Preface

The documentation for the 2432 consists of the following publications:

1 Operators Manual 070.6613.00
1 Users Reference 070-6615-00
1 Programmers Reference Guide 070-6614-00
1 Service Manual (Optional accessory)} 070-6285-00

The Operators Manual is the authoritative reference for all operating information.
The only exception is information regarding system interfacing and operating this
instrument via the GPIB; the Programmers Reference Guide is the primary reference
for GPIB operation.

This manual containg seven sections plus appendices. A brief description of
each foliows.

Section 1

This section introduces you to the instrument. It begins with a description of the
instrument and continues with an expianation of how to prepare the instrument for
initial start-up. Operating considerations necessary for preventing damage to the
scope are also covered. Next, the user gets some “hands-on” experience with the
instrument through a “Getting Acquainted” procedure.

Section 2

This is a two-part section. Part one, “Operating Considerations,” details the basic
things to be aware of when making measurements, Part two, “Operators
Familigrization Procedures,” gives you the opportunity to make some measurements
that demonstrate various features while familiarizing you with the scope’s controis and
menus. Use of the important Seif Caiibration feature is also covered.
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Section 3

This four-part section provides detaited procedures for making measurements with
the scope. They are intended to help you develop your own methods for your specific
measurement requirements.

The first part of the section, “General Applications,” detaifs the more familiar
graticule measurements of signal amplitude and time periocd. Use of the Vertical and
Horizontal Display modes (including delay-time measurements} is aiso coverad in
part one.

Part two, "Speclat Applications,” describes use of the versatile cursors for making
highly accurate measurements of voltage, time, and frequency. It includes an
application for the combined A*B trigger source.

The third part, “Storage Applications,” describes the various storage acquisition
modes and their uses.

The final section, “Extended Features Applications,” outlines use of the Auto
Setup, AtoStep Sequencer, and MEASURE features.

Section 4

This section contains check and adjustment procedures the operator can use to
ensure the accuracy of measurements.

Section §

This is the reference section that describes instrument features. it illusirates the
lecations of the controls, connectors, and indicators and describes their functions. A
listing of the control menus, at the rear of the section, includes information about
their use.
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Section 6

This section contains tables of the electrical, environmental, and mechanical
characteristics of the instrument. An introductory summary of the instrument’s
capabiities precedes the spacification tables. A dimensional drawing of the instrument
is inciuded at the end of the section.

Section 7

This secticn contains information about avaiiable instrument options, including
operating instructions for the Video Option and the Word Recognizer Probe. 1t aiso
contains a list of the standard instrument accessories and a partial list of the
recommended optional accessories.

Appendix A

The Extended Functions menus and the internal calibration and diagnostics
capabilities of the scope are described. For the operator’s information, a table at the
rear of the appendix lists the Extended Diagnostics test codes and
abbreviated names.

Appendix B
This appendix contains supplemental reference tables and information.
Appendix C

This appendix discusses special considerations for using the MEASURE feature to
automatically extract and measure waveform parameters. It includes a table that lists
and explains the error and warning messages issued by MEASURE.
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Operators Safety Summary

The general safety information in this part of the summary Is for both operating
and servicing personnel. Specific wamings and cautions will be found
throughout the manual where they apply and do not appear in this summary.

Terms

In This Manua!

CAUTION statements identify conditions or practices that could result in
damage te the equipment or other property.

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

As Marked on Equipment

CAUTION indicates a personal injury hazard not immediately accessible as one
reads the markings, or & hazard to property, including the equipment itself,

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

Symbols

in This Manual

é This symbol indicates where applicable cautionary or other
information is to be found. For maximum input voltage see Tabie 6-1.

As Marked on Equipment

5 DANGER—High voltage.

Protective ground {earth) terminal.

ATTENTION-Refer to manual.
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Operators Safety Summary

Power Source

This product is intended to operate from & power source that does not apply more
than 250 volts rms between the supply conductors or between either supply
conductor and ground. A protective ground connection by way of the grounding
conductor in the power cord is essential for safe operation.

Grounding the Product

This product is grounded through the grounding conductor of the power cord. Fo
avoid electrical shock, piug the power cord into & properly wired receptacle before
connecting to the product input or output terminals. A protective ground
connection by way of the grounding conductor in the power cord is essential for
safe operation.

Danger Arising From Loss of Ground
Upon loss of the protective-ground connection, all accessible conductve parts

{including knobs and controls that may appear o be insulating) can render an
electric shock.

iUse 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.

For detailed information on power cords and connectors see Table 1-1.
Use the Proper Fuse

To avoid fire hazard, use only a fuse of the correct type, voltage rating and current
rating as specified In the parts list for your product.

Do .Not Operate in Explosive Atmospheres

To avaid explosion, do not operate this product in an explosive atmosphere unless
it has been specifically certified for such operation,

Do Not Remove Covers or Panels

To avoid personal injury, do not remove the product covers or panels. Do not
operate the product without the covers and panels properly installed.
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General information

General Information

introduction

This section briefly describes your oscilioscope and tells you how to prepare for
and proceed with the initial start-up. It also includes safety information, as well as
information necessary to prevent damage to the instrument. PLEASE READ.

The ‘Getting Acquainted” procedure in this section is designed to provide some
immediate “hands-on” experience with the instrument’s front-panel controls. There is a
more extensive familiarization procedure in Section 2, “Operation,” and detailed
instructions for making various kinds of measurements appear in Section 3,
*Appiications.” Section 5 is a reference for the front- and rear-panel “Controls,
Connectors, and Indicators.”

NOTE

Information regarding the use of this instrument in systems, via the GPIB
interface, is found in the Programmers Reference Guide included with
the instrurnent.

Product Overview

This instrument is a Digital Storage Oscilloscope with a maximum sample rate of
100 megasamples/sec for a real-time bandwidth of 40 MHz., The equivalent-time
bandwidth, for acquisition of repetitive signals, is 300 MHz. The scope can acqguire
and digitize input signals, process the information in a variety of ways, and display or
store the resuits.

The instrument has two vertical channeis that can be set independently for
deflection factor, input resistance, and coupiing. Calibrated deflection factors are
avaitable in a 1-2-5 sequence of 11 steps from 2 mV to 5 V per division; input
resistance can be set to 1 M or 5¢ @; and coupling can be AC (but only if the input
resistance is 1 MQ}, BC, or GND (ground}.

The trigger system provides for automatic triggering (AUTO LEVEL Trigger mode)
on most signals when using the A Horizortal mode.  Alternative triggering modes, plus
a variety of source selections and coupling medes, allow optimum triggering on a wide
range of signals in both A and B Horizontal modes.
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Two 20-division waveform records, A and B, are available, with display modes of
A, B, or A intensified by B. The scquisition rate can be selected in a 1-2-5 sequence of
29 calibrated steps from 5 s to 2 ns per division. The B acquisition can be delayed
from the A acquisition by using the Delay Time feature, and a second 8 acquisition
can be delayed aven further by using A Delay.

Three acquisition modes are available with this instrument. NORMAL mode vields a
“live” display, similar to that of an analog scops; the display is continually updated as
new waveform information is acquired and digitized. AVERAGE mode improves the
signal-to-noise ratio of the displayed wavetorm: corresponding data-point values are
averaged to remove uncorrelated noise, ENVELOPE mode provides an image of the
amount of change 1o a waveform (its envelope) over a selected number of
acquisitions; the maximum and minimum value for each data point is saved
and displayed.

Any of these three acquisition modes can be used with the REPET mode. The
REPET mode forces the instrument to use equivalent-time (random) sampling of
waveforms at acquisition rates faster than 500 ns/Division. When repetitive signals are
acquired, REPET extends the bandwidth o 300 MHz.

Several features make the instrument versatile and easy 10 operate: Most froni
panel buttons call up menus on the screen; menu buttons on the CRT bezel then
select among the displayed contro! functions. Up to three lines of readout across the
top of the screen depict vertical, horizontal, triggering, and other settings. Cursers
allow direct measurement of amplitude, time, frequency, and other waveform
parameters, and a cursor readout disptays the results. Information about almost any
front-panel control can be displayed on screen using the HELP feature.

The Auto Setup, MEASURE, and AutoStep features aiso contribute to ease of
operation: Aute Setup produces a workable combination of front-pansl settings for
subsequent acquisitions; MEASURE displays a *snapshot” of 20 parameters for.a
single acquisition, or up 1o 4 continually-updated parameters for successive
acquisitions; and AutoStep can store over 200 front-panel setups for later recall.
AutoStep and MEASURE, used in tandem, can create setups that automatically make
a waveform measurement.

Further details about the features of this instrument are coentained in the product
description at the beginning of Section 6.
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Preparation For Use

Safety

Refer to the Safety Summary at the front of this manual for power source,
grounding, and other safety considerations pertaining to the use of the instrument.
Batore connecting the oscilloscope fo a power source, read both this subsection
and the Safety Summary.

CAUTIOR

This instrument may be damaged if operated with the LINE VOLTAGE
SELECTOR switch set for the wrong applied ac input-source voltage or if
the wrong fine fuse is Instalied.

Line Voftage Selection

The scope operates from either a 115.V or 230-V nominal ac power-input
source having a line frequency ranging from 48 Hz to 440 Hz. Before connecting
the power cord to a power-input source, verify that the LINE VOLTAGE
SELECTOR switch, located on the rear panei (see Figure 1-1), is set for the correct
nominal ac input-source voltage. To convert the instrument for operation from one
line-voltage range to the other, move the LINE VOLTAGE SELECTOR switch to
the correct nominai ac scurce-voltage setting {see Table 1-1}. The detachabie
power cord may have to be changed to match the particular power-source outlet.
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Line Fuse

To verify the proper value of the instrument’s power-input fuse, perform the
following procedure.

1. Press the fuse-holder cap and release it with a slight counter-
clockwise rotation.

2. Pull the cap (with the attached fuse inside) out of the fuse holder.

3. Verify proper fuse value {see Table 1-1).

4. Install the proper fuse and reinstall the fuse-holder cap.

NOTE

A 4A 250-V, 5 x 20-mm Time-lag (T) fuse may be substituted for the
factory-installed fuse. However, the two types of fuses are not directly inter-
changeable; each requires a different type of fuse cap.
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Figure 1-1. LINE VOLTAGE SELECTOR, fuse, and power cord receptacie.

2432 Operators 1-5



General information

Table 1-1

Voltage, Fuse,® and Power-Cord Data

Power Cord | Line Voltage
Plug and Selector/ Reference
Configuration Category Setting Voitage Range Standards®
ANSI C73.11
u.s. .8, NEMA 5-15-P
Domestic 120V 115V IEC 83
Standard 15A 90V to 132V UL 198.8
EURO CEE{7), 11, IV, VH
Option 240V 230v IEC 83
Al 10-16A 180V to 250V IEC 127
UKb BS 1363
Option 240V 230V IEC 83
A2 BA 180V to 250V IEC 127
Australian
Option 240V 230V AS C1i2
A3 10A 180V to 250V IEC 127
North ANSI C73.20
Option American 230v NEMA 6-15-P
A4 240V 180V 1o 250V IEC 83
15A UL 198.6
Switzerland
Option 220V 230V to 250V SEV
A5 8A 180 1EC 127

24li options listed come with a2 faciory-installed fuse with the following specifications: 54,

250 V AGC/3AG Fast-blow {UL 188.6). The fuse holder used is AGC/3AG.

ba g4, type C juse is also installed inside the plug of the Option A2 power cord.

CHefersnce Standards Abbreviations;

ANEl-American National Standards Institute
AS--Standards Asscciation of Australia

B&..British Standards institution

CEE—International Commission on Rules tor the Approvat of Elgctrical Equipment
IEC-—International Electrotechnical Commission
NEMA-—National Electrical Manufacturer's Association

SEV—Schweizervischer Elekirotechnischer Verein

UL—Underwriters Laboratories Inc.
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Power Cord

‘This instrument has a detachable three-wire power cord with a three.contact
plug for connection to both the power source and protective ground. The power
cord is secured 1o the rear panel by a cord-set securing clamp. The protective
ground contact on the plug connects {through the powsr cord protective grounding
conductor) 1o the accessibie metal parts of the instrument. For electrical-shock
protection, insert this plug into a power-source outlet that has a properly grounded
protective-ground contact,

Instruments are shipped with the required power cord as ordered by the
customer. information on the available power cords is presented in Table 1-1, and
part numbers are listed in “Options and Accessories” (Section 7). Contact your
Taktronix representative or jocal Tektronix Fieid Office for additional power-
cord information.

Instrument Cooling

To prevent instrument damage from overheated components, adequate internal
airflow must be maintained. Before turning on the power, first verify that air-intake
holes on the bottom and side of the cabinet and the fan exhaust holes are free of
any obstruction to airflow. If overheating occurs, a thermal cutout immediately
shuts down the scope with no attempt to save waveforms or front-panel settings.
Power to the scope is disabled until the thermat cutout cools down, at which time
the power-on sequence is repeated. The resulting loss of the last front-panel and
waveform data causes the power-on self test to fall the CKSUM-NVBAM test
(number 6000 in the main EXTENDED DIAGNOSTICS menu). The cause of the
overheating must be corrected before attempting prolonged operation of the scope.
Pressing the MENU OFF/EXTENDED FUNCTIONS button restores the scope o
the normal operating mode.
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Start-Up

This instrument automatically performs power-up tests each time it is turned on.
These tests provide the highest possible confidence level that the instrument is fuily
functional. If no faults are encountered, the instrument will enter the Scope mode in
either the ACQUIRE or SAVE Storage mode, depending on the mode in effect

when it was powered off.

If the instrument fails any of its power-up tests, it will display the Extended
Biagnostics menu. If the failure is in the range of 1000-5300 and the message
HARDWARE PROBLEM—SEE SERVICE MANUAL Is displayed with the menu,
refer the instrument to gualified service personnel. If the failure is in 1000-5300
range, but RUN SELF CAL WHEN WARMED UP is displayed, you should execute
the SELF CAL procedure from the EXTENDED FUNCTIONS menu after the
message NOT WARMED UP has disappeared from the SELF CAL menu. I failures
persist after the SELF CAL is run (as evidenced by the HARDWARE PROBLEM—
SEE SERVICE MANUAL message), refer the instrument to qualified
service personnel,

Failure of a test in the range of 7000 to 9300 may not indicate a fatal scope
fault. Several conditions can occur that will cause a non-fatal failure of the tests.
The scope wili display RUN SELF CAL WHEN WARMED UP to indicate that a
SELF CAL should be performed. If SELF CAL does not clear the failure
{(HARDWARE PROBLEM—SEE SERVICE MANUAL is displayed}, the scope may
stili be usable for your immediate measurement purposes. For example, if the
problem area is in CH 2, CH 1 may stili be used with fuli confidence of making
accurate measurements. Press the MENU OFF/EXTENDED FUNCTIONS button to
exit EXTENDED DIAGNOSTICS and enter Scope moxde.

NOTE

The SELF CAl. procedure is detalied in Section 4 of this manual. Refer fo
Appendix A of this manual for information orn the power-up lests and the
procedures to follow in the evert of a failed power-up fest.

A tatal fault in the operating system will cause the scope 1o abort. No displays
are possibla, and the user is notified of an abort situation only by the flashing of
the Trigger LED indicators (if that is possibie). Cycling the power off then back on
may clear the problem, but a failure of this magnitude usually reguires the scope to
be referred to a qualified service person for checkout and repairs, Persistent or
recurring failures of the power-on or self-diagnostic tests should be brought to the
attention of a qualified service person at the first opportunity. Consult your service
department, your local Tekironix Service Center, or nearest Tektronix
representative if further assistance is needed.
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Power-Down

NOTE

POWER INTERRUPTION TO THE INSTRUMENT WHEN THE SELF-
CALIBRATION ROUTINE (8 EXECUTING INVALIDATES THE
INSTRUMENT CALIBRATION CONSTANTS. Upon such an inferruption, the
instrument sets an internal flag denoting that SELF CAL was running af
shutdown, When power is re-established, the scope will display RUN SELF
CAL WHEN WARMED UP. When the NOT WARMED UP message disap-
pears from the SELF CAL menu, the user MUST perform a SELF CAL fo
escape the EXT DIAG menu (the T menu button MUST be used to access
the SELF CAL menu—see Appendix A for more information). If failures per-
sist after the SELF CAl is performed, refer the instrument to qualified
sarvice personnel.

For a normai power-off from the Scope mode, an orderly power-down sequence
retains the SAVE and SAVEREF waveforms, the current front-panet control
settings, and any stored front-panel settings. If a power-off or transient power
fluctuation occurs during SELF CAL, or EXTENDED CALIBRATION, or the
instrument shuts-down at any time due to overheating, the normal power-down
sequence is not executed. The result is loss of stored calibration constants or last
front-panel control settings (or both) and & failure of the next power-on self-test
{6000-68400 range). if front panel, sequencer, or stored waveform information was
lost, the error will clear itself on the next power-down/power-up cycle. if calibration
constants were lost the instrument will display information indicating that
calibration is needed. If failures persist, refer the instrument to qualified
service personnel.

If power is momentarily interrupted, starting the power.off sequence, but is
reestablished before the sequence completes, the scope will redo the power-on
procedure. If the scope is in the middie of a waveform acquisition when power
interruption ocours, the waveform data will not be saved, and the invalid waveform
data display will be seen when power-on has completed. Press ACQUIRE to
restart the acquisition and obtain valid waveform data.
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Repackaging For Shipment

it is recommended that the original carton and packing material be saved in the
event it baecomes necessary to reship the instrument using a commaercial transport
carrier. i the original materials are unfit or not available, then repackage the
instrument using the following procedure.

1. Use a corrugated cardboard shipping carton having a test strength of at least
275 pounds and with an inside dimension at least six inches greater than the
instrument dimensions,

2. if the instrument is being shipped to a Tektronix Service Center, enclose the
following information: the owner's address, name and phone number of a contact
person, type and serial number of the instrument, reason for returning, and a
complete description of the service required.

3. Completely wrap the instrument with poiyathylene sheeting or equivalent to
protect the outside finish and prevent entry of harmful substances into
the instrument,

4, Cushion instrument on all sides using three inches of padding material or
urethane foam, tightly packed between the carton and the instrument.

5. Seal the shipping carton with an industrial stapler or strapping tape.

6. Mark the address of the Tekironix Service Center and aiso your own return
address on the shipping carton in two prominent locations.
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“Getting Acquainted” Procedure

A. Let's hook up and get a usable display . . .

Read “Operators Safety Summary™ and “Preparation for Use™ (in this section)
before performing this procedure.

1. Connect the scope to a suitable power source and POWER it ON. Wait for the
scope to finish running its power-on self check. Push the front-panel button labeled
PRGM (under the SEC/DIV control). Now press the menu buiton that is under the INIT
PANEL label. {The five menu buttons are located in the bezsl below the CRT.)

2. install one of the two probes included with the scope to the CH 1 input BNC;
install the second probe to CH 2. Connect both probes to the CALIBRATOR output
and hook the probe's ground leads to scope ground (the banana plug jack under the
CALIBRATOR output can provide the ground if a suitable plug is inseried).

3. The scope can automatically set itseif up for a usable display—Press the button
labeled AUTO under the A and 8 SEC/DIV knob.

Note that the instrument flashes the message AUTOSETUP WORKING: PLEASE
WAIT on the screen as it searches for information about the signal(s) it's acquiring. In
a few seconds, front-panei settings are effected that deliver a display for CH 1. Some
of these front-pansel seitings are displayed on-screen. The top line of information
indicates the following:

a. the CH 1 VOLTS/DIV setting
b. the SEC/DIV mode and setting
¢. the trigger fevel on the waveform

d. the signal source used for the trigger (VERT source)
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Two more lines of readout are available, directly below the top line, to display other
front-panel settings such as: CH 2 VOLTS/DIV, B SEC/DIV, etc.

NOTE

Auto Setup is a useful and versaiile feature. Demonstrating its complete capa-
bilities requires an external signal generator and is, therefore, beyond the scope
of this infroductory procedure, We will examine Auto Setup more closely in
Sections 2 and 3.

B. Let's iearn about the vertical controls and instrument
control menus . . .

1. Press the front-pane! button labeled VERTICAL MODE. Note that the two lines
of text at the bottom of the CRT display are replaced with two different lines. You
have just calied up a new instrument menu. Many front-panel buitons call up menus
which display the modes available for the user to select.

2. Press the menu button in the bezel under the CH1 fabel.

Note that one press of the button removes the underline from the CH1 menu label
and turns off the CH 1 dispiay. A second press of the button restores the underline to
the menu fabel and turns on the display. This is typical of the scope’s menu operation:
the buttons operate in a push/push manner, and underlined labels indicate the
functions or modes that are active.

3. Turn on CH 1 and CH 2. Note that the readout for the CH 2 VOLTS/DIV setting
appears on line 2. Set the CH 1 VOLTS/DIV control 10 1 V (2 positions
counterclockwise).

4, Press the menu button labeled ADD to display the algebraic sum of the CH 1
and CH 2 signals. The readout for ADD mode appears on line 3 at the op of the
screen.

5. Turn on the MULT Vertical mode. Note that the ADD menu iabel is no longer
underlined white the MULT label is. There are some features in the instrument that
cannot be used with others. The ADD and MULT Vertical modes are mutually
exclusive; therefore, turning on one cancels the other.
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MULT multiplies two waveforms together and is useful for measuring power. See
“MULT Mode Applications” in Section 3 for a more detailed discussion of this function.

6. Turn off CH 2 and MULT. Press the menu button under YTiXY. The instrument
now leaves the YT mode, where acquired waveforms are plotied on the Y-axis against
Time on the X-aods, and enters the XY mode, where the CH 2 waveform is plotted on
the Y-axis against CH 1 on the X-axis.

Notice that the ADD and MULT selections are removed from the meny. These
vertical modes are not allowed when XY is the display mode. The scope is “smart”
enough to remove the labels of the modes or functions that cannot be used with the
currently selected mode.

NOTE

This action is different from that in Step 5. The instrument did not remove ADD
from the menu when you selected MULT, because you could use the menu to
go back to ADD.

When you switched the instrument from YT mode to XY mode, the underling in the
meny moved from YT to XY. This type of mode selection is different from the one you
used to turn on CH 1, CH 2, ADD, etc. When two modes are mutually exclusive, but
one or the other must-be on, the modes appear as one label over a single button, and
the mode presently in effect is underlined. By pressing the button you "toggle”
between the two modes.

7. Press the YT!XY menu button to toggle the display mode back to YT. Note that,
although you switched off CH 2 in Step 6, CH 2 is now on (the CH2 label s underlined
and CH 2 is displayed). The scope turned on CH 2 when XY mode was selected in
Step 9, since the instrument “knew” that CH 2 must be on for an XY mode dispiay.
Turn oft CH 2 again.

8. Press the front-panel button under the CH 1 VOLT/DIV knob iabeled
COUPLING/INVERT. Note that the coupling is set to DC. Push the
COUPLING/ANVERT button again. Note that the underfine moves to the right to GND
{ground setting). Push the button twice more. The underline “wraps around,” first
turning on AC coupling, then returning to DC coupling {leave coupling set to DC).

‘This wrap-around feature is used in some menus as a shorcut for switching among
modes. The first push of the front-panel button selects the menu, while subseguent
pushes select in sequence from two or more menu choices. Examples are:
COUPLING/ANVERT, BANDWIDTH, TRIGGER POSITION, TRIGGER COUPLING, and
TRIGGER MODE.
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9. Press the front-panel button labeled BANDWIDTH. Notice that you can Emit the
bandwidth of the scope's vertical system to 20 MHz, 50 MHz, or FULL {300 MHz).

10. Rotate the SEC/DIV control clockwise to increase the A acquisition rate. Note
that the A SEC/DHV readout changes, and the values for USB {USeful Storage
Bandwidth} and USR (USefut Storage Rise time) also change. Since the bandwidth
ang rise time of the instrument depend on the acquisition rate, the scope displays their
values as well as the SEC/DIV setting.

11. Switch SMOQOTH ONIQOFF in the displayed menu 10 ON. Notice the ¢orners of
the square wave roll off. This is because SMOOTH ON causes a moving 5-sample-
point digital filter to be applied fo the waveform. SMOOTH is useful for eliminating
noise from nonrepetitive waveforms that cannot be acquired in AVERAGE mode.
Switch back to SMOOTH OFF,

Before we ieave "vertical controls” let’s look at the way the vertical positioning
controls work...

12. Use the CH 1 Vertical POSITION control to adjust the display vertically. Notice
you can turn the control clockwise and counterclockwise far enough to position the
waveform about 2 divisions up and down before you encounter stops on the conirol.
Gently rotate the control past one of the stops. The waveform now moves up or down
outside of the two-division area. Rotating the controf further past the stop increases
the rate at which the waveform moves up or down the screen, and the maximum rate
is reached at the second stop (a "hard” stop).

VERTICAL POSITION is an example of a “position-rate” control. in the “position”
region, inside the first stops, it acts like most rotating controls: it adjusts the controlled
function by an amount directly proportional to the amount of rotation, at a rate directly
proportional to the rate of rotation. But in the “rate” regions, between the "soft” and
“hard” stops, it adjusts the controlled function at a rate directly proportionai to the
amount of rotation. This allows the function (o be adjusted more guickly. In a sense,
these controis are “smart” controls. They respond according to the assumption that
small movements of the control are for fine adiustments and large movements for
coarse. HORIZONTAL POSITION and CURSOR/DELAY are also position-rate
controls.

13. Center the waveform verticaily on the screen.
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C. Let's check put the HORIZONTAL conirols and menus . ..

1. Press the AUTO front-panel button. After Auto Setup executes, make sure the
A SEC/DIV is set at 1 ms.

2. The resufting CH 1 display should be centered, with a small “T” riding on top of
the square wave at mid-s¢reen. If the T (indicating the trigger point on the waveform)
is not easily visible, limit the bandwidth to 20 MHz by pressing the BANDWIDTH
bution twice. If the T stili isn't evident, perform Steps a through e. Otherwise, go to
Step 3.

a. Press the MENU OFF/EXTENDED FUNCTIONS front-panel button twice
to remove the displayed menu and to substitute the Extended Functions menuy.

b. Press the menu button labeled SYSTEM {(menu will change).
¢. Press the menu button labeled MISC (menu will change).

d. Set TRIG T ONIOFF to ON.

e. Press the MENU OFF/EXTENDED FUNCTIONS front-panel button to
return to normal operation.

3. Use the Horizontal POSITION control to move the T, first to the extreme right
side of the screen, then to the extreme left.

Note there are 10 horizontal divisions displayed on each side of the T. This is
because the instrument displays its 1024 sample point waveform record over 20
divisions (as if it were "2X magnified” alt the time). Reposition the T to centerscreen.

