more unti! the menu label Mean
FF appears in the side menu (its fcon is shown at the left). Press the
side-menu button Mean.

& Press CLEAR MENU.

Follow these rules to match this procedure to the model of the oscillo-
scope under test:

Model TDS 540 Digitizing Oscilloscope Only — Use Table A-25 10
test CH 1 —~ CH 4; ignore Table A-26 AUX 1 & AUX 2 settings and
fimits.

Model TDS 520 Digitizing Oscilloscope Only — Use Table A-25 o
test CH 1 and CH 2 only; use Table A-26 to test AUX 1 and AUX 2
only.

c. Setits vertical scale: Set the vertical SCALE 1o one of the settings
listed in the table matching the channel under test that is not yet
checked. (Start with the first setling listed.)

Table A-25: DC Accuracy: CH1-CH 4

Scaie Position  Offset Generator Accuracy

Setting |Setting Setting Setiing Limits
(Divs)

5 my -5 +1V +1.040 V +1.0355 V1o +1.0445V
+5 -1V -1.040 V ~1.0355 V1o -1.0445V

200mv -5 +10V +116V +11.525V 1o +11.675V
4+ 5 ~-10V -11.8V ~11.825 V1o -11.675V

Y -5 +100V +108 V +107.450 Vio +108.550 V
+5 -100V -108 V ~107.450 V to -108.550'V
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Table A-26: DC Accuracy: AUX 1-AUX 2

Scale Position Offset Generator Accuracy

Sefting | Setting Setling Setting Limits
(Divs)

100mv | -5 +05V +13V +1.271Vto +1.329V
+5 ~0.5 V -1.3V -1.271 Vo -1.329 V

1V -5 +5V +13V +12.710V 1o +13.280 V
+5 -5V -13V -12710V 10 -13.280 V

10V -5 +50V +130V +127.10V 10 +132.80V
+5 -850V ~130V -127.10V 10 -132.80 V

d. Display the test signal:

Press VERTICAL MENU, Press the main-menuy button Position.

Use the keypad to set verdical position to -5 divisions (press -5,
then ENTER, on the keypad.) The baseline level wili move off
screen.

Press the main-menu bution Qffset.

Use the keypad 1o set vertical offset to the positive-polarity setling
listed in the tabie for the current vertical scale setliing. The base-
line level will remain off screen.

Set the generator to the level and polarity indicated in the table for
the vertical scale, position, and offset seitings you have made.
The DC test level should appear on screen. (if it doesn't retumn,
the DC accuracy check is failed for the current vertical scale
setting of the current channel.
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e. Measure the test signal: Press CLEAR MENU. Read the measurement
results at the Mean measurement readout. See Figure A-7.

” \

Tek Stopped: 345 Acquisitions
fa T-
{ T

L

First set vertical and pasition offsets !

to maximum {no Input), Note gnd . 0.

rel indicator bounded on-screen

for the offset baseline below
screen.

‘i Ch1Mean
! 104060V

Second, input a DC
fevel equal to the offset
plus 3 divisions.

Third, turn on the
Measurement calied
mean and read the
results here.

I FC i T T A— =N 5g0ps ORI T 108V

>

Figure A-7: Measurement of DC Accuracy at Maximum Offset and Position

f. Check against limits:

m  CHECK that the readout for the measurement Mean reacdout on
screen is within the limits Histed for the current vertical scale and
posttion/offset/generator settings,

x  Repeat step d, reversing the polarity of the position, offset, and
generator settings as is listed in the table,

m  CHECK that the Mean measurement readout on screen is within
the limits listed for the current vertical scale setling and position/
offset/generator settings.

% Repeat substeps c through f until all vertical scale settings set-
tings listed in the appropriate table are checked for the channel
under test. (Use the table that matches the input under test — CH
or AUX))

g. Test all channels: Repeat substeps a through f for all four channels.
5. Disconnect the hookup:
a. Setihe generator oulputto G V.

b. Then disconnect the cable from the generator output at the input
connector of the channel last tested.
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Check: Analog Bandwidth

Equipment Required: One high-frequency leveled sine-wave generator and
its leveling head (tem 11), plus fhree 10X attenuators (ltem 1).

Prerequiéites: See page A-38.
Procedure:
1. Instail the test hookup and preset the instrument controls:
a. Initialize the oscifioscope:!
= Press save/recall SETUP.
= Press the main-menu button Recailt Factory Setup.
w  Press the side-menu bution OK Confirm Factory Init.
b. Modify the default settings:
® Set the horizontal SCALE to 50 ns.
®  Press SHIFT, then ACQUIRE MENU.

& Press the main-meny button Mode; then press the side-meny
butlon Average 16.

a  Press Measure. Now press the main-menu button High-Low
Setup; then press the side-menu bution Min-Max.

Hfgh c:cmmmmm
Ffequency . [ Y s R s S e S v ) \‘-MI
Sine Wave 8lew o O 0 pmono
Generator g © coo o 988

[==]
40O O 2 ea8
" (==} o= o 3 o o
CQutpus it o P
' OE: Q hhohenchenon o @
Leveling Head
.,
by,

Figure A-8: Initial Test Hookup

c. Hook up the test-signa! source: Connact, through its leveling head,
the sine-wave ouiput of a high-frequency leveled sine-wave generator
to CH 1. Set the output of the generator to a reference frequency of
6 MHz.
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2. Confirm the input channels are within limits for analog bandwidth: Do the
following substeps — test CH 1 first, Skipping substeps a and b since
CH 7 is already set up for testing from step 1.

&. Select an unchecked channel:

®  Press WAVEFORM OFF 1o remove the channel just confirmed
from display.

& Press the fronl-panel button that corresponds 1o the channel you
are to condirm.

B Move the leveling head to the channel you select.
b. Match the trigger source to the channel selected:

m Press TRIGGER MENU.

= Press the main-menu buiton Source.

& Press the side-menu button that Corresponds 10 the channel
selected.

c. Setits input impedance:

®  Press VERTICAL MENU; then press the main-menu button Cou-
pling.
®  Press the side-menu button £ to foggle itic the 50 0 setiing.
d. Setthe vertical scale: Set the vertical SCALE 1o one of the settings
listed in Table A-27 not yet checked. (Start with the 100 mv setting.)

Table A-27: Analog Bandwidth

Vertical Attenuators Reference Amplitude Horlzontal Test

Scaiel (10X) (at 6 MHz) Scale Frequency Limits
100 mv none 600 mV (6 divisions) Tns - 800 MHz =424 mv
1V none S5V (& divisions) ins 500 MMz =3.535V
500 mv none 3V (6 divisicns) 1ns 500 MHz =212tV
200 mv none 1.2 V (6 divisions) 1ns 500 MHz =848 mv
S0 mv 1 300 mV (6 divisions) 1ns 500 MHz =212 mv
20 mv 1 120 mV (€ divisions) 1ns 500 MHz =84 mv
10my 1 60 mV (6 divisions) 1ns 500 MHz =42 myV
5mv 2 30 mV (6 divisions) 1ns 500 MHz >21 mV
2mv z2 12 mV (B divisions) 2ns 350 MHz =8.4mv
1Tmy 2 8 mV (& divisions) 20ns 250 MHz =4.2myv

'Onty the 150 mV, 1V, and 10 V vertical scale settings are available for the AUX 1 and AUX 2 input channels. Ignore ali other seftings

listed when checking those channels.
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Display the test signal: Do the following subparts 1o first display the
refersnce signal and then the test signal.

#  Press MEASURE; then press the main-menu button Select Mea-
surement for CHx.

& Now press the side menu button more uniii the menu label Pk-Pk
appears in the side menu (its icon is shown at the left). Press the
side-menu bution Pk-Pk.

» Press CLEAR MENU.

®  Sel the generator output 0 the CHx Pk-Pk readout equals the
reference amplilude in Table A-27 that corresponds to the vertical
scale set in substep d.

®  Press the front-panel button SET LEVEL TO 50% as necessary io
trigger a stable display.

Measure the test signal.

® Increase the frequency of the generator output to the test frequen-
cy in Table A-27 that corresponds 1o the vertical scale set in
substep d.

m  Set the horizontal SCALE to 1 ns. Press SET LEVEL TO 50% as
necessary.

m  Read the resuits al the CHx Pk-Pk readout, which will automatical—
ly measure the amplitude of the test signal.

7 \
ARk Stopped: 8487 Acquisitions
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First, increase the reference
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Second, read the results
from the readout of
measurement Pk-Pk.
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Figure A-9: Measurement of Analog Bandwidth

TDS 520 and TDS 540 Tutorial/User Manual

A-51



Appendix C: Performance Verification

g. Check against limits:

®  CHECK that the Pk-Pk readout on screen is within the limits listed
in Table A-27 for the current vertical scale setting.

m  When finished checking, set the horizontal SCALE back to the
50 ns setting.

Checking each channel's bandwidth at all vertical scale settings is
@ fime consuming and unnecessary. You may skip checking the remain-

ing vertical scale settings in Table A-27 (that is, skip the following

substep, h if this digitizing oscilloscope has performed as follows:

m  Passed the 100 mV vertical scale setling just checked in this
procedure,

»  Passed the Verify Internal Adjustment, Self Compensation, and
Ciagnostics procedure found under Seff Tests, on page A-30.

NOTE

Passing the signal path compensation confirms the signal path for
all vertical scale settings for all channels. Passing the internal
diagnostics ensures that the factory-set adjustment constants that
control the bandwidth for each vertical scale setting have not
changed.

n. Check remaining vertical scale settings against limits (optional}:

m |f desired, finish checking the remaining vertical scale settings for
the channei under test by repeating substeps d through g for each
of the remaining scale settings settings listed in Table A-27 for the
channe! under test.

s When doing substep e, skip the subparts that turn on the CHx
Pk-Pk measurement until you check a new channel.

m Instali/remove 10X attenualors between the generator leveling
head and the channel inpul as is needed to obiain the six division
reference signals listed in the tabie.

i. Testall channels: Repeat substeps & through g for ali four channels.

3. Disconnect the hookup. Disconnect the test hook up from the input
connector of the channel last tested.
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Equipment Required: One medium-frequency leveled sine-wave generator
(item 10}, one precision coaxial cable (ltem 4), one 50 O terminator (ltem 3),
and a dual-input-coupler (ltem 7}.

Prerequisites: See page A-38.

Procedure:

DO NOT use the vertical position knob to reposition any channe! while
doing this check. To do so invalidates the test.

1. Install the test hookup and preset the instrument controls:

a. Initialize the front panel;

m  Press save/frecall SETUP.

m  Press the main-menu bution Recall Factory Setup.

®»  Press the side-menu button OK Confirm Factory Init.

b. Modify the Initialized front-panef control seltings:

w Do not adjust the vertical position of any channel during this

procedure.

w  Setthe horizontal SCALE 1o 500 ps.
w  Press SHIFT; then press ACQUIRE MENU.

a  Press the main-menu button Mode, and then press the side-mernu

bution Average 16.
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Figure A-10: Initial Test Hookup
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Hook up the test-signal source;

w  Connect, through a 50 O precision coaxial cable, followed by a
50 0 termination, the sine wave output of a medium-frequency
sine wave generator to a dual-input coupler,

= Connect the coupler to both CH 1 and CH 2.

2. Confirm CH 1 through CH 4 are within limits for channel! defay:

a.

D

d.

Set up the generator: Set the generator frequency to 250 MHz and the
amplitude for about five divisions in CH 1.

Hint: as you are adjusting the generator amplitude, push SET LEVEL
TO 50% frequently to speed up the updating of the waveform ampli-
tude on screen.

TDS 520 only: Press CH 2; then skip to substep e and continue this
check. If testing a TDS 540 model, continue with the next substep, b.

Save a CH 2 waveform: Press CH 2; then press save/recall WAVE-
FORM. Now, press the main-menu button Save Waveform; then
press the side-menu button To Ref 2.

Save CH 3 waveform: Move the coupler from CH 2 to CH 3, so that
CH 1 and CH 3 are driven. Press CH 3; then press the side-menu
bution To Ref 3.

Display all test signals:

m  Press WAVEFORM OFF twice to remove CH 2 and CH 3 from the
display.

®  Move the coupler from CH 3 to CH 4, so that CH 1 and CH 4 are
driven. Press CH 4 to display.

= Now, press the front-panei button MORE. Press the main-menu
buttons Ref 2 and Ref 3.
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e. Measure the test signal:

= Locate the point on the rising edge of the left-most waveform
where it crosses the center horizontal graticule line. This is the
time reference point for this waveform. Note the coresponding
time reference point for right-most waveform. See Figure A-11.

w  Press CURSOR; then press the side-menu button V Bars.
m  Press CLEAR MENU.

m  Rotate the General Purpose knob to align one cursor to the fime
reference point of the left-most waveform edge and the other
cursor 1o the time reference point of the right-most waveform
edge. {Press TOGGLE to swilch between the two cursors.) See
Figure A-11.

& Read the measurement results at the A: cursor readout, not the
@: readout on screen.

TeK Stopped: 16774 Acqulsi!t'lons
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points of those waveforms.

Third, iurn on the cursor and align
the V bar cursors to the time ‘ : ;
reference points, T To0my

Fourth, the resulls here.,

(DD ||| D)

e oIS

100my

Figure A-11: Measurement of Channel Delay

f. Check against fimits: CHECK that the cursor readout on screen is
<250 ps.