4. Press the front-panel button labeted A INTEN in the horizontal controls section.
Note that this button does not call up a new menu. (There are five buttons that are
not associated with menus; the others are: A HORIEZONTAL MODE, B HORIZONTAL
MODE, SLOPE, and A/B TRIG.)
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A INTEN enables the B SEC/DIV switch and displays its setting below the A
SEC/DIV readout, (B HORIZONTAL MODE has the same effect.} You may have
noticed that the displayed waveform became brighter when A INTEN was switched on.
This is because the entire A display is overlapped by an intensified zone whose
duration is controlled by the B SEC/DIV setting.

§. Turn the SEC/DIV control clockwise three positions until the B SEC/DIV setting
reads 100 us on screen. Note that the intensified zone shrank until it now only covers
about 1 cycle of the wavetorm around the small T. Since the B acquisition rate is now
10X faster than the A setting, the intensified zone now only overlaps about 2
herizontal divisions of the A display (2 divs/20 divs = 1/10).

6. Press the front-panel! button labeled HORIZONTAL MODE B to display the
intensified zone at the B acquisition rate. Note that the A display is now replaced by a
B display; the 2-division intensified zone is expandead to 20 divisions. We can further
magnify the intensified zone by changing the B SEC/DIV setting to increase the B
acquisition rate.

7. We can also pick the area on the A display we wish to magnify. Return the
HORIZONTAL MODE fo A INTEN. Push the front.panet bution labeled DELAY TIME.
A new menu containing the delay time setting is now displayed. Rotate the front-panel
CURSOR/DELAY control clockwise, (This contral is located betweaen the CURSOR
and DELAY sections of the front panel.) The intensified zone now moves along the
waveform to the right of the T. Switch back to B Horizontal mode. Now when you
rotate the control the waveform moves on screen, since you are magnifying a different
part of the A waveform,

There are two time-delayed zones avallable, as well as a delay-by-events function.
Section 2 expiains these features in more detail, and Section 3 provides applications
under “Delay Time Measurements and Applications”,

8. Return the HORIZONTAL MODE setting to A.

One thing to remember when using the horizontal controls is that the SEC/DIV
controt adjusts the B acquisition rate whenever the B 8EC/DIV readout is on screen
{(i.e. when the scope is in A INTEN or B HORIZONTAL MODE).

1-16 2432 Operators




General Information

D. Using the Trigger conirols . . .

Trigger control settings for MODE, SOURCE, CPLG (coupling), and TRIG
POSITION are also selected from menus. The method Is similar to the one described
for vertical controfs. The following procedure covers only a few aspects of the trigger
controis; see Section 2 for more information.

1. Push the front-panel button labeled MODE in the TRIGGER controls section.
Rotate the control labeled TRIGGER LEVEL to untrigger the display and notice the
unstable display on screan.

2. Salect AUTO LEVEL mode. Note that the display automaticaily becomes
triggered. Now rotate the levei control as in Step 1.

Notice that the scope momentarily detriggers and then retriggers when you attempt
to adjust the A trigger level outside of the signal level (peak-to-peak) range. The AUTO
LEVEL feature establishes a new trigger level when signal levels change {(or the user
attempts to adjust the level outside the signaf range). This feature is handy when
making many consecutive measurements since you don't have 1o stop 10 adjust the
trigger ievel.

3. Push the front-panei button labeled A/B TRIG. Note that the menu changes to
the B TRIGGER MODE menu and that the B-Trigger level and source are displayed in
the second line of the readout. The TRIGGER LEVEL control now adjusts the B-
Frigger level for the B TRIG AFTER Pelay mode (see “B-Trigger Modes™ in Section §
for more information}.

4. Press the front-panel button labeled TRIGGER CPLG. Note that the B-Trigger
Coupling menu Is displayed.

5. Press the front-panel button fabeled A/B TRIG. Note that the A-Trigger Coupling
menu is now displayed.

As implied in Steps 4 and 5, the trigger system selection (A or B) determines which
system’s menu is displayed when TRIGGER MODE, SOURCE, CPLG, or TRIG
POSITION is pushed. Using the A/B TRIG buiton to switch between the triggering
systems also switches between the A and B menus for those functions.
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E. Let’s learn about the storage conirols . . .

1. Press the front-panel button labeled STORAGE ACQUIRE.

2. Repeatedly push the menu button labeted ENVELOPE, Note the count displayed
above the ENVELOPE label is increased with each push. Continue to push the button
until CONT (continucus) appears.

The count above the ENVELOPE, or AVG, label indicates the number of triggered
acquisitions that will constitute an envelope, or average, seguence. (See SINGLE SEQ
under “A-Trigger Mode” in Section 5 for a discussion of the difference between a
single acquisition and a sequence.)

3. Use the CH 1 Position control o move the display about one division up or
down. Notice that adding a vertical position offset {o the signal creates a “filled” area
between the previous amplitude level and the new one. This “envelope” waveform
displays the minimum and maximum levels assumed by the sighal during the
acquisition sequence.

Although you created the change that was captured by ENVELOPE mode when
you positioned the display in Step 3, ali changes in minimum and maximum amplitude
levels are captured in the same way.

4. Push STORAGE ACQUIRE again. Note the envelope is erased and the
acquisition sequence restarted. Pushing STORAGE ACQUIRE always restarts the
acquisition for aff acquisition modes.

There are many other mode changes that can cause envelope or average
sequences to restart. Some of these are changes to the settings for VOLTS/DIV,
SEC/DIV, VERTICAL and HORIZONTAL MODE, etc. Examples of functions which
dgor't cause the restart are: CURSORS, VERTICAL and HORIZONTAL POSITION,
VERTICAL VARIABLE, and TRIGGER LEVEL.

5. Disconnect the CH 1 probe’s ground iead from scope ground to create a
noisy signal.

6. Change the menu selection from ENVELOPE to AVG (Average). Continue to
push the AVG button several more times. Notice that any noise on the waveform is
greatly reduced as you increase the number of acquisitions you specify for an
acquisition sequence. Also, notice the count “rolls around” to the minimum count of 2
after the maximum of 256 is encountered. {The same roll-around action occurs after
CONTinuous for ENVELOPE).
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7. Set the ACQUIRE MODE to NORMAL to return to the “live” mode we used
during the other subsections of this procedure. Reconnect the probe ground you
disconnected in Step 5.

8. Press the front-panel button labeled SAVE. The instrument stops acquiring and
“freezes” the disptay. Notice that aithough the waveform is saved, you can stifl use the
CH 1 Vertical POSITION and Horizontal POSITION controls to move the saved
waveform on screen,

The saved waveform can be stored for later reference-try this:

a. Push the hutton labeled CH1 in the SAVEREF SOURCE menu {menu
changes).

b. Push any of the buttons labeled REF{1-4] for the SAVEREF
DESTINATION menu.

¢. Move the saved waveform to the top half of the screen and push
ACQUIRE to resume acquiring the CH 1 waveform.

d. Push the front-panet button labeled DISPLAY REF and push the menu
button that corresponds to the REF used for Step b.

Briefly, to store a waveform: first, SAVE the waveform you wish to store; second,
identify that waveform in the SAVEREF SOURCE ment; third, select the storage
location from the SAVEREF DESTINATION menu.

To view a stored waveform: first, press DISPLAY REF; then, select the
appropriate storage location from the DISPLAY REF menu.

Many other details about acquisition and storage modes and features are covered
by the “Operators Familiarization™ procedure in the next section and *Storage
Apptications” in Section 3.
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F. Let’'s make some measuremenis . ..

1. Press the AUTO front-panel button to Auto Setup the scope. Make sure the
A SEC/DIV is 1 ms.

2. Press the bution iaheled FUNCTION in the CURSOR section of the front panel,
Select VCLTS from the CURSOR FUNCTION menu.

Note that two horizontal cursors are displayed. These are called the vertical
cursors because they move vertically.

3. Rotate the CURSOR/FUNCTION control. Note that the segmented cursor moves
up and down screen with that control. Align that cursor with the top of the square
wave displayed.

4, Press the front-panel button labeled CURSOR SELECT. The cursor that was
solid becomes segmented and can now be moved by the CURSOR/FUNCTION
control. Align this cursor with the bottom of the square wave.

5. Read the peak-to-peak amplitude of the square wave from the cursor readout in
the upper-right quadrant of the screen, It should read approximately 400 mv, since
that is the amplitude of the calibrator output into 1 M.

6. Increase the A SEC/DIV setting to 500 us.

7. Change the selected menu function from VOLTS to TIME, The cursors are now
parallel 10 the vertical graticule lines, but they are called horizontal cursors because
they move horizontally.

8. Rotate the CURSOR/FUNCTION controt and notice which cursor moves,
Although both of these cursors are segmented, the one with the most “dots” is the
one that moves. Align this cursor with the rising edge of one cycie of the square wave.

9. Push SELECT and move the other cursor to the rising edge of the square wave
that immediately precedes or foliows the one used in Step 8.

10. Read the time period of the bracketed square wave from the cursor readout
(approximately 2.000 ms).
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11, Change the menu function selected from TIME to 1/TIME. Check the frequency
readout (approximately 500 kHz).

These last few measurements illustrate only a fraction of those possible using the
cursors. “Special Applications” in Section 3 of this manual shows you how 1o use the
cursors to make a variety of other measurements.

G. A word about HELP.

1. This scope can display on-screen information about the functions and operations
of its front-panel controls. Push the STATUS/HELP button under the CRT.

2. Only one menu selection is available with the STATUS/HELP menu; push the
meny bution iabeled HELP.

You have just invoked the HELP mode for the instrument. In this mode, alt front-
panel controis (except POWER and the menu buttons) cause the insirument fo display
inforration about that control. Don't push any front-pane! buttons yet; we'll try HELP
in a moment, but first:

3. Read the four screens of introductory information, using the MORE button to get
each new screen.

4. When MORE is no longer displayed in the menu, follow the instruction at the
botiom of the screen.

5. Each time you press a button or turn a knob, information about that control
appears on the screen, If there is more than one screan of information, MORE
appears in the menu.

8. When you're through playing with HELP, press the EXIT button te return 1o
Scope mode. Since using HELP does not change the instrument's setup conditions,
you can use it any fime you wish, except during internal calibration or diagnostic
routines.
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Now that you're familiar with most of the front-panel controls, you're ready to learn
{o make me=<Jrerients that use some of this instrument’s special features. A series of
“Familiarization Procedures” in Section 2 should increase your understanding of these
features and how 1o use tham.

K you want to use this instrument for a specific application, but aren't sure how to
do #, check the Table of Contents for Section 3 to see if your particular need is
covered.
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Operation

This section is composed of two subsections. The first contains basic operating
information and technigues that should be understood before you attempt to make
measurements with your instrument. The second consists of procedures designed to
quickly familiarize a first-time user with all the operating controls and most
menu sefections.

Operating Considerations

Graticule

The graticule is internally rarked on the faceplate of the CRT to eliminate
paraflax-viewing error and 10 enable accurate measurements. The graticule is
marked with eight vertical and ten horizontal major divisions. Major divisions are
further divided into five subdivisions of 0.2 division each, marked along the center
vertical and horizontal graticule lines {see Figure 2-1). Percentage marks for rise-
time and fali-time measurements are located on the left side of the graticule. The
vertical deflection factors and horizontal timing are calibrated to the graticule so
that accurate measurements may be made directly from the CRT.

447H OR HIGHT
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GRATICULE T / LINE

LINE i
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FALL TIME - +
MEASUREMENT R R Raa ens SRS RS BN S s s ny CENTER
PERCENTAGE - + HORIZONTAL

GRATICULE

MARKERS ‘
\ - + LINE
{lﬂ b

P O e

CENTER
VERTICAL
GRATICULE
LINE

6286-13

Figure 2-1, Graticule measurement markings.
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Time and Voltage Measurements

This instrument provides several methods for making both time and voltage
measurements. The various methods produce different degrees of accuracy and
require different amounts of time and care.

Using the graticule markings to measure voltage or time produces the guickest,
but least accurate, results. To improve the accuracy of this method takes a lot of
time, because you must precisely position the waveform on the graticuie and
carefulty count graticule divisions. Direct graticule measurements should be used
only where precision is of less importance than speed.

Using the Cursor functions to measure voltage or time on displayed waveforms
produces highly accurate, precise results. The setup time to make a particular
measurement is fast, and the measurement result is displayed as readout on the
CRT. Using the cursors avoids errors due to dispiay gain and CRT trace non-
linearity and eliminates the inconvenience of counting and interpolating graticule
markings.

The cursors alse offer flexibility in that they can be set up to measure either the
difference between cursor positions or the difference between the cursor position
and an absclute reference point, namely ground for voltage measurements and the
Record Trigger Point for time measurements, Two coupled-cursor modes tie each
VOLT cursor to a corresponding TIME cursor allowing slew rate to be measured
{SLOPE mode) and voltage measurements to be made at chosen time points on
the waveform (V@T mode). The 1/TIME-cursor mode is available for making
frequency measurements, You can also select the units of measurement to serve a
wide range of applications.

The Delay by Time and ATime modes of the B Delayed trace make it possible
o make ime-difference measurements that require the highest degree of accuracy
and/or involve detays beyord the on-screen limits of the TIME cuisors. Time
measurements using the B Delayed trace take the most time to set up, but they
avoid introducing errors due o cursor misalignment at the measurement point on
the waveforms.

Details of all the available cursor functions and units are provided in Section 5
“Controls, Connectors, and Indicators.” Use of the various cursor and B Delay
modes for making measurements is described in Section 3, “Basic Applications.”
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Acquiring Data

Both CH 1 and CH 2 acqguire input signals simultanecusly at all times, whether
the signat is being displayed or not; therefore, the user can call up the undisplayed
channel signal after entering Save mode. Either channel signal may be
independently inverted during acquisition.

Wavetorms may be acquired in NORMAL, ENVELOPE, or AVG (average)
Storage mode. NORMAL produces a “live” trace similar to that seen on a
conventional oscilloscope. ENVELOPE mode depicts any variations of the
waveshape, since minimum and maximum data-point values for each sample
interval are displayed. AVG Storage mode gives a very clean display by averaging
out uncorretated noise. The user can select the number of acquired waveforms to
be incorporaled into the ENVELOPE or AVG display.

REPET mode may be used with any of the three acquisition modes to extend
the useful storage bandwidth to 300 MHz when viewing repetitive signals. REPET
is also available for SINGLE SEQ operation, where the actual number of
acquisitions occurring for a single sequence is the number required to meet the
US8 (Usefut Storage Bandwidth) for the SEC/DIV setting used and adequately “filf
in” the waveform for good display. When REPET is not used, the Useiul Storage
Bandwidih is 40 MHz, and digital interpolation is used to provide the waveform
data points between samples iaken at the maximum sampling rate (for SEC/DIV
settings of 200 ns and faster),

A SAVE-ON-A feature enables the scope o compare the incoming signal
against a reference enveiope waveform. If the signal falls outside the reference
anvelope, the scope switches to the SAVE Mode to preserve the out-of-limit
waveform for analysis. There are two applications in “Storage Applications”
{Section 3) that illustrate methods of using this feature, both from the front panel
and the GPIB,

Acquired waveforms are also saved when the user presses the front-panel
button labeled SAVE. The scope immediately preserves the current CH 1 and CH 2
waveforms and ADD/MULT functions {whether they are displayed or not). A
SAVEd waveform display can be measured using cursors, and it can be moved
and expanded both horizontally and vertically. Expansion of a SAVEd waveform is
nondestructive; it is a display function only, so the wavelorm can be relumed 1o its
original size by merely de-expanding the display. SAVEd waveforms can be stored
in REF memory locations for extended periods of time and can then be recalied
whenever needed for analysis or for comparison with live waveforms.
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Grounding

The most refiable signal measurements are made when the scope and the unit

under test are connected by a common reference (ground lead} in addition o the
single iead or probe. The ground lead of the probe provides the best grounding
method for signal interconnection and ensures the maximum amount of signal-lead
shielding in the probe cable. A separate ground lead can also be connected from
the unit under test to the oscilloscope ground jack on the front panel using a
banana-tip connector.

Signal Connections

Probes

2.4

Generaily, probes offer the most convenient means of connecting an input
signal to the instrument. Furthermore, they are shiglded to prevent pickup of
electromagnetic interference. The standard 10X probes supplied with this
insirument offer a high input impedance that minimizes circuit loading. This
allows the circuit under test to operate with a minimum of change from the
normal, unloaded condition. Also, the subminiature body of these probes has
been designed for ease of use when probing circuitry containing close
lead spacing.

The probe and its accessories should be handled carefuily at all times to
prevent damage. Dropping the probe, or striking it against a hard surface, can
cause damage to both the probe body and the tip. Use care to prevent the
cabie from being crushed or kinked, and do not place excessive strain on the
cabie by puliing it.

The standard-accessory probe is a compensated 10X voltage divider. itis a
resistive voltage divider for fow frequencies and a capacitive voltage divider for
high-frequency signat components, Inductance introduced by long signal or
ground leads may form a series-resonant circuit. This resonant circuit affects
system bandwidth and can oscillate {ring} if driven by a signat containing
significant frequency components at or near its resonant frequency. Ringing can
then appear on the scope display and distort the true signal waveform, Always
keep both the ground lead and the probe signal-input connections as short as
possible to maintain the best waveform fidelity.
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Misadjustment of probe compensation is & COmmon source of measurement
error, Because of variations in oscilioscope input characteristics, probe
compensation should be checked and adjusted, i nhecessary, whengver a probe
is moved from one oscilloscope to another or between channels of a
multichannel oscilloscope. The probe compensation adjustment procedure s
found in “Checks and Adjustments,” in Section 4 of this manual and in the
instructions supplied with the probe.

AUTOMATIC SCALE FACTOR SWITCHING. The VOLTS/DIV scale factors,
displayed on the CRT, can be automatically switched by either GPIB-initiated
control changes or by any change in the probe attenuation factor. Table B-1in
Appendix B of this manual shows the range of the VOLTS/DIV switch for all
available Tektronix coded probes. The “expanded” portion of the table is
obtained using firmware data-expansion routines for SAVE and averaged
waveforms.

Coaxial Cables

Cables used to connect signals to the input connectors may have
considerable effect on the accuracy of a displayed waveform. To maintain the
original frequency characteristics of an applied signal, only high-quality, low-loss
coaxial cables should be used. Coaxial cables must be terminated at both ends
i thelr characteristic impedance to prevent signal reflections within the cabie.
The built-in 50-€ termination for the input of the scope should be used for
interconnection of 50-0 system signals to the scope. i this is not possible, then
use suftable impedance.matching devices.
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Input Precharging

When the input coupling is set o GND, the input signal is connected to ground
through a precharging network consisting of the input-coupling capacitor in series
with & 1-M® resistor. Since this alfows the input-coupling capacitor to charge to the
average dc voltage level of the input signal, it prevents large voltage transients,
which can be generated when the input coupling is switched from GND to AC, from
reaching the ampilifier input. This precharging network also protects external
circuits to the extent that it reduces the current levels drawn from the external
cireuitry during capacitor charging.

External Triggering

The A and the B trigger signals ¢an be independently obtained from a variety of
sources. Samples of the CH 1, CH 2, and ADD waveforms are available as trigger
sources, Sometimes, however, you may need a trigger source different from the
one that corresponds o the input-channel for the signal of interest. In this case,
you can apply a trigger-source signal to an unused vertical channel or to either of
two externat trigger input channels. White the vertical channels can condition a
wide variety of signais to produce triggers ranging from millivolts to thousands of
volts in amplitude, the external trigger input channels {without the use of external
attenuation) can only divide their inputs by either a factor of 1 or a factor of 5.
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Operators Familiarization Procedures

Introduction

The Tektronix 2432 is an easy-to-use Digital Oscilloscope that provides you
with an accurate and flexible waveform measurement and analysis tool, A
combination of front-panet controls and menu-driven selections provides fast and
convenient setup of the instrument operating modes. Menu selections aliow access
tc the many waveform acquisition and processing functions while maintaining an
uncluttered front paneal.

Selected menu functions, front-panel control settings, and measurement results
are displayed in the CRT readout. In the menu displays, an underscore marks the
active operating mode or processing function. A mode or function is off if there is
no underscore beneath its menu entry.

Readout Display

The CRT readout display telis you how the instrument controis are set up. The
rotating switches and control knobs have no physical markings to indicate the
control setting. A key to the type of readout information displayed, and its location
on the screen, is flustrated in Figure 242,

Front-Panel Controls

The froni-panel controls are divided inio two types:

« Those that directly affect system operation {that is, VOLTS/DIV, SEC/DIV,
HORIZONTAL and VERTICAL POSITION, and the specific menu selection
buttons)

« Those that call up a menu from which you must make a seiection to change

an instrument function (that is, VERTICAL MODE, CURSOR selections, and
most of the TRIGGER selections)
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Figure 2-2. Readout display jocations.

Menu control buttons work in several different ways as dictated by the type of
function they are controtling. In certain instances they merely toggle a function on
and off; in others, they are used to make further selections once the main function
chosen by that menu button has been made. For some functions, the menu
selections are self-canceling such as when two menu choices are
mutuaily exclusive.

In some menus it is possible, for convenience, to cycle through the dispiayed
choices by repeatedly pressing the front-panel butten that called up the menu. For
example, while the COUPLING control menu is displayed, you can seiect among
AC, DC, and GND simply by repeatedly pressing the appropriate
CCOUPLING/INVERT button. The foliowing familiarization procedures point out
how the various menu control buttons work.
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Familiarization Procedures

These proceduras will acquaint you with the system menus and front-panel
function buttons. By following the step-by-step instructions and performing the
simple exercisas, you will see how the various controls affect the instrument. Once
you understand how the menus control the operating system, and you see how
quickly initial setups can be made, it should be easy to develop efficient techniques
for making specific measurements,

The detailed operation of each control and connector is described in “Controls,
Connectors, and Indicators,” in Section 5 of this manual. A complete fist of the
control menus is included at the end of that section.

Getting a Display

1. With the scope connected to an appropriate power source, push the POWER
button IN {green indicator is seen in the button). The scope does a power-on self
test each time it is turned on. After a few seconds, the self fest wili be compieted
and the instrument will be ready for operation.

NOTE

if the Instrument fails its power-up seif test, refer to “Start Up” under
“Preparation For Use” in Section 1. If it powers up in SAVE mode, follow
the on-screen directions: SCOPE IS5 NOW IN SAVE MODE PUSH
ACQUIRE TO START ACQUIRING NEW WAVEFORMS.

After the self test has finished, there may or may not be a visibie display. This
depends on the front-panel settings in effect when the instrument was powered off,
because the same settings are reestablished when the instrument is turned back
on. If the READQUT intensity has not been completely turned down, you should
see some sort of readout display. If a display source {(VERTICAL MODE) is turned
on, and the DISPLAY intensity is not turned down, some waveform displays or
waces should be on screen. Whaether or not there are visible displays on screen,
perform the following two steps:

2. Push STATUS/SELECT to set the READOUT INTENSITY to 85%. This level
yields viewsble readout and menu displays.
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3. Push PRGM to display that menu, and push the menu bution labeled INIT
PANEL. This sets the front-panel to known default settings and vields a display of
the CH 1 source,

Remember to use this fwo-step procedure (Steps 2 and 3) whenever you want
fo get a visible dispiay.

NOTE

While INIT PANEL changes most front-panel controls to predefined states,

certain controls (such as those accessed via the EXTENDED FUNCTIONS .
menus) are not allowed to be changed. See Table B-15 in Appendix B for a :
list of the states set up by INIT PANEL.

INIT PANEL can be used to quickly return the instrument to known operating
conditions without searching the STATUS display or the menu selections to
determine each front-panel control state. (This is usefu! when the front-panei
controls have heen left in seldom-used settings.)

I¥ you want to readjust the intensity levels established by pushing STATUS and
INIT, perform Steps 4-7; otherwise, go to the next procedure, “Front-Panel Setup.”

4. Press the SELECT button to display the INTENSITY control menu. Figure
2-3 ifustrates the SELECT menu entries and the position of the Menu
Coentrol buttons.

&. Press the READOUT menu button and use the INTENSITY control knob to
set the readout intensity 10 a viewable level without excessive brightness.
{Clockwise rotation of knob increases intensity.) The INTENSITY control is a
continuous-rotation pot with no end stops o designate physical maximum or
minirmum rotation. You decide by observation when you have reached maximum or
minimum intensity.
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Figure 2-3. SELECT menu and manu control buttens.

6. Now select GRATIcule and adjust the illumination to the minimum (off) level.
GRAT controls the edge lighting of the scribed CRT graticule markings for dimly
fighted work areas and oscilloscope photography. The INTENS menu selection is
used to adjust the contrast between the normal trace and the intensified zone in A
INTEN dispiays. There's no need to adjust INTENS at this time.

7. Press the DISP menu button and use the INTENSITY controf to adjust the
waveform trace o a viewable level,

2432 Operators 2-11



Operation

Front-Panel Setup

Assuming you performed Steps 1-3 of the previous procedure, you are now
ready o sei up the remaining front-panel controls for a basic operating mode.
Proceed as foliows:

1. Push TRIGGER MODE and select AUTQ in the displayed Mode menu.

2. Now set up the front-panel shown in the following fist. (Some controls may
already be set correctly.) In general, the bold-face headings indicate the area of the
front-panel where you wilt find the listed controls, the left column lists the control,
and the right column gives its setting. Some controis call up a menu. Remember
when using menus: 1o turn a function on, underline its menu label by pressing the
button beneath #; to turn a function off, remove the underline in the same way. If
necessary, review the procedure in Section 1 for more detailed instructions.
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VERTICAL CONTROLS

MODE
CH1and CH 2
ADD and MULT
YTIXY
VOLTS/DIV
CH1andCH2
COUPLING/INVERT
CH1, CH2 COUPLING
CH1, CH 2 INVERT
CH 1 POSITION

CH 2 POSITION

BANDWIDTH
SMOOTH ONIOFF

ON (underlined)
OFF
YT {toggling choice)

20 mv

AC

OFF

Set trace to 1.5 divisions above
graticule center.

Set trace to 1.5 divisions beiow
graticule center.

20 MHz
OFF

CH 1 and CH 2 VARIABLE CAL

HORIZONTAL CONTROLS

MODE
A SEC/DIV

500 us

B TRIGGER CONTROLS (Press A/B TRIG for B Trigger menu.)

SLOPE
MODE
RUNS AFTER
EXT CLK
SOURCE
CPLG
TRIG POSITION
EXT CLK

+ {plus, indicated by front.pangl LED)

ON

OFF

VERT (CH 1 is used)
AC

12

OFF

A TRIGGER CONTROLS (Press A/B TRIG for A Trigger menus.)