3. Disconnect the hookup: Disconnect the cable from the generator output at
the input connectors of the channels.
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Check:

Time Base System Checks

These procedures check those characteristics that relate 10 the Main and

Deiayed time base systemn and are listed as checked under Warranted Char-
acteristics in Appendix A: Specification.

Accuracy for Long-Term Sample Rate, Delay Time, and Deita Time Mea-
surement

Equipment Required: One time-marker generator (ltem 12) and ong precision
coaxial cable (ltem 4).

Prerequisites: See page A-38.

Procedure:

Time-mark G e o xo
Generator eaoee [\

8 @ O © O gpo

0 S oo oo [ ggg

0 i [~ BTy

115Q O S 888

& A R H N

Figure A-12: initial Test Hookup

1. [Install the test hookup and preset the instrument Controls:

a. Hook up the test-signal source: Connect, through a 50 Q precision
coaxial cable, the time-mark output of a time-marker generator to
CH 1. Set the output of the generator for 10 ms markers.

b. Initialize the oscifloscope:

m Press save/recall SETUP.

m»  Press the main-menu button Recall Factory Setup.

® Press the side-menu button OK Confirm Factory Init.
c. Modify the initialized front-panel control settings:

m  Set the vertical SCALE o 500 mV.

®m  Press VERTICAL MENU,; then press the main-menu bution Cou-
pling. Press the side-menu button £} t6 50 1.

® Press SET LEVEL TO 509%.

® Use the vertical POSITION knob to center the fest signal on
screen.

a Set the horizontal SCALE of the Main time base {o 1 ms.
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»  Press TRIGGER MENU; then press the main-menu bution Mode
& Holdoff. Now press the side-menu bution Normal.

» Press SET LEVELTQO 50%.

#  Press horizontal MENU. Press the main-menu button Record
Length; then press the side-menu button 1000 points in 20 divs.

a  Press the main-menu button Trigger Position. Press the side-me-
nu button Pretrigger; then set pretrigger to 20%: press 20, then
ENTER, on the keypad,

2. Confirm Main and Delayed time bases are within fimits for accuracies:
a. Digpiay the test signal:

m  Adjust the horizontal POSITION so the trigger T is ahgned o the
center vertical graticule line.

m  Press the main-menu bution Time Base

m  Press the side-menu buttons Delayed Only and Delayed Runs
After Main.

b. Measure the test signal.
s Set the horizontal SCALE of the D (delayed) time base 1o 100 ns.

® Use the keypad to set delayed time to 10 ms. (Press 10, then
SHIFT, then m followed by ENTER.)
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Figure A-13: Measurement of Accuracy - Long-Term and Delay-Time
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©. Check fong-term sample rate and delay time accuracies against
fimits: CHECK that-the rising edge of the marker crosses the center
horizontal graticule line at a point within = 2.5 divisions of center
graticule.

d. Check delta-time accuracy against limits:

Press the side-menu button Main Only. Set horizontal SCALE to
2ns,

Set the cutput of the generator for 20 ns markers,
Press SET LEVEL TO 50%

Press SHIFT; then ACQUIRE MENU. Now press the main-menu
button Mode; then press the side-menu button Average.

Enter 8, for eight averages, on the keypad.
Press MEASURE.

Press the main-menu button High-Low Setup; then press the
side-menu button Min-Max.

Press the main-menu button Select Measurement for Chi.

Press the side-menu button -more-, until PERIOD appears in the
side menu. Press PERIOD.

Press CLEAR MENU.

CHECK that the readout for CH 1 Per is within 19.760 ns {o
20.240 ns.

3. Disconnect the hookup: Disconnect the cable from the generator output at
the input connector of CH 1.
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Trigger System Checks

These procedures check those characteristics that relate to the Main and

Delayed trigger systems and are listed as checked under Warranted Charac-
teristics in Appendix B: Specification,

Check: Accuracy (Time) for Puise-Glitch or Pulse-Width Triggering

Equipment Required: One medium-freguency leveled sine-wave generator
(item 10), one 10X attenuator (item 1), and one precision coaxial cable
{itern 4).

Prerequisites: See page A-38.
Procedure:
1. Instali the test hookup and preset the instrument conirofs:
a. [Initialize the instrument,
a  Press savefrecall SETUP.
a  Press the main-menu bution Recall Factory Setup.
m  Press the side-menu button OK Confirm Faciory Init.
b. Modify the default setup:
#  Press vertical MENU,

a  Press the main-menu bution Coupling; then press the side-menu
button O to select 50 ) coupling.

m  Set the horizontal SCALE o 10 ns.

Medium mc:coc::cz
Frequency oo o oo Y
Sine Wave g = O O O mpe
Generator (e o= o 258

<3
) €& oo
[ ] [ e e §
ou‘pu‘ 0 ~—o 9 O = . 3
O (Y R O 9
¢ . WE ®:@ ©®
S 10X Attenuator

Figure A-14: initial Test Hookup

C. Hook up the test-gignal source. Connect, through a 50  precision
coaxial cable, followed by a 10X atienuator, the output of a medium-
frequency leveled sine-wave generator (item 10).
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2. Confirm the trigger system is within time-accuracy limits for pulse-glitch
or pulse-width triggering (Horizontal Scale <1 usy.

a. Dispiay the test signal; Set the output of the sine wave generator for a
100 MHz, five-division sine wave on screen. Press SET LEVEL TO
50%.

b. Set the trigger mode: Press TRIGGER MENU. Now press the main-
menu button Mode & Holdoff; then the side-menu button Normal,

c. Set upper and lower limiis that ensures triggering:

Press the main-menu bution Type; then repeatedly press the
samme button until Pulse is highlighted in the menu that pops up.

Press the main-menu button Class; then repeatedly press the
same button until Width is highlighted in the menu that pops up.

Press the main-menu button Trig When; then press the side-menu
button Within Limits.

Press the side-menu bution Upper Limit. Use the keyboard to set
the upper limit to 10 ns: press 10; then SHIFT; then n; then EN-
TER.

Press the side-menu button Lower Limit. Use the keypad to set
the lower limit to 2 ns.

d. Check against limits:

Press SET LEVEL 50%.

While doing the foliowing subparts, monitor the dispiay (it wili
stop acquiring) and the front-panel light TRIG (it will extinguish) to
determine when triggering is lost.

Use the general purpose knob to increase the Lower Limit read-
out until triggering is lost.

CHECK that the Lower Limit readout is within 2.5 ns to 7.5 ns,
inclusive.

Use the keypad to return the Lower Limit to 2 ns and reestablish
friggering.

Press the side-menu button Upper Limit; then use the general
purpose knob to slowly decrease the the Upper Limit readout
until triggering is lost.

CHECK that the Upper Limit readout is within 25 ns to 7.5 ns,
inclusive,
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NS

Figure A-15: Measurement of Time Accuracy for Puise and Glitch Triggering

3. Confirm the trigger systern is within time-accuracy limits for pulse-glitch
or pulse-width triggering (horizontal scale =1 us):

a. Setupper and jower limits that ensures triggering at 250 kHz:

& Press the side-menu button Upper Limit. Use the keyboard to set
the upper limit to 4 us.
= Press the side-menu button Lower Limit. Use the keypad 1o set

the lower limit 1o 500 ns.

b. Display the test signal:

w  Set the horizontal SCALE 10 5 us.

®  Set the output of the sine-wave generator for a 250 kHz, five-divi-
sion sine wave on screen. Set the vertical SCALE to 20 mV {the
waveform will overdrive the display).

w Press SET LEVEL TO 50%.

©. Check against limits: Do the following subparis in the order listed,

m  Use the general purpose knob 1o increase Lower Limit readout
untit triggering is lost.

m  CHECK that the Lower Limit readout is within 1 us 1o 3 us, inclu-
sive,

B Use the keypad to return the Lower Limit to 500 ns and reestab-

lish friggering.
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= Press the side-menu button Upper Limit; then use the general
purpose knob 1o slowly decrease the the Upper Limil readout
until triggering is lost.

= CHECK that the Upper Limit readout is within 1 ps to 3 us, inclu-
sive.

4. Disconnect the hookup: Disconnect the cable frorn the generator output at
the input connector of CH 1.

Check: Accuracy, Trigger-level or Threshold, DC Coupled

Equipment Required: One DC calibration generator (tem 8), one BNC T
connector (ltem 6), and two precision coaxial cables (ftem 4).

Prerequisites: The oscilloscope must meet the prerequisites listed on

page A-38.
Procedure:
s R e T s B e R o B v 3 - %
LD ) QD O
DC Calibrator g ° ©° 9 opa
Output  Sense EO = ~ -~ 2 ggg
e— i=O O S s8s
E [ avoe S s | * B
| e ENOHONC)
Dual Banana o \
BNC Adapter L ]
Coaxial Cables
BNC T Connector

Figure A-16: Initial Test Hookup

1. Install the test hookup and preset the instrumertt controls:
a. Hook up the test-signal source:
= Setthe output of a DC calibration generator to 0 volis,

#  Connect the output of a DC calibration generator through a dual-
banana connector followed by a 50 () precision coaxial cable to
one side of a BNC T connector.

m  Connect the Sense oulput of the generator, through a second
dual-banana connector followed by a 50 ( precision coaxial
cable, to other side of the BNC T connector. Now connect the
BNC T connectorto CH 1.
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Initialize the oscilfoscope:

‘
]

Press save/frecall Setup.
Press the main-menu button Recall Factory Setup.

Press the side-menu button OK Confirm Factory Init.

2. Confirm Main trigger systern is within limits for Trigger-fevel{Threshold
accuracy:

a.

Display the test signal:

Press VERTICAL MENU. Press the main-menu button Position.

Use the keypad 1o set vertical position 1o -3 divisions {press ~3,
then ENTER, on the keypad.) The baseline leve! will move down
thres divisions,

Press the main-menu button Offset.

Use the keypad to set vertical offset {0 + 10 volts. The baseline
level will move off-screen.

Set the standard output of a DO calibration generator to
+ 10 voits. The DC test level will appear on screen.

Measure the test signal:

Press SET LEVEL TO 50%.
Press TRIGGER MENU.

Read the measurement resulis from the readout below the label
Level in the menu; not the trigger readout in the graticule area.

Check against limits:

CHECK that the Level readout in the main menu is within 8.940 V
to 10.060 V, inClusive.

Press TRIGGER MENU. Press the main-menu button Slope; then
press the side-menu button for negative slope. (See icon at lefl.)
Repeat substep b,

CHECK that the Level readout in the main menu is within 8.840 V
to 10.060 V, inclusive.

3. Confirm Delayed trigger system is within limits for Trigger-level/Threshold
accuracy:

a.

Select the Delayed time base:

Press HORIZONTAL MENLU,
Press the main-meny bution Time Base.

Press the side-menu buttons Delayed Only and Delayed Trigger-
able.

Set D (delayed) horizontal SCALE to 500 s,
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Figure A-17: Measurement of Trigger-Level Accuracy

b. Select the Delayed trigger system:

Press SHIFT. then press the front-paneal button BELAYED TRIG.

Press the main-menu bution Level.

c. Measure the test signal: Press the side-menu button SET TO 50%.
The TRIG’D indicator should be |it. Read the measurement results in
the side menu below the label Level,

d. Check against limits: Do the following subparts in the order listed.

CHECK that the Level readout in the side menu is within 9.940 V
10 10.060 V, inclusive.

Press the main-menu buticn Slope; then press the side-menu
button for negative stope. (See icon at left.) Press the main-menu
button Level. Repeat substep c.

CHECK that the Level readout in the side menu is within 9940V
1o 10.060 V, inclusive.

4. Disconnect the hookup:

a. First set the output of the DC calibration generator to 0 vofts.

b. Then disconnect the cable from the generator output at the input
connector of CH 1.
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Check: Sensitivity, Edge Trigger, DC Coupled

Equipment Required: One medium-frequency leveled sine-wave generator
(Item 11), one high-frequency leveled sine-wave generator, one precision 50 O
coaxial cable (ltem 4), and one 10X attenuator (em 4). When checking the
TDS 540 Digitizing Oscilloscope, a BNC T connector {ltem 6), a 5X attenuator
(tem 2), and a second precision 50 () coaxial cable (ltem 4) are also required.

Prerequisites: See page A-38.

Procedure:

1. Install the test hookup and preset the instrument controls:

a. Initialize the oscilloscope:

Press save/recall SETUP.
Press the main-menu button Recall Factory Setup.

Press the side-menu bulion OK Confirm Factory init.

k. Modify the initialized front-panel conirol settings:

Set the horizontal SCALE for M {main) time base 10 20 ns.

Press HORIZONTAL MENU; then press the main-menu bution
Time Base.

Press the side-menu button Delayed Only; then the side-menu
button Delayed Triggerable.

Set the horizontal SCALE for the D (delayed) time base to 20 ns;
then press the side-menu button Main Only.

Press TRIGGER MENU; then press the main-menu bution Mode
& Holdotf. Now press the side-menu bution Normal.

Press VERTICAL MENU; then press the main-menu button Cou-
pling. Now press the side-menu button  select the 50 () setting.

Press SHIFT; then press ACQUIRE MENU. Now press the main-
menu bution Mode; then the side-menu butlon Average 16.

C. Hook up the test-signal source:

Medium
Frequency
Sine Wave
Generator

to

Quoony

e
€
@
. 00
@ ppgo
@ &)

OooODoO
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100000

Cutput

O QWD b dh b oo
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Figure A-18: Initial Test Hookup — TDS 520 Only
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TDS 520 only: Connect, through a 50 () precision coaxial cable,
the signal output of a medium-frequency sine wave generator 10
CH 1. See Figure A-18.
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Figure A-19: Initial Test Hookup — TDS 540 Only

TS 540 only: Connect the signal cutput of a medium-frequency
sine wave generator to 2 BNC T connecior. Connect one ouiput of
the T connector to CH 1 through a 80 O precision coaxial cable,
connect the other output of the T connector 1o the AUX TRIG
iNPUT at the rear panel. See Figure A-18.

2. Confirm Main and Delayed trigger systems are within sensitivily limits
(50 MHz):

a.

Display the test signal:

Set the generator frequency 1o 50 MHz.
Press MEASURE.

Press the main-menu button High-Low Setup; then press the
side-menu button Min-Max.

Press the main-menu button Select Measurement for Ch 1.

Press the side-menu button -more- until Amplitude appears in
the side menu (its icon is shown at the left). Press the side-menu
bution Ampiitude.

Press SET LEVEL TO 50%.
Press CLEAR MENU.

Set the test signal amplitude for about three divisions on screen.
Now fine adjust the generator output until the CH 1 Amplitude
readout indicates the amplitude is 350 mV. (Readout may fluctuate
around 350 mv)

Disconnect the 50 O precision coaxial cable at CH 1 and recon-
nect it to CH 1 through a 10X attenuator,
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ampiitude at the minimum
trigger sensitivity.

Second, check for a stable
trigger at both the posltive
and negative slope setfings.

Appendix C: Performance Verification

b. Check for Main trigger system for stable triggering at limits:

Read ihe foliowing definition: A stable trigger is one that is consis-
tent; that is, one that resulls in & uniform, regular dispiay iriggered
on the selected slope (positive or negative). This display should
not have its trigger point switching between opposite slopes, nor
should # “roli” across the screen. At horizontal scale settings of

2 ms/division and faster, TRIG’D will remain constantiy lit. It will
flash for slower settings.

Press TRIGGER MENLU; then press the main-menu button Slope.,

Press SET LEVEL TO 50%. CHECK that a stable trigger is ob-
tained for the test waveform on both the positive and negative
slopes. {Use the side menu to switch between trigger slopes; use
the TRIGGER LEVEL knob to stabilize the trigger If required.)

Leave the Main trigger system triggered on the positive slope of
the waveform before continuing 1o the next step.
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Figure A-20: Measurement of Trigger Sensitivity

c. Check delayed trigger system for stable triggering at limits Do the
following subparts in the order listed.

Press HORIZONTAL MENU; then press the main-menu button
Time Base. Now press the side-menu button Delayed Only.

Press SHIFT; then press DELAYED TRIG. Press the main-menu
button Level.
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Press the side-menu bution SET TO 50%. CHECK that a stable
trigger is obtained for the test waveform for both the positive and
negative slopes of the waveform. (Use the General Purposs knob
io stabilize the trigger if required.)} Press the main-menu button
Slope; then use the side menu to swilch between trigger slopes.

Leave the delayed trigger system triggered on the positive slope
of the waveformn before continuing to the next step. Also, return to
the main time base: Press HORIZONTAL MENU; then press the
main-menu button Time Base. Now press the side-menu button
Main Only.

an ALIX Trigger input. If testing the TDS 540, continue with step 3.

@ TDS 520 only: Skip o siep 4 since the TDS 520 is not equipped with

3. Confirm the AUX Trigger input:

a. Display the test signal:

Remove the 10X attenuator and reconnect the cable to CH 1.
Set the test signal ampliude for about 2.5 divisions on screen.

Now fine adjust the generator output until the CH 1 Amplitude
readout indicates the amplitude is 250 mV. (Readout may fluctuate
around 250 mv.)

b. Check for AUX trigger source for stable triggering at limits: Do the
following in the order listed.

Use the definition for siable trigger from step 2.

Press TRIGGER MENU,; then press the main-menu bution
Source.

Press the side-menu bution -more- untit the side-ment 1abel
Auxiliary appears; then press Auxiliary.

Press SET LEVEL TO 50%. CHECK that a stable trigger is ob-
tained for the test waveform on both the positive and negative
slopes. Press the main-menu button Slope; then use the side
menu to switch between trigger slopes. Use the TRIGGER LEVEL
knob to stabilize the frigger if required.

Leave the Maln trigger system triggered on the positive slope of
the waveform before proceeding 1o the next check.

Press the main-menu button Source; then press the side-menu
button ~more- urttil CH 1. Press CH 1.

4. Confirm that the Main and Delayed trigger systems are within sensitivity
limits {500 MHz):

a. Hook up the test-signal source: Disconnect the hookup installed in
step 1. Connect, through its leveling head, the signal output of a
high-frequency leveled sine-wave generatorto CH 1.

A-68

Appendices



Appendix C: Performance Verification

b. Setthe Main and Deiayed Horizontal Scales:

Set the herizontal SCALE to 500 ps for the M (Main) time base.
Press HORIZONTAL MENU.

Press the main-menu button Time base; then press the side-menu
button Delayed Triggerable.

Press the side-menu button Delayed Only.

Set the horizontal SCALE to 500 ps for the D (Delayed) time base,
Press the side-menu bution Main Only.

c. Display the test signal:

Set the generator frequency to 500 MHz.

Sel the test signal amplitude for about five divisions on screen.
Now fine adjust the generator output until the CH 1 Amplitude
readout indicates the ampiitude is 500 mV. (Readout may fluctuate
around 500 mV))

Disconnect the leveling head at CH 1 and reconnect it to CH 1
through a 5X atienuator,

d. Repeat step 2, substeps b and ¢ only, since only the 500 MHz fre-
quency is to be checked here,

5. Confirm that the Main and Defayed trigger systems couple trigger signals
from all channels: 1t you have not done the procedure Check Analog
Banawidth, which begins of page A-48, do so after finishing this proce-
dure. See the following note.

NOTE

Steps 1 through 4 confirmed trigger sensitivity for the Main and
Delayed triggering systems using the CH 1 input, Doing the proce-
dure Check Analog Bandwidth ensures that trigger signals are
coupled from all four channels,

6. Disconnect the hookup: Disconnect the cable from the generator output at
the input connector of the channel last tested.
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Output Signais Checks

These procedures check those characteristics that are available at the various
ouiput ports on the oscilloscope and are listed as checked under Warranted
Characteristics In Appendix B: Specification.

Check: Outputs — CH 3, Main and Delayed Trigger, and Probe Compensator
Equipment Required:
w  TDS 520 and TDS 540: One standard-accessory 10X probe (em 13).

= TDS 540 only: Two 50 £ precision cables (item 4), and one calibration
generator {liem 9).

Prerequisites: See page A-38. Also, this digitizing oscilloscope must have
passed Check Accuracy — Long-Term Sample Rate, Delay time, Time Mea-

surement on page A-56 and Check Accuracy for DC Gain and Voltage Mea-
surements on page A-43,

The TDS 520 Digitizing Oscllloscope does not have rear-panel out-

puts; therefore, when testing the TDS 520 skip the steps that check
those outputs where instructed to do so.

Procedure:

1. install the test hookup arid preset the instrument controls

ocoooo

Q DO o

H

i

Figure A-21: Initial Test Hookup (TDS 520)

a. Hook up test-signal source 1 (both TDS 520 and TDS 540): Install the
standard-accessory probe to CH 1. Connect the probe tip to PROBE
COMPENSATION SIGNAL on the font panel; connect the probe
ground to PROBE COMPENSATION GRD.
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Figure A-22: Initial Test Hookup (TDS 540)

b.

Hook up test-signal source 2 (TDS 540 only):

= Connect the standard amplitude output of a calibration generator
through a 50 Q precision coaxial cable to CH 3.

= Set the output of the calibration generator to 0.500 V.

Hook up test-signal source 3 {TDS 540 only): Connect the Main
Trigger Out at the rear panel o CH 2 through a 50 Q precision cable.

initfaifze the oscilloscope:

»  Press save/recall SETUP.

#  Press the main-menu button Recall Factory Setup.

»  Press the side-menu button OK Confirm Factory Init.
Modify the initialized front-panel control settings:

& Press AUTOSET. Set the horizontal SCALE 10 200 us.
# Press SHIFT, then press ACQUIRE MENU.

s Press the main-menu button Mode; then press the side-menu
button Hi Res,

2. Confirm that the Probe Compensator signaf is within limits for amplitude
and frequency:

a.

Measure amplitude and frequency of the probe compensation signal:

#  Press MEASURE:; then press the main-menu button Select Mea-
surement for Ch 1.

= Repeatedly press the side-menu button -more- until Frequency
appears in the side menu (its icon is shown at the leff). Press the
side-menu button Frequency.

®  Now repeatedly press the side-menu button -more- until Ampli-
tude appears in the side menu (its icon is shown at the left). Press
the side-menu bution Amplitude.
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w  Press CLEAR MENU to remove the menus from the display. See
Figure A-23.
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Figure A-23: Measurement of Probe Compensator Limits

b. Check against limits: CHECK that the CH 1 Freq readout is within
950 Hz to 1.050 kHz, inclusive, and that the readout for Ch 1 Ampl is
within 475 mV to 525 mV, inclusive.

TBS 520 only: ChecKing the probe compensator concludes this test.
Skip to step 5 to disconnect the test hookup.

3. Confirm Main and Delayed Trigger outputs are within limits for logic
levels;

a. Display the test signal

x  Press WAVEFORM OFF to tum off CH 1.

® Press CH 2 io display that channel.

»  Setthe verlical SCALE o 1 V.

a  Use the vertical POSITION knob to center the display on screen.
b. Measure logic levels:

& Press MEASURE; then press the main-menu bution Select
Measurement for Ch 2.

Low appear in the side menu (their icons are shown at the left).

L = Repeatedly press the side-menu bution —-more- until High and
BN Press both side-menu buttons High and Low.
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Figure A-24: Measurement of Main Trigger Out Lirmits

€. Check Main Trigger cutput against limits:

= CHECK that the Ch 2 High readout is =>2.5 volts and that the
Ch 2 Low readout is <C0.7 volts,

® Press VERTICAL MENU; then prass the main-menu button Cou-
pling. Now press the side-menu button O to toggie it to the 50
setting.

®  CHECK thatthe Ch 2 High readout is >1.0 volts and that the
Ch 2 Low readout <<0.25 volts.

d. Check Delayed Trigger output against limits:

»  Move the precision 50 () cable from the Main Trigger Output
BNC to the Delayed Trigger Qutput BNC.

®  CHECK that the Ch 2 High readout is >>1.0 volts and that the
Ch 2 Low readout <<0.25 volts.

®  Press the side-menu button () select the 1 M setting.
&  Press CLEAR MENU.

m  CHECK that the Ch 2 High readout is >>2.5 volts and that the
Ch 2 Low readout is <<0.7 volts.

4. Confirm CH 3 output is within limits for gain:
a. Measure gain:

®  Move the precision 50 () cable from the DELAYED TRIGGER
OUTPUT BNC 10 the CH 3 OUTPUT BNC.

B Press SHIFT; then press DELAYED TRIG.
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Tl

Press the main-menu bution Source; then press the side-menu
bution Ch 3.

Press HORIZONTAL MENU.

Press the main-menu button Time Base, then press the side-menu
button Delayed Triggerable.

Set vertical SCALE 1o 100 mV.

Press MEASURE; then press the main-menu button Select
Measurements for Ch 2.

Repeatedly press the side-menu bufton -more- untit Pk-Pk
appears in the side menu (its icon is shown at the left). Press the
side-menu button Pk-Pk.

Press CLEAR MENU.

Check against limits:

CHECK that the readout Ch 2 Pk-Pk is between 80 mV and
110 mV, inclusive.

Prass VERTICAL MENU; then press the side-menu bution {2 1o
toggle to the 50 O setting.

Press CLEAR MENU.

CHECK ihat the readout Ch 2 Pk-Pk is between 45 mV and
55 mV, inclusive,

5. Disconnect the hookup: Disconnect the cable from the generator output at

the inpul connector of the channel last tested.
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IRly /7171 Appendix D: Algorithms

The Tektronix TDS Series Digitizing Oscilioscope can take 22 automatic -
measurements. By knowing how the instrument makes these calcuiations, you
may betier understand how 10 use your Instrument and how to interpret your
resulis.

Measurement
Variables

The TDS Series Digitizing Oscilloscope uses a variety of variables in its
calculations. These include:

High, Low

High is the value used as the 100% level in measurements such as fall time
and rise time. For example, if you request the 10% {o 80% rise time, then the
oscilloscope will calculate 10% and 90% as percentages with High represent-
ing 100%.

Low is the value used as the 0% level in measurements such as fall time and
rise fime.

The exact meaning of High and Low depends on which of two calculation
methods you choose from the Measure menu's High-Low Setup item. These
are Min-max and Histogram.