SL.OPE

MODE
SOURCE

CPLG

TRIG POSITION

2432 Operators

+ {plus)

AUTOQ (already set in Step 1}
VERT (CH 1 is used)

AC

1/2
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CURSOR CONTROLS
FUNCTION All OFF (none underiined)

DELAY CONTROLS

EVENTS OFF
A TIME OFF

STORAGE CONTROLS

ACQUIRE
NORMAL ON
REPET oFF
SAVE ON A OFF :
DISPLAY REF All OFF (none underlined)

3. Perform the following steps to set up the SYSTEM menu.

a. Press the MENU OFF/EXTENDED FUNCTIONS button {located immediately
left of the POWER switch) twice. You should get the EXT FUNCT menu,

b. Press the bezel button under SYSTEM to change menus. In the new menu,
set PREFLT ONIOFF o ON.

¢. Press the button under MISC tc change menus; then set BELL ONIOFF to
ON and TRIG T ONIOFF to ON,

d. Push the MENU OFF/EXTENDED FUNCTIONS button to exit the
EXTENDED FUNCTIONS menus.

4. Center the Trigger Position Indicator {a small “T" riding onthe CH 1 and CH 2
baseline traces) herizontally on the graticule using the Horizontal POSITION control.

5. Connect the two standard accesscry 10X probes to the CH 1 and CH 2 Vertical
input BNC connectors. The CH 1 and CH 2 VOLTS/DIV readouts should now
be 200 mV.
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8. Connect the probe tips of both probes io the CALIBRATCOR ocutput connectors;
connect the ground lead to scope ground. A two-division peak-to-peak display of the
CALIBRATOR output signal should now be seen in both channeis. The display may or
may not be stable depending on the setting of the A Trigger LEVEL control

7. Use the following procedure to set the A Trigger LEVEL.
a. Press the TRIGGER MODRE button,

b. Press the A/B TRIG button, if necessary, to obtain the A TRIGGER
MODE menu.

¢, Select AUTQO LEVEL Trigger mode. Now the trigger level automatically
foliows changes in the trigger signal to maintain stable triggering. If you adjust the
TRIGGER LEVEL control to set the level beyond the peak-to-peak limits of the
trigger signal, the scope automatically changes the level to regain a stable trigger.

You now have a basic front-panel display setup for viewing signais applied to the
CH 1 and CH 2 inputs. In the "Get Acquainted” procedure in Section 1, you saw how
Auto Setup was used to perform much the same function; that is, to set up the front-
panei for a usable display. With Auto Setup, the instrument automatically executes
many of the steps you have just performed, iliustrating the the power and convenignce
of this feature. We'll examine Auto Setup more closely later in this procedure.

Storing Front-Panel Setups

The AutoStep Sequencer function can be used o store single froni-panei
settings under a label. Let's save the current setup for later use...

1. Press the PRGM front.panel button to display the AUTOSTEP
SEQUENCER menu.

2. Press the SAVE menu bution, This calls up a submenu for labeling your
front-panel setup with a 1-6 character name so it can be recalled jater.

3. Create the label FP1 (front-panel 1) for your front-panel setup by using the
arrows under ROLL-CHARS as outlined in Steps a-c:
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a. Select the first character for your lzbel. Press the down-arrow 1o step
forward through the alphabet followed by the digits 0-9, The up-arrow steps
backwards from 9-0 and from Z-A. (There is a “blank space” character between
the digit 9 and leiter A}

b. When you have displayed the letter or digit for the first character of the iabel,
push CURSOR <> to move to the next character. Repeat Step a to select the
fetter or digit for the next character of your label.

¢. Repeat Step b to include up to 8 characters in your label. You can retum to
any character by repeatedly pushing the cursor button, since it reverses direction
when # reaches the first or sixth position.

4. To assign the label to the current front-panet settings, press the SAVE
menu button.

NOTE

You can create labels with as few as one character and can leave any character
position (1-6} blank. Simply push SAVE when the label has the number of char-
acters you want, in the positions you want them.

5. When you push SAVE, the scope displays a message indicating your chosen
tabel and telling you 1o set up the controls. You could now change the controls if you
wish, but since you already set up the conlrols earlier in this procedure, just push the
front-panel button PRGM to display the ACTIONS menu.

6. The ACTIONS menu aliows you to specify different functions to be executed
when the front panel is recailed. Since &t this point we only want to store our front-
pansel settings, just push the menu button SAVE SEQ.

To recall any front panel stored, push PRGM and setect RECALL from the
AUTOSTEP SEQUENCER menu. Next, use the SELECT arrows in the RECALL menu
to underline the label for the front-panel desired. Finaily, press RECALL. to implement
the selected setup.
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Performing SELF CALibration

The BELF CAL feature assures you that the most accurate measurements
possible are being made. Self Calibration should be performed after instrument
warmup, whenever the ambient temperature changes by more than £5°C, and
immediately prior to making a series of measurements when the highest level of
accuracy is required.

NOTE

For about ten minutes after power-on (whether the insfrument is warm or
not), the message NOT WARMED UP is displayed in the CAL/DIAG menu.
This message warns you that the temperature of the scope may not be
stabilized. The messags can be ignored and the SELF CAL procedure
initiated at any time, but optimum calibration results are obtained after the
temperature is stabifized and the message is removed.

Let's do a SELF CAL of the scope...

1. Push the MENU OFF/EXTENDED FUNCTIONS button twice (the first time to
turn off the current menu, the second time to turn on the EXT FUNCT menu).

2. Press the CAL/DIAG menu button to display the
Calibration/Diagnostics menu.

3. Press the SELF CAL menu button to start the calibration; the message
RUNNING should appear in the menu display. After a few seconds, when the self
calibration is completed, the RUNNING message will leave the display and a PASS
message should appear above the SELF CAL label. The scope Is then ready o
return to its operating state.

NOTE

if the seif calibration fails, the self.ciagnostic mode is entered. In this event,
push MENU OFF/EXTENDED FUNCTIONS twice and repeat Step 2 to rerin
the self calibration. If erors persist, the scope should be referred fo a
qualified service person., Any fatal test errors should also have caused a
failure of the power-on seif test when the scope was first turned on. See
Appendix A for more information on the Seif Test and Self
Calibration features.

Depending on the test failed, the scope may function adequately for the
measurements you need to make. Press the MENU OFF/EXTENDED FUNCTIONS
button to exit the error display, and check the scope operation to determine If it will
function for your purposes. In any event, the instrument should be referred to a
quaiified service person at the first opportunity.
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4. Pross MENU OFF/EXTENDED FUNCTIONS to turn off the
Calibration/Diagnostics menu, then push ACQUIRE o start the waveform
acquisitions again. Note the scope is returned to the setup vou created prior to
executing SELF CAL. This is a characteristic of SELF CAL operation.

Since you won't need CH 2 displayed for the next part of the procedure, use
the VERTICAL MODE menu to turn it off. Then center the CH 1 display vertically
on screen.

Using the SEC/DIV Control and a Horizontal Graticule
Measurement

1. Turn the SEC/DIV control stowly slockwise through the settings to 500 ns,
then counterclockwise back to 500 us. See how the A SEC/DIV readout changes
and note the effects on the CALIBRATOR waveiorm.

Notice that the CALIBRATOR ouiput frequency changes with the SEC/DIV
switch setting every 3 settings between a maximum and & minimum output
frequency. See Table B-2 in Appendix B for the CALIBRATOR output frequency
for each SEC/DIV setting.

2. Now check the peried of the CALIBRATOR signal by determining the time of
one complete cycle using the following procedure.

& Use the Horizontal POSITION contre! to align the beginning of a cycle
{the negative-to-positive rising edge) with any convenient vertical graticule line,
and determine the number of horizontal divisions needed for one complete cycle
of the CALIBRATOR signal. The center horizontal graticule line is graduated in
0.2 division increments to help you interpolate between the large
division markings.

b, Muitiply the number of divisions (and/or decimal fraction paris of a
division) by the SEC/DIV readout to calcutate the CALIBRATOR signal period,
Frequency is calculated by taking the reciprocai of the period. 8ince you set the
SEC/DIY back to 500 us in Step 1, the period should equal approximately 2 ms
and the frequency, 500 Hz.
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Using CH1 Controls and a Vertical Gralicule
Measurement

t. Set the CH 1 VOLTS/DIV control clockwise to 50 mV, then switch stowly
through settings counterclockwise to 1 V. Note the effect on the VOLTS/DIV
readiout and the waveform amplitude.

NOTE

Between 500 mV and 1 V per division, the attenuator switch activaies with a
clicking sound.

2, Set the CH1 VOLTS/DIV control 1o 100 mV for a four-division peak-to-
peak display.

3. Use the graticule division markings and the VOLTS/DIV setting to determine
the peak-to-peak voltage of the CALIBRATOR signal in the following manner:

a. Align a peak of the display with any convenient horizontal graticule
marking to determine the peak-to-peak amplitude in divisicns. The center
vertical graticule line is graduated in 0.2 division increments to heip you
determine fractional parts of the major divisions.

b. Calculate the peak-to-peak amplitude of the CALIBRATOR signal by
multiplying the number of divisions (and/or decimat fraction part of a division) by
the VOLTS/DIV readout. {You should get 400 mV.)

4, Prass CH 1 COUPLING/INVERT button to display the CH 1 COUPLING
menu. Additional pushes of the button will rotate the input COUPLING selections
first to DC, then GND, then back 1o AC. Watch the vertical position of CH 1
change as you switch between AC and DC. Also, note that the symbol displayed
with the VOLTS/DIV readout changes with each COUPLING selection.

You can also use the menu buttons o select any of the functions in the
COUPLING menu, including the 500 termination and INVERT features.

NOTE

AC COUPLING and 50-2 input termination are mulually exclusive; selacting
one will deseisct the other.
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5. Select 50-2 input termination for Channel 1. Observe that the COUPLING
switches from AC to DC and the {t symbol is displayed following the CH 1
VOLTS/DIV readout. (The signal display amplitude wilt drop to zero in 5002
termination as the CALIBRATOR signal is dropped across the 10X high
impedance probe.)

8. Again select AC and observe that the 50-) termination is turned off.

7. Press the CH 1 VARIABLE button to display the VARIABLE menu. Press
and hold the down-arrow menu button until the displayed peak-to-peak amplitude
decreases to about 1 division. Notice the symbol in front of the VOLTS/DIV
readout, which indicates that the CH 1 display is uncalibrated.

8. Press and hold the up-arrow menu button to increase the display amplitude
hack to about 1.5 divisions peak-to-peak.

9. Return o the calibrated VOLTS/DIV setting by pushing the CAL
menu button.

Using SAVE and DISPLAY REF Siorage Modes

SAVE mode is normally entered in one of three ways: pushing the SAVE
hutton, as a result of 8 SAVE ON A, or at the end of a SINGLE SEQ acquisition.
SAVE mode can also be entered via the GPIB.

SAVE mode freezes all waveform acquisitions in process and holds the
disptayed waveforms to be stored for reference, measured as needed, or cutput via
the GPIB.

The display that results from pressing SAVE includes a count of the number of
acquisitions completed in the current process before SAVE was entered, and a
real-time clock display. The fime in HRS (hours) is the scope run-time since the tast
COLD START. (The two digits to the right of the colen indicaterninutes).
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Upon entering SAVE mode, the SAVEREF SOURCE menu is also displayed.
The menu permits the selection of any displayed Vertical mode signal as the source
of the reference signal to be stored. Once a source is selected, the SAVEREF
DESTINATION menu is displayed so the user can choose which of the four
reference memories is to store the selected source. :

Besides storing selected Vertical mode signals, the SAVEREF SOURCE menu
can be used o copy a stored REFerence waveform to another memory location. If
REF is selected for the source, a4 menu is displayed to allow one of the four
available reference waveforms 1o be selected. Once the REF is selected as a
source, the SAVEREF DESTINATION menu appears as before for sefection of the
REF destination irto which the REF source is t0 be copied.

The SAVEREF SOURCE menu provides a third option for selecting REF
sources and destinations. The STACK REF selection treats the reference memories
as a push-up stack. REF1 is the bottom stack locaticn and REF4 is the top. The
first press of STACK REF stores a singie-channel display in REF1; repeated
presses move it to REF2, then REFS, then REF4, and finally off the stack.
Previously stored waveforms are pushed ahead toward the top of the stack with
each press. When more than one waveform is being displayed. a predefined
storage plan is used to place selected waveforms in certain reference memory
locations. Basically, if CH 1, CH 2, and either ADD or MULT are displayed, pushing
STACK REF wiil store CH 1 in REF1, CH 2 in REF2, and the ADD or MULT
waveform in REF3 or REF4. See Table B-13 in Appendix B for the detailed STACK
REF storage arrangement.

1, You should have a display of Gt 1 centered on screen from the
previous procedure.

2. Press the SAVE button. This freezes the waveform acquisition and displays
the SAVEREF SOURCE menu.

3. In the SAVEREF SOURCE menu, push CH 1. The Channel 1 signat is now
selected as the source of the reference waveform to be stored, and the SAVEREF
DESTINATION menu is displayed to select the REF memory tocation for storing it.

4. Press the REF1 menu button. The Channel 1 signal is now stored in
reference memory 1, and the SAVEREF SOURCE menu returns for further
source selections.

5. Now select REF as the source choige. This causes the four reference
locations o be displayed so you can choose which reference memory you want as
the source.
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6. Select REF1 as the source. In the SAVEREF DESTINATION menu that then
appears, push REF3 as the storage location, You have now copied the REF1
waveform into the REF3 reference memory.

7. To display the stored references, push the DISPLAY REF button. This calls
up a menu so you can choose the reference waveform for display. If a memory
location contains an invalid waveform, it wili be labeled EMPTY: if selected, it will
display vertical bands of fill pattern altermating with short horizontal line segments
across the center of the screen.

8. Press REF1 and REF3 to display those reference waveforms superimposed.
Use the VERTICAL MODE menu to remove the CH 1 SAVEd waveform from the
display, then push DISPLAY REF again to return that menu {o the display.

NOTE

The fact that both waveforms are displayed can be deduced by noticing that
both REFT and REF3 must be turned off belfore the waveform disappears
from the display. Also, although REF waveforms cannot be positioned
vertically, they can be horizontally positioned independently and in unison,
as we wil see.

9. Press the HORIZ POS REF menu button and set REF HPOS INDILOCK to
LOCK {if not already on). Rotate the horizontal position control to simultaneously
move ail REF waveforms {(whether displayed or not) with SAVEd or “live” Vertical
mode waveforms.

10. Set REF HPQS 1o IND 1o undock the positioning. Press REF3P, then rotate
the Horizontal POSITION control. Note that it now positions the REF3 waveform
independently of other waveforms,

NOTE

REF waveforms can be horizontally positioned only when the HORIZ POS
REF menu is displayed. One and only one REF is always selected, as indi-
cated by the underfine. (If INDILOCK is sef fo LOCK, it doesn’t matter which
REF is selected since the REF waveforms are positionad in unison with each
other and the Vertical mode waveforms, whether displayed or not}) The
HORIZONTAL POSITION menu must be displayed for the Horizontal
POSITION control to position a reference waveform either independently or
in unison.

11. Select REF1P t0 be positioned horizontally, and position that reference
waveform using the Morizontal POSITION control.
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Although we could use the DISPLAY REF menu and the ACQUIRE front-panel
button to turn off the REF waveforms and return to “live” acquisition mode, let's use
the stored front panel we saved earlier in this section...

12. Recall the stored dual-channel front panel by doing the following:
a. Push PRGM and select RECALL from the SEQUENCE menu.

b. Use the SELECT arrows in the RECALL menu to underiine the label of the
sequence you created for the dual-channe! setup.

Press RECALL to implement the selected setup.

Using Dual-Channel Displays

1. Press VERTICAL MODE and select ADD. Three displays should now be
present: CH 1, CH 2, and ADD. Observe that the CH 1 and CH 2 SAVEd signals
are digitally added together; it is not necessary to acquire a signal in ADD Vertical
mode to obtain the ADD dispiay.

2. Turn off the CH 1 and CH 2 displays. Check that the ADD display is four
divisions in amplitude.

3. Usa the CH 1 and CH 2 Vertical POSITION controls 1o observe that both
conirols position the ADD trace.

4. Press CH 1 COUPLING/INVERT panel button and turn CH 1 INVERT ON.
Observe that the ADD display, the CH 2 signal minus the CH 1 signal, is reduced
to approximately a baseline trace.

8. Press the CH 2 COUPLING/INVERT panet button and turn CH 2 INVERT
ON. Observe that the ADD trace, the inverted CH 1 signal plus the inverted CH 2
signal, returns to four divisions in amplitude.

8. Turn on the CH 1 and CH 2 displays.
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7. Press the SAVE button, then push the STACK REF button in the displayed
menu. STACK REF treats the SAVEREF memories as a stack and automatically
saves the CH 1 signal in REF 1, the CH 2 signal in REF 2, and the ADD waveform
in REF 3.

8. Press the Vertical MODE button and turn off ADD.

9. Switch the display to XY mode and observe the display of CH 1 versus CH 2.
In an XY display, the CH 1 signal is supplying the X-axis (horizontal) deflection and
CH 2 is supplying the Y-axis (vertical) deflection. Therefore, the CH 1 Vertical
POSITION contral moves the display horizontally and the CH 2 Vertical POSITION
control moves the display vertically. The Horizontal POSITION controt does not
position the XY disptay, but it does control which 512 data points of the 1024 data
point record are being displayed.

10. Return the display mode to YT and turn off CH 2.

Review of ENVELOPE and AVG (Average) ACQUIRE
Modes

If you performed the introductory procedure in Section 1, this next exercise is a

review and you can skip ahead to "Using SINGLE SEQ Trigger Mode”
without ioss.

1. Press the ACQUIRE panel bution. Next, press the ENVELOPE menu button
several times, changing the number above the fabel each ime. (This is how you
vary the number of acquisitions that contribute to the ENVELOPE display before
the sequence resets.)

2. Continue to press the ENVELOPE menu button until CONT (continuous)
appears above the label. Now the instrument saves the cumulative maximum and
minimum valyes for each sampie point without resetting.

3. Use the CH 1 Vertical POSFITION controt knob to move the waveform up and

down. Observe how the display grows vertically to approximate the effect of
amplitude changes and dc fevel shifts in the incoming signal.

4. Now push the ACQUIRE panei button again to erase the continuous
ENVELOPE display and start the acquisitions for a new ENVELOPE sequence.
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5. Select BANDWIDTH and change the menu setting to FULL. Press ACQUIRE
to return to that menu.

6. Select AVG (Average) acquisition mode and vertically reposition the trace to
center screen, Press and release the AVG menu button undl the number 2 appears
above the label.

7. Repeatedly press the AVG menu button, stepping through the range from 2
to 256. Notice that the displayed waveform becomes cleaner as the number of
averaged waveforms increases. This shows how Average acquisition mode
improves the signal-to-nocise ratio of the displayed waveform. {Table B-3 in
Appendix B gives the expected improvement ratio versus the number of averages.)
Return the AVG setting to 16.

8. Rotate the CH 1 Vertical POSITION conirol a small amount and observe that
averaging for the display starts over (as seen by the increased noise).

NOTE

Any change in a front-panei controf that affects the waveform data being
acquired causes the AVG acquisition to start over. Pressing the ACQUIRE
button also starts a new acquisition.

Using SINGLE SEQ Trigger Mode

With the SINGLE SEQuence mode, you can select an acquisition process that,
when completed, does not start again until you direct it to. As the SINGLE SEQ
acquisition completes, the scope swiiches to SAVE mode, freezing the waveform
display. The waveform(s) can then be stored for reference, transmitted to a data
collection device, or analyzed as required before you start another acquisition.
Let's use AVERAGE mode to explore this feature. (We could also use
ENVELOPE mode.}

1. Set the ACQUIRE mode to AVERAGE 64.
2. Set the A Trigger mode to SINGLE SEQ.

3. Watch the Trigger Status Indicators (TRIG'D, READY, and ARM). When they
stop fiashing {or the TRIG'D indicator light goes out, depending on the SEC/DIV
setting) and SAVE mode is entered, the single-sequence acqguisition of 64 averages
is complete.
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4. Press ACQUIRE to restart the SINGLE SEQ, and again waich as the Trigger
Status Indicators flash {or TRIG'D light remains on sclidly} until the single sequence
has compieted.

If needed as a reference, you could store this SAVEdD waveform in a REF
memory using the process you learned previously in the demonstration about
SAVE and DISPLAY REF modes.

Using The Cursors

Volts Cursors

Leave the display as set in the SINGLE SEQ demonstration to start this part
of the procedure; you will make the measurements on the SAVEd CH 1
waveform.

Remember, in Section 1, how we measured the amplitude of the
CALIBRATOR using the CURSOR FUNCTIONs? Let's review that procedure
and also look at some other uses and modes for the cursors.

1. Press the CURSOR FUNCTION bution, then select VOLTS to make
voltage measurements.

2. Press the CURSOR UNITS button to call up the UNITS menu and select
VOLTS for units. Set the ATABS menu choice to A.

Delta mode (A} provides two cursors for voltage difference measurements,
ABS cursor mode provides a single cursor, referenced te the ground
position indicator.

3. Move the CURSOR/DELAY knob clockwise and counterciockwise.
Observe how the “active” {dashed line) curser is positioned. Set the active
cursor 1o the top of the CALIBRATOR signal waveform,

4. Press the SELECT button and see that the second cursor becomes
active. Position & to the bottom of the waveform display. The cursor readout
now indicates the CALIBRATOR amplitude.
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Now let's look at some ABS (absolute) measurements...

5. Switch AIABS to the ABS cursor mode. Only one cursor will be displayed.

6. Position the VOLTS cursor to the ground indicator {a smail *+" at the left
edge of the screen) and observe that the readout is 0 voits when exactly aligned
with ground. Cursor measurements in ABS mode are taken refative 1o ground level.

7. Set the VOLTS cursor 1o the positive peak of the waveform to see that the
readout is positive (above ground) and equal to about Y2 the total amplitude of the
scuare wave. Position the cursor to the negative peak. Notice the readeout is now
negative {below ground} and has about the same absclute value (as you would
expect with an ac-coupled, square-wave CALIBRATOCR signal).

8. Switch back to Delta mode cursors and align the cursors with the top and
bottom of the waveform as you did in Steps 3 and 4.

This instrument lets you store the difference between the cursors for use as a
reference. You ¢an then make ratiometric comparisons between the stored value
and other voltages measured with the cursors. Let’s see how it's done...

9. Press the NEW REF menu button. You have just saved the present VOLTS
cursor difference (approximately 400 mV) as the reference level for making
percentage and di3 measurements.

As long as you leave VOLTS selected as the units, the readout indicates only
the present voltage difference between the cursors. When % {percent) or dB
(decibels) is selected, the measurement function becomes ratiometric.

10. Select % units. The VOLTS cursor readout shouid now read 10G%.

11. Move the active cursor to the vertical center of the waveform.
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Notice the readout changes to about 50%, indicating the cursors are
measuring about ¥2 of the total amplitude of the CALIBRATOR signal which
was stored as a NEW REF, If you position the cursor so it's separated by more
than 4 divisions from the other cursor, the readout exceeds 100% since the
amplitude is greater than that stored for NEW REF. Seg “Cursor
Measurements” in Section 3 for more information on making ratiometric
measurements.

Y@T Cursors

These coupled cursors provide voltage readout for VOLTS cursors that are
confined within the amplitude exiremes of the waveform. Each VOLT cursor
(one for ABS, two for A) reads the ampiitude of the waveform at the point
where its coupled TIME cursor is positioned. Since you can’t move the TIME
cursors horizontally off the waveform, measurements using these coupled
cursors are fimited to the waveform amplitude. As with the VOLTS FUNCTION,
aiternative units of measurement are % and dB.

1. Set the CURSOR UNITS tc VOLTS in the A cursor mode. Press
CURSOR FUNCTION and select V@T.

2. Rotate the CURSOR/DELAY controf to move the active cursor pair over
several cycles of the waveform. Did you netice that the active (segmented)
vertical cursor moves tc the amplitude level corresponding to the placement of
the active horizontal cursor? Also, notice that the active vertical cursor does not
leave the waveform.

3. Position the active cursor pair to read the peak amplitude of a positive
peak of the CALIBRATOR signal.

4, Press SELECT and position the second TIME cursor to read the peak
ampiitude of the negative peak.

5. Read the peak-to-peak voltage of the waveform.

8. Press UNITS to display that menu. Push the NEW REF button, set the
CURSOR UNITS to ABS mode, and select % units for the measurement,
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7. Read the peak amplitude as a percent of the reference you set in Step 6.

8. Position the cursor pair to the opposite peak of the signal and read the
percentage. With AG input coupling, the percentage difference Is a measure of
the nonsymmetry of the CALIBRATOR square wave. {The difference is
typically small.}

SLOPE Cursors

SLOPE cursors hehave just like V@T cursors. The readout is given in
VOLTS/SEC to indicate slew rate or slope {rate of voltage change with time}.
Another unit of measurement for SLOPE cursors is percentage, used when
comparing against a reference slope. SLOPE measurements require that defta
cursors are on at ali times; therefore, the AIABS label is omitted from the
SLOPE UNITS menu.

The CALIBRATOR signal is a poor signal source for displaying SLOPE
measurement unless the SAVE horizontal expansion is used. That is because
the CALIBRATOR signal frequency changes for different seftings of the
SEC/DIV switch. The following procedure simulaies an increased rise-time
signal for demonstrating the SLOPE cursors.

1. Select SLOPE in the Cursor FUNCTION menu; then select SLOPE in the
Cursor UNITS menu.

2. Use the Horizontal POSITION control to place the Trigger Point Indicator
T, and the rising edge of the CALIBRATOR signal, on the center vertical
graticule fine.

3. Use the SELECT button and the Cursor Position knob to place both time
markers of the SLOPE cursors on the trigger point.

4. The scope should stifi be in SAVE from the previous procedure. Advance
the SEC/DIV switch to b 5. This expands the display by a factor of 100 times
and produces a display with noticeable rise time.

5. Position the SLOPE cursors to bracket a linear portion of the leading
edge and check the SLOPE readout.
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6. Change the position of the SLOPE cursors to bracket a portion of the
waveform with a different siope and observe how the readout varies.

7. Switch the SEC/DIV setting back 10 500 us.

NOTE

The user must delermine the sign of the slope from observing
the waveform.

TIME Cursors

TIME cursors enable rapid measurement of period, pulse width, or time
difference in seconds. Alternative units are % (percent) and DEGREES. Choose
% from the UNITS menu fo express your measurement as a percentage of the
reference vaiue; choose DEGREES to find phase differences between your
measurement and the reference.