Min-Max Method — defines the 0% and the 100% waveform levels as the
lowest amplitude (most negative) and the highest amplitude (most positive)
samples. The min-max method is useful for measuring frequency, width, and
period for many types of signals. Min-max is sensitive to waveform ringing and
spikes, however, and does not always measure accurately rise time, fall time,
overshoot, and undershoot.

The min-max method calculates the High and Low values as follows:
High = Max
and

Low = Min

Histogram Method — atiempts to find the highest density of points above
and below the waveform’s midpoint. i atternpis to ignore ringing and spikes
when determining the 0% and 100% levels. This method works well when
measuring square waves and pulse waveforms.

The oscillescope calculates the histogram-based High and Low vaiues as
follows:

1. It makes a histogram of the record with one bin for each digitizing level
(256 total).
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2. It splits the hisiogram into two sections at the halfway point between Min
and Max {also calied Mid).

3. The level with the most poinis in the upper histogram is the High value,
and the level with the most points in the lower histogram is the Low vaiue.
(Choose the levels where the histograms peak for High and Low,)

If Mid Qives the largest peak value within the upper or lower histogram,
then retumn the Mid value for both High and Low (this is probably a very
low amplitude waveform).

If more than one histogram level {bin} has the maximum value, choose the
bin farthest from Mid.

This algorithim does not work well for two-level waveforms with greater than
about 100% overshoot.

HighRef, MidRef, LowRef

The user sets the various reference levels, through the Measure menu’s Refer-
ence Level selection. They include:

HighRef — the waveform’s high reference level. Used in fall time and rise
{ime calcutations. Typically set to 80%. You can set it from 0% 1o 100%.

MidRef — the waveform’s middie reference level. Typically set to 50%. You
can set it from 0% 1o 100%.

LowRef — the waveform’s low reference level. Used in fall and rise time
calculations. Typically set to 10%. You can set it from 0% to 100%.

Mid2Ref — the middle reference level for a second waveform, Used in delay
fime calculations. Typically set to 50%. You can set it from 0% to 100%.
Other Variables

The oscilloscope also measures several values itself that it uses to help
calculate measurements.

RecordLength — is the number of data points in the time base. You set it
with the Horizontal menu Record Length item.

Start — is the location of the start of the measurement zone (X-value). it is
always 0.0 samples.

End — is the location of the end of the measurement zone (X-value). It is
aiways (RecordLength - 1.0) samples.
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Hysteresis — is 10%. It is used in MCrossl, MCross2, and MCross3 calcula-
tions.

MCross Calculations
MCross1, MCross2, and MCross3 — refer to the first, second, and third
MidRef Cross times, respectively. See Figure A-25.

Note that the polarity of the crossings does not matter for these variables, but
the crossings wiil altermnate in polarity; i.e., MCross] could be a positive or
negative crossing, but if MCross! is a positive crossing, MCross2 will be a
negative crossing.

The oscilloscope calcutates these values as follows:
1. Find the first MidRefCrossing In the measuremeant zone. This is MCrossl.

2. Continuing from MCrossi, find the next MidRefCrossing in the measurement
zone of the opposite polarity of MCross. This is MCross2.

3. Continuing from MCross2, find the next MidRefCrossing in the measurement
zone of the same polarity as MCressI. This is MCross3.

MCross3
MCross2 (EndCycle)

MCross?
(StariCycle)

MidRef + (Hysteresis x Amplitude) — —— —— A . J—
MidRef —— — — — — — M — — e e A e e —
MidRef - (Hysteresis x Amplitude) —— —— —— S U S —

Figure A-25: MCross Calculations

MCross1Polarity — is the polarity of first crossing (no default). It can be
fising or falling.

StariCycle — is the starting time for cycle measurements. lt is a floating-
point number with values between 0.0 and (RecordLength - 1.0), inclusive.

StartCycle = MCross]

EndCycle — is the ending time for cycle measurements. it is a floating-point
number with values between 0.0 and (RecordLength - 1.0), inclusive.

EndCycle = MCross3
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Waveform[ <1 ... RecordLength>] - holds the acquired data.

TPOS - is the location of the sample just before the trigger point (the time

reference zero sample). In other terms, it contains the domain reference loca-
fion. This location is where time = (.

TSOFF — is the offset between TPOS and the actual trigger point. In other
words, it is the trigger sampie offset. Values range between 0.0 and 1.0 sam-
ples. This value is determined by the instrument when it receives a trigger. The
actual zero reference (trigger) location in the measurement record is at
{TPOS+ TSOFF).
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Measurement
Algorithms

]

The automated measuremenis are defined and calculated as foillows:

Amplitude
Amplitude = High - Low

Burst Width

Timing measurement. The duration of a burst,
1. Find MCrossI on the waveform. This is MCrossStart.

2. Find the last MCross (begin the search at EndCycle and search toward
StartCyele). This is MCrossStop. This could be a different value from
MCrossi.

3. Compute BurstWidth = MCrossStop - MCrossStart

Cycle Mean

Amplitude (voltage) measurement. The mean over one waveform cycle. For
non-cyclicai data, you might prefer to use the Mean measurement.

If StartCycle = EndCycle then return the {interpolated) value at StarrCycle.

EndCycle
J Waveform(f)dt
StartCyele
CycleMean =
yeemedn = (EndCycle - StartCycle) X Samplelnterval
Cycle RMS

The true Root Mean Square voltage over one cycie.

It StartCycle = EndCycle then CycleRMS = Waveform{Start].

Otherwise,
EndCycle
f (Waveform(t))*dt
StartCycle
CycleRMS =
veee (EndCycle ~ StartCycle) X Samplelnterval)
Delay

Timing measurement. The time between the MidRef crossings of two different
fraces.

Delay measurements are actually a group of measurements. To get a specific
delay measurement, you must specify the farget and reference crossing
polarities, and the reference search direction.

Delay = the time from one MidRef crossing on the source waveform {o the
MidZ2Ref crossing on the second waveform.
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Fall Time

. Timing measurement. The time taken for the falling edge of a pulse to drop
from a HighRef value (default = 90%) to a LowRef value {default = 10%).

Figure A-26 shows a falling edge with the two crossings necessary to calcu-
late a Fail measurement.

1. Searching from Start 10 End, find the first sample In the measurement zone
greater than HighRef.

2. From this sample, continue the search to find the first (negative) crossing
of HighRef. The time of this crossing is THF. (Use linear interpolation if
necessary.)

3. From THF, continue the search, looking for a crossing of LowRef. Update
THF if subsequent HighRef crossings are found. When a LowRef crossing
is found, it becomes TLF. (Use linear interpolation if necessary.)

4. FallTime = TLF - THF

Fall Time
=
THF TLF
High -
HighRef
LowRef
Low
Figure A-26: Fall Time
Frequency

Timing measurement. The reciprocal of the period. Measured in Hertz (Hz)
where 1 Hz = 1 cycle per second.

If Period = 0O or is otherwise bad, return an error,

Frequency = 1/Period

A-80 Appendices



Appendix D: Algorithms

High

T 100% (highest) voltage reference value. (See “High, Low” earlier in this sec-
tion)

Using the min-max measurement technigue:

High = Max
Low
M 0% (iowest) voltage reference value calculated. (See “High, Low” earlier in

this section)
Using the min-max measurement technique;

Low = Min

Maximum

nr Amplitude (voltage) measurement. The maximum voltage. Typically the most
positive peak voltage.

Examine all Waveform[ | samples from Start 10 End inClusive and set Max
equal to the greatest magnitude Waveform{ | value found.

Mean

FF The arithmetic mean for one waveform, Remember that one waveform is not
necessarily equal to one cycle. For cyclical data you may prefer to use the
cycle mean rather than the arithmetic mean.

if Start = End then retumn the {inerpolated} value at Szarr.
Otherwise,

End
J Waveform()dt

Stan

Mean =
ean {(End — Start) X Samplelnterval

Minimum

nr Amplitude (voltage) measurement. The minimum amplitude. Typicaily the most
negative peak voltage.

Examine all Waveform/ ] samples from Start to End inclusive and set Min egual
to the smallest magnitude Waveformf | value found.
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Negative Duty Cycle

Timing measurement. The ratio of the negative pulse width to the signal period
expressed as a percentage.

NegativeWidth is defined in Negative Width, below.
if Period = 0 or undefined then return an error.

NegativeWidth

Loy,
Period * 100%

NegativeDutyCycle =

Negative Overshoot

Amplitude (voitage) measuremert.

Low - Mi
NegativeQvershoot = Low - - "« 100%
Amplitude

Note that this value should never be negative (unless High or Low are set
out-of-range).

Negative Width

= Timing measurement. The distance {ime) between MidRef (defaull = 50%)
amplitude points of a negative pulse.

If MCrosslPolarity = =’
then

NegativeWidth = (MCross2 - MCrossI)
else

NegativeWidth = (MCross3 - MCross2)

Peak to Peak

Amplitude measurement. The absolute difference between the maximum and
minimum amplitude.

PeaktoPeak = Muax ~ Min
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Period

S Timing measurement. Time taken for one complete signa!l cycle. The recipro-
cal of frequency. Measured in seconds.

Period = MCross3 — MCrossl

Positive Duty Cycle

A Timing measurement. The ratio of the positive pulse width to the signal period,
expressed as a percentage.

PositiveWidth s defined in Positive Width, following.
If Period = 0 or undefined then retumn an error.

PositiveW:
PositiveDutyCycle = M % 100%
Period

Positive Overshoot

Ampiitude {voltage) measurement,

Mex — High
Amplitude

PositiveOvershoot = x 100%

Note that this value should never he negative,

Positive Width

S Timing measurement. The distance (time) between MidRef (default = 50%)
amplitude points of a positive pulse.

i MCrosslPolarity = '+
then

FPositiveWidth = (MCross2 — MCrossl)
else

FositiveWidth = (MCross3 - MCross2)
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Rise Time

Timing measurement. Time taken for the leading edge of a pulse to rise from a
LowRef value (defaull = 10%) to a HighRef value (default = 909%,).

Figure A-27 shows a rising edge with the two crossings necessary to calculate
& Rise Time measurement.

1. Searching from Start 1o End, find the first sample in the measwement zone
less than LowRef.

2. From this sample, continue the search 1o find the first (positive) crossing of
LowRef. The time of this crossing is the low rise time or TLR. (Use linear
interpolation if necessary.)

3. From TLR, continue the search, looking for a crossing of HighRef. Update
TLR if subsequent LowRef crossings are found. If a HighRef crossing is
found, it becomes the high rise time or THR. {Use linear interpolation if
necessary.)

4. RiseTime = THR - TLR

Rise Time
—~—

TLR THR

Figure A-27: Rise Time

RMS:
Amplitude (voltage) measurernent. The true Root Mean Sguare voitage.
If Start = End then RMS = the (interpolated) value at Waveform/[Start].

Otherwise,

End
J (Waveform(t)y*dt

Start

RMS =

(End — Start) x Sampielnterval)
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Measurements on Tirme measwrements on envelope waveforms must be treated differentty from
time measurements on other waveforms, because envelope waveforms con-

Envelope Waveforms tain so many apparent crossings. Unless otherwise noted, envelope wave-
forms use either the minima or the maxima {(but not both), determined in the
following manner:

1. Step through the waveform from Starr 10 End until the sample min and max
pair DO NOT straddie MidRef.

2. lithe pair > MidRef, use the minima, else use maxima.
If all pairs straddie MidRef, use maxima. See Figure A-28.

The Burst Width measurement always uses both maxima and minima 1o
determine crossings.

MidRef — = i A

Both min and max
samples are above
MidRef, so use
minima.

Both min and max
samples are below
MidRel, so use
maxima.

MidRef —~— - r——— -

Figure A-28: Choosing Minima or Maxima
to Use for Envelope Measurements
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Missing or
Out-of-Range
Samples

If some samples in the waveform are missing or off-scale, the measurements
will linearly interpolate between known samples to make an “appropriate”
guess as to the sample valug. Missing samples at the ends of the measure-
ment record will be assumed to have the value of the nearest known sample.

When samples are out of range, the measurement will give a warning to that
effect {for example, “CLIPPING"} if the measurement could change by extend-
ing the measurement range slightly. The algorithms assume the samples
recover from an overdrive condition instantaneously.

For example, If MidRef is set directly, then MidRef would not change even if
samples were out of range. However, if MidRef was chosen using the %
choice from the Measure menu’'s Set Levels in % Units selection, then
MidRef could give a “CLIPPING” waming.
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It you ship the digitizing oscilloscope, pack it in the original shipping carion
and packing material. If the criginal packing material is not available, package
the instrument as follows:

[] step 1: Obtain a corrugated cardboard shipping carton with inside dimen-
sions at least 15 cm (B in) taller, wider, and deeper than ihe digitizing
oscilloscope. The shipping carton must be constructed of cardboard with
375 pound test strength.

[] step 2: 1 you are shipping the digitizing oscilloscope to a Tektronix field
office for repair, altach a tag 1o the digitizing oscilloscope showing the
instrument owner and address, the name of the person to contact about
the instrument, the instrument type, and the serial number.

m Step 3: Wrap the digitizing oscilloscope with polyethelene sheeting or
equivalent material to protect the finish.

[:j Step 4: Cushion the digftizing oscilloscope in the shipping carton by
tightly packing dunnage or urethane foam on all sides between the carton
and the digitizing oscilloscope. Allow 7.5 cm {3 in) on all sides, top, and
bottom.

D Step 5: Seal the shipping carton with shipping tape or an industrial sta-
pler.
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A

Initialization Settings

The factory initialization settings function provide you a known state for fhe

digitizing oscilloscope.

Settings

Factory inftialization sets values as shown in Table A-28.

Table A-28: Factory Initialization Defaults

Control Changed by Factory Init to
Acquire mode Sample
Acquire repetitive signal ON {Enable ET)

Acquire stop after

RUN/STOP button only

Acquire # of averages

16

Acquire # of envelopes

10

Channel selection

Channe! 1 on, ail others off

Cursor H Bar 1 position

10% of graticule height
(-3.2 divs from the center)

Cursor H Bar 2 position

80% of the graticule height
{+3.2 divs from the center)

Cursor V Bar 1 position

10% of the record length

Cursor V Bar 2 position

.90% of the record length

Cursor function Off
Cursor time units Seconds
Delayed edge irigger coupling bC
Delayed edge trigger level ov
Delayed edge trigger slope Rising
Delayed edge trigger source Channel 1
Delay trigger average # 16

Delay trigger envelope # 10
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Table 3-10: Factory Initialization Defaults{Cont.)

Control Changed by Factory Init to
Deiay time, 4.0ns

delayed runs after main

Deiay time, 4.0ns

delayed triggerable after main

Delay events, 2

triggerable after main

Delayed, delay by ... Delay by Time

Delayed, time base mode

Delayed Runs After Main

Display format YT

Display graticule type Fufl

Display Intensity - contrast 125%

Display intensity - text 60%

Display intensity ~ waveform 80%

Digplay intensity - overall 85%

Display interpolation filter Sin(x)/x

Display style Vectors

Display trigger “T" On

Display variable persistence 500 ms

Edge trigger coupling DC

Edge trigger level 0.0V

Edge trigger slope Rising

Fdge trigger source Channel 1
Horizontal - delay trigger position  50%

Horizontal - delay trigger record 500 points (10 divs)
fength .
Horizontal - delay trigger time/div. 50 us
Horizontal - main trigger position  50%

Horizontal - main trigger record 500 points (10 divs)
length

Horizontal - main trigger time/div. 500 us
Horizontal - time base Main only
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Table 3-10: Factory Initialization Defaulis{Cont.)

Control

Changed by Factory Init to

Logic pattern frigger Ch4 (Ax2) in-

put

X (don’t care)

Logic state trigger Ch4 (Ax2) input

Rising edge

Logic frigger input
(pattern and staie)

Channel 1 = H (high),
Channels 2 & 3 (Ax1) = X (don’t care)

Logic trigger threshold (all chan-
neis} {pattern and staie)

1.4V (when 10X probe attached)

Logic trigger class Pattemn
Logic trigger togic AND
{pattern and state)

Logic trigger triggers when ... Goes TRUE
{(pattern and state)

Main trigger holdoff 0%

Main frigger mode Auto

Main trigger type Edge

Math function {single wim) Invert {Inv)

Math operator (dual wim)

+ for mathi and math3, - for math2

Math source 1 (single and dual)

Channel 1 {Chi)

Math source 2

Channel 2 (Ch2)

Math type

Dual Wfm Maih

Measure Delay {0

Channel 1 (Ch1)

Measure Delay edges

Both rising and forward searching

Measure High-Low Setup

Histogram

Measure High Ref

90% and O V (units)

Measure Low Ref

10% and O V (units)

Measure Mid Ref

50% and 0 V (units)

Measure Mid2 Ref

50% and 0 V (units)

Pattem trigger Chd/Ax2 input

X (don't care)

Pulse glitch trigger polarity Positive
Pulse runt high threshold 20V
Pulse runt low threshold 0.0V
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Table 3-10: Factory Initialization Defaults{Cont.)

Control Changed by Factory Init to
Pulse runt trigger polarity Positive '
Puise trigger class Glitch

Pulse trigger filter state

On (Reject glitch)

Puise trigger glitch width

20ns

Pulse trigger level

o8V

Pulse trigger source
(Glitch, runt, and width)

Channel 1 (Ch1)

Pulse width trigger when ... Within limits
Pulse width upper Himit 20ns
Pulse width lower limit 2.0ns
Puise width trigger polarity Positive
Saved setups No change
Saved waveforms No change
Vertical bandwidth {all channalg) Full
Vertical coupling (all channets) DC
Vertical impedance (termination) 1MQ
(alt channels)
Vertical offset (all channels) oV
Vertical position (all channels) O divs.

~ Vertical voits/div. (all channels) 100 mV/div.
Zoom horizontal {all channels) 1.0X
Zoom horizontal lock Live

Zoom horizontal position
{all channels)

50% = .5 {the middle of the display)

Zoom state Oft
Zoom vertical (all channels) 1.0X
Zoom vertical position (ali chan- C divs.

nels)
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AC Ny AC coupling
A type of signal transmission that blocks the signal’s DC component
but uses the signal’s dynamic (AC) component. Useful for observing
an AC signal that is narmally riding on a BC signal.

Accuracy
The closeness of the indicated value to the true value.

Acquisition
The process of sampling signals from input channsls, digitizing the
samples, processing the resulting samples into data points, and
assembling the data points into & waveform record. The waveform
record is stored in memory.

Acquisition interval
The time duration of the waveform record divided by the record length.
The digitizing oscilloscope displays one data point for every acquisi-
fion interval.

Active cursor
The cursor that moves when you tum the general purpose knob. The
@ readout on the display shows the position cf the active cursor,

Aliasing
A false representation of the signal’s waveform due to insufficient
sampling of high frequencies or fast fransitions. That is, a condition
that occurs when a digitizing oscilloscope digitizes at an effective
sampling rate that is too slow o reproduce the input signal. The
waveform dispiayed on the oscilloscope may have a lower frequency
than the actual input signal. Can cause excessive measurement and
other errors.

Amplitude :
The High waveform value less the Low waveform value.

AND
A logic (Boolean} function in which the output is true when and only
when all the inputs are true. On the digitizing oscilloscope, this is a
trigger logic pattern and state function.

0 g

Attenuation
- The degree of reduction in amplitude as a signal passes through an
attenuating device such as a probe or attenuator. That is, the ratio of
the input measures to the oulput measure. For example, a 10X probe
will atteriuate, or reduce, the input signal’s voltage by a factor of 10.

Automatic trigger mode
A trigger mode that causes the system to automatically acquire if
triggerable events are not detected within a specified time period.
Useful for displaying a waveform even though the oscilioscope has
not been triggered.
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]

Autoset
A function of the oscilloscope that produces a stabie waveform of
usable size. Autoset automatically sets up front-panel controls based
on the characteristics of the active waveform. A successful avtoset
will set the vols/div, time/div, and frigger jevel 10 produce a coherent
and approximately centerad waveform display.

Average acquisition mode
A mode in which the oscilloscope acquires and displays a waveform
that is the averaged result of several acquisitions. This reduces the
apparent noise. The oscilloscope acquires data as in the sample
mode and then averages it according 1o the number of averages that
you specify.

Bandwidth
The highest frequency signal the oscilloscope can acquire with no
more than 3 dB (< .707) attenuation of the original (reference) signal.

Burst width
Timing measurement. The duration of a burst,

Channel
One of the oscilloscope’s inputs for signal acquisition. The TDS 540
has four channegls; the TDS 520 has two. 1t is the intemal path from a
signal input connector 1o the digitizer. It includes input coupling,
termination, signal conditioning, sampling and associated confrols.

Coupling
The association of two or more circuits or systems in such a way that
power or information may be transferred from one to the other. The
rigger and vertical systems have several coupling options.

Cursors
Paired markers that you use to make measurements between two
waveform locations. You can use them for visual comparison with
waveform features. The oscilloscope displays a readout of the cursor
positions and the distance between them (expressed in volts or time).

Cycle mean
Amplitude (voltage) measurement. The arithmetic mean over one
cycle.

Cycle RMS
The true Root Mean Square voltage over one cycle.

DC coupling
Mode that passes both AC and DC signal components to the circuit,
Available for both the trigger systemn and the vertical system.

Delay measurement
timing measurement. The time between the middie reference cross-
ings of two different waveforms.

Delay time
The time between the trigger event and the acquisition of data.

G-2

Glossary



GNDA

Glossary

Display system
The oscllioscope system that shows waveforms, measurements,
menu iterns, status, and other parameters,

Envelope acquisition mode
A mode in which the oscllloscope acquires and displays a waveform
that shows the variation extremes of several acquisitions.

Equivalent ime sampling (ET)
Sampling mode in which the oscilloscope acquires signals over many
repetitions of the event. The TDS 500 Series Digitizing Oscilloscopes
use a type of eguivalent time sampling called random equivalent time
sampling. it utilizes an intemnal clock that runs asynchronously with
respect to the input sighal and the signal trigger. The oscilloscope
takes samples continuously, independent of the trigger position, and
displays them based on the time difference between the sample and
the trigger. Although the samples are taken seguentially in time, they
are random with respect to the irigger.

Fall time
Measurement of the time it takes for a pulse’s trailing edge to fall from
a HighRef value (typlically 90%) 1o a LowRef value {typically 10%) of
fts amplitude.

Frequency
Timing measurement. The reciprocal of the period. Measured in Herlz
(Hz) where 1 Hz = 1 cycle per second.

General purpose knob
The large front-panel knob with the indentation. You can use it to
increase or decrease the value of the assigned parameter.

Glitch positive trigger
Triggering occurs if the oscilloscope detects positive spike widths
less than the specified glitch time.

Gilitch negative trigger
Triggering occurs if the oscilloscope detects negative spike widths
less than the specified glitch time,

Glitch either trigger
Triggering occurs if the oscilloscope detects elther positive or nega-
tive spike widths less than the specified glitch time.

GPIB (General Purpose Interface Bus)
An interconnection bus and protocol that allows you 1o connect multi-
ple instruments in a network under the control of a controller. Also
known as IEEE 488 bus. Transfers data with eight parallel data lines,
five control lines, and three handshake lines.

Graticuie
A grid on the display screen that serves as horizontal and vertical
scales. You can use it to visually measure waveform parameters.

Ground (GND) coupling
Coupling option that disconnects the input signal from the vertical
system.
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Hardcopy
A copy, in a format useable by a printer or plotter, of the display.

Hi res acquisition mode
An acquisition mode in which the digitizing oscilloscope averages all
samples taken during an acquisition interval. This average (a boxcar,
or blocking average) results in a higher-resolution, lower-bandwidth
waveform. This mode works with real-time/non-interpolated sampiing
only.

High
The value used as 100% in automated measurements {whenever high
ref, mid ref, and low ref values are needed as in fall time and rise time
measurements). May be calculated using either the min/max or the
histogram method. With the min/max method (most useful for general
waveforms), it is the maximum value found. With the histogram meth-
od (most useful for pulses), it refers to the most common value found
above the mid point. See Appendix D: Algorithms for details.

Holdoff, trigger
The time afier a trigger signal that must elapse before the trigger
circuit will accept another trigger signal. '

Horizontal bar cursors
Two horizontal bars that you can position vertically. The oscilloscope
displays the voltage value represented by the active (moveabie)
cursor and the vertical distance between the bars,

Interpolation
The way the digitizing oscilloscope assigns values 1o points in its time
base (interpolates) when you ask the oscilloscope to sample in real
time at rates faster than the oscilloscope can acquire in real time. The
digitizing oscilloscope has two interpolation oplions: finear or sin{x}/x
interpolation.

Linear interpolation works by assigning values in a straight-line fit
between the actuat values acquired. Sin{x)/x works by assigning
values in a curve fit between the actual values acquired. It assumes
all the interpolated points fall in their appropriate point in time on that
curve.

Intensity
Display brightness.

Interleaving
The way the digitizing oscilioscope attains high digitizing speeds by
combining the efforts of several channels’ dightizers. For example, If
you want 1o digitize on ali channels at one time (four on the TDS 540
and two on the TDS 520), each of those channels can digitize at a
maximum real-time speed of 250 megasamples per second.

Knob
A rotary control,
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Logic state trigger
The osciiloscope checks for defined combinatorial fogic conditions on
channels 1, 2, and 3 on a fransition of channel 4 that meets the set
slope and threshold conditions. If the conditions of channels 1, 2, and
3 are met then the oscilloscope tiggers.

Logic pattern trigger :
The oscilloscope triggers depending on combinatorial logic the
condition of channels 1, 2, 3, and 4. Allowable conditions are AND,
OR, NAND, NOR.

Low
The value used as 0% in automated measurements (whenever high
ref, mid ref, and low ref values are needed as in fall time and rise time
measurements). May be calculated using either the min/max or the
histogram method. With the min/max method {most useful for general
waveforms), it is the minimum vaiue found. With the histogram method
{(most useful for pulses), it refers to the most common value found
below the mid point. See Appendix D: Algorithms for details.

Main menu
A menu that the oscilloscope displays across the bottorn of the
screen. A group of related controls for a major oscilloscope function.

Main menu buttons
Bezel butions aligned with the main menu.

Maximum
Amphtude (voltage) measurement. The maximum amplitude. Typically
the most positive peak voltage.

Mean
Amplitude (voltage) measurement. The arithmetic mean over the entire
waveform.