1. Press the CURSOR FUNCTION button and select TIME cursors.

2. Press the CURSOR UNITS button and select SEC for the time
readout units.

3. Position the active cursor (the cursor with the most dots) to one of the
rising edges of the displayed CALIBRATOR square-wave signal.

4. Press SELECT to activate the other cursor and position it to the next
rising edge (either ieft or right, as convenient).

NOTE

The waveform record is 1024 data points long; the display is 500 data
points Jong. Since cursors may be positioned anywhere within the record
length, the TIME cursors may be used to scrofl through the complete
record merely by positioning the active cursor from one end 1o the other.

5. Read the time of one period of the CALIBRATOR signal.

6. Press NEW REF to set the reference value to the period of the
CALIBRATOR signal.
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7. Now select the % units for the TIME cursor readout. Observe that the
readout is 100%.

8. Measure the percentage of the first half cycle of the CALIBRATOR period
compared to the whole period. Then measure the second half cycle. Are both
half cycles of the CALIBRATOR square wave equal? (There is usually a smalt
difference because the CALIBRATOR signal is not perfectly symmetrical.)

9. Position the TIME cursors for 100% at the original measurement points
and select DEGREES units for the TIME cursors readout. Observe that the

correctly aligned.

10. Position the active cursor to the falling edge at the center of the
CALIBRATOR signal period. Observe that the readout is approximately 180°.

11, Select SEC units for the TIVE cursors and switch o ABS cursor mode.

12. Position the displayed cursor (only one in absolute mode) to the Trigger
Point Indicator. Use the TIME cursor to scroll the display if the Trigger Point
Indicator is not presently displayed near center screen horizontally.

13. Position the cursor to the left and to the right of the Trigger Point
Indicator. Time is measured relative to that trigger point, and the time readout is
negative when the TIME cursor Is positioned bafore (to the left of), and positive
when positioned after (1o the right of), the Trigger Point.

1/TIME Cursors

When you select 1/TIME as the Cursor function, Hz replaces SEC in the
UNITS menu. You can now conveniently measure a signal's frequency because
the scope automatically performs the calcutation that converts seconds to
hertz. If you want to express your measurement's frequency as a percentage of
the reference frequency, choose % from the UNITS menu. For phase
measuremenis, choose DEGREES; they work exactly the same as with TIME
CUrsors.

1. Use PRGM to recall the front-panel setup FP1. (See Step 7 of “Storing
Front-Panel Setups.”)

2. Seiect 1/TIME cursors from the CURSOR FUNCTION menu.
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Notice that when you selected the Cursor function, you also called up a
target menu for CH 1 and CH 2. Whenever more than one signal is displayed,
the target menu lets you specify the source to be used for cursor
measurements. The readout for cursor measurements can then be scaled o
take into account the settings (VOLTS/DIV, etc.) of the specified source,

Since the measurement is 1/TIME, and both CH 1 and CH 2 are acquired
and displayed at the same SEC/DIV setiing, the target selected in this case
doesn’t matter.

3. Push CURSOR UNITS and set to Hz.

4. Position the 1/TIME cursors to bracket one full period of the
CALIBRATOR square wave, Verify that the frequency readout is very near
500 Hz.

5. Press NEW REF fo replace the reference with the newly-measured period
{expressed in seconds), Set the UNITS to % and check that the readout
is 100%.

6. Set the SEC/DIV switch to 5 ms and, if necessary, reposition the
CURSORS to. define one full period of the displayed CALIBRATOR
square wave,

7. Observe that the percentage readout is 10%, indicating that the
CALIBRATOR signal frequency is now 10% of the reference frequency.

8. Switch UNITS to Hz and read the frequency (500 Hz x 10% = 50 Hz),
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DELAY Fealures

DELAY by TIME

The Delay-by-Time function is used with the A INTEN and B Horizontal
modes. A INTEN mode is used to locate areas of interest within the A
waveform record for closer examination using B Horizontal mode. Using
A TIME delay mode, precise timing measurements can be made between two
points on a single channet (for puise width and rise-time measurements) or
between single points on different channels (for propagation-delay
measurements).

Delay time may be set to many times the B SEC/DIV setting (2621.4 times
to be precise). This means that B Delay acquisitions are not confined to within
the time set by the A time base, and that the intensified zone will not be present
on the A waveform record if the delay is set 1o more time than the total A
record ength. We start the procedure with setup conditions that set the delay
time for a visible intensified zone on the A waveform record.

1. Recall the front-panel setup FP1.

2. Press the DELAY by TIME button. Then turn the Cursor/Delay control
fully counterclockwise to set the delay ime to its minimum setting, as shown in
the DELAY TIME readout.

3. Select A INTEN Horizontal mode and turn the A and B SEC/DIV knob
clockwise untif the B acquisition rate is 50 ps.

4, Press the intensity SELECT button and switch between DISP and
INTENS, using the INTENSITY knob to adjust the levels for a visibie intensified
zone on the trace.

5, Press the DELAY TIME butten again to return the delay time readout {o
the CRT.

6. Hold the Horizontal POSITION control counterclockwise to position the
end of the waveform record to center screen.,

7. Turn and hold the Cursor/Delay control clockwise to increase the delay-
fime setting. Observe that the intensified zone moves off the A trace when the
delay time exceeds the time between the A trigger point and the end of the
A record.
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NOTE

If the intensified zone is not present on the A race in A INTEN
Horizontal mode, it might be that the delay time exceeds the time from
the A trigger point to the end of the A record.

8. Recenter the A trigger poirt marker on the center vertical graticule line. e

9. Reduce the delay time t¢ minimum to bring the intensified zone on
the display.

10. Select B Horizontal MODE and observe the B waveform recerd acquired
at 50 us/div.

11. Rotate the Cursor/Delay control to observe the effect on the position of
the delayed waveform.

12. The delay time readout is the amount of elapsed delay from the A
Record Trigger to the B Record Trigger. Decrease the delay me to minimurm,

13. Turn on A TIME delay mode and select A INTEN Horizontal mode again,

14. if necessary, press the TIME button to underline the A DELAY TIME
menu label and set the corresponding delay time to minimurm.

15, Set the B SEC/DIV 1o 10 us.

16. Now increase the A DELAY TIME to about 2 ms, positioning the second
intensified zone on the rising edge of the next cycle of CALIBRATOR signal to
the right of the A Record Trigger point.

17. Switch to B Horizontal mode, and use the Cursor/Delay control to
precisely aligh the two leading edges. {This is a fine adiustment, and you may
need to increase the intensity to make the leading edges visible. Also, there will
be a little trigger jitier.) You have now precisely measured the period of the
CALIBRATOR sguare wave as indicated by the A DELAY TIME readout.

18. Tum A TIME off. The DELAY TiME readout is the time elapsed from the
A Record Trigger to the B Record Trigger.
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19. Hoid the Cursor/Delay control knob clockwise until you reach 26.214 ms,
which Is the maximum delay time at 10 us per division. (if A TIME ware on, it
would be the maximum total delay of DELAY TIME plus A DELAY TIME.)

20. Switch the B SEC/DIV setting to 5 us. Observe that the DELAY TIME
readout is reduced to 13.107 ms, the maximum delay time possible for 5 us
per division.

NOTE

When dealing with long delays at a particular B SEC/DIV setfing.
switching to the next faster B SEC/DIV setting will cause the DELAY
TIME setting to be limited to the maximum for that SEC/DIV setting. The
delayed waveform will be relocated in time, and you must reset the
DELAY TIME to the desired value when swilching back to the slower
SEC/DIV setting. Also, If &4 DELAY Js on and the sum of the DELAY
TIME plus the A DELAY TIME reaches the maximum limit, any further
increase in the DELAY TIME setting causes the A DELAY TIME setiing
to decrease {down to zero i the DELAY TIME is increased fo its
maximum Hmit).

DELAY by EVENTS

With this deiay feature, you can delay the A Record Trigger by a selected
aumber of B-trigger events. Since the B-trigger circuitry is the source of the
events, proper B-triggering conditions must be set {(EEVEL, SOURCE,
CPLG, etc.).

1. Recall front-panel setup FP1. The initial setup conditions saved for the B
trigger are: MODE—RUNS AFTER; SOURCE—CH 1; CPLG—AC. Verify the
trigger conditions by pushing the TRIG STATUS front-panei button.

2. Press A/B TRIG to dispiay the B Trigger Level readout and set the
LEVEL for 0 V. Alevel of 0 V with AC trigger coupling sets the level in the
middle of the trigger signal and assures that triggering occurs.

3. Set the A SEC/DIV switch to 50 ps. This yields a high enough
CALIBRATOR signal frequency so that you won't have to wait very long for all
the events to occur when the EVENTS COUNT is high.

4. Press the DELAY EVENTS button and turn EVENTS ON.
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5. Use the Cursor/Delay control 1o set the EVENTS COUNT to 1, if not already
there. If the control knob is held in the rate region for a moment after the end count
has been reachad, the count will wrap around from minimum to maximurn or
maxtmurm to minimum,

Notice the rate at which the display is continuously updating. In the next three
steps, watch the effect on the update rate as you increase the EVENTS COUNT.

8. Increase the EVENTS COUNT number up about 1000 counts. Notice that the
update rate is slowed slightly.

7. Increase the count to about 10,000 counts. Notice that now the display takes
several seconds to update. Netice alse that the Trigger READY Indicator can be
seen stowly flashing; its rate indicates the length of time between A acquisitions. A
new waveform is acquired only after the set number of B.trigger events has
been counted.

8. increase the EVENTS COUNT to maximum (65536}, and then hold the
controt harg clockwise for a few seconds to wrap the count back around to 1.

9. Adjust the B-Trigger LEVEL. to a point where the waveform stops updating
{outside the +200 mV range).

10. Press STATUS/HELP and observe that the trigger message reads TRiIG
WAIT: EVENTS and that the EVENTS COUNT == 1. These messages tell you that
no events are occurring. Probable causes are: wrong trigger level, wrong source,
or wrong couphing.

11. Reset the B-Trigger LEVEL to start acquiring again (set to 0 V} and push
STATUS/HELP twice to rewrite the status display. ™ :

12. Note that the trigger message has changed to COMPLETING
ACQUISITION.
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Extended Features

The following features allow you to operate the instrument in modes not usually
available with conventionat osciloscopes. The Auto Setup feature is demonstrated
first, foliowed by two automatic measurement features. Finally, the AutoStep
Saquencer is demonstrated.

Remember how Auto Setup was used in “Getting Acquainted” to quickly get
you a usable display of the CALIBRATOR output? It turns out that the cafibrator
o isn’t the best signal to use to explore Auto Setup and the other Extended Féeatures
P because the calibrator period and amplitude vary with the SEC/DIV setting. To
explore the Extended Features, you need to obtain the following equipment:

Table 2-1
Equipment Required

item Requirements Recommended
1. Calibration Capabie of outpuiting a square| TEKTRONIX PG506
Generator wave signal with an amplitude | Calibration Generator®

between 20 mV and 20 V. |t
should also have a pericd of
1 ms and a rise time longer
than 50 ns, but less than

70 us.
2. Coaxial Cable impedance: 50 . Length: Tektronix Part No.
Connectors: BNC | About 40 inches. 012.0057-00
3. Dual-Input Coupier | Connects: BNC female to Tekironix Part No.
dual-BNC male. 067-0525-01

#Requires a TH 500-Series Power-Module Mainframe.
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1. Recall the front-panel setting FP1. Select VERTICAL MODE and turn
off CH 2.

2. Connect the Standard Quiput of the Calibration Generator to the CH 1
and CH 2 inputs through a 50-8 cable and a duakinput coupler,

3. Set the generator's output to .5 V. (The generator's frequency should
be 1 kHz.)

4. Push the front-panel button labeled AUTO to do an Auto Setup on the
input waveform for CH 1.

The scope displays the message AUTOSETUP WORKING: PLEASE WAIT
as It acquires Information about the CH 1 waveform. Once it has characterized
the waveform sufficiently 1o aflow vertical and horizontal scaling, the waveform
is sized to yield a usable dispiay.

When Auto Setup is executed, it uses the mode selected in the Auto Setup
meny. When you did an Auto Setup in Step 4, the mode selected was VIEW,
which is designed to vield a dispiay of 3 to 5 cycles over 10 divisions. This
gives a good overall display. (In case you're wondering, you selected VIEW
mode when you reestablished the front-panel setup in Step 1.) Let's try some
other modes,..

5. Push the bezel button labaied PERIOD. Note that the menu entry RES
HIILO appears. Push the AUTO button.

In this mode the scope automatically sets the acquisition rate so that about
1 cycle of the waveform, triggered on the positive TRIGGER SLOPE, is
dispiayed. (PERIOD and VIEW always trigger cn the positive edge of the
waveform; you can change the TRIGGER SLOPE manually if you wish.} The
waveform is vertically scaled so that the waveform fits in about the center five
divisions of the screen.

The RES HIILO entry you noted determines how the scope sizes the
waveforms in the parameter-oriented modes (that is, all modes except VIEW).
This instrument has a 20-division horizontal record length. When resolution is
set to low, the parameter associated with the maode (in this case, PERIOD) is
sized for best display over the 10 divisions on screen.
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6. Switch RES HI'LO to Hl and do ancther Auto Setup.

Notice that the period of the waveform is now spread over more divisions; in
fact, it may not be completely contained within the 10 divisions on screen. For
RES Hi settings, the parameter associated with the mode is contained within
the 20-division record length. You may have tc position the trace horizontally to
view the entire parameter. By spreading the parameter over more divisions,
more sample points are obtained for the parameter. This yields better
RESolution of the waveform.

The other modes are PULSE and EDGE. The vertical and horizontai scaling
is similar for these modes. Briefly, in PULSE mode the scope does an Auto
Setup which displays a positive or negative pulse. (The pulse is defined as that
part of the rectanguiar waveform’s cycle having the least time duration). EDGE
mode yields a display of the rising or falling edge of the waveform depending on
the EDGE mode setting. The horizontal resciution for both PULSE and EDGE
mode is determined by the RES HIiLO setling the same as for PULSE. These
modes are covered in detail in Sections 3 and 5. Let’s look at PULSE...

7. Set PULSE mode on and execute another Auto Setup.

Notice that fhe positive section of the waveform is treated as a positive
pulse and horizontally scaled to fit in about 20 horizontal divisions for the HI
RES setting.

8. Switch RES to LO and execute Auto Setup again. Notice the reduced
horizontal scale (that is, a slower SEC/DIV setting).

9. Set the Auto Setup mode to PERIOD.

10. Push the VERTICAL MODE front-panel button. Turn CH 2 on.

11. Execute an Auto Setup.

Auto Setup can also make adjustments for various VERTICAL MODES. In
this case, the waveforms in both CH 2 and CH 1 were sized to about 3
divisions and displayed overlapped at the vertical center of the screen. {Adjust
vertical positioning slightly to see both waveforms.)
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12. Set the Auto Setup mode to VIEW and do another Auto Setup.

Notice that this time the waveforms are scaled for about two divisions with
the CH 1 waveform centered vertically around the graticule two divisions above
graticule center and the CH 2 waveform centered around the graticule line two
divisions below graticule center. Since in View mode it's assumed you want o
see and compare waveform amplitudes, the waveforms are offset vertically on
screen. If PULSE, PERIOD, or EDGE is selected, it's assumed that you are
more interested in comparing time differences between waveforms. Therefore,
the channels are displayed cveriapped.

Before leaving Auto Setup, it's important to stress that various front-panet
settings for Vertical MODE, Trigger SOURCE, and Auto Setup all influence how
it operates. In general, VIEW mode will produce a usable display whenever a
trigger source signal is available in the dispiay source (CH 1 or CH 2} selected
from the VERTICAL MODE menu, provided the signal can be triggered in
AUTOLEVEL trigger mode. The sources the scope uses to trigger and size the
displays vary with the front-panel conditions you set up. Read the description
for control number 47, AUTO, in Section 5 and the applications for AUTO in
Section 3. Once finished, you should be ready to use this convenient feature in
all its modes.

Using MEASURE

t. Recall FP1, the procedure stored earlier in this section. Tum off CH 2.

2. Push AUTO to do an Auto Setup on the CH 1 waveform. Since Auto
Setup executed in VIEW mode, you should have several cycles of the square
wave displayed on screen.

3. Press MEASURE (next to PRGM) to display that menu, then press the
SNAPSHOT menu button,

You have just executed the Spapshot mode for the Measure feature. It
allows you to see at a glance many of the characteristics of the waveform for a
single acquisition.
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Realize that the accuracy of these measurements depends on the front-
panel conditions set up. For instance, since we used Auto Setup in the VIEW
mode, several cycles of the waveform are displayed on screen. This means that
few sample points were obtained for the high-frequency components of the
waveform. Those measurements relating to high-frequency components, such
as RISE and FALL {rise- and fali-time} and OVRS and UNDS (over- and
undershoot), should be discounted for this setup. However, since we obtained
complete cycles of the waveform, we can trust those measurements related to
amplitude and frequency, such as P-P {peak-to-peak voltage), TOP and BASE
{the voltages at the Top and Bottom levels of the waveform, respectively),
FREQ {frequency), etc.

In general, the screen tells you whether a particular parameter is valid or
not. if you can’t see the front-corner aberrations or you note that the rise time
comprises little of the 20-division acquisition, you should set up the scope to
display those parameters adequately. Let's do that now for the front edge of
the waveform...

4, Press AUTO to display its menu. When Auto Setup finishes executing, set
the mode to EDGE (_/ ) and RES to Hi. Now do the Auto Setup for EDGE
mode. Notice that in the resulting display the front comner is spread over
several divisions.,

5. Do another snapshot of the waveform, (See Step 3 if you don't
remember how.)

Since the leading edge of the waveform is spread over several divisions, it
now makes sense to use the measurements related to the front corner.

Note that some of the parameters have a string of "?" marks displayed
instead of the parameter value. When the instrument cannot extract the
parameter, it o Indicates by displaying the string. In this case, since we used
the EDGE mode to dispiay the front corner of the waveform, the scope did not
acquire an entire cycie of the square wave and could not extract those
parameters pertaining to the period of the square wave.

6. Change the generator output to 1 V and push the menu button labsled
AGAIN. The screen is updated with a new snapshot of the single acquisition of
the waveform. (Note the new values for TOP and BASE )

7. Select the VERTICAL MODE menu and turn on CH 2, leaving CH 1
turned ¢n, also.
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8. Press AUTO to display its menu. Change the mode to VIEW and re-
execute Auto Setup.

g. Select the MEASURE menu. Set WINDOW OFF in the menu.

10. Push the menu bution iabeled MEAS TYPE.

The matrix you've displayed allows you to select up to four parameters that
you wish to extract from the waveform. (When you do so, DISPLAY in the
MEASURE menu is automatically turned to ON.) Selected parameters will be
dispiaved on screen and continually updated for subsequent acquisitions. Let's
select some parameatars...

11. One parameter in the matrix is underlined (DISTAL). Push the button
lapeled ON in the menu. Note that the matrix menu is replaced by a target
menu. Use it to select the waveform for which you wart to see the parameter
displayed. The target menu always appears after you select a parameter or
execute a snapshot measurement if more than one display source is on screen.

12. Select CH 2 from the target menu. Since DISPLAY automatically turns
ON in the main measure menu, the scope displays the parameter name and
vaiue on scresn, along with the chosen display source. (it displays a default
display source uniit you choose one.)} Note that the parameter menu is aiso
returnad for further parameter selection.

Look at the parameter name vyou turned on in the parameter matrix. It's stili
underlined, but now there are two asterisks displayed, one on each side of the
parameter name. The asterisks indicate which parameters are on s0 you can
see that they are turned on regardless of whether DISPLAY is ON or OFF in
the main MEASURE menu.

13. The arrow-labeled buttons allow you 10 select any parameter in the
matrix. When you push an arrow button, the underline moves in the
direction indicated.

14. Use the arrow-labeled buttons to move the underline to PERIOD in the
matrix. Note that, as the underline moves away from the parameter you turned
on, the parameter is no longer underlined; the underline selects the parameter,
and the asterisks tell you when it's on,

15. When PERIOD is underiined, turn i on and select CH 1 as the target.
The CH 1 period should be displayed.
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16, Push ON to turn the PERIOD on again. Note that the target menu is
displayed and a second CH 1 PERIOD readout appears on screen. This time
select CH 2 as the target.

17. Turr: DISTAL off in the matrix and turn PK-PK {peak-to-peak voltage) on.
Select CH 1 as the target for PK.PK.

18. Increase the SEC/DIV setting four positions. Note that when the
acquisition rate allows less than a complete period of a waveform, the message
NEED 3 EDGES replaces the parameter value in the readout. (three transitions
are needed to define a waveform cycle.) in general, the scope disptays an error
message if it can't extract the specified parameter.

19. Change SEC/DIV back o its original setting. Now position the CH 1
waveform upward so that its top is several divisions off-screen. Notice that as
the waveform exceeds the 10.24-division vertical-acquisition window, the
message CLIP appears at eft of the screen. In general, the scope displays a
warning message when it can extract a parameter, but detects a condition that
makes the result questionable. Appendix C contains a complete list of both
error and warning messages.

20. Turn off CH 2 and center CH 1 vertically on screen.

21. Press MEASURE and set WINDOW on in that menu,

22 Press CUHSOR FUNCTION and turn on the TIME cursors.

23. Use the CURSOR/DELAY control to move the active cursor toward the
inactive one. Note that when the cursors no fonger bracket at least one fuli
cycle of the waveform, the message NEED 3 EDGES is displayed for the
PERICD measurements, Note also that the PK-PK voliage changes to
approximately 0 Volts when the active cursor is superimposed on the
inactive cursor,

When you switched WINDOW on in the MEASURE menu, you tied the
measurements to the position of the TIME cursors. That's why, even though
several cycles of the waveform are displayed on screen, you got the error
message. There were not several cycles displayed between the two cursors
when the message appeared.

24. Push MEASURE and select SETUP from the main MEASURE menu.
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25. Set MARK ON:OFF to ON in the SETUP menu.

26. Move the active cursor so that the cursors bracket more than one
waveform cycle.

Notice that two “X”'s appeared on screen. These are the markers you
turned on in Step 28§, and they indicate the points on the waveform where
time-related measurements are being made.

27. Note the METHOD selections in the SETUP menu. These selections
refate to the way the scope extiracts waveforms.

28. Push LEVEL. This menu lets you define measurement reference ievals
on waveforms.

Let's learn more about the METHOD and LEVEL features by using HELP...

28, Push the STATUS/HELP button near the INTENSITY control. Select
HELP from the menu displayed.

30. Push MEASURE.

The screen now displays a synopsis of MEASURE and its assoctated
modes. The first two screens review some of the materiat you have already
covered. (Why not read it as a review?) Use the menu key labeled MORE to
step through the screens of information; METHOD and SETUP information is
on screens 3 and 4. Push EXIT to return to Scope mods when finished.

Section 5, “Controls, Connectors, and Indicators,” discusses the MEASURE
feature, and Section 3 contains applications. Also, in addition to other
MEASURE-related information, Appendix C lists definitions of each parameter
and the methods used for extracting those parameters.

2-44 2432 Operators




Operation

Using PRGM (AutoStep Sequencer)

In this procedure, you have already used the AutoStep Sequencer to store
front pansls for later recall. While recalling front panels in this way is useful, the
AutoStep Sequencer can be used for more powerfut applications. Let's
see how...

1. Connect the STD AMPLITUDE QUTPUT of the generator to CH 1
through a 50-Q coaxial cable. Set the generator output for a 5-V, 1-kHz
square wave.

We are going to assume that this waveform needs to be characterized for
rise and fali times, top and base levels, and total amplitude peak-to-peak.
What's more, we'll use our imagination and assume that this waveform is
present on several instruments, so we need to make these measurements once
for each instrument.

2. Recall the front panef you stored earlier. We will use it as a basis for our
sequence steps.

3, Push the button PRGM and select SAVE from the AUTOSTEP
SEQUENCER menu. Give the sequence a label {fike TEST1) using the
displayed menu.

4. When you have assigned a label to the sequence, push the menu button
SAVE to store the name and proceed with creating the sequence.

From the message on screen, you ¢an see that this is the time 10 set up the
front panel for Step 1. Since we only want to make sure the instrument is
operating properly and is set up to make the most accurate measurements
possible, let's not change any front-panel settings now, but just proceed to the
ACTICNS menu, We will use Auto Setup later, in Step 2.

5, Push PRGM to move to the ACTIONS menu for Step 1 of the sequence.

You have now displayed the ACTIONS menu for the first step of your
sequence. Notice that the dispiay indicates the flow of events by labeling the
beginning and end of the step and the events that occur between them. (The
ACTIONS menu is a kind of ime line for the events that occur for each step).
Actions followed by <<N> (off) are not executed when the step is recalled;
actions followed by < Y= (on) are executed. Those events not marked either Y
or N cannot be set, but they are on the menu to show when they occur relative
to the actions that can be set,
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Find the line under the Y or N following one of the actions. The arrow-
tabeled menu buttons are used to move that underline up and down in the
ACTIONS menu to select the action desired.

6. Use the arrows in the menu o underiine the SELF-CAL action and push
YN to foggle that action on (Y). Repeat for the SELF-TEST and PROTECT
action. (PROTECT keeps the sequence from being accidently deleted.) All other
actions should be turned off,

7. Press NEXT STEP 1o exit the ACTIONS menu and store the first step.

The first step is now complete. Since you made no changes to the front
panet when you created this step, when the sequence is executed, the scope
delivers the front panel you recalled prior to labeling this sequence {in Step 2 of
the procedure). Before recalling (loading) e front panel, it executes the SELF-
CAL and SELF-TEST routines, since you selected those actions for Step 1.

8. The menu for setting up Step 2 is now displayed. Change the VERTICAL
MODE setting to display CH 1 only, and change the COUPLING for CH 1 to
[3C. These menu changes will cause the scope to Aute Setup on the DC-
coupled square wave in CH 1, when you later include Auto Setup as an action
for this step.

9. Execute Auto Setup o verify that the Auto Setup menu is set to VIEW
mode. (If not, set it to VIEW.) When Auto Setup finishes, push MEASURE 1o
display that menu.

10. Select MEAS TYPE from the menu and iurn on the parameter TOP,
BASE, and PK-PK (Peak-to-Peak) using the method outlined under the
MEASURE procedure in this section (Steps 11 to 17 under “Using
MEASURE".