Minimum
Amplitude (voltage) measurement. The minimum amplitude. Typically
the most negative peak voltage.

NAND
A logic {Boolean) function in which the output of the AND function is
complemented (rue becomes false, and false becomes trug). On the
digitizing oscilloscope, this is a trigger logic pattem and state func-
tion.

Negative duty cycle
Timing measurement. The ratio of the negative pulse widih 1o the
signal period, expressed as a percentage.

Negative overshoot measurement
Amplitude (voltage) measurement.
Low - Min

NegativeOvershoot = Tpliade X 100%
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Negative width
Timing measurement. The distance (fime) between two amplitude
points -~ falling-edge MidRef (default 50%) and rising-edge MidRef
{default 50%) — on a negative pulse.

Normal trigger mode s
A mode on which the oscilloscope does not acquire unless a valid
trigger event occurs. That is, it waits for a valid trigger event before
acquiring waveform data.

NOR
A logic (Boolean) function in which the output of the OR function is
complemented (frue becomes false, and false becomes frue). On the
digitizing oscilloscope, this i a trigger logic patiem and state func-
tion.

OR
A logic (Boolean) function in which the output is true if any of the
inpuis are true. Otherwise the output is false. On the digitizing oscillo-
scope, this is a trigger logic pattern and state function.

Oscilloscope
An instrument for making a graph of two factors. These are typlcally
voltage versus time.

Peak Detect acquisition mode
A mode in which the oscilloscope acquires and displays a wavetorm
that shows the variation extremes over all samples in an acquisition
interval. This Is the same as envelope mode with a single time period
selected. For many glitch-free signals, this mode is indistinguishable
from the samptle mode. {This mode works with realtime, non-interpo-
tation sampling only.)

Peak-to-Peak
Amplitude (voltage) measurement. The absolute difference between
the maximum and minimum amplitude.

Period
Timing measuwrement. Time it takes for one complete signal cycle. The
reciprocal of frequency. Measured in seconds.

Pixel
A visible point on the display. The TDS 520/540 display is 840 pixels
wide by 480 pixels high.

Pop-up Menu
A sub-menu of a main menu. Pop-up menus temporarily occupy parn
of the waveform display area and are used to present additional
choices associated with the main menu selection. You can cycle
through the options in a pop-up menu by pressing the main menu
button repeatedily.

Positive duty cycle
Timing measurement. The ratio of the positive pulse widih to the
signal period, expressed as a percentage.

G-6
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Positive overshoot
Amplitude (voltage) measurement.

Max - High

FositiveOvershoot = Trplitade X 100%

J Positive width .
Timing measurement. The distance (Hime) between two amplitude
points — rising edge MidRef (defaull 50%) and falling edge MidRef
(default 50%) — on a positive pulse.

Posttrigger
The part of the waveform record data that oceurs after the trigger
event.

Pretrigger
The part of the waveform record data that occurs before the trigger
event,

Probe
An oscilloscope input device.

Probe compensation
Adjusiment that improves a probe’s low-frequency response.

S s Pulse trigger

A trigger mode in which triggering oceurs if the oscilloscope finds a
pulse, of the specified polarity, with a width between, or optionatly
outside, the user-specified jower and upper time limits.

Real-time sampling
Sampling whete the digitizing oscilloscope operates fast enough to
completely fill a waveform record from a single {rigger event. Use
real-time sampling to capture single-shot or transient events.

Record length
The number of samples in a waveform.

Reference memory
Merory in a oscilloscope used o store waveforms or settings. You
can use the waveform data for iater processing. Non-volatile reference
memory, as in your digitizing oscilloscope, saves data even after the
oscilloscope’s external power is turned off.

v Rise time
The time it takes for a pulse’s leading edge to rise from a LowRef
value {typically 10%) to a HighRef value (lypically 80%) of its ampli-
tude.

VAVA RMS
Amplitude {voltage) measurement. The true Root Mean Square volt-
age.

Runt trigger
A mode in which the oscilloscope triggers on a runt. A runt is a pulse
that crosses one threshold but fails 1o cross a second threshold
before recrossing the first. The crossings detected can be positive,
negalive, or either.
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Sample acquisition mode
The oscillescope saves one sample during each acquisition interval. It
uses these points o construct a waveform record without further
processing. This is the TDS 520/540 default mode.

Sample interval
The time interval between successive samples in a time base.

Sampling
The process of converting a portion of the input signal to digital form
for display and processing. Two general methods of sampling are:
real-time sampling and equivalent-time sampling.

Selected waveform
The waveform on which all measurements are performed, and which
is affected by vertical position and scale adjustments. The light over
one of the channel selector buttons indicates the current selected
waveform.

Side menu
Menu that appears on the right side of the display. These selections
expand on main menu selections.

Side menu buttons
The buttons 1o the right of the display that operate the side menu.

Slope
The direction at a point on a waveform. You can calculate the direction
by computing the sign of the ratio of change in the vertical quantity (Y)
to the change in the horizontal quantity. The two allowable values are
rising and falling.

Time base
The parameter set which defines, at the user interface level, the time
and horizontal axis attributes of any single record as it exists In wave-
form memory. All time domain waveforms have these time domain
parameters. The time base determines when and how long to acquire
signal data points.

Toggle button
A button that when pressed to let you select which of the two cursors
displayed is active,

Trigger
An event thal marks time zero in the waveform record. It also resulis in
acquisition and display of the waveform.

Trigger ievel
The vertical level the trigger signal must cross to generate a trigger
{on edge mode). '

Vertical bar cursors
Two vertical bars that you can position horizontally. The oscilioscope
displays the horizontal position of the active (moveable) cursor and
the horizontal distance between the bars.
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Waveform
The shape or form (visible representation) of a signal.

Waveform interval
The time interval between samples as displtayed and &s used in
automated measurements.

el XY format

A display of two signals plotted against each other. That is, both the
horizontal and vertical position of the displayed points reflect signal
data.

s ¥t format
A display where the vertical posltion of the displayed data poinis

reflects signal level and the horizontal position reflects time.
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Numbers

1/seconds (Hz), Acquire menu, 3-27
100 MHz, Vertical menu, 3-106

1000 points in 20 divs, Horizontal
menu, 3-47

15000 points in 300 divs, Horlzontal
menu, 3-47

20 MHz, Vertical menu, 3-706

2500 points in 50 divs, Horizontal
menu, 3-47

500 points in 10 divs, Horizontal
menu, 3-47

5000 points in 100 divs, Horizontal
ment, 3-47

50000 points in 1000 divs, Horizontal
menu, 347

A

AC coupling, 2-12, 2-14, G-1
AC line voltage, trigger inpug, 2-6
AC, Delayed Trigger menu, 3-25

Accept Glitch, Main Trigger menu,
3-37
Accessories, A-1—A-8
Optional, A-3 -
Probes, 4-2, A-4 —A-6
Software, A-6
Standard, A-2, A-5, A-6

Accuracy, G-1

Acguire menu, 3-13
Average, 3-13
Envelope, 3-73
Hi Res, 3-13
Mode, 3-13
OFF (Real Time Only), 3-14
ON {Enable ET), 3-14
Peak Detect, 3-13
Repetitive Signal, 3-74
RUN/STOP, 3-14
Sample, 3-13
Single Acquisition Sequence,
315, 3-103

Stop After, 3-74, 3-703
ACQUIRE MENU button, 3-73

Acquisition, 2-19—2-26, 3-17, G-1
Interval, G-7
Modes
Average, 3-713
Envelope, 3-13
Hires, 3-13
Peak detect, 3-713
Sample, 3-13
Readout, 3-15
Waveform, A-10

Active cursor, -7

Active voltage probes, 3-87 - 3-82
Algorithms, A-75—A-86

Aliasing, 2-76, G-7

Amplitude, 3-53, G-1

AND, G-1

AND, Main Trigger.menu, 3-50, 3-52
Application menu, 3-10

Aftenuation, G-7

Auto trigger mode, 3-707

Auto, Main Trigger menu, 3-38, 3-87,
3-82, 3-89, 3-701

Automated measurements, 7-13, 2-209,
3-63

Automatic frigger mode, 2-171, G-7
Autoset, 7-6, 2-18, 3-17—3-18, G-2
AUTOSET bution, 1-6, 3-17
Auxiliary trigger, 2-6

Average acguisition mode, 2-25, 3-13,
G-2

Average, Acquire menu, 3-13

CLEAR MENU, 7-4, 7-74, 3-4, 3-9,
3-60

CURSOR, 3-79

DELAYED TRIG, 2.9, 3-23

DISPLAY, 2-20, 3-371

FORCE TRIGGER, 3-703

HARDCOPY, 3-39

HELP, 3-47

HORIZONTAL MENU, 2.9, 3-27,
3-44

MEASURE, 7-13, 2-29, 3-57

MORE, 3-94, 3-95, 3-105, 3-107

ON/STBY, x, 34

Save/frecall SETUP, 71-2, 1-19, 2-32,
3-91

Save/recall WAVEFORM, 2-37,
3-93

SET LEVEL TO 50%, 3-102

SHIFT, 1-17

STATUS, 3-57

TOGGLE, 2-28, 3-19, -8

TRIGGER MENU, 3-37, 3-49, 3-89,
3-98, 3-101

UTILITY, 2-37, 3-39, 3-87

VERTICAL MENU, 7-10, 3-105

WAVEFORM OFF, 2-29, 3-34, 3-95

L T1-12
ZOO0mM, 2-17, 3-109

Buttons
CH1,CH2 ..., 3-85
Channel selection, 7-9, 3-95
Main menu, 34
Side menu, 3-4

B

Bandwidth, v, 2-14, G-2
Bandwidth, Vertical menu, 3-708

Button
ACQUIRE MENU, 3-73
AUTOSET, -6, 3-17

C

Cables, 2-36, 3-87

CAUTION
statement in manuais, vif
staternent on equipment, vif

Certificate of Calibration and Test
Data Report, A-2

CH1, CH2 ... buttons, 3-95

Chi, Ch2 ..., Delayed Trigger menu,
3-24

Chi, Ch2 ..., Main Trigger menu,
3-37, 348, 3-51, 3-89
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Change Math waveform definition,
More menu, 3-107
Channel, 3-95—23-96, G-2
Readout, 3-66
Selaction buttons, 3-85
Trigger input, 2-6
Channel ground reference indicator,
3-7

Channel readout, 3-7

Chamnel selection butions, 7-6

Circuit loading, G-2

Class, Main Trigger menu, 3-37, 3-49,
3-89, 3-89

CLEAR MENU bution, 74, 1-74, 3-4,
3-8, 3-66

Compact-to-mintature probe tip
adapter, 3-73, A-5

Compensation, 3-63

Configure, Utility manu, 3-39, 3-87

Connector

BNC, A-5

GPIB, 2.36, 3-6
Coritrast, Display meny, 3-32
Coupling, 1-11

AC, 2-12,2-14

DC, 2-12, 2-14

Ground, 2-14, G-3

Trigger, 2-712

Coupling, Delaved Trigger menu,
3-25

Coupling, Vertical menu, 3-706

Create Measrmnt, Measure Delay
men, 3-60

Cross Hair, Display menu, 3-33
Current probes, 3-83

Cursor
Horizontal bar, 2-28
Measurements, 2-28
Vertical bar, 2-28

CURSOR button, 3-19

Cursor menu, 3-10, 3-79
1/seconds (Hz), 3-27
Function, 3-19
H Bars, 3-719
Off, 3-19
seconds, 3-271
Time Uniis, 3-27
V Bars, 3-19

Cursoars, 2-27, 3-19~3-22, G-2

Cycle mean, 3-53, G-2
Cycle RMS, 3-53, G-2

D

DANGER, statement on equipment,
vil

DC coupling, 2-12, 2-14, G-2
DC, Delayed Trigger menu, 3-25

Define Inputs, Main Trigger menu,
3-49, 3-51

Define Logic, Main Trigger menu,
3-50, 3-52

Delay by Evenis, Delayed Trigger
menu, 3-24

Delay by Time, Delayed Trigger
menu, 3-24

Delay by, Delayed Trigger menuy, 3-24
Delay measurement, 3-89

Delay time, G-2

Delay To, Measure Delay menu, 3-59

Delayed Runs Afier Main, 2-8-2-70,
3-23

Delayed Runsg Afier Main, Horizontai
menu, 3-27

Pelayed Scale, Horizontal menu,
3-48

DELAYED TRIG bution, 2-8, 3-23
Delayed trigger, 2-9—2-12, 3-23—3-28

Deiayed Trigger menu, 3-10,

3-23--3-28

AC, 3-25

Chil, Ch2 ..., 3-24

Coupling, 3-25

pC, 3-25

Delay by, 3-24

Delay by Evenis, 3-24

Delay by Time, 3-24

Falling edge, 3-25

HF Rej, 3-25

Intensified, 3-27

Level, 3-26

LF Rej, 3-25

Noise Rej, 3-25

Rising edge, 3-25

Set to 50%, 3-26

Setto ECL, 3-26

Setto TTL, 3-26

Slope, 3-25
Source, 3-24

Delayed Triggerable, 2-9-—2-10, 3-23

Delayed Triggerable, Horizomtal
meny, 3-27

Delete Refs, Save/Recall Waveform
menu, 3-83

Deskjet, 2-32
Deskjet, Hardcopy menu, 3-40

Differences - TDS 520 and TDS 540,
v

Differential active probes, 3-82
Digitizing rate, v

Distlay, 3-7, 3-17
Options, 3-29-3-36
Readout, 3-32
System, G-3
Display ‘'T* @ Trigger Point, Display
menu, 3-32

DISPLAY button, 2-20, 3-37

Display menu, 2-20, 3-70, 3-31
Contrast, 3-32
Cross Hair, 3-33
Display ‘T @ Trigger Point, 3-32
Dotis, 3-37
Filter, 3-32
Format, 3-33
Frame, 3-33
Full, 3-33
Graticule, 3-32—3-33
Grid, 3-33
Infinite Persistence, 3-37
intensity, 3-31 —3-32
Linear interpolation, 3-32
Overall, 3-32
Readout, 3-32
Sin{x}/x interpolation, 3-32
Style, 3-37
Texi/Grat, 3-32
Variable Persistence, 3-37
Vectors, 3-37
Waveform, 3-32
XY, 3-33
YT, 3-33

Dots, 3-29

Dots, Display menu, 3-37

Dual Wim Math, More menu, 3-708
Dual-lead adapter, 3-74

Duty cycle, 1-14, G-5, G-6
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E

Edge trigger, 2-6

Edge, Main Trigger menu, 3-89
Edges, Measure Delay menu, 3-59
Either, Main Trigger menu, 3-37, 3-89

Envelope acguisition mode, 2-25,
313, G-3

Envelope, Acquire menu, 3-73
EPS Image, Hardcopy menu, 3-40
Epson, 2-32

Epson, Hardcopy menu, 3-40

Equivalent time sampling, 2-715, 2-21,
G-3

F

Factory initialization settings,
A-89—A-92

Factory setup, 1-3
Falt time, 3-563, G-3

Falling edge, Delayed Trigger menu,
3-25

Falling edge, Main Trigger menu, 3-57
Filter, Display menu, 3-32

Filter, Main Trigger menu, 3-37
Fine Scale, Verticai menu, 3-106
Fixtured active probes, 3-82
FORCE TRIGGER buiton, 3-703
Format, Display menu, 3-33
Format, Hardcopy menu, 340
Frame, Display menu, 3-33
Frequency, 7-14, 3-54, -3

Front pangl, 3-3, 3-5

Full, Display menu, 3-332

Full, Vertical menu, 3-706
Function, Acquire meru, 3-79
Fuse, ix, 3-6

G

General purpose (high input resis-
tance} probes, 3-80

General purpose knob, 7-16, 3-8, G-3
Glitch trigger, 2-7, 3-37, 3-99, G-3
Glitch, Main Trigger menu, 3-37, 3-99

Goes FALSE, Main Trigger menu,
3-50, 3-52

Goes TRUE, Main Trigger menu,
3-50, 3-52

GPIB, 2-35—2-38, 3-6, 3-87, G-3
GPIB, Hardcopy menu, 3-40
GPIB, Status menu, 3-97

GPIB, Utility menu, 3-87

Graticule, 3-30, 3-32, G-3
Definition, 2-27
Measuraments, 2-28

Graticule, Display menu, 3-32—3-33
Grid, Display menu, 3-33

Ground coupling, 2-74, G-3

Ground lead inductance, 3-65

H

H Bars, Acquire meny, 3-19
Hardcopy, 2-32, 3-39—3-40, 3-88, G4

Hardcopy (Talk Only), Utility menu,
3-39

HARDCOPY bution, 3-39

Hardcopy menu, 3-710
Deskjet, 340
EPS Image, 3-40
Epson, 3-40
Format, 340
GPIB, 3-40
HPGL, 3-40
Interleat, 3-40
Landscape, 3-40
Laserjet, 3-40
Layout, 340

Port, 3-40
Portrait, 3-40
Thinkjet, 340

Hardcopy, Utility menu, 3-87, 3-88
HELP bution, 3-47

Help system, 3-47

HF Rej, Delayed Trigger menu, 3-25

Hi res acquisition mode, 2-24, 3-713,
G-4

Hi Res, Acquire menu, 3-13
High, 3-54, G4

High frequency rejection, 2-12
High Ref, Measure menu, 3-61
High speed active probes, 3-82
High voltage probes, 3-80—3-87

High-Low Setup, Measure menu,
3-60

Histogram, Measure menu, 3-60

Holdoff, Main Trigger menu, 3-38,
3-51, 3-82, 3-89

Holdof, trigger, 2-8, 3-707, G4
Horiz Pos, Horizontal menu, 348
Horiz Scale, Horizontal menu, 3-48

Horizontal, 3-17
Bar cursors, 2-28, G4
Meny, 2-9
POSITION knob, 2-15
SCALE knob, 1-5, 2-15
Scaling and positioning,

343348

System, 7-5, 2-15, A9

Horizontal Lock, Zoom menu, 3-110

Horizontal merw, 3-70, 3-27, 3-44
1000 points in 20 divs, 3-47
185000 points in 300 divs, 3-47
2500 points in 50 divs, 3-47
500 points in 10 divs, 347
5000 points in 100 divs, 347
50000 poinis in 1000 divs, 3-47
Delayed Runs After Main, 3-27
Delayed Scale, 3-48
Delayed Triggerable, 3-27
Horiz Pos, 3-48
Horiz Scale, 3-48
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Intensified, 3-27

Main Scale, 3-48
Pretrigger, 3-45
Record Length, 3-47
Set to 10%, 3-45, 3-48
Set to 50%, 3-45, 3-48
Set 1o 90%, 3-45, 3-48
Time Base, 3-27, 3-44
Trigger Position, 3-45

HORIZONTAL MENU button, 2-9,
3-27, 344

Horizonta! POSITION knob, 3-43
Horizonta! SCALE knehb, 3-43
HPGL, 2-32

HPGL, Hardcopy menu, 3-40

Trigger MAIN LEVEL, 7-5, 2-17

Vertical POSITION, 1-5, 2-13,
3-105

Verticai SCALE, 7-5, 2-74, 3-705

1/0, Utility menu, 3-39, 3-87
1C protector tip, 3-74
Icons, v

Infinite Persistence, Display menu,
3-31

Input, Impedance, 2-74
Installation, ix
Intensified zone, 3-27

Intensified, Delayed Trigger menu,
3-27

Intensified, Horizontal meny, 3-27
intensity, 3-29, 3-31, G4

Intensity, Display menu, 3-37 —3-32
Interleat, 2-32

Interteaf, Hardcopy menu, 3-40
iInterleaving, 2-20, G-4

Interpolation, 2-20, 3-30, G-4

L

Landscape, Hardcopy menu, 3-40
Laserjet, 2-32

Laserjet, Hardcopy menu, 3-40
Layout, Hardcopy menu, 3-40

Level, Delayed Trigger menuy, 3-26
Level, Main Trigger menu, 3-38, 3-102
LF Rej, Delayed Trigger menu, 3-25
Linear interpolation, 2-20, 3-30

Linear interpolation, Display menu,
332

Logic trigger, 2-7, 3-100
Pattern, 3-700, G-5
State, 3-100, G-5

Logic triggering, 349—3-52

Logic, Main Trigger menu, 3-99

Long ground leads, 3-69

Low, 3-54, G-5

Low frequency rejection, 2-72

Low impedance Zo probes, 3-80
L.ow Ref, Measure meny, 3-67
Low-inductance ground lead, 3-69

L ow-inductance spring-tips, 3-72, A-5

K

Keypad, 1-16, 3-8

Knob, G-4
General purpose, 7-16, 3-8, G-3
Horizontal POSITION, 1-5, 2-15,
343
Horizontal SCALE, 1-5, 2-75, 3-43

M

Main menu, G-5

Main menu buttons, 3-4, G-5

Main Scale, Horizontal meny, 3-48

Main Trigger meny, 2-77, 3-10, 3-11,

3-37, 3-49, 3-89, 3-99, 3-107

Accept Glitch, 3-37
AND, 3-50, 3-52
Auto, 3-38, 3-51, 3-52, 3-89, 3-101
Cht, Ch2 ..., 3-37, 349, 3-51, 3-89
Class, 3-37, 3-49, 3-89, 3-99
Define Inputs, 349, 3-57

Define Logic, 3-50, 3-52

Edge, 3-89

Either, 3-37, 3-89

Falling edge, 3-57

Filter, 3-37

Glitch, 3-37, 3-99

Goes FALSE, 3-50, 3-52

Goes TRUE, 3-50, 3-52

Holdoff, 3-38, 3-57, 3-52, 3-89,
3-101

Level, 3-38, 3-702

Logic, 3-99

Mode & Holdoff, 3-38, 3-57, 3-52,
3-89, 3-101

NAND, 3-50, 3-52

Negative, 3-37, 3-89

NOR, 3-50, 3-52

Normal, 3-38, 3-57, 3-52, 3-89,
3-101

OR, 3-50, 3-52

Pattern, 3-49, 3-99

Polarity, 3-89

Polarity and Width, 3-37

Positive, 3-37, 3-89

Pulse, 3-37, 3-89, 3-89

Reject Giitch, 3-37

Rising edge, 3-51

Runt, 3-89, 3-89

Set Threshoids, 3-57

Set to 50%, 3-38, 3-102

Set to ECL, 3-38, 3-102

Set to TTL, 3-38, 3-7102

Source, 3-37, 3-89

State, 349, 3-57, 3-69

Thresholds, 3-89

Trigger When, 3-50, 3-52

Type, 3-37, 3-49, 3-89, 3-99

Width, 3-37

Marker rings, 3-68, A-5

Math waveforms, 3-707

Math1/2/3, More menu, 3-707
Maximum, 3-54, G-5

Mean, 3-54, G-5

MEASURE button, 7-13, 2-29, 3-57

Measure Delay menu, 3-69
Create Measrmnt, 3-60
Delay To, 3-59
Edges, 3-59
Measure Delay To, 3-59
OK Create Measurement, 3-60

Measure Delay To, Measure Delay
menu, 3-59
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Measure menu, 2-29, 3-11, 3-87
High Ref, 3-67
High-Low Setup, 3-60
Histogram, 3-60
Low Ref, 3-67
Mid Ref, 3-67
Mid2 Ref, 3-67
Min-Max, 3-60
Reference Levels, 3-67
Remove Measrmnt, 3-58
Select Measrmnt, 3-57
Set Levels in % units, 3-67

Measurement
Amplitude, 3-53, G-1
Burst wiclth, 3-53, G-2
Cycle mean, 3-53, G-2
Cycie RMS, 3-53, G-2
Delay, 3-59
Duty cycle, 7-14, G-5, G-6
Failtime, 3-53 i
Freguency, 1-14, 3-84, G-3
High, 3-54, G4
Low, 3-54, -5
Maximum, 3-54, G-5
Mean, 3-54, G-5
Mirimum, 3-54, G-5
Negative duty cycle, 3-54
Negative overshoot, 3-54
Negative widih, 3-54
Qvershoot, G-7
Peak {0 peak, 3-55, G-6
Period, 3-55, G-6
Positive duty cycle, 3-55
Positive overshoot, 3-55
Pestiive width, 3-55
Propagation delay, 3-53, G-2
Readout, 3-56, 3-67
Reference levels, 1-75
Rise ime, 1-14, 3-55, G-7
RMS, 3-55, G-7
Undershoot, G-5
Width, 7-14, G-6, G-7

Measurements, 2-27 - 2-30,
3-53—3-62
Algorithms, A-75—A-85
Automated, 1-713, 2-29
Cursor, 2-28, 3-19
Graticule, 2-28

Memory, Waveform, 2-37, 3-93

Menu
Acquire, 3-13
Application, 3-710
Cursor, 3-10, 3-18
Delayed Trigger, 3-10, 3-23—3-28
Display, 2-20, 3-10, 3-31
Hardcopy, 3-70

. Horizontal, 2-9, 3-70, 3-27, 3-44
Main, 3-7
Main Trigger, 2-11, 3-10, 3-11, 3-37,

3-49, 3-89, 3-89, 3-101

Measure, 2-29, 3-71, 3-57
Measure Delay, 3-5%
More, 2-31, 3-11, 3-94, 3-107
Operation, 3-8
Pop-up, 3-9, G-6
Save/Recall, 3-91
Save/Recall Setup, 2-32, 3-71
Save/Hecall Waveform, 3-771, 3-83
Setup, 1-2
Status, 3-97 —3-88
status, 3-717
Utility, 2-37, 3-12, 3-39, 3-87
Vertical Channel, 3-12, 3-705
Zoom, 3-109
zoom, 3-12

Mid Ref, Measure menu, 3-67
Mid2 Ref, Measure menu, 3-67
Min-Max, Measure menu, 3-60
Minimum, 3-54, G-5

Mode
Auto trigger, 3-107
Normal trigger, 3-107

Mode & Holdoff, Main Trigger menu,
3-38, 3-51, 3-52, 3-89, 3-101

Mode, Acquire memu, 3-13
Mode, Main Trigger menu, 3-707
Model number location, 3-4

MORE button, 3-94, 3-95, 3-105,
3107

More meny, 2-31, 3-71, 3-94, 3-107

Change Math waveform defini-
tion, 3-107

Dual Wim Math, 3-708
Math1/2/3, 3-107
OK Create Math Waveform, 3-708
Set 1st Scurce to, 3-708
Set 2nd Source to, 3-708
Set Function to, 3-108
Set operator to, 3-708
Set Single Source to, 3-108
Singie Wfm Math, 3-708