11. This completes the front-panel setup for Step 2. Push PRGM to proceed
to the ACTIONS menu.
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Note that the ACTIONS menu is left as you set it up for Step 1. This fealure
allows you to just push NEXT STEP if you do not wish to change those
actions. In this case, however, you do not need to SELF.CAlibrate or SELF-
TEST the scope again. Also, now that you have set up the scope to measure
the Top and Base levels of the waveform in Step 2, you probably need to
PALISE so the user of your sequence can record the measurements, take
photographs of the display, etc. This Is also where we furn on the Auto Setup
action so0 it executes during the step in the mode verified in Step 8.

12. Set the SELF-CAL, SELF-TEST, and PROTECT actions off (N}; set
PAUSE and AUTOSETUP on {Y). Set BELL on, also, to signal the user when
the measurements are ready to be recorded. )

13. Set the REPEAT action on; (we will see why later when we execute the
procedure). Push NEXT STEP when finished.

14, Exscute Auto Setup to dispiay that menu. Change the mode to EDGE

(_/ )and RES HIILO to HL

15. Turn TOP and BASE parameters off and the RISE parameter on in the
MEAS TYPE menu.

16. Push PGRM to proceed to the actions. Set REPEAT off, but leave the
BELL, PAUSE, and AUTGSETUP on for this step. That way, the scope will
pause and signal the user after it has set up on the waveform’s rising edge and
is dispiaying its rise time. This concludes Step 3 of the sequence.

17. Push NEXT STEP to proceed to Step 4. Execute Auto Setup to display
that menu. Change the mode to EDGE {—_), and ieave RES HEILO set to HI.

18. Turn the RISE parameter off and set the FALL parameter on in the
MEAS TYPE menu.

Notice that the rising edge is displayed on screen, and, since no falling edge
is present, the FALL parameter value displayed is NO EDGE. When the
sequence is stored and recalled, the falling edge of the waveform will be
displayed along with the fall-time parameter.
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When you proceed to the actions menu in the next procedure step, notice
the order of evenis. The front panel is loaded and then the Auto Setup is
aexacuted. Since you executed Auto Setup in the rising-edge maode when you
created Step 4, the front panel loaded for Step 4 displays the rising edge. You
changed EDGE from rising mode to falling mode after you executed Auto Setup
in Step 4, so when Auto Setup executes as an action associated with Step 4,
the falling edge wil be displayed.

19. Push PGRM to proceed to the actions. Again, leave the BELL, PAUSE,
and AUTOSETUP as for Step 3.

This compietes the seguence; now let's store it.

20. Push the menu button SAVE SEQ to save the sequence.

You have now labeled, created, and saved a four-step sequence. Let's
review what you've done by running the seguence just saved...

21. Select RECALL from the main AUTOSTEP SEQUENCER menu. Use the
arrow-labeled menu buttons 1o select your sequence and push RECALL to
run i,

The sequence begins by executing Step 1. Notice that the message
RUNNING SELF.CAL appears as the scope runs through that routine. Next, the
display disappears for a time and the Trigger Indicator LED's #lash as the
instrument runs its SELF-TEST. (The message RUNNING SELF-TEST appears
part way through the routine). After a few minutes, the scope should finish Step
1 and immediately, since we didn't set the PAUSE action for Step 1, proceed to
Step 2.

At Step 2, the BELL should ring to signal you that Step 2 is complete. Note
that the square wave is sized property for VIEW made, and the TOP, BASE,
and PK-PK (Peak-to-Peak) voltage values are displayed using the MEASURE
feature. All these events correspond to our Step 2 setup.

22. Push PRGM to proceed to Step 3. Note that the rising edge is now
displayed with the rise-time measurement chosen for Step 3. The PAUSE and
BELL actions were also executed.

23. Push PRGM to execute the last step and display and measure the falling
edge of the waveform.
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Note that the menu still displays the message PUSH PRGM TO CONTINUE,
gven though we have already executed the last step of the sequence.
Remember when we set the REPEAT action on for sequence-Step 27 This
action causes the scope to loop back to Step 2 {or whichever step contains
REPEAT) when the last step of the sequence is finished.

24. Change the generator cutput o the 10-Volt setting.

25. Push PGRM 1o branch back to the REPEAT (Step 2}.

At the beginning of this procedure we said we had to make our
measurements on several instruments. Here we just changed the amplitude
setfing of our generator, but you couid change devices under est, test points to
be measured, etc. as required. REPEAT is included in Step 2 instead of Step 1
so the scope ¢an run an initialization routine {such as the SELF-CAL and
SELE.TEST) once when the sequence is recalied and then skip the routine by
looping through Steps 2-4 for successive measurements.

28. The scope is now at Step 2 of our sequence, with the 10-Volt square
wave displayed with new Top, Base, and Peak-Peak levels shown.

We could go on to display the rise and fall tmes of the waveform, but tet's
just exit the sequence...

27. Push the menu button EXIT to get out of the sequence and display the
RECALL menu. Push EXIT in the RECALL menu to return to the main
AUTOSTEP SEQUENCER menu.

If you want to change the label of your sequence, you must copy the
existing sequence, give it a new label, then delete the old sequence. Here's how
it's done...

28. Select EDIT from the AUTOSTEP SEQUENCER menu, and use the
familiar arrow-labeled buttons to pick out the sequence you wish t0 copy.

29. Press COPY to continue.

30. Now create the new label for your sequence as done in Step 3 of this
procedure, and press SAVE when finished.
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Note that the new !abel for your sequence appears in the list of current
sequences. Now you can delete the old one:

31. Press EXIT to return to the main AUTOSTEP SEQUENCER menu.

32. Press DELETE to display that menu, and use the normal method fo
select the label of the sequence you want 1o delete.

33. Press DELETE to remove the sequence.

When you press DELETE you should hear the bell and see the message
ERROR: PROTECTED. (Remember, you turned on the PROTECT action in

procedure-Step 6.) The conly way you can kill a protected sequence is to edit it.

Here's a quick way to do that...

34, Push EXIT to return to the main menu and select EDIT.

35. Select the sequence you want fo delete, using the usual method, and
press EDIT to display the first step of that menu. Notice that the message
displayed includes the sequence label and step number, along with information
about how {o change the front panel that was loaded for the step. Note also
the menu label DELETE TO BUFfer. Here, we don't want 1o change the step,
we want to delete it:

36. Press DELETE TO BUF.

To protect a sequence you must set the PROTECT action on for the
sequence Step 1. (PROTECT in any other step is ignored.) When you deleted
the first step, you also deleted the actions, thereby removing protection for
this sequence,

37. Push EXIT to return to the main menu and select DELETE from
that menu.

38. Use the arrow-labeled huttons to select the sequence you have just
edited. Press DELETE. Note that the sequence label is removed from the list.
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There are ways to edit sequences besides merely deleting steps, but before
we look at them, let's create a simple sequence that helps keep track of the
steps we're going to edit...

39. Press EXIT to return to the main menu. Recall the front-panel setup we
used at the beginning of this procedure. Disconnect the generator from CH 1.

40. Create the label “ED 17 and save it as you did previously.

41. Tum off CH 2 and position the CH 1 trace to the graticule line 3
divisions above graticule center. Push PRGM to advance to Step 1 actions.

42. Turn on only the PAUSE action. Press NEXT STEP.

43, Position the CH 1 trace to the graticule line 1 division above graticule
center. Push PRGM to advance to Step 2 actions.

44, PAUSE should be the only action on. Press NEXT STEP.

45. Position the CH 1 trace o the graticule line 1 division below graticute
center. Push PRGM to advance to Step 3 actions.

46. PAUSE shouki be the only action on. Press NEXT STEP.

47. Position the CH 1 trace to the graticule line 3 divisions below graticule
center. Push PRGM !0 advance to Step 4 actions.

48. PAUSE should be the only action on. Save the sequence by pushing
SAVE SEQ.

lLet's look at the sequence...

49. Select RECALL from the main menu, then select and recall the sequence
you just saved. Step 1 should now be displayed.
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50. Use PRGM to step through the sequence, neting that the vertical
position relates 1o the step number {most positive, Step 1; 2nd-most positive,
Step 2, etc.). When you reach Step 4, the main menu is displayed. Press EDIT
to change menus.

Let's use this new sequence to explore methods of editing sequences...

51. Seiect ED 1 from the list of sequences, then press EDIT.

As the message indicates, the front-panel for Step 1 of our sequence has
heen loaded. (Notice the vertical position of the trace.) You can now change
this setup, if you wish.

52. However, since no changes are needed here, just push PRGM to call up
the actions associated with Step 1.

53. Keep PAUSE and turn on BELL.

You have now edited Step 1—Dboth the front-panei setup (although you
didr’t change anything) and the associated actions. (You could also have
continued without changing any of the Step 1 actions by pressing NEXT STEP.)
If no other steps were to be edited, you would push SAVE SEQ to guit the edit
session and save the revised sequence. In this case, however...

54, Press NEXT STEP to save the revised step and continue editing.

You are now at Step 2. Let’s not edit this step now.

55, Push the up-arrow bution in the menu.

Note the step number in the message changes back to 1. This is how you
select steps to edit: when the front-panel is loaded and this menu Is displayed,
you can use the arrow-labeled butions to select any step in the sequence you
want {0 edit.

56. Select Step 4 for editing. Notice, as you proceed through Steps 1-4, that
each step is loaded for editing in its proper order.
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57. instead of editing Step 4, you are going 1o add a step. Press ADD.

58, Center the trace vertically on screen. Select VERTICAL MODE and set YT:iXY
to XY. Push PRGM, and then push NEXT STEP (without changing any actions).

The new step is now added as Step 5. Since Step 6 doesn’t exist, the scope can't
proceed; instead, it displays WARNING: NO MORE STEPS TO EDIT.

If you had selected Step 2 for editing {rather than Step 4} and had then pressed
ADD, the new step would have become Step 3 and the remaining steps in the original
sequence would have been incremented by one. ADD puts the new step affer the step
selected ang pushes the following steps down as a stack.

You can move a step from one position in the sequence to another by deleting it to
a buffer and adding it back in wherever you want.

59, Prass DELETE TO BUF to delete the step you just added. Use the arrow-
labeled buttons to move to Step 1.

60, Press ADD. When the menu changes, press LOAD BUFFER. Press PRGM to
get the actions menu and select NEXT STEP. Siep 5 has now been moved to Step 2,
and Steps 2-4 have become Steps 3-5. Using the arrow buttons, go through all the
steps of the sequence so you can verify the changes.

What if you want to add a step before Step 1?7 That also can be done. Move to
Step 1 and add the new step. (You have already done this in procedure Steps 59
and 60.)

61. Setect Step 1 and push DELETE TO BUF.

62. Prass ADD and, when the menu changes, EOAD BUFFER. Then press PRGM
foliowad by NEXT STEP to save what you have done.
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When you deleted Step 1, Step 2 moved to Step 1. When you added the deleted
Step 1, it was inserted after the new Step 1.

63, Return to Step 1 and press DELETE TO BUF. This should restore our
sequence to its original 4 steps.

Copying steps is very similar to moving them. Let's put a copy of Step 3 after
Step 4...

64. Select Step 3 and press DELETE TO BUF.

85, Select Step 2 and press ADD; when the menu changes, press LOAD BUFFER.
Push PRGM, then NEXT STEP. You have just restored Step 3 to its original place in
the sequence, but a copy of it remains in the buffer,

66. Select Step 4. To finish putting & copy of Step 3 after Step 4, press ADD,
followed by LOAD BUFFER, PRGM, and NEXT STEP. You can use the arrow buttons
to step through the sequence and verify that you've copied Step 3 and put it after
Step 4.

In general, to copy a step to another location: delete that step to the buffer, then
use ADD iwice, once to put it back in its original location and once to put it in its
new location,
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The Tektronix 2432 Digital Oscilloscope is an accurate and flexibie measurement
system. When familiar with the controls, indicators, operating considerations and
capabilities of the instrument, you can easily develop your own method for making any
particufar measurement. This section demonstrates and disclisses some applications
for the various measurement features this oscilloscope offers, You can build on thig
information {along with information from other sections) when forming your own
methods and applications.

This section is divided into four subsections. “General Applications” covers the
more familiar graticule measurements of signal amplitude and time period. Vertical and
harizontat display modes are also detailed. “Storage Applications” describes the
various acquisition modes and their applications, as well as how those acquisitions
can be stored and disptayed. “Special Applications” deals with methods for making
measuremenis using the highly accurate and versatile cursors. Finally, “Extended
Features” lpoks at applications for the Auto Setup, MEASURE, and AutoStep
Sequencer features.

The procedures for the various applications assume you are familiar with obtaining
front panel setups. Some controt settings may require menu setups fiot fully described.
In general, each procedure outlined assumes the Front Panel control settings in effect
after an INIT PANEL is performed. All control and menu operations are explained in
Section 5 of this manual, *Controls, Connectors, and indicators.” Additionally, the
“Getting Acquainted” procedure (Section 1) and *Operators Familiarization” (Section 2)
will help show the first-time user how this scope operates.
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General Applicalions

This oscilloscope has two channels (CH 1 and CH 2) available for signal input and
display. The two channels can be displayed alone or together. They can be added or
muitiplied algebraically and the results can be displayed alone or with other display
sources, The following applications ilfustrate the method for graticule measurements
as well as some uses for the ADD and MULT Vertical modes.

Voltage Measuremenis

Peak-to-Peak Voltage

Use the following procedure to make peak-to-peak measurements
on signais:

1. Input the signal into CH 1 or CH 2 and trigger the display. Adjust the
VOLTS/DIV and SEC/DIV controis so the display is within the graticule area.

2. Vertically position the waveform so that its negative peaks are aligned
with a horizontal graticule fine. See Figure 3-1.

3. Count the number of divisions from the negative peaks to the positive
peaks of the waveform.
4. Calculate the peak-to-peak voitage using the following formula:

Volts (p-p) = Number of Divisions x VOLTS/DIV Setting

Example calculation for the waveform pictured In Figure 3-1:
Voits {p-p) = 4.8 div. X 500 mV/div = 24V

NOTE

The probe attenuation factor does not need to be laken into accournt
when computing voliage ampiitudes. The VOLTS/DIV readout on screer
reflects the VOLTS/DIV setting and the probe attenuation factor.
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Figure 3-1. Sine wave peak-io-peak voliage.

Insiantaneous DC Voltage Level

Use the following procedure to make de level measurements on signals:

1. Input the signal into CH 1 or CH 2 and trigger the display. Adjust the
SEC/INV controt to display a few cycles of the waveform.

2. Adjust the appropriate VOLTS/DIV control for a setiing that displays the
waveform and the Ground Reference Indicator on screen. The Ground
Reference Symbot is a small *+" at the ieft edge of the screen.

NOTE

Do not adjust the VOLTS/DIV (Step 2) or the Vertical POSITION (Step 3)
controls to display the ground reference symbol at the upper or lower
graticule exiremes. The symbol is limited to the graticule area, so it will
not give a true indication when the ground reference is oulside
the graticule.
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3. Vertically position the + indicator to a horizontal graticute line. Keep the
waveform (or at least the point to be measured) on screen. See Figure 3-2.

4, Count the number of divisions between the measurement point and
the +,

5. Calculate the dc voltage level using the following formula:

Volts {(DC Level} = Number of Divisions x VOLTS/DIV Setting

Multiply the result by a —1 if the measurement point was below the -+ for
Step 4; otherwise, the result is positive {(assuming the channet used has not
been inverted},

Example calculation for the dc level at point B of Figure 3-2:

Volts {DC Level) = 1.8 div X 10 mV/div X (—1) = —18 mV

ADD Blode Measurements

AR Vertical mode can be used to add or subtract two waveforms. With the
two waveforms dispiayed, ong in CH 1, the other in CH 2, the ADD moede
waveform is the algebraic sum of the two waveforms, Note that the ADD
Vertical mode {as well as MULT) can only use CH 1 and CH 2 as signal sources
for adding or subtracting. Use the following procedure to add or subtract two
waveforms:

1. Input one signat into CH 1, the other into CH 2, and trigger the display.
Adjust the SEC/DIV control to display a few cycles of the waveform.

2. Set CH 1 or CH 2 to INVERT ON i you want to subtract one waveform
from the other.

3. Keeping their settings equal, adjust the CH 1 and CH 2 VOLTS/DIV
controls so that the signal amplitude displayed on each channel is not more
than about 3 divisions.
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Figure 3-2. instantaneous DC voltage levels on a waveform.

NOTE

Jf either signal is much greater than three divisions, the added waveform
may extend vertically outside the graticule area. In that case, increase
both VOLTS/DIV controls fo the setting that results in 3 divisions or less
for each channel.

4, Set the VERTICAL MODE to ADD. {It's easler 1o see the added waveform
if you turn off CH 1 and CH 2.) Use the Vertical POSITION controls to position
the waveform for measuring.

NOTE

The position of the ground reference (baseline trace) for the ADD mode
waveform is based on the algebraic sum of the positions of the CH T and
CH 2 ground reference traces.

Positions above the center graticule line are positive values; positions below
the line are negative. As an example, if reference for CH 1 is one division ghove
graticule center and the reference for CH 2 is 3 divisions below, the ADD mode
ground reference will be two divisions below graticule center {++1 div + [ 3]
div = —2 div).

5. Use the general methods outlined in the previous two procedures to
measure the peak-to-peak or dc level for the added waveform. The VOLTS/DIV
setting for the ADD mode is indicated by the ADD readout.
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Noise Reduction and Unwanied Signal Cancellation

The ability to add or subtract waveforms allows the following two useful
applications. First, differential signals, such as the oulputs of a paraphase
amplifier, can be measured differentially to eliminate any common mode noise.
Foliow the basic procedure for adding two signals. Invert one of the channels to
display the difference between the two added signals, while rejecting any
common mode noise. If the exact amplitude of the added waveform is not
critical, adjust the VARIABLE gain of one of the channels for best noise
reduction. Figure 3-3 illustrates this method of noise reduction.
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CHE ¥ Q
LAOD Y I
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COMMON-MODE NOISE
DIFFERENTIALLY S U U DS PP DT S P
ADNED STGNAL o A A
[~] SIGNAL N T
{(INVERTED} go ] :
IN CH 2 WITH 1%
COMMON-MODE NOISE R AR DU S e S B e D
CHE COUPLIN + 50 ©h | INVERT
AC G GHD | ONIOFF | ONjOFF
628619
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Figure 3-3. Canceliation of common-mode noise for differential signals.

The second application is unwanted signal cancellation. In this case, the
signai 1o be measured is riding on a large signal, as when a large ac hum is
present, See Figure 3-4. Here, a “pure” source of the unwanted signal is applied
{o one channet and the “composite” signal {0 the other. Invert the polarity of the
undesired signal and add the two channels, adjusting the VOLTS/DIV contral

and VARIABLE as necessary.

Use the following procedure 1o cancel an unwanted component from
a signal;

1. Input the signal with the unwanted component to CH 1. Adjust the
SEC/DIV control o display a few cycles of the waveform.
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2. Input a source of the unwanted component to CH 2. Set INVERT ON
for CH 2.

NOTE

The phase of the source used for CH 2 should match that of the
unwanted component in CH 1, if maximum efimination is to be obtained.

3. Set the CH 1 VOLTS/DIV control to display about four divisions of
signat amplitude.

4. Set the CH 2 VOLTS/DIV control so that the amplitude of the CH 2 signal
is approximately equal to that of the unwanted component in the CH 1 display.

5. Use the CH 2 VARIABLE to match the CH 2 signal amplitude 1o the
ampfitude of the unwanted component in the CH 1 signal.

B. Set the Vertical MOPE to ADD. (CH 1 and CH 2 may be turned off for
easier viewing of the added waveform). Using the CH2 VARIABLE control
menu, adjust the amplitude of the CH 2 display for maximurm elimination of the
unwanted signal component from the CH 1 display.

7. Use the general methods outlined in the previous procedures to measure
the peak-to-peak or do level for the added waveform. The VOLTS/DIV setting
for the ADD mods is indicated by the readout.

Note that in the last procedure the signal applied to the CH 2 Input was
inverted for the soie purpose of canceling that signal component from the ADD
mode waveform. In other words, we do not intend {o measure the amplitude
which the CH 2 signal contributes to the ADD mode signal, but we wish to use
the CH 2 signal to eliminate the unwanted noise riding on the CH 1 signal. For
such cases, the unwanted signal shouid always be applied via the CH 2 input,
because when the CH 2 VOLTS/DIV and VARIABLE controls are adjusted for
best elimination of the unwanted signal, the CH 1 VOLTS/DIV readout and
VOLTS cursor measurements remain calibrated. in this way, a signal from
perhaps the 200-mV winding of a transformer can be scaled up to eliminate a
2.V hum component. See Figure 3-4,
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Figure 3-4 {a and b}. Cancellation of an unwanted component in a signal.
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When scaling CH 2 to eliminate a signal component from CH 1 {or any time
the CH 2 VOLTS/DIV setting differs from that of CH 1), note that the ADD
volts/div readout will be the same as the CH 1 readout. This feature aliows the
correct scale factor {that agreeing with CH 1) to be used when canceling
unwanied signal components. When the ADD mode is not used for that
application, the ADD readout will not be correct. In such cases, the VOLTS/DIV
controls should be set to the same scale factor and the variables set to CAL
{calibrated) for accurate adding or subtracting of waveforms.

NOTE

If VOLTS, V@T, or SLOPE cursors are aftached to ADD mode, they,
too, will match CH 1's volis/div readout, Cursor use is covered later in
this section.

MULT Mode Measuremeris

MULT VERTICAL MODE can be used to multiply two waveforms. With the
two waveforms displayed, one in CH 1, the other in CH 2, the MULT mode
waveform is the algebraic product of the two waveforms, Note that the signal
sources to be multiplied must be applied to CH 1 and CH 2 as when using
ADD mode.

in order to dispiay the product of two waveforms at the same time that the
two component waveforms are displayed, the MULT function scales the display
to the screen and supplies an appropriate V3/Div scale factor (dispiayed next to
the MUL designation on screen). This scale factor for the MULT Vertical mode
is determinad according 1o the following formula:

Volts2/Div (MULT) = 5.12 x V/Div (CH 1) X V/Div (CH 2)

For a 2-V setting of both the CH 1 and CH 2 VOLTS/DIV controls, the
MULT mode scale factor is:

512 x 2 ViDiv X 2 V/Div = 20.48 V2/Div

NOTE

When using MULT Vertical mode, it is usually desirable to adjust the
VOLTS/DIV controls of each channel for a three- to five-division display.
These settings will normally provide the best MULT display for viewing
and measurement.
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To interpret MULT mode displays, remember that when values on a
waveform are helow the display channel’s ground reference level, they are
treated as negative guantities. Therefore, with a 2-V peak-to-peak sine wave
signal applied to both CH 1 and CH 2, the MULT function would display a 1-v?
peak-to-peak waveform with the positive peak at +1 V2 and the negative peak
at 0 V2. The frequency of the MULT waveform is twice that of the CH 1 and
CH 2 waveforms because, In this example, when the negative values of the two
waveforms are multiplied together, a positive product is obtained and two
positive cycles of the multiplied waveform are produced for every compiete
cycle of the CH 1 and CH 2 waveforms.

MULT Vertical mode finds a major application in making power
measurements. With a voltage waveform displayed in one channel and a current
waveform in the other, the two waveforms can be multiplied to yield an
instantaneous power waveform. Use of & curreni probe and a current probe
amplifier are necessary for this application.

Use the following procedure when using the MULT Vertical mode for making
power measurements:

1. Ensure that the CH 1 and CH 2 VARIABLE controls are in their
CAL state.

2. Select VERTICAL MODE and set CH 1 and CH 2 on.

3. Set the CH 1 VOLTS/DIV control to the setting required by the current
amplifier to calibrate the scope in amperes per division. Consult the operator’s
instructions for the current probefamplifier combination used to determine the
VOLTS/DIV setting as well as any output termination required.

4. Connect the current-to-voltage converted output to the CH 1 input
connector, using a coaxial cablg and the proper termination.

5. Connect the current probe/amplifier combination to the circuit under test.
{Consult operator's instructions for the probefampiifier combination.}

6. Connect the voltage waveform corresponding to the current being
measured to the CH 2 input connector.

7. Set the CH 2 VOLTS/BIV control for an on-sereen display. Adjust the
SEC/DIV controt to display several cycles of the waveforms.
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8. Set the VERTICAL MODE menu to MULT, Adjustthe CH 1 and CH 2
POSITION controis for convenient viewing of the MULT display. You can turn
off CH1 and CH2 in the VERTICAL MODE menu for easier viewing of the
MULT waveform.

9. Compute the multiplier for the MULT scale factor displayed on screen:

Scale Factor Multiplier _ Current Amplifier Scale Factor
{Power Waveforms) CH 1 Volts/Div

EXAMPLE: The current-to-voltage converted output is connected to the
CH 1 input and & 1 mA/div scale factor is obtained. The CH 1 VOLTS/DIV
controt is set for & 10 mV/div scale factor. Assuming the corresponding
voltage waveform is input into CH 2, the resulting MULT waveform scale
factor muttiplier is:

Scale Factor Muitiplier _ 1 mA/div. . g4 Amp/Voit

{Power Waveforms) T0 mV/div

10, Compute the scale factor by muttiplying the disptayed MULT scale factor
ny the Scale Factor Multiplier, For the above example (a CH 2 YOLTS/DIV

setting of 2 volis/div is assumed);

(Po\ﬁg?'?wgﬁgEg;mS) ~ 0.1 A/V ¥ 10.2 mV2/div = 10.2 mW/div

NOTE

The cursors can be used to measure the MULT mode waveform. (See
“Cursor Measurements” in this section). With the cursors atlached fo the
MULT waveform display, multiply the cursor measurement values seen in
the readout by the Scale Factor Multiplier obtained in Step 9 fo obtain
the actual values for power waveform display.

11. Count the number of vertical divisions for the MULT waveform and
multipty by the scale factor obtained in Step 10. The result is the peak-to-peak
powaer for the clrcuit under fest. The RMS, peak, or mean values can be
computed by applying the appropriate formulas.
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TIME and FREQUENCY Measuremenis—Non-Delayed.

To measure time duration between two points on a waveform while using the
graticule, it is only necessary to display the points on screen, count the number of
horizontal divisions between the points, and apply the formula:

Time Duraticn = Horizontal Div Counted x SEC/DIV Setting

¥ the time duration measured s for a single cycle of a periodic waveform, the
frequency can be determined by the formula:

1

i -
requency Time Duration

The following application gives a specific example of measuring time;
specifically, the rise time of a square wave.

1. Display the square wave to be measured in CH 1 or CH 2, and trigger on the
positive (+) stope. Set the input coupling to DC.

2. Set the VOLTS/INV control to display about 5 divisions. Use the VARIABLE
function to adjust the display for exactly five divisions.

3. Adjust the vertical positioning so that the bottom of the square wave is
aligned with the (% reference line and the top of the square wave is aligned with
the 100% reference line.

4, Set the SEC/DIV control fo display the leading edge of the square wave over
as many horizontal divisions as possible, while remaining within the graticule area.

5. Horizontally position the square wave so that the 10% peint on the
waveform intersects a vertical graticule fine near the left side of the screen. (See
point A of Figure 3-5.)

312 2432 QOperators




Applications

6. Count the number of horizontal divisions, including fractional divisions,
between the 10% and 90% amplitude lavels on the waveform. (See points A and B
of Figure 3-5.} To determine the rise time, use the following generat formula for

time duration measurements:

Time Duration = Horizontat Div Counted X SEC/DIV Setling

EXAMPLE: Figure 3-5 gives the SEC/DIV control setting as 5 us for the A
time base. Counting the number of divisions between the 10% and 90%
graticule lines (marked as A and B in diagram) yields 2.2 divisions.
Substituting these values into the above formula yields

Rise Time = 2.2 div ) 5 ps/div = 11 us

CHY[ > 10mvQ A Shs -29.80hvV? VERT
REFERENCE LINE i) Q}/’ T e

“ 10% - A / I

REFERENCE L.INE P =] ; T

ACQUIRE 256 128 |REPET SAVE DNA
NORMAL ENVELOPE ~AUG | ONEQFF | ONiDEF
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Figure 3-5. Rise time of a square wave (time duration).
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Delay Time Measuremenis and Applications

The B-Acquisition system, coupled with DELAY TIME and A DELAY TIME,

provides several features. First, when the B-Trigger mode is set to RUNS AFTER
{Delay), the B-Acquisition system can “magnify” events that are being displayed at
the A-acquisition rate. The events {o be magnified are selected using A INTEN
mode. Second, the DELAY by TIME feature allows the user to delay the stari of
the B acquisition in relation to the start of the A acquisition by a specified amount.
Third, the TRIG AFTER {Delay) mede allows the user to disable the B-Trigger
system for a specified time delay after the start of the A acquisition. These features
are examined below.

DELAY TIME Mode As A Magnifier

3-14

The A INTEN seiection for Horizontal mode lets you highlight a portion of
the A trace that you want to magnify. Use the Cursor/Delay control knob to
position the intensified zone anywhere within the A waveform record length;
then switch the Horizontal MODE to B. The setected region will now be
displayed at the B-acquisition rate, so if you set the B SEC/DIV to a faster
acquisition rate than the A SEC/DIV, the intensified portion of the A acquisition
wili be magnified according to this formula:

Heation — S SEC/DIV settin
Magnification 5 SEC/DIV seting

When using the A INTEN mode for this application, the B-Trigger mode
should be set to RUNS AFTER (Delay). For this mode, the intensified zone
indicates when the B acguisition wili oceur relative to the A acquisition. | alsc
indicates the time duration of the B acquisition relative to A, For the B TRIG
AFTER {Delay) mode, on the other hand, the intensified zone tells nothing about
the time duration of the B acquisition, nor even about whether a B acquisition
will occur, it only shows the window of time during which a valid B Trigger, if it
occurs, will trigger a B acauisition.

Use the foliowing procedure for magnification using delayed acquisition
modes:

1. Display the test waveform in one of the channels. Set the VOLTS/DIV
control for five vertical divisions of display.

2. Set the A SEC/DIV control to display one or more waveform cycles.
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3. Set the Horizontal mode to A INTEN and the B TRIG mode to RUNS
AFTER (Delay).

4. Set the B SEC/DIV control to an acguisition rate 10 times faster than the
A SEC/DIV. Adjust the brightness of the A-acquisition display (01SPF) and the
intensified zone (INTENS) for adequate contrast between the two portions of
the trace.

NOTE

If increasing the intensity for INTENS does not resuit in a visile
intensified zone, pre-set DELAY TIME to minimum. An intensified zone,
approximately two divisions long, should appear near the Trigger Point
Indicator (T} on the displayed waveform.

5. Push the DELAY TIME button to display that menu. Set A TIME OFF if it
is ON. Use the Cursor/Delay control knob to position the intensified zone to the
part of the display you want to magnify.

— 6. Set the B SEC/DIV control to a setting which completely intensifies the
part of the display to be magnified. Reposition the intensified zone as required.
{See Figure 3-6a.}

7. Change the Horfzontal mode to B. The intensified portion of the dispiay
will appear at the SEC/DIV setting of the B time base. (See Figure 3-60.)

EXAMPLE: For the waveform displayed in Figure 3-6b, the display readout
indicates “A 10us™ and “B 500ns”. Therefore,

aarinn — A SEC/DIV setting .. 10 us _
Magnification mm&’tﬁ% ?ﬁﬁ%‘s‘ 20

NOTE

The magnified zone will be 20 divisions long when displayed in 3 mode.
Horizontally position the display as required to see the entire
magnified area.
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Figure 3-6 {a and b). DELAY TIME used as a positionable magnifier.
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Cther Delay Applications

in the previous procedure, you positioned the intensified zone by delaying
the B system’s acquisition refative to the A system's acquisition. The DELAY
TIME readout dispiayved a #ime which related the B acquisition to the A
acquisition.

Specifically, the DELAY TIME readout indicates the following:

a. When the B-Trigger mode is set to RUNS AFTER {Delay), the readout
indicates the exact time between the A-Record Trigger and the B-Record
Trigger. The B-Record Trigger occurs at the end of the Delay time.

b. When the B-Trigger mode is set to TRIG AFTER (Delay), the readout
indicates the minimum time between the A-Record Trigger and the B-Record
Trigger. The B-Record Trigger will be the first valid B-Trigger event that occurs
after the end of the Delay time.

The Delay time is not limited by the A SEC/DIV setting; delay times of up to
2,621.4 times the B SEC/DIV setting are available. Although you can’t see the
intensified zone for delay settings beyond the end of the A acquisition, the
B-Horizontal mode will display such acquisitions. In this way, you can view
events that occur fong after the events displayed for the A acquisition
have- passed.

The same delay times are available for the TRIG AFTER mode as for the
RUNS AFTER mode. After first setting up the B-Trigger controls and the Defay
time, display the waveform in B Horizontal mode. With B-Trigger mode in
RUNS AFTER, you can search for the gvent you want 1¢ dispiay by gradualiy
increasing the Delay time. You can then switch the B.Trigger mode to
TRIG AFTER.

NOTE

See "General Information for Delayed Acquisition Usage’, at the end of
this sub-section, for limitations and cautions regarding use of the DELAY
- TIME and & DELAY TIME.
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A Deiay Time and Frequency Measurements

The A DELAY TIME feature allows a second delay to be specified between the
B acguisition and a second B acquisition. Specifically, the & DELAY TiME readout
indicates the following:

a. When the B-Trigger mode is set 1o RUNS AFTER (Delay), the A DELAY Cd
TIME readout indicates the exact time between the Record Trigger for the first B !
acquisition and the Record Trigger for the second B acquisition. Thus the time
from the A-Record Trigger to the second B-Record Trigger is the sum of the
DELAY TIME and the A DELAY TIME.

b. When the B-Trigger mode is set to TRIG AFTER (Delay}, the 4 DELAY TIME
reaciout indicates the minimum time between the first B-Record Trigger and the
second B8-Record Trigger. The second B-Record Trigger will coincide with the next
valid B-Trigger event afier the end of the A Delay time. Thus the time between the
A-Record Trigger and the second B-Record Trigger is made up of the sum of four
intervals: the Delay time, the A Delay time, and the times from the end of each
Belay to the next valid B Trigger.

The DELAY TIME and A DELAY TIME functions provide a means to make high
resolution timeffrequency measurements of displayed waveforms. Use the following
procedure tc measure the time between the two displayed events:

1. Perform Steps 1 through 4 of the last procedure, setting the A SEC/DIV in
Step 2 so that both points of interest are displayed. {See Figure 3-7a.)

2. Push the DELAY TIME button to display that menu and set A TIME ON. The
DELAY TIME front-panel button will now toggle the effect of the Cursor/Delay
control between DELAY TIME and A DELAY TIME.

3. With both DELAY TIME and A DELAY TIME set to minimum, two
overlapping zones, about two divisions long, should be displayed at the Record
Trigger indicator (T} on the waveform,
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: 4. Select DELAY TIME and use the Cursor/Delay control knob to position both
,,,,,, the main delay and the A delay intensified zones to the first reference point.

5. Sefect A DELAY TIME and position the A delay intensified zone to the
second reference point.

6. Set the Horizontal mode to B. Adjust the A DELAY TIME to superimpose the
two reference points. Adjust the DELAY TIME and/or Horizontal POSITION as
required to view the displayed references. (See Figure 3-7b.}

The A DELAY TIME readout indicates the time difference between the
occurrence of the two reference avents when the two events are superimposed.
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Figure 3-7 {a@ and b). A DELAY TIME used to measure the period of a square

wave.

3-20

2432 Operators




Applications

Table 3-1

Delay Displays versus Vertical MODE

VERTICAL Main Delay A Delay
MODE Acquisition Acquisition
CH 1 {only) CH1 CH1
CH 2 (only) CH2 CH 2
CH1andCH2 CH 1 CH2
ADD or MULT func? func

BEither ADD or MULT.

As shown during the last procedure, the two B-delayed acquisitions are displayed
at the same vertical position when they are obtained from a single channel. Table 3-1,
above, and Figure 3-8 indicate where the main delay and A delay B acquisitions are

obtained and dispiayed for the various VERTICAL MODE settings.

ADD @ DELAY &

CH 4 @ DELAY TIME

A DELAY TIME

CH 2 @ A DELAY TIME

CHi SV 0 & eodes [1.08/ v YEAT

CH2 5V B 50dns
k0D BY.. R
+ T
+ . [

et .
DELAY| TIME = 104.S0u8 A TIME
4 BELAY ?mg = 99, 78043 ONIPFF
6286-24

Figure 3-8. Deiay and A Delay acquisitions as displayed for CH1, CH2, and ADD
{or MULT) VERTICAL MODE.
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Delay by Evenis Measurements

The DELAY by EVENTS mode makes it possible to create a delay between
the normal A-triggering event and the A acquisition. The delay, which can be set
by the user, consists of a specified number of B-Trigger events. The system
starts counting at the normal A-Trigger event; as soon as it has counted the
specified number of B Triggers, it generates the A-Record Trigger and dispiays
the A acquisition.

To set the number of B friggers for the defay, press the EVENTS front-panel
button and turn the Cursor/Detay knob. The readout at the bottom of the
screen shows the EVENTS COUNT.

Set up the EVENTS source by using the B TRIG SOURCE menu. You can
use the A-acquisition waveform, or any of the other internal or external source
selections available via that menu. Note that if the Externat Clock feature is
trned on in the B TRIGGER MODE menu, the A- and B-acquisition rates will
be set by the repetition rate of the EVENTS (B Trigger) source signal.

When the A acquisition is defayed by B events, all the DELAY by TIME
features are stilt available for displaying the B acquisition, and you can use
A INTEN, DELAY TIME, and A DELAY TIME to magnify and measure the A
acquisition as usual.

Use the following procedure to delay the A acquisition by B-trigger events:

1. Input the signal which will provide the trigger to start the svents counting
intoCH1orCH2.

2. Input the signal which will provide the triggers tc be counted into the
desired source (CH 1, CH 2, EXT1, or EXT2).

3. Set the A Trigger SOURCE to the channet selected for Step 1 and trigger
the display.

4. Set the B Trigger SOURCE 1o the source seiected in Step 2.
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5. Set B Trigger MODE to TRIG AFTER and set the Horizontal MODE to B.

6. Set B Trigger CPLG and LEVEL controls for a triggered display.

7. Return the Horizontal MODE tc A and the B Trigger MODE to
RUNS AFTER.

8. Select DELAY by EVENTS and set EVENTS ONIOFF to ON.

9. Use the Cursor/Delay controf knob to set the EVENTS COUNT to the
desired number of evenis. The resultant disptay wili be delayed from the Normal
A Trigger (event) by that number.

The A-Record Trigger (T) is the event around which the A acquisition is
displayed. The A-Record Trigger is delayed from the A-Trigger event {specified
in Step 3) by the number of events specified in Step 9. The source of the
events was specified in Step 4.

General Information for Delay Acquisition Usage

1, TRIGGER POSITION. When using the Delay by Time feature to set up
exact time delays, the time between A and B acquisitions is affected by the
Trigger POSITION settings for A and B. In general, set the A and B Trigger
POSITION to equal settings. (See Figure B-2 in Appendix B for further
information regarding the position of the Record Trigger.)

2. ENCOUNTERING MAXIMUM DELAY. The sum of DELAY TIME and
A DELAY TIME cannot excead 2621.4 times the B SEC/DIV setling. Note that
the maximum delay decreases as the B-acquisition rate is increased. K you
increase the B SEC/DIV so that the maximum delay at the new setting is 1658
than the sum of the Delay times you specified at the old setting, the Delay times
wilt be changed accordingly. it may then be necessary to return to the slower B
SEC/DIV setting and readjust the Delay time(s). Note that the maximum time
delay aflowed does not affect the amount of time delay available for the DEILAY
by EVENTS function.

EXAMPLE: if B SEC/DIV is set to 10 us, the maximum allowed delay
time is 2621.4 % 10 us = 26.214 ms. Assume DELAY TIME is set to
20.000 ms and an event is on screen. If the B SEC/DIV setting is
increased to B us, the maximum allowed time is 26214 X 5 us —
13.212 ms. The gvent is no longer displayed; return the B SEC/DIV to
10 us and set the DELAY TIME back to 20.000 ms to see the event.
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Special Applications

Cursor Measurements

The CURSOR FUNCTION offers fast and flexible measuring capabilities. With
the exception of the A DELAY TIME mode for measuring time delay, the cursor
measurements are more accurate than the graticule type measurements described
in the "General Applications” sub-section. It is also guicker to use them than to
interpolate the graticule markings when accurate measurements are required.

Cursors are placed on a display by first pressing the Cursors FUNCTION
button and then pressing the bezel button under the desired cursor type (VOLTS,
TIME, V@T, SLOPE, 1/TIME). Repeatedly pressing a bezel button toggles the
cursors on and off.

Yoltage Measurements

If you use the VOLTS cursors, your display-amplitude measurements will be
more accurate than i you use the graticule, And even though cursor
measurements require “set-ups” and cursor manipulation, they may save time
over graticule measurements since the results can be read directly,
without computation.

Two cursor modes are available for amplitude measurement—AaA {delta) and
ABS (absolute). For the A mode, two cursors are displayed, and the readout
indicates the difference between their voltage levels. The ABS mode displays
only one cursor, and the readout indicates its voltage level with respect 1o the
disptay ground reference.

The base units for amplitude displays are velts. Two additional unit types
are available (percentage and decibels) for special measurement applications.
Use of the base and special units is Hlustrated in the procedures that follow,
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Delta Voltage Measuremeonis

Use the following procedure to make differential voltage measurements on
displayed waveforms {see Figure 3-9):

1. Obtain a #riggered display of the waveform o be measured.

2. Push the Cursor FUNCTION button to disptay the CURSOR
FUNCTION menu.

3. Select the VOLTS function. If more than one display source is presently
active (for example, CH 1 and ADD), the ATFACH CURSORS TO: menu will be
displayed. Select the source of the waveform you want to measure.

NOTE

If there is only one active display source, the cursors wili automatically
be attached to that display source and the ATTACH CURSORS TO:
menu wilf not appear.

4. ¥ VOLTS is already underlined in the CURSOR FUNCTION menu, push
the Cursor FUNCTION button again to display the ATTACH CURSORS TO:
menu and select the desired source.

5. Press the Cursor UNITS button. Select VOLTS units and set AIABS to AL

8. Use the Cursor/Delay controf knob to position the active (segmented)
cursor at the first voltage level on the displayed waveform.

7. Press the Cursor SELECT button to activate the other cursor, and
position the newly active cursor at the second voltage level,

The cursor readout gives the difference between the two levels in volts.
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Figure 3-8. Measuring a 3.5-V sine-wave signal using VOLTS cursors.

Asatioc Between Two Voltages

The special units (% and dB) allow you to make ratiometric measurements.
First you make a measurement and store its value as a reference. Then, when
you make a comparisen measurement, the readout gives you the ratio of the
comparison to the reference in terms of percent or decibels.

Suppose you want to compare the peak-to-peak amplitudes of two signals. ..

1. Dispiay the reference signat in CH 1 and the comparison signal in CH 2.

2. Attach VOLTS cursors to the reference signal (CH 1). In the Cursor
UNITS menu, select A and %. Align the cursors with the peaks of the reference
signal as shown in Figure 3-10a. (To do all of this, you can follow Steps 2
through 7 of the previous “Delta Voltage Measurements” procedure,
substituting “%" for "VOLTS” in Siep 5.}

3. Press NEW REF in the Cursor UNITS menu. Note that the cursor readout

now shows 100%. {See Figure 3-10a.}
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4. Align the cursors with the peaks of the comparison signal (CH 2) as
shown in Figure 3-10b. Provided that CH 1 and CH 2 have the same
VOLTS/DIV setting, the cursor readout now gives the peak-to-peak amplitude
of the CH 2 signal as a percent of the peak-to-peak ampiitude of the
CH 1 signal.

NOTE

If the comparison waveform does not have the same VOLTS/DIV setling
as the reference waveform, then you must press the Cursor FUNCTION
button twice to get the ATTACH CURSORS TO: menu and select the
comparison-signal source.

5, If CH 2 does not have the same VOLTS/DIV setting as CH 1, press the
Cursor FUNCTION button twice o display the ATTACH CURSORS TO: menu
and select CH 2. {See Figure 3-10b.) The cursor readout now gives the ratic
betwaen the companison signal and the reference signal in percent.

The same procedure would yield results in dB {decibels) if you had selected
dB rather than % in the Cursor UNITS menu (Step 2}, In fact, if you wish, you
can recall that menu right now and change the units to dB.
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Figure 3-10 {a and b). Measuring the ratio between the amplitudes of two sine-

wave signals.
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You can make ratiometric measurements among signals from several
different display sources; for example, signais displayed in CH 2, REF 1, etc.
can be compared to any reference you choose, and you can establish a new
refersnce whenever you wish. You can aiso use % and dB units to compare
measurements made on the same signal; for example, you could compare the
front corner aberration on a square wave to the overall amplitude. In every
case, the method is essentially the same as just outlined:

a. Use cursors to make the reference measurement.

b. Store the reference measurement.

¢. Attach the cursors (if necessary) to the source of the comparisen signal.

d. Make the comparison measurement (again, with cursors).

Absoiute Voltage Cursor Measuremenis

Use the following proceditre to perform ground-referenced measurements on
displayed waveforms:

1. Perform Steps 1 through 4 of the “Delta Voltage Measuremenis”
procedure.

2. Press the Cursor UNITS button. Select VOLTS units and set the AIABS
menu choice to ABS.

3. Use the Cursor/Delay control knob to align the cursor with the desired
Jeved on the displayed waveform.

The cursor readout gives the voltage level of the cursor with respect to
ground. {See Figure 3-11.}
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Figure 3-11. Voliage measurement of a siep on a stair-case signal using the
YOLTS cursor function in the ABS mode.

You can also use absolute voltage cursors to make ratiometric
measurements. The method is similar to the one described in “Ratio Between
Two Voltages.” For example, you might want to compare the noise level on a
pulse train during off times to the pulse level during on times. You would store
the amplitude of the pulse {with respect to ground) as the reference, and then
measure the noise level (again, with respect to ground) for comparison. If you
change the VOLTS/DIV setting between measurements, of use a comparison
signal whose display source has a different vertical deflection than the
reference, remember to re-attach the cursors when you make the comparison
measurement.

Time and Frequency Measuremenis

Cursors increase the accuracy of time measurements, t00. An internal
crystal-controlled clock circuit determines the accuracy of the time cursors,
which is specified as 0.001% over two divisions. Since 0.001% of two divisions
is less than a ten-thousandih of a division, the accuracy of cursor
measurements essentially depends on how accurately the user places them on
the display. The accuracy of the graticule will be within approximately 1% of the
CUrsor accuracy.
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The same two cursor modes used for amplitude measurements, & and ABS,
are available for ime measurements. For the A cursor mode, the cursor readout
indicates the elapsed time between the two cursors. For the ABS mode, the
reaciout indicates the time between the single cursor and the Record Trigger
point, around which the acquisition is displayed. For both modes, the cursor(s)
are automatically attached to the A-acquisition rate for the A and A INTEN
Horizontal modes and to the B-acquisition rate for the B Horizontal mode.

The curscrs can alse be attached to saved signals stored in Reference
memory. This allows you to make time measurements on those waveforms
based on the SEC/DIV setting at which they were acquired. Furthermore, the
cursor displayed in ABS mode can be attached to either the DELAY TIME or
the A DELAY TIME display when the A TIME mode is ON and more than one
“live" display source (CH 1, ADD, etc) is displayed.

The base unit for time measurements is seconds. The special unit types are
percent and degrees. The following procedures illustrate how to use both base
and special units:

A Time Cursor Measurements

Use the following procedure to make differential time measuraments on
displayed waveforms:

1. Qbtain a triggered display of the waveform to be measured.

2. Press the Cursor FUNCTION button to display the CURSOR
FUNCTION menu.

3. Select TIME, if it is not afready underscored. If more than one display
source is presently selected (CH 1 and ADD, for example) the ATTACH
CURSORS TO: menu will appear.
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NOTE

It is not necessary to attach the TIME or 1/TIME cursors to a Vertical
Mode (CH 1, ADD, etc.). ignore the ATTACH CURSOR TO: menu for
TIME and 1/TIME cursor use, except when saved reference waveforms
are displayed. If reference waveforms are displayed, the ATTACH CUR-
SOR MENU TO: menu will display those sources for selection.

4. Push the Cursor UNITS button. Select SEC units and set A1ABS to A,

5. Use the Cursor/Delay knob to align the cursors with the two desired
refarence points on the displayed waveform. Push the Cursor SELECT hutton
to toggie between the two cursors. {The cursor with the most dots is active.)

6. Read the time interval between the two reference points, in seconds,
directly from the cursor readout. (See Figure 3-12a.)

7. Press Cursor FUNCTION and change the function from TIME to ¥/TIME.
If the two reference poinis you selected in Step 5 happen to bracket one cycle :
of a periodic waveform (as in Figure 3-12a), the readout now indicates the
frequency in Hz.
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Figure 3-12 {a and b). Time measurements using TIME Cursor function and modes.
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Ratio Between Two Time Periods

3-34

As with VOLTS cursors, TIME (or 1/TIME} cursors can be used to measure
ratios between quantities, in this case two time periods. The special units used
can be either percent or degrees. For illustration, the following procedure
measures the duty cycie of a periodic rectangular pulse.

1. Perform Steps 1 through 3 of the *A Time Cursor Measuremants”
procedure.

2. Set the SEC/DIV to dispiay one or two cycies of the pulse.

3. Press the Cursor UNITS button. Select % units and set the AIABS
choice o A,

4. Adjust the cursors, as in Step & of the A Time Cursor Measurements
procedure, to bracket one cycle of the rectanguiar pulse. (See Figure 3-12a.)

5. Press the NEW REF menu button to establish one cycle of the pulse as
the 100% reference for the cursors. Nete the readout now indicates 100%.

6. Adjust one of the two cursors so that only the positive-going portion of
the waveform cycle is bracketed by the cursors. (See Figure 3-12b.)

7. Read the ratio of the presently bracketed time period 1o the time pericd
established as a reference in Step 5, For Figure 3-12h the ratio was:

Time Pulse Duration % 100 = 50%

buty Cycle ~ e Fiss Period

The general formula for ratic ime comparisons is:

or) = _Present Cursor Time Period 100
Readout (%) T00% Reference Time Period - 0
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Note that ratiometric measurements can be made between signals in
different dispiay sources. For example, the 160% reference can be established
for a time period in CH 1 and the comparison signal bracketed in CH 2. Be sure
to attach the cursors to the proper source when SAVEdD waveforms are
compared either with other SAVEd waveforms or with “live” waveforms. This
attachment is not necessary for comparisons on or between “live” waveforms,
since they all have the same acquisition rates. However, reference waveforms
may have been acquired at any rate allowed by the SEC/DIV control.

Also note that the special units selected for TIME and 1/TIME
measurements can be DEGREES. In that case, the reference units will be 360°
instead of 100% (as in Step 5 of the previous procedure). In the previous
procedure, with degrees selected as the units of measurement, the readout will
indicate 180~ for Step 7 instead of 50%.

Absolute TIME Cursor Measuremenis

As previously mentioned, the absolute mode is available for TIME cursor
measurements. Only one cursor is dispiayed; the other cursor can be
considered to be permanently placed at the Record Trigger position of the
displayed acquisition. All absolute cursor measurements are with respect to the
Record Trigger (indicated by a small T on the displayed acquisition).

Use the following general procedure for making absolute time cursor
measurements:

1. Perform Steps 1 through 4 of the “A Time Cursor Measurements”
procedure, setting AIABS to ABS instead of A in Step 4.

2. Position the display to view both the Record Trigger (T) and the point on
the waveform that you want to measure. Adjust the SEC/DIV as required.

3. Use the Cursor/Delay knob to align the cursor with the desired point.

4. Read the time interval between the cursor-aligned point and the Record
Trigger point directly from the cursor readout. (See Figure 3-13.)

Note that when seconds are selected for the units, time can appear as a
signed () quantity, The sign indicates whether the cursor-aligned point cccurs
before (—) or after (+) the Record Trigger.
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Figure 3-13. Time measurement of an event relative to the Record Trigger.
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Figure 3-14. VOLTS coupled to TIME cursors displayed on a triangle wave.
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Voltage Coupled to Time Cursors {(V@T)

The two remaining cursor selections are coupled-cursor modes. For the
V@T (Voits at Time) and SLOPE cursors, the vertical position of coupled
VOLTS cursors depends on the placement of the associated TIME cursors on
the waveform. In Figure 3-14, the first TIME cursor has been positioned to
coincide with the peak of the displayed triangle wave. The VOLTS ¢ursor
coupled to the TIME cursor is also aligned with that peak. The second TiME
cursor is set to the time when the amplitude is halfway up the positive slope,
between the negative and positive peaks. Again, the coupled VOLTS cursor
corresponds to that voftage level.

For V@T cursor type, both A and ABS cursor modes are available. The
operation of the two modes is the same as outlined for VOLTS cursors earfier
in this section. The cursor readout indicates the voltage difference between the
two coupled VOLTS cursors for A cursor mode; it indicates the difference
between the single, coupled YOLTS curser and the ground reference for the
ABS cursor mode.