Negative duty cycle, 3-54
Negative overshoot, 3-54
Negative width, 3-54

Negative, Main Trigger menu, 3-37,
3-89

Noise Re], Delayed Trigger menuy,
3-25

NOR, G-6
NOR, Main Trigger menu, 3-506, 3-52
Normat! frigger mode, 2-71, 3-101, G-6

Normal, Main Trigger menu, 3-38,
3-51, 3-52, 3-89, 3-101

O

OFF {Real Time Only}, Acquire
menuy, 3-74

Off Bus, Utility menu, 3-87, 3-88
Off, Acquire menu, 3-79

Offset, Vertical, 2-74, 3-105
Offset, Vertical menu, 3-706

QK Confirm Factory Init, Save/Re-
call Setup menu, 3-97

OK Create Math Wfm, More menu,
3-108

OK Create Measurement, Measure
Delay menu, 3-60

ON (Enable ET), Acquire menu, 3-74
On, Zoom menu, 3-709

ON/STBY button, x, 34

Opiical probes, 3-84

Options, A-T—A-6

OR, G-6

OR, Main Trigger menu, 3-50, 3-52
Oscilloscope, G-6

Overall, Display menu, 3-32
Overshoot, G-7

N

NAND, G-5
NAND, Main Trigger menu, 3-50, 3-52

P

Packaging, A-87
Passive voltage probes, 3-80—3-87

TDS 520 and TDS 540 Tutorial/User Manual



Pattern trigger, 2-7, 3-49—3-57

Pattern, Main Trigger menu, 3-49,
3-99

Peak detect acquisition mode, 2-24,
3-13, G-6

Peak Detect, Acquire menuy, 3-13
Peak 1o peak, 3-55, G-6

Period, 3-85, G-6

Persistence, 3-29

Pixel, G-6

Plotter, HC100, A-2

Polarity and Width, Main Trigger
menu, 3-37

Polarity, Main Trigger menu, 3-89
Pop-up meny, 3-9, G-6

Port, Harclcopy menu, 340

Port, Utility menu, 3-87

Portrait, Hardcopy menu, 3-40
Position, Vertical, 2-14, 3-105
Position, Vertical menu, 3-708
Positive duty cycle, 3-55

Positive overshoot, 3-55

Paositive width, 3-55

Positive, Main Trigger menu, 3-37,
3-89

Postscript, 2-32

Posttrigger, G-7

Power connector, ix

Power cords, A-7

Power off, x

Power on, x

Pratrigger, G-7

Pretrigger, Horizontal menu, 3-45
Principal power switch, x, 3-6

Probe accessories

Compact-to-miniature probe tip
adapter, 3-73, A-5

Dual-lead adapter, 3-74

1C protector tip, 3-74

Leng ground leads, 3-69

Low-inductance ground iead, 3-69

Low-inductance spring-tips, 3-72,
A-5

Marker rings, 3-68, A-5

Probe tip-to-chassis adapter, 3-73,
A5

Probe tip-to-circuit board adapiers,
3-70

Retractable hook tip, 3-68

SMT KlipChip, 3-77, A-5

Probe tip-to-chassis adapter, 3-73, A-6

Probe tip-to-circuit board adapters,
370

Probes
Accessories, 3-67 —3-75, A-2,
A-4—A-6
Active voliage, 3-87—3-82
Additional, A-2

By applications, 3-77

Compensation, 7-5, 3-63, G-7

Connection, 1-1, 3-65—3-76

Current, 3-83

Definition, G-7

Differential active, 3-82

Fixtured active, 3-82

Ganeral purpose {high input resis-
tance), 3-80

High speed active, 3-82

High voltage, 3-80—3-87

Low impedance 2o, 3-80

Optical, 3-84

Passive, 3-563

Passive voltage, 3-80—3-81

Seiection, 3-77 —3-86

Time-fo-voltage corwverter, 3-85

Propagation delay, 3-563, G-2
Pulse trigger, 2-6, 3-99

Puise, Main Trigger menu, 3-37, 3-89,
3-89

R

Rack mouniing, A-7

Readout
Acquisition, 3-75
Chanrel, 3-7, 3-66
Display, 3-32
General purpose knob, 3-7
Measurement, 2-29, 3-56, 3-57
Record View, 3-46, 3-7103
Time base, 3-7
Trigger, 3-7, 3-7103, 3-104

Readout options, 3-30

Readout, Display menu, 3-32

Real time sampling, 2-15, 2.20, G-7
Rear panel, 3-3, 3-6, 3-87

Recall, Setups, 3-87—3-92

Recall Factory Setup, Save/Recalt
Setup meny, 3-97

Recail Saved Setup, Save/Recall
Setup meny, 3-97

Recalling, Waveforms, 3-83

Record length, v, 2-17, 2-20, 3-47,
A1, G-7

Record Length, Horizontal menu,
3-47

Record View readout, 346, 3-703

Ref1, Ref2, Ref3, Ref4, Save/Recall
Waveform menu, 3-64

Reference levels, 7-15, 3-67

Reference Levels, Measure menu,
3-67

Reference memory, 2-31, G-7

Reject Glitch, Main Trigger menu,
3-37

Remote communication, 3-87 — 3-88

Remove Measrmnt, Measure menu,
3-58

Repetitive Signal, Acguire menu,
3-14

Reset Zoom Factors, Zoom menu,
3-110

Retractable hook tip, 3-68
Rise time, 1-14, 3-585, G-7

Rising edge, Delayed Trigger menu,
3-25

Rising edge, Main Trigger menu, 3-57
RMS, 3-55, G-7

RUN/STOP, Acquire menu, 3-74
Runt trigger, 2-6, 3-89, 3-99, G-7
Runi, Main Trigger menu, 3-89, 3-99

S

Safety, vif
Symhbaols, vif

Sample acquisition mode, 2-24, 3-13,
G-8

Sample interval, G-8
Sample, Acguire menu, 3-13

I-6
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Sampling, 2-20, G-8
Sampling and acquisition mode, 2-25
Save, Setups, 3-97 —3-82

Save Current Setup, Save/Recall
Setup menu, 3-97

Save Waveform, Save/Recall
Waveform menu, 3-63

Save/recall SETUP button, 7-2, 7-79,
2-32, 3-91

Save/Recall Setup menu, 2-32, 3-11,
3-87
OK Confirm Factory Init, 3-97
Recall Factory Setup, 3-97
Recall Saved Setup, 3-97
Save Current Setup, 3-91

Save/recall WAVEFORM button, 2-37,
3-93

Save/Recall Waveform meny, 2-37,
3-11, 3-93
Delete Refs, 3-03
Refl, Ref2, Ref3, Ref4, 3-64
Save Waveform, 3-93
To Ref ..., 3-93

Saving, Waveforms, 3-93

Saving and recalling setups, 7-19,
2-32,3-91

Saving and recalling waveforms, 2-31,
3-93

seconds, Acguire menu, 3-27
Security bracket, 3-6

Select Measrmmt, Measure meny,
357

Selected waveform, G-8

Selecting channels, 3-95

Self test, x

Set 1st Source to, More menu, 3-708

Set 2nd Source to, More menu,
3-168

Set Function to, More meny, 3-708
SET LEVEL TO 50% bution, 3-702

Set Levels in % units, Measure
menu, 3-67

Set operator to, More menu, 3-108

Set Single Source to, More menuy,
3-108

Set Thresholds, Main Trigger menu,
3-51

Set to 10%, Horizontal menu, 3-45,
3-48

Set t0 50%, Delayed Trigger men,
3-26

Set to 50%, Horizontal menu, 3-45,
3-48

Set to 50%. Main Trigger menu, 3-38,
3-102

Set to 90%, Horizontal menu, 3-45,
3-48

Set to ECL, Delayed Trigger menu,
3-26

Set to ECL, Main Trigger meny, 3-38,
3-102

Set to TTL, Delayed Trigger menu,
3-26

Set to TTL, Main Trigger menu, 3-38,
3-102

Set to Zero, Vertical meny, 3-106
Setup menu, 1-2

Setups, Save and recall, 3-97 —3-82
SHIFT button, 7-17

Shipping, A-87

Side menu, G-8

Side menu buttons, 3-4, G-8
Sin{)/x interpolation, 2-20, 3-30

Sin{x)/x interpolation, Display menu,
3-32

Single Acquisition Sequence,
Acquire menu, 3-75, 3-103

Single Wim Math, More menu, 3-708
Slope, G-8

Slope, Delayed Trigger meru, 3-25
SMT KlipChip, 3-71, A-5

Software, v

Source, Delayed Trigger meny, 3-24

Source, Main Trigger meny, 3-37,
3-89
Start up, ix
State trigger, 2-7, 3-57--3-52
State, Main Trigger menu, 346, 3-57,
3-99
STATUS button, 3-97
Status menu, 3-17, 3-97—3-68
GPIB, 3-97
System, 3-97
Trigger, 3-97
Waveforms, 3-97

Stop After, Acquire menu, 3-74,
3-103

Style, 3-29

Style, Display menu, 3-37
Switch, Principal power, x
Switch, Principal power, 3-6
System, Status menu, 3-87
System, Utility menu, 3-38, 3-87

T

Talk/Listen Address, Utility menu,
3-87, 3-88

TDS 520 and 540 differences, v
Text/Grat, Display meny, 3-32
Thinkjet, 2-32

Thinkjet, Hardcopy menu, 3-40
Thresholds, Main Trigger menu, 3-8%
Time base, 2-717, G-8

Time Base, Horizontal menu, 3-27,
3-44

Time Units, Acguire menu, 3-27
Time-to-voltage converter, 3-85

To Ref ..., Save/Recall Waveform
meny, 3-93

TOGGLE bution, 2-28, 3-79, G-8

Trigger, 2-5—2-12, 3-17, G-8

Auxiliary, 2-6

Coupling, 2-12

Delay, 2-g

Delayed, 3-23—3-28
Edge, 2-6

Gliich, 2-7, 3-37, 3-99, G-3
Holdof, 2-8, 3-101

Level, 2-11, G-8

Logic, 2-7, 3-49—3-52, 3-160
Mode, 2-11

Pattern, 2-7, 3-40— 3-57
Position, 2-17, 3-45

Pulse, 2-6, 3-69

Readout, 3-703, 3-104
Runt, 2-6, 3-89, 3-98, G-7
Slope, 2-5, 2-11

Source, 2-5

State, 2-7, 3-571—3-52
System, A-10
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Types, 3-99-—-3-104
Widih, 2-6

Trigger MAIN LEVEL knob, 7-5, 2-71

TRIGGER MENU bution, 3-37, 348,
3-86, 3-89, 3-101

Trigger Position, Horizontal menu,
3-45

Trigger When, Main Trigger rnenu,
3-80, 3-82

Trigger, Status menu, 3-97

Type, Main Trigger menu, 3-37, 3-49,
3-89, 3-89

U

Undershoot, G-5
UTILITY button, 2-37, 3-39, 3-87

Utility menw, 2-37, 3-12, 3-39, 3-87
Configure, 3-39, 3-87
GPIB, 3-87
Hardcopy, 3-87, 3-88
Hardcopy (Talk Only), 3-39
/G, 3-39, 3-67
Off Bus, 3-87, 3-88
Port, 3-87
System, 3-39, 3-87
Talk/Listen Address, 3-87, 3-88

Vectors, Display menu, 3-37

Vertical, 3-17
Bar cursors, 2-28, G-8
Channel meny, 3-705
Offset, 2-74, 3-105
POSITION, 3-705
Position, 2-14, 3-105
POSITION knob, 2-73
Scale, 3-105
SCALE knob, 71-5, 2-74, 3-105
Scaling and positioning,
3-105—3-106
System, 1-5, 2-13

Vertica! Channel menu, 3-12

Vertica! menu
100 MHz, 3-106
20 MHz, 3-106
Bandwidth, 3-706
Coupling, 3-106
Fine Scale, 3-706
Full, 3-706
Offset, 3-706
Position, 3-106
Set to Zero, 3-106

VERTICAL MENU bution, 7-70, 3-105

Waveform, Display menu, 3-32
Waveforms, Math, 3-767
Waveforms, Status menu, 3-97

Width, 1-14, G-6, G-7
Burst, 3-53

Width trigger, 2-6
Width, Main Trigger menu, 3-37

X

XY, Format, 3-30, 3-33—3-36, G-8
XY, Display menu, 3-33

Y

YT, Format, 3-30, 3-33—3-35, G-8
YT, Display menu, 3-33

\'

V Bars, Acguire menu, 3-79

Variabie Persistence, Display meny,
3-31

Vectors, 3-29

W

WARNING, statement in manual, vif

Waveform, -0
Acguisition, A-10
Interval, G-9
Math, 3-107 —3-108
Off priority, 3-96

Waveform memory, 2-37, 3-53

WAVEFORM OFF button, 1-72, 2-29,
3-34, 3-95

Z

Zoom, 3-109--3-1712
ZOOM button, 2-17, 3-109

Zoom menu, 3-12, 3-108
Horizontal Lock, 3-710
On, 3-108
Reset Zoom Factors, 3-710
Zoom Off, 3-110

Zoom Off, Zoom menu, 3-710
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