SLOPE cursors do not have an absolute mode selection. There are always
two VOLTS cursors {coupled 10 their two TIME cursors). When the Cursor
UNITS selection is SLOPE, the readout value is expressed in V/s and is
determined by:

Readout _ Voltage Difference between VOLTS Cursors
(V/s) Time Diference between 1IME Cursors

V@T MEASUREMENTS. Use the following procedure when making V@T
cursor measurements:

1. Trigger a display of the waveform you're going {0 measure.

2. Press the Cursor FUNCTION button to display the CURSOR
FUNCTION menu.

3. Select V@T if it is not already underscored in the menu. |f more than
one display source is presently selected (CH 1 and ADD, for example) the
ATTACH CURSORS TO: menu will be displayed. Press the menu button to
attach the cursors to the appropriate source.,
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NOTE

If only one display source is selected, the cursars will autoraticaily be
aftached io that display source, and the ATTACH CURSORS TO:
menu will not appear.

4. Press the Cursor UNITS button and set VOLTS on. Set 41ABS to the
desired mode.

5. Depending on the mode selected for Step 4, align the TIME cursor or
cursors to the desired measurement poini(s) on the waveform.

NOTE

When using cursors i a coupled mode, note that the active curser is
segmented for the VOLTS cursor and contains the most dots for the
TIME cursor.

6. Read the voltage directly from the readout.

if ABS mode was selected in Step 4 of the previous procedure, the value
displayed is the voltage with respect to ground. [f A mode was selected, the
value is the difference in voltage between the coupled cursors. In boih
cases, the voltage measured is at the peint on the display determined by the
coupied TIME cursor(s). {See Figure 3-15 (g and b) for examples of V@T
measurements using both the ABS and A cursor modes.)
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Figure 3-15 {a and b). V@T measurements on triangle-wave signals.
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V@T TIME CURSOR PLACEMENT. The V@T cursors can be used to
provide high-accuracy fraguency or pericd measurements for pericdic
waveforms. A main factor in the accuracy of such measurements is the
uncertainty of cursor placement. Step 3 in the following procedure shows you a
method for precise placement of the cursors. Use the following procedure to
perform such measurements:

1. Paerform Steps 1 through 4 of the *“V@T MEASUREMENTS”
procedure, setting AJABS to A {delta) mode in Step 4.

2. Adign the cursors to bracket just one cycle of the periodic waveform,

3. Fine-adjust the position of one of the TIME cursors untif the VOLTS
cursors are superimposed and the cursor readout indicates 0.0 V. {See
Figure 3-18a.} You can set the ACQUIRE mode to AVG if noise makes it
hard to get a 0.0-V reading.

4. Press the CURSOR FUNCTION button and select the TIME cursors.
The readout now indicates the time period for one cycle of the waveiorm.
Select the 1/TIME cursors. The readout now indicates the frequengy in Haz.
{See Figure 3-16b.)

Slope Measurements

tse the following procedure to measure the average slope of a displayed
waveform. The portion of the waveform to be measured is defined by the
SLOPE cursors.

1. Perform Steps 1 through 3 of the "V{@T MEASUREMENTS” procedure,
selecting SLOPE in Step 3.

2. Press the CURSOR UNITS button and select SLOPE.

3. Position the TIME cursors to bracket the slope you want to measure.

4. The cursor readout indicates the average slope in V/s between the two
points. (See Figure 3-17.)
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Figure 3-16 (2 and b}. High resoluticn measurement of the frequency of a sine-
wave signal.
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Figure 3-17. Slope measurement on a triangle-waveform.

~ Special Units for Coupled Cursors

The special units for both types of coupled cursors are percent and decibels.
References can be established and ratiomeatric measuremenis obtained using
the same general method outlined in the "Ratio Between Two Voltages”
procedure, Take care o attach the cursor(s) to the proper disptay source (CH 1,
ADD, REF1, eic.).

When you use special units t© compare two siopes, steeper slopes resuit in
higher value readings, lesser slopes in lower readings. If a 2-V/ms slope is :
astablished as the 100% reference and a 4-V/ms slope is compared to i, the =
readout wilt indicate 200% as a ratio. If the same siopes are compared using
decibels, the readout will indicate 6 dB. On the other hand, if the 4-V/ms slope
is used as the 100% reference, the readout will indicate 50%, or —8§ dB.
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A*B Trigger Source Application

The A"B composite trigger function, which is accessed via the A TRIGGER
SOURCE menu, logically ANDs the A-Trigger source and the B.Trigger source
to produce the A-Record Trigger. Thus an A acquisition can occur only when all
the conditions you have set for both Trigger sources are true at the same time.
This action is analogous to the familiar logical AND function; hence the name A
AND B Trigger source,

The foliowing paragraphs precisely define the criteria required for the A-
Record Trigger (and therefore the acquisition) when A'B Trigger is selected.

Eor an individual source o be true, the following conditions must be met.

a. If Trigger SLOPE is set to + (positive) and the level of the triggering
signal is more positive than the triggering level set by the Trigger LEVEL
control, then the source is true; otherwise, it is false.

b. If Trigger SLOPE is set to — {negative) and the lavel of the triggering
signal is more negative than the level set by the Trigger LEVEL control, the
source is true; otherwise, it is false.

For a Record Trigger to occur, the following condiions must be met:
a. Both A and B sources must be true as defined by items a and b above.

b. There must be a transition through the level set by the Trigger LEVEL
cortrol for at least one of the two trigger sources.

¢. The transition must be in the same direction (-+ or —) as established by
the Trigger SLOPE setting for the source.
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The A*B Trigger source should be used when you want to view events that
oceur, or should occur, only when iwo other evenis coincide. An exampie
involving microprocessor accesses (o RAM follows:

Typical microprocessor systems use the CS (Chip Select) and WE (Write
Enabie) inputs to write data to a particutar RAM IC. With the WE pin held at the
logic low state, a WRITE data function will occur when the CS pin makes a
transition 1o the low state. Suppose you want to determine the states of the
data lines when a WRITE occurs. You can use one of the two signals (CS or
WE) as the A-Trigger source, the other as the B-Trigger source, and set the
LEVEL and SLOPE of each trigger system to detect the conditions necessary
for a WRITE. Using the A™B Trigger function, you can then observe the state of
the individua! data lines via a probe connected to ona of the vertical inpuis.

Use the following procedure when making A*B Trigger source
measurements:

1. Connect the signal to be viewed to CH 1 or CH 2 input.

2. Set the appropriate VOLTS/DIV contral for an on-screen display.

3. Apply one of the trigger-source signals to one of the unused input BNC
connectors (CH 1, CH 2, EXT TRIG 1, or EXT TRIG 2).

4. Connect the second trigger-source signal to one of the other unused
inputs. {Use the EXT TRIG inputs for one or both of the trigger signal socurces
so the vertical input channel(s) will be available for viewing the signal(s) to
be monitored.)

5. Enter the A TRIGGER SCURCE menu and set A*BIWORD to A*B.

6. Select the source used in Step 3 to be the A-Trigger source.

7. Press Trigger MODE and select the desired mode.

8. Press Trigger COQUPLING and select the desired coupling mode.
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9. Use the Trigger LEVEL knob to set the required triggering level as shown
in the readout, and press the SLOPE button 10 choose positive (-} or negative
(—) siope.

10. Press A/B TRIG to access the B-Trigger system. Press Trigger
SOURCE and select the source used in Step 4 to be the B-Trigger source,

11. Repeat Steps 8 and 9 to select the Trigger coupling, levet, and slope
criteria for the B-Trigger source.

12. The scope is now set up to trigger on a composite of both sources, and
it will acquire data if the proper triggering conditions are met for both the A- and
the B-Trigger source. Push A/B TRIG to switch between A- and B-Trigger
systems as desired, Change the previously established triggering criteria as
needed to develop the proper trigger conditions.
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Storage Applicatlions

This subsection to “Applications” discusses the various acquisition modes. K also
covers the SAVE and SAVE ON A features that are used to store acquisitions and the
BISPLAY REF and other functions that control how stored acquisitions are displayed.

Acquire Modes

This instrument has three main acquisition modes—NORMAL, AVG (Average)
and ENVELCPE. Two other modes, ROLL and REPET, affect the way in which
signals are acquired. ROLL affects the display of NORMAL and ENVELOPE mode
acquisitions, and REPET enhances the acquisition of high frequency, repetitive
waveforms.

NORMAL Hode

The NORMAL acquisition mode results in waveform displays most iike those
obtained with analog oscilioscopes. Changes in the waveform are quickly seen
as newly acquired waveform data replaces earlier waveform data in the display.
“"Operators Famikarization” in Section 2 of this manual details the control setup
required to make NOCRMAL mode acquisitions. Use this mode when features
characterisiic of the other modes are not required,

AVG (Average) Mode

AVG mode reduces or eliminates random noise from displayed signals. You
can predict the improvement in the signal-to-noise ratio, as compared with a
NORMAL signal acquisition, based on the number of acquisitions that are
averaged, Table 3-2 shows the Signakto-Noise Improvement Ratio (SNIR) for
each of the available Number of Acquisitions selections.
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Table 3-2
SNIR vs Number of Acquisitions

Number of Acquisitions SNIR SNIR {dB)

2 1.41 3.0

4 1.98 59

8 275 8.8

16 3.84 11.7

32 5.34 14.6

64 7.51 17.5

128 10.6 205

256 14.9 23.4

Several factors should be considered when using AVG mode.

1. if one or more of the foliowing controls or menu selections is changed
during the acquisition of an averaging sequence, the scope will abort that
acquisition cycle and start a new one:

a. HORIZONTAL or VERTICAL MODE.

b. CH 1 or CH 2 VOLTG/DIV.

¢. CH 1 or CH 2 VERTICAL POSITION.

d. CH 1 or CH 2 COUPLING.

e. TRIGGER MODE.

f. MENU OFF/EXTENDED FUNCTIONS.

g. DELAY TIME or DELAY EVENTS.
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2. 1t may take an extended period of time to average a signal that has a low
frequency or a low repetition rate because, for such a signal, each acquisition
takes longer. As an example, if you specify 2566 acquisitions when the SEC/IIV
is set 10 5 s, it will take over 7 hours to complete the averaging. Be aware of
this time factor when you select the number of acquisitions for the AVG mode.

3. AVG acquisition and ROLL trigger modes are mutually exclusive. (ROLL
mode is discussed later in this subsection.) If the scope is in AVG mode when
you select ROLL, the acquisition mode automatically switches from AVG fo
NORMAL. H the scope is in ROLE mode when you select AVG, the A-Trigger
mode automatically swiiches from ROLL to NORMAL.

4. You cannot use the A DELAY TIME feature in AVG mode. Selection of
AVGE mode will inhibit the display of A Delayed B acquisitions {except for
previously acquired REF waveforms) and NO A DELAY IN AVG will appear with
the ACQUIRE and DELAY by TIME menus.

5. You should use NORMAL acquisition mode to set up proper display
amplitude, timing, and triggering. You should also use NORMAL. Trigger mode
for signals with a tow repetition rate so you can be sure that afl averaged
acquisitions are the result of the desired trigger event. AUTO and AUTO LEVEL
Trigger modes can force Record Triggers, allowing uncorretated acquisitions o
be averaged.

AEF4 DISPLAYING
WAVEFORM ACQUIRED 1
IN NORMAL MODE, F T

SAME WAVE FORM

CHi! 200mv & dns [ 319wV VERT

AF4)  2gomvy.  ime
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13 B
s
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Figure 3-18. Effect of signal averaging on a2 noisy square wave,
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ENVELOPE Mode

The ENVELQPE acquisition mode is a repetitive process. As the scope
makes the number of acquisitions you have specified, it accumuiates a minimum
and a maximum value for each data point and displays the resulting waveform
envelepe. If a newly acquired vaiue falls between the currently stored minimum
and maximum values, then it is discarded. Otherwise, it replaces the
appropriate stored value.

One typical use for the envelope mode is to monitor & signal ine for some
point of interest. For example, if you are interested in a trigger-related amplitude
change or switching transient, the envelope mode can be used to capture such
an event. You would typically set up the trigger and other control settings to
allow display of the event. Then, if you set the number of acquisitions for the
envelope sequence to CONT, the scope wouid proceed to acaquire continuously,
accumulating the minimurm and maximum values jor each data point and
displaying the envelope, so your constant attention would not be required.

Several factors should be considered when using ENVELOPE mode:

1. You can specify 1, 2, 4, 8, 16, 32, 64, 128, 256, or CONT {(continuous) as
the number of gequisitions required per envelope sequence.

2. In ENVELOPE mode, as in AV@, the acquisition sequence will abort and
start over when certain controls or menu selections are changed. The controls
that have this effect are the same as for AVG, with two exceptions: ENVELOPE
does not reset with changes in Vertical POSITION, and CONT ENVELOPE
does not reset with changes in DELAY TIME.

3. When ENVELOPE miode is used with ROLL acquisition mode, the number
of acquisitions specified for the envelope sequence is irelevant. For ROLL
mode, the number of acquisitions in a sequence is always one, due to the way
this mode acquires and displays data. (See ROLL mode later in this
subsection.) ENVELOPE mode is useful with ROLL mode, however, due to the
faster sampling rate ENVELOPE mode provides. (The faster samplfing rate
allows short duration events down tc 2 ns in width to be captured and
dispiayed.}

4. It is usuaily easier t¢ set up the proper display ampiitude, timing, and
triggering in NORMAL acquisition mode, especially if you specify many
acquisitions per envelope sequence. Using NORMAL., you avoid capturing the
minimum and maximum data points caused by manipulation of the front-
panel controts,
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ROLL Bode

3-50

in ROLL mode the scope displays newly acquired data poinis in a
continucus stream. Each newly acquired data point appears at the right side of
the screen, causing previously acquired data peints to “roll” toward the left side
of the screen. The effect is similar to that of a chart recorder.

You can use ROLL mode when you want to continuously view a slowly
changing signal. When ROLL mode is not used, the scope must be triggered on
an appropriate event relative to the events you want {o display. At the SEC/DIV
settings required by slowly changing signals with iow-repetition rates, the time
between displays of triggered acquisitions can be lengthy. Furthermore, you
may not know the trigger parameters for the events you want to view. Since
ROLL is an untriggered mode, in which acquisitions are continuously dispiayed
as described above, you can see the events of interest as they happen. You
can aiso save them on screen or store them in a REF memory.

Consider the following factors when using ROLL mode:

1. To enter ROLL. mode, you must set the A SEC/BIV to 100 ms or more.
When the acquisition rate is between 100 ms per division and 5 s per division,
ROLL automatically replaces AUTQO in the A TRIGGER MODE menu,

2. ROLL mode is only available in A Horizontal mede. If you are in ROLL
when you select A INTEN or B, the scope will switch from ROLL to AUTO and
begin making triggered (or auto-triggered) acquisitions,

3. ROLL trigger mode and AVG acqguisition mode cannot be used at the
same time. If you select AVG when the scope is in ROLL, the A-Trigger mode
autormatically switches to NORMAL. Likewise, if you select ROLL when the
scope is in AVG, the acquisition mode automatically switches to NORMAL.,

4. Aithough the waveform record is 20 divisions long, the scope dispiays
only 10 divisions at a fime. In ROLL mode, it's a good idea to adjust the
Horizontal POSITION controd to display the /ast 10 divisions; then, not only wiil
you see changing waveform parameters sconer, but when you vary control
settings that affect the display, you wilt see the results right away. If, on the
ather hand, you were looking at the left-most 10 divisions when you changed
the Vertical position, you would have to wait as long as 50 seconds (at
5 s/division) 1o see the effect on the display.
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REPET Mode

REPET {repetitive) mode extends the usable vertical bandwidth to 300 MHz.
Because the instrument has a maximum sample rate of 100 megasamples/
second, its bandwidth is limited to 40 MHz for single acquisitions, and it must
interpofate between sample points when the acquisition rate is faster than
500 ns/division. In REPET mode, however, the scope randomly samples many
successive acquisitions. For a periodic waveform, this equivalent-time sampling
makes it possible to acquire points that would otherwise have 10 be
interpolated. When REPET is ON in the ACQUIRE meny, the scope
automatically uses equivaient-time sampling at SEC/DIV settings of 200 ns
and faster.

SAVE Mode

SAVE allows you to "freeze” the display on screen. You can then expand
the saved waveform by up 1o three VOLTS/DIV settings for a 10X vertical
expansicn, and by up to six SEC/DIV settings for a 100X horizontal expansion.
You can also use the Vertical and Horizontal POSITION controls to move the
waveform around on the screen. Use the following procedure to save
waveforms on screen:

1. Display the desired waveforms in CH 1 and/or CH 2 and select the
desired Vertical MODE(s).

2. Push the SAVE button to save the displayed waveforms.

3. Expand the saved waveform vertically by changing the VOLTS/DIV of the
gisplayed channel to the next most sensitive setting.

EXAMPLE: A 0.5-V sine-wave is dispiayed in CH 1 with the VOLTS/DIV
control set to 1V when SAVE is pressed. Changing the CH 1 VOLTS/DIV
control yields the results shown in Table 3-3.
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Tabie 3-3
VYertical Expansion Factors

VOLTS/DIV Amplitude Expansion
Setting [Bivisions} Factor
Y 0.5 1

500 mV 1.0

200 mv 25

100 mv 5.0 10
NOTE

To expand the saved display of an ADD or MULT Vertical mode
waveform, change either the CH 1 or CH 2 VOLTS/DIV setting. The
readout for the ADD Vertical mode VOLTS/DIV will be the same as for
CH 1. This value may not be correct. See the discussion under
“Unwanted Signal and Noise Cancellation” in the “General Applications™
portion of this section for information on interpreting the ADD Vertical
mode VOLTS/DIV setting.

4. Expand the saved waveform horizontally by changing the SEC/DIV

setling to a faster acquisition rate. (See NOTE below.)

EXAMPLE: A 10-kHz sine wave is displayed in CH 1 with the SEC/DIV
control set to 1 ms when SAVE is pressed. Changing the SEC/BIV control
yields the results shown in Tabie 3-4.

3-82
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Table 3-4
Horizontal Expansion Factors

SEC/DIV Cycles per Expansion
Setting Division({s) Factor
1ms 10 per div 1
500 us 5 per div 2
200 us 2 per div 5
100 us 1 per div 10
50 us 1 per 2 div 20
20 us 1 per 5 div 50
10 us 1 per 10 div 100
NOTE

If you save a waveform in either A or B Horizontal mode, you should use the
same mode when you expand it horizonfally. However, if you save a
waveform in A INTEN Horizontal mode, you should change to A Horizontal
maode before you expand it.

When you press SAVE, in addition t0 saving the waveforms, the scope dispiays
the SAVEREF SOURCE menu and & message showing how many acquisitions
have occurred. The menu enables you 1o store saved waveforms for later
reference, while the message tells you how much of the acguisition sequence you
specified (for ENVELOPE or AVG mode} was completed.

SAVEREF SOURCE and DISPLAY REF

The SAVEREF SOURCE menu includes alf the Vertical mode settings that
wers in effect when you pressed SAVE. It enables you to designate, by
selecting the appropriate display source(s) from this menu, which waveform(s)

you want to store.
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Two other sefections are also avaitable as sources, namely REF and STACK
REF. Choosing AEF causes the SAVEREF SOURCE - REF sub-menu to be
displayed, allowing the use of any of the REF memories as a source. (This
feature enables you 1o copy waveforms from one REF memory to another.)
Selecting STACK REF causes the displayed waveforms 0 be saved in REF
memory locations as indicated by Table B-13 in Appendix B of this manual,
Note that the destinations of the waveforms depend on the Vertical mode
settings and that waveforms stored in certain REF locations are “pushed” to
new REF locations.

Use the following procedure to store waveforms in and display waveforms
from REF memory locations:

1. Perform Steps 1 and 2 of the “SAVE Mode" procedure. Perform Steps 3
and 4 of that procedure if you want to siore the waveform in an
expanded form.

2. Press the menu button corresponding to the source of the waveform you
want to store.

3. Vertically position the wavefarm before storing it; you won't be able to
pasition it later, when it's being dispiayed from its memory location,

4. If you pressed the STACK REF menu button in Step 2, the displayed
waveform(s) are stored as indicated in Table B-13; otherwise, the SAVEREF
DESTINATION menu is displayed. Press the menu button corresponding to the
REF ipcation where you want 1o store the waveform.

The displayed waveform is now stored in the REF memory specified. To
display the stored waveiorm perform the following steps:

5. Press DISPLAY REF to display that menu.

6. Press the menu button correspeonding to the REF location in which the
waveform is stored (the location chosen in Step 4). The stored REF waveform
is now displayed at the same vertical position as the source waveform.

NOTE

If the source waveform is stif on screen, either in the ‘live” or SAVE
mode, and it has not been repositioned since it was stored, you will have
fo move it to see the DISPLAY REF waveform.
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7. Press HORIZ POS REF to display the HORIZONTAL POSITION menu; then
set REF HPOS to IND (independent).

8. To horizontaliy position one of the displayed REF waveforms, press the
menu button that selects it and turn the Horizontat POSITION knob.

9. Press the DISPLAY REF button to return fo that menu. The Horizontal
POSITION control now positions “live” and SAVEd waveform(s), but not stored
waveform{s) disptayed from REF memories.

10. Recall the HORIZ POS REF menu and set LOCK on again. Now Horizontal
POSITION simultaneously positions all waveforms, whether “live,” SAVEd, or
storad.

Several factors should be considered when storing and displaying SAVEd
waveforms.

1. Since you cannot change the vertical position of a waveform dispiayed from
REF mermory, it is important to position gither the "live” or SAVEd waveform
before you store it.

2. When you use the HORIZ POS REF function to move a stored waveform
horizontally, it loses its phase relationship to other stored waveforms. You can re-
establish phase refationships elther manually by aligning the Trigger Point
Indicators or autornatically by setting HORIZ POS REF to LOCK.

3. SAVEd waveforms that have been expanded will be stored in the expanded
form when moved to a REF memory.

SAVE ON A Mode.

When SAVE ON A is turned on, the scope automatically saves the acquired
signal if it has amplitude values that exceed specified limits. These limits are
defined by an envelope waveform that has previously been acquired, saved,
and stored in the proper REF memory. Provided that the correct combination of
active and REF waveforms is displayed, the instrument compares the “live”
acquisition to the stored reference. (See Table B-14 in Appendix B for the
designated relationships between active channels and REF locations.) Then, if a
value of the live waveform falls outsicle the enveiope, the scope enters
SAVE mode.

You can develop envelope waveforms for use with SAVE ON A either from
the front panet or via the GPIB (General Purpose Interface Bus). These will be
discussed in order...
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FROM THE FRONT PANEL. In the menu called up by the ACQUIRE buiton,
select ENVELOPE and set it to CONTinuous. If your concern is to limit the dc
error of a signal, you don't need a sample of the actual waveform. Instead, you
can create a comparison envelope by vertically positioning a baseline trace to
the desired positive and negative limits. (For example, positioning the baseline
{race two divisions above graticule center, and then 2 divisions below, creates a
four-division envelope around graticule center.) When this envelope is properly
stored and displayed from REF, and SAVE ON A mode is tumned on, the
acquired wavetorm will be saved on screen if it makes any excursion outside
the envelope.

H, on the other hand, you are also concerned with limiting phase and
frequency shifts, you will need a sample waveform that conforms to the ideal
signal, and you will have to create both horizontal and vertical windows on it for
the comparison envelope.

To create the horizontal window, select B Horizontal MODE, Set
ENVELOPE to CONT, and acquire the sample waveform. Slightly vary the
DELAY TIME setting to position the waveform left and right, thereby defining
the horizontal limits for the envelope. Create the vertical envelope limits as
before, by positioning the waveform vertically around the signal baseline. Then
save the waveform, store it in the correct REF memory for making the live
waveform comparison, and display it from REF. Leave the scope in B
Horizontal mode to acquire the live waveforms and make the SAVE ON A
comparison, {See Figure 3-19)

The following procedure creates a comparison envelope for g particular
waveform (in this case a 5-V, 1-kHz square wave) so that it can be monitored
for any amplitude changes greater than +0.25 V and phase or frequency shifts
greater than 5%. You should use this procedure as a guide for developing your
own envelopes for other types of waveforms.

1. Input the square wave into the desired channe! with VOLTS/DIV set
to 1 V.

2. Set the A SEC/DIV to 1 ms and select B Horizontal MODE.
3. Set the B SEC/DIV to 200 us and B TRIG MODE to RUNS AFTER.

4. Position the displayed waveform at the required vertical position on
screen. (Remember, when it is stored as a REF waveform it cannot be
positoned vertically),
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5. Push the DELAY by TIME button, and set A TIME ON{OFF to OFF.

6. Set the DELAY TIME readout to a value that allows the waveform 1o be
positioned several horizontal divisions in both directions.

7. Push ACQUIRE and select the ENVELOPE mode. Set the number of
acqguisitions to CONT.

8. Push DELAY by TIME and note the DELAY TIME readout value,

8. Carefully rotate the Cursor/Delay knob clockwise until the readout
indicates £.0480 ms more than the value noted in Step 8. {Because the delay
time resociution at 200 us per division is 8 us, you cannot get to exactly the
0.0500 ms that would represent & 5% change.) Note that the envelope
increases ¥ division o the left of the waveform.

10. Vertically position the square wave up Y division, then down Y2 to begin
creating the =¥ (0.25 V) division vertical envelope.

11. Rotate the Cursor/Delay knob counterclockwise until the readout
indicates 0.0480 ms less than the value noted in Step 8. Note that the envelope
increases Va division to the right of the waveform.

12. Position the waveform up V2 division (it was left at the — %4 position in
Step 10) to complete the envelope waveform. {See Figure 3-19a.}

13. Return the DELAY TIME setting 0 the same value as noted in Step 8.

14. Push SAVE and save the envelope waveform in the proper REF memory
location. {See Table B-14 in Appendix B to determine which REF is appropriate
for the Vertical MODE in effect.)

15. Change the acquisition mode to NORMAL.

16. Push DISPLAY REF and display the REF selected in Step 14.
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17. Center the waveform 1o be monitored within the REF envelope, using the
Vertical and Horizontal POSITION controls.

USING THE GPIB. Since use of the GPIB (General Purpose Interface Bus) to
develop the envelope waveform depends on the particular equipment used o
generate the waveform and control the scope, the procedure given here is
merely an outline of a general method that allows the scope to do as much of
the work as possible. By using the Programmers Reference Guide, which gives
the various commands the scope uses in waveform transfer, together with the
Operators Manuals for the equipment used, a system programmer ¢an develop
methods for entering comparison REF waveforms via the GPIB.

1. Create an envelope waveform in B Horizontai mode using the Vertical
POSITION controls and the CURSOR/DELAY knob (as described in “FROM
THE FRONT PANEL") to define the rough limits of the envelope to be used for
comparison.

2. Use WFMpre? to get the envelope waveform preambie portion of the
message, letting the scope do the work for you.

3. Acquire the envelope waveform using CURVE? to obtain the waveform
data points. The programmer must have set up arrays to receive and hold the
curve and preamble data.

4. Adjust any of the 512 envelope data point MAX-MIN pairs stored in the
waveform data array as necessary o create the comparison limits wanted. Fast
rising edges need some horizontal width to widen the envelope for jitter. How
this is done depends on what you want your comparison envelope to ook fike,
and the exact manner in which it is done must be left to the programmer.

5. Set the DATa ENCdg for ASCii, RPBINary, or RIBINary as required by
the type of data. Normally, the scope expects waveform data to be sent in
fwo’s complement format (RIBINary).

6. Set DATa TARget in which to store the reference memory. Remember
that waveforms are compared against designated reference memories. (See
Tabie B-14 in Appendix B for the correct destination to make & comparison.)

7. Send the waveform preamble string using WFMpre followed by the
captured preambie data as the arguments.

8. Send the envelope waveform data tc the scope using the CURve
command followed by the waveform data.
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Figure 3-19 {(a and b). Using the SAVEREF function with ENVELOPE mode to
monitor and save a square wave.
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Extended Features Applications

This instrument has three features that can be used separately or in tandem to
extend its usefulness as & test and measurement tool as compared with cenventional
oscilloscopes. These features are Auto Setup, Measure, and the AutoStep Sequencer
{which is accessed with the PRGM front-panel button).

The Auto Setup feature forces a front-pane! setup that yields a triggered, viewable
display based on the signals present at the CH 1 and CH 2 input connectors. The
Auto Setup menu Jets the user direct the scope to aptimize the display for the
parameter of greatest interest. VIEW mode displays several cycles of the signal.
PERIOD, PULSE, or EDGE {leading or falling) are also avaliable. HI RESolution gives
the best measurement resofution over the 20-division horizontal and the 10.24.division
vertical acquisition windows. LO RES taifors the display to the screen for bast viewing.

Measure is a dual-mode, parameter-extraction feature. Executing the SNAPSHOT
mode causes the scope to extract as many of the 20 avaitable parameters as possible
{depending on the user-specified front-panel setlings). it is called SNAPSHOT because
the scope uses only one waveform acquisition for its "snapshot” of the 20 parameters.
Also available is the Continuous-Update Measure mode. Up to four parameters are
selected from the 21 available {the same 20 available with SNAPSHOT, plus DELAY).
With this mode, the parameters are extracted from successive waveform acquisitions,
which resufts in a constant updating of the displayed parameter values. The waveform
must be characterized before the parameters can be extracted, For both the
SNAPSHOT and Continuous-Update Measure modes, the user can select the method
{aigorithm} of waveform characterization and can set the waveform lavels (proximai,
distal, etc.) used to determine measurement reference points.

The AutoStep Sequencer is a feature that allows you to store a sequence of front.
panel setups for later recall. Furthermore, each setup can have a series of actions
associated with it. The actions include such things as pausing at certain steps so you
can check or photograph the display, printing or plotting certain measurements or
waveterms, etc. Also, you can program the scope to automatically Joop through this
sequence of front-panel setups and actions. Taken together, these features allow
users doing repetitive measurements to write routines that will greatly reduce the timme
and effort needed 1o get the job done.
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Auto Setup

“Quick and Dirty” Display of a Signal

VIEW is the best mode to use for overall viewing of waveforms. If you just
want to quickly view a single input signal with minimum consideration of scope
settings, do the following:

1. Input the signat to CH 1 or CH 2, turn on only that channel in the
VERTICAL MODE menu, and press AUTO.

2. 1f VIEW is underlined in the resulting menu, the waveform should be
displayed with between 3 and 5 cycles on screen, and it should be
approximately within the center 4 divisions vertically if there is no DC offset, or
within the top or bottom 4 divisions with offset.

NOTE

Refarences to vertical sizing should be interpreted as target values when
they pertain to Auto Setup modes. For instance, in Step 2 the scope
attempts fo target (choose) a VOLTS/OIV setting that displays 4 divi-
sions vertically on screen. The actual setting chosen may yield more or
less than 4 divisions, depending on the amplitude of the signal and the
available VOLTS/DIV settings. Different Auto Setup modes use different
target vaiues, but the concept remains the same.

3. f VIEW is not underiined, select it in the Auto Setup menu and press
AUTO again to obtain the results described in Step 2.

“Quick and Diry” Displays of Parameaters

Auto Setup can also optimize the display for one of three parameters:
period, pulse, or edge {rising or falling). Single-channel viewing of parameters is
just as easy as using VIEW mode. Here's what you do:

1. Input the signal to CH 1 or CH 2, set Vertical MODE accordingly, and
press AUTO.

2. Select the desired parameter in the AUTOSETUP menu and set RES
HELO to LO, {LQ is best for viewing waveform parameters.}

3. Press AUTO to execute Auto Setup again, using the mode and resolution
specified in Step 2.
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The parameters will be displayed as follows:

a. PERIOD: For the LO RES setting at least 1 cycle is displayed on
screen, and the waveform is vertically scaled and positicned to fit within the
center 3 divisions. For Hl RES at least 1 cycle is displayed in the 20-division
horizontal record and the waveform is vertically scaled and positioned to ft
within the center 5 vertical divisions. For both LO and HI RES settings, the
trigger position is set to 1/32 for best assurance that the whole period is
acquired. The trigger siope, which is positive by default, can be changed by
pressing the SLOPE button,

b. PULSE: For LO RES settings, the pulse (defined for rectanguiar
waveforms as the portion of the cycle having the narrowest pulse widih) is
displayed on screen, while for HI RES, the pulse is displayed within the
20-division horizontal record. Vertical scaling and trigger position are the
same as for PERIOD. Trigger slope is set to display the leading edge of the
selected pulse.

c. EDGE: The rising or falling edge is displayed as specified by the toggle
menu selection for EDGE. For LO RES, the rise/fall time is located within the
center 3 horizontal divisions of the 20-division record. For Hl RES, the
riseffall time is located within the center 9 divisions. Vertical scaling is the
same as for PERIOD.

Dual-Channel Auto Setup Displays

This procedure is for using Autc Setup when signals are applied to both
CH 1 and CH 2.

NOTE

With signals in both channels, Auto Sefup always uses the signai in CH 1
to trigger the acquisition and set the horizontal scale.

1. Input one signal intc CH 1, the other into CH 2,

2. Select both CH 1 and CH 2 in the VERTICAL MODE menu.

3. Press AUTO, and when Auto Setup finishes executing, sefect the mode
and resolution you want.

4. Press AUTO again to execute Auto Setup using the mode and resolution
you set in Step 3.
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The display defivered by Aute Setup depends on the mode selected from the
menu and the relation of the CH 2 signal to the CH 1 signal. Triggering and
horizontal scaling are determined by the CH 1 signal based on the criteria that
were explained in the previous two applications procedures, so the CH 2
display will be stable only if it's time-related to CH 1.

The vertical scale Is independent for the two channels, but differs according
to the Auto Setup mode chosen. For VIEW mode, each display (including dc
offset) Is scaled to fit within 2 vertical divisions. The ground reference is
positioned 2 divisions above graticule center for CH 1 and 2 divisions below
graticule center for CH 2. This scheme separates the two displays for best
viewing to convey de information. In the remaining modes, the vertical scaling
depends on the RES setiing and the dc offset {as explained In consideration 8,
below}). For LO RES, the ac components in both channels are scaled to
approximately 3 divisions arcund graticule center; for HI RES they are scaled to
approximately 5 divisions around the graticule center. This action results in an
overlapping display for comparing parameters,
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Considerations for Using Auto Selup

3-64

1. Auto Setup cannot be used to display waveforms stored in REF memory.

2. Aute Setup cannot be used to display parameters that are outside the
range of instrument specification. For instance, a 50-volt signal cannot be
vertically sized to within the center 5 vertical divisions in VIEW mode, since
such sizing requires a greater VOLTS/DIV setting than the maximum of 5 V.
Likewise, there are limitations for trigger sensitivity, maximum and minimum
acquisition rate, bandwidth, ete. The user must determine those lmitations
based on the specifications listed in Section 6.

3. Auto Setup cannot be used 1o relisbly dispfay signals which could not be
triggered in AUTO LEVEL mode, This means the signal must be =5 mV and
=50 Hz. If the selected Auto Setup mode dictates horizontal sizing that results
in & setting of 100 ms/DIV or slower, the waveform cannot be
properly displayed.

4. Auto Setup can be used with ADD and MULT displays. In ADD mode, the
added signal provides the trigger source and determines the hotizontal scaling;
i MULT mode, the CH 1 signal. These rules apply even if the CH 1 and GH 2
sources are not displayed. The position of the ADD or MULT display is the
aigebraic sum of the base levels for CH 1 and CH 2 as determined by the Auto
Setup mode used. The vertical scate of the ADD or MULT display is determined
first by the scale set by Auto Setup for the mode chosen, then by the normal
rules for ADD and MULT mode operation. (See “General Applications™ in this
section for more information.) Again, the CH 1 and CH 2 sources do not have
o be turned on to affect the position and scale of the ADD/MULT display.

5. Auto Setup makes certain changes to the front-pane! when it executes, in
general, it makes the minimum changes needed to display the signal.

a. The front-panel is set up for an acquisition using the A Horizontal
mode and A Trigger. All Cursor and Delay modes are turned off and
NORMAL. acquisition mode is used.

b. If either the CH 1 or CH 2 input coupling is GND (ground), Auto Setup
changes it to DC; otherwise, the coupling is I8ft as previously set. INVERT
is set to OFF for both channeis.

¢. Trigger COUPLING is set to DC and Trigger SOURCE is set to VERT.
The actual source used for VERT depends on the Vertical MODE, (See
Table 5-1 in Section 5.)
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d. A complete list of the front-panel settings affected by execution of
Auto Setup can be found in Table B-16, Appendix B.

6. VIEW mode always scales the entire waveform, both ac component and
dc offset. But the do offset can affect the verlical sizing of the waveform in the
other modes of Auto Setup, toe. This happens when the dc offset exceeds the
vertical channel’'s £ 10 division position range. To determine the vertical
deflection factor in PERIOD, PULSE, or EDGE mode, the instrument first finds
the VOLTS/DIV saetting needed to properly scale the ac component of the
signal. i the signal's dc offset is less than ten divisions &t that number of voits
per division, the instrument sizes the waveform as previously described.
QOtherwise the instrument uses the VIEW mode method to size the entire dispiay
{ac plus dc offset),

7. Values given for both vertical and hotizontal sizing in all Auto Setup
modes should be considersed target vaiues. The scope chooses the deflection
factor and acquisition rate that bring the display as ciose to the target values as
possible. 1n general, 1L.O RES settings limit the scales to keep the display on
screen, while HE RES settings limit the scales 1o keep the display within the
acqulsition windows of 10.24 verticai divisions and 20 horizontat divisions. The
target values are as previously indicated.

8. The execltion of Auto Setup may result in changes to front-panel settings
that are not immediately apparent. For this reason it is worth taking the time to
learn how it behaves as described in this section. Auto Setup is also discussed
in conjunction with the applications for Measure.

MEASURE

SMNAPSHOT, A Quick Measurement of Waveform Parameters

1. Input the waveform for measurement to CH 1 or CH 2.

2. Obtain a triggerad display of the waveform parameters 1o be measured.

3. Push MEASURE to display the menu.

4. Select SETUP to display the SETUP menu.

5. Select the METHOD for determining the TOP and BASE of the waveform,
The following settings are recommended:
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+ Use MIN/MAX when measuring waveforms that have a fairly constant
slope except at the positive and negative peaks, such as sine waves,
triangle waves, and ramps.

o Use HIST {histogram} when measuring waveforms that make relatively
rapid transitions to longer-duration levels, such as square waves,
rectangle waves, and puises.

= {Jse CURSOR only when you have considered the waveform to be
measured and the parameters to be extracted and you wish to
establish the TOP and BASE levels on the waveform, i that is the
case, use the following procedure to set the levels:

a. Select CURSOR in the METHOD menu.

b. Press the front-panel Cursor FUNCTION button and select
VOLTS in that menu.

¢. Press the front-panel Cursor UNITS button and select VOLTS.
Also, set AIABS to A,

d. Set the active cursor to the level you want for TOP. {See note.}

e, Press Cursor SELECT 1o enabie the alternate cursor and set it
to the level you want for BASE.

NOTE

The TOP level must be more positive than the BASE Jevel
Also, if the TOP and BASE levels established by the cursors
are outside the peak-to-peak amplitude of the waveform, error
messages will be returned for such measurements as rise and
fall time. The error messages are i the form of written mes-
sages when the Continuous-Update method for Measure is
used and a series of “?” marks when SNAPSHOT is used.

6. Push MEASURE to recsll that menu and select SETUP to return to the
METHOD menu.

7. Push LEVEL if you want to change the Time Reference Points, DISTAL,
MESIAL, PROXIMAL, and MESIALZ2. The rules for setting the levels follow:
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The proximal level must be the least-positive level set on the
waveform.

Distal must be the most-positive level set on the waveform.

The mesial levels must be more positive than the proximal level and
more negative than the distal.

Levels established outside the peak-to-peak amplitude of the
waveform or out of the order specified in Steps a-c can result in error
messages for some waveform measurements. (See Appendix C.)

LEVEL is like CURSOR in that you change the levels for the Time
Reference Points only when, having considered the particular
waveform and the measurement tc be made, you have determined
more desirable ievels than the defautt 80%, 50%, 10%, and $0% for
DISTAL, MESIAL, PROXIMAL, and MESIALZ, respectively. If that is
the case, use the following procedure to change the level(s):

a. Push the menu button corresponding to the level (distal,
proximal, ete.) you want to change.

b. Select % or VOLT units using the menu button labeled
%iVOLT.

¢. Observing the criteria in Step 7, use the Cursor/Delay knob to
change the value above the selected Time Reference Point to the
level you want.

NOTE

The % and YOLT values of each level are independent. While
% units keep the level within the peak-to-peak amplitude of the
waveform, VOLT units allow settings from 899 V to 98¢ V
(regardiess of the waveform’s size). If you set the VOLT
values outside the 0-100% levels on the waveform, some mea-
surements will yieid error messages. It is up to you to make
sure the voltage levels set as Time Reference Points are within
the peak-to-peak amplitude of the waveform being measured,

d. Repeat Steps a-¢ until you have adjusted gl the levels you
want to change. Press MEASURE to return to that menu.

8. Select SNAPSHOT. If more than one source is displayed a targst menu
appears; if so, select the target (CH1, CH2, eic.)) for the waveform you want
to measure.
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interpreting the Display

3-68

The display that results from selecting SNAPSHOT and its target consists
primarily of & list of 20 parameters with their measurement values. In addition, it
shows the targeted display source, the method used to determine TOP and
BASE, the (evels set for DISTAL, MESIAL, and PROXIMAL, and two menu
selections that let you take another “snapshot” or return to the main
Measure menu.

Sometimes SNAPSHOT can't complete accurate measurements for ail 20 of
the parameters. There are three cases to consider:

CASE 1: SNAPSHOT can't extract the parameter because the waveform, as
displayed, doesn't have the necessary characteristics. For example, if the
SEC/IV setting is foo fast to acquire all three edges (fransitions) needed to
define one waveform cycle, SNAPSHOT can't extract the parameter PER
{pericd). In this case, the display shows a string of question marks (*?27?")in
place of the measurement value,

CASE 2: SNAPSHOT is able to extract the parameter, but for some reason
the measurement obtained is suspect. For example, if a waveform with a rise
time of 100 ns is displayed at & ps per division, SNAPSHOT can extract the
rise time and measure it, but the accuracy is in doubt because the value
obtained {with 50 samples per division} is based on only one sample point:

100 ns

B < 50 samples = 1 sample point

In this case, the display shows the measurement vaiue, but puts a single
question mark in place of the equal sign in front of it. If you need an accurate
measurement, you should increase the acquisition rate to display the rise time
over several horizontal divisions and re-execute SNAPSHOT.

CASE 3: SNAPSHOT can extract the parameter and obtain a measurement
value that is accurate enough not to require a question mark in front of it, but
still is less accurate than you want. Before accepting a value, you should
always consider such things as how many sampies were obtained for the
parameter. In general, you should set up the instrument to display the
parameters you are most interested in over as much of the 20-division
horizontal record and the 10.24-division vertical window as possible.

Asgsuming the waveform is repetitive, you can see the error messages
associated with Case 1 and Case 2 by displaying the parameter in question in
Continucus-Update mode, which is discussed later in this section. Also,
Appendix C explains the error messages, Time Reference Points, and other
considerations for both Measure modes.
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Characterization of the Leading Edge of a Pulse

Use the following procedure as a general guide to characterize a set of
parameters on a waveform.

1. Make sure all of the parameters you wish to characterize can be
displayed adequately using a single front-panet setup.

This application assumes that you want to measure rise time, overshoot,
undershoot, and peak-to-peak amplitude of a positive-going pulse. Since
undershoot occurs right before, and overshoot occurs right after the positive-
going edge on the waveform, we should be able to display all three parameters
with adequate resoiution. Other parameters, such as fall time, might not be
obtained, so they are ignored for this SNAPSHOT. Since a pulse is assumed,
and steady-state values for the pulse ought to be obtained before and after the
fransition, peak-to-peak voltage will also be considered a valid parameter, in
spite of the fact that less than one cycle of the waveiform may be acquired.

2. Set up the front panet to display the characteristics with good vertical and
horizontal resolution.

Since we want to look at the front corners of our pulse, let's use the EDGE
mode of Aute Setup fo display the leading edge of the waveform:

a. Input the puise into the desired channel and set Vertical MCDE to the
corresponding channel. Set up the input coupling as desired.

b. Press Auto Setup. When it finishes executing, set the mode to EDGE

{_/ )and RES to HI.

¢. Re-exacute Auto Setup.

You should be able w0 teli from the display whether you will get good
measurement results for the parameters of interest. As an example, Figure 3-20
shows the resuits of executing the previously described Auto Setup. The rise
time is displayed over most of the ten on-screen divisions and the steady-siate
levels can be seen by repositioning horizontally,

NOTE

Auto Setup automatically turned REPET ON for this measurement
because the acquisition rate required for displaying the rise time
parameter is faster than 500 ns/DIV.
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Figure 3-20. Auto Setup for EDGE (rising).

3. Press MEASURE, and select SETUP if you want to specify the METHOD
for determining TOP and BASE or to change the LEVEL of any of the Time
Reference Points. {If you use CURSOR METHOD, decrease the SEC/DIV
setting to see more of the steady-state levels for best cursor placement and
refurn o the previous setting when finished.)

Since you are measuring a pulse and are interested in undershoot and
avershoot, which can't be extracted using MIN/MAX methed, you should select
HIST. You should leave the PROXIMAL and DISTAL Time Reference Points at
defaulf values 1o measure rige Hme at the standard levels of 10% and 90%,
respectively. Leave MESIAL and MESIAL2 at default levels, also; they are not a
consideration here since we are not interested in the SNAPSHOT values
refating to TIME and/or DELAY.

4. Return 1o the main MEASURE menu. Press SNAPSHOT to execute.

The parameters are displayed with their values. An example of a snapshot
for the waveform obtained with Auto Setup is shown in Figure 3-21,
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Figure 3-21. SNAPSHOT of a puise’s rise time.

In the figure, those parameter values we wanted 10 measure are displayed,
and we accept the values because we set up the scope to display those
parameters. Note, however, that those parameters such as DUTY, FREQ,
PERIod, FALL time, etc. are displayed with the question-mark siring since only
one edge {the rising edgs) of the waveform was acquired. Note also that the
RMS value has the question mark replacing the *=". The RMS caiculation is
normally performed over the first valid period of the waveform that is found.
Since no valid period is currently present, RMS is caicutated over the full
1024-point waveform. The *?” indicates i the user that this has occurred.

The other values in the display could be accepted for the most part. The
TOP and BASE levels are accepted because we selected the method to
determine them. We accept the Time Reference Point levels since we accept
the TOP and BASE levels. We might question MIN for the waveform because
we didn’t acquire the falling edge and it could have more or less aberrations
than were present at the start of the rising edge. Also, MEAN (for mean
average) should be considerad the mean between the two levels since a whole
cycle was not acquired and the duty cycle could not be taken into account
when determining the mean.
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Parameter Measurements Using the Continuous-Update Mode

An important peint to remember about SNAPSHOT is that the parameters
are extracted for one single triggered acquisition. It is necessary to press
AGAIN in the SNAPSHOT menu (or re-execute from the main MEASURE menu)
to update the parameter values for successive acquisitions.

With the Continuous-Update mode for MEASURE, up to four of twenty-one
parameters can be displayed at one time. Unlike SNAPSHOT, these parameters
are regularly updated as successive acquisitions are triggered. Using the
Continucus-Update mode is very simifar to using SNAPSHOT mode, as these :
appiication procedures illustrate, ;

Use the foliowing procedure to dispiay parameters using the Continuous-
Update mode for MEASURE:

1. Use Steps 1-6 of the SNAPSHOT procedure, “A Quick Measurement
of Waveform Parameters,” with the following additions:

a. At Step 3, turn WINDOW ON or OFF as desired.

WINDCW, when on, forces the parameters to he extracted from only
that area on the 20-division horizontal acquisition that is bracketed by
the TIME CURSORS. WINDOW has no effect in SNAPSHOT mode.

b. After displaying the SETUP menu in Step 4, set MARK ON or OFF
as desired before proceeding to the next step.

MARK, when on, wilt display two "X marks on the waveform. These
marks indicate the area on the waveform from which time-related
parameter values are extracted.

Keep in mind the considerations cutlined in Steps 1-6 of “SNAPSHOT, A
Quick Measurement of Waveform Parameters” when setting up the front.
panel for parameter extraction, setting the levels determining Time
Reference Points, and setting the METHOD for TOP and BASE
determination.

2. Press MEASURE to retumn to the main menu.
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3. Push MEAS TYPE to display the menu that specifies the parameters
to be displayed.

4. Use the three arrow-labeled buttons to select the first parameter you
want to dispiay.

A parameter is selected by underlining it. Use the right-arrow menu
button to move the underline iefi-to-right and down the parameter matrix as
one wollld read a paragraph; use the left-arrow to reverse the direction; and
use the down-arrow to move down any individual column, wrapping around
from the last entry fo the first.

5. Once the desired parameter is underiined, push ON in the menu to
turn that parameter on. When on, the parameter will be bracketed with
asterisks. (See Figure 3-22. The parameters PK-PK and PERIOD are on;
RISE is selected, but presently turned off.)

8. i there is more than one display source on screen, a target menu
appears. In this case, select the source containing the waveform from which
the parameter is 10 be extracted.

The source, the parameter, and its value are now dispiayed in the upper-
right quadrant of the screen. The parameter value is regularly updated and
will change if the waveform varies.

CH1 [ 500mv A Zms 4.97 V NERT
CGE;éE¥QUS 1;: EI I I B BRI CHQ:#L-F s: 2:43000 V
READOUT B CH1IPER = 18.[440ms
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&ATF‘RAA“C%TIEOFL MIN | PR-PKx| TOR BASE | | MEAN
MATRIX OVASHT | UNDRSHT AMS AREA | | WIDTH
Iouty | | FREG  mPERTODX RISE | | FALL
L DELAY S T
PARAMETER I
SELMEECJUION { i e " kD 5. OFF
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Figure 3-22. Continuous-Update mode for MEASURE.
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7. Repeat Steps 4-8 of this procedure to select up to four parameters for
display. To turn off parameters perform Steps 4-6, but press OFF in the menu
instead of ON in Step 6.

Delay Measuremenis Beltween Signals

Often a measurement of the defay between a gated signal and the gating
signal is desired, The following procedure ilustrates some such measurements
using the DELAY parameter in the Continuous-Update Measure mode. It also
ilustrates the WINDOW and MARK features. Use this procedure as a generat
indicator of the things you should consider when using Measure in the
Continyous-Update mode.

1. Make sure all the parameters you wish to characterize can be displayed
using a single front-panel setup.

The application here assumes that you want to measure the delay times
between the positive-going edge of a gating waveform and the rising and falling
edges of a relatively short-duration, positive pulse. An exampie of how you
might determine the setup is illustrated in the nexi step.

2. Set up the front panel to display the characteristics with good vertical and
horizontal resolution.

Since the delay between the edges of our puise is unknown, let's use the
VIEW mode of Auto Setup to take a look at both waveforms:

a. Input the gating square wave into CH 1 and the resultant pulse
waveform into CH 2. Set Vertical MODE to CH 1 and CH 2. Set up the input
coupling as desired.

b. Press AUTC to get the menu. If not already in VIEW mode, select
VIEW and press AUTO again.
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The display obtained should indicate how further to set up the front panel
for good measurement results. Figure 3-23 shows what you get from executing
the Auto Setup just described. Since the edges of the gated pulse occur s¢ long
after the tising edge of the gate, you could use the present dispiay for making
the measurements. (If the edges were closer and could be displayed within the
20-division horizontal window, you might re-execute in EDGE mode.} However,
since the gate is in CH 1 (and therefore determines the horizontal scale), let's
re-execute Auto Setup in the HI RES PERIOD mode to obtain increased
resolution for our delay measurements, Figure 3-24 iHlustrates the waveforms
after execution in the PERIOD moede. In addition, the vertical attenuation was
decreased, acquisition rate increased, the Trigger SLOPE changed to * ", and
the vertical position adjusted for best viewing.

NOTE

The last execution of Auto Sefup illustrates another way it can be used.
You execute VIEW mode fo get an overall ook at the waveform and
choose another Auto Sefup mode that ought to get a display closs to
that required for the measurement. After executing that mode, only
minimum front-panel adjustment is needed to “fine-tune” the setup for
your measurement. Figure 3-24 Hustrates the result of this process.

cH1| gV A 500us .58 V VERT
cH2| gV 1
GATE {CHi) s
GATED PULSE | :
{CH2) -
o%- .‘--‘....
= EnGE
VIEW | PERIOD| PULSE| /i
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Figure 3-23. Duak-channel Auto Setup in VIEW mode,
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3. Press MEASURE. If necessary, sefect SETUP and use the previously
described method for setting TOP, BASE, and Time Reference Points. {if you
use CURSOR METHOD, decrease the SEC/DIV setting to see more of the
steady-state levels for best cursor placement. Return to the previous setting
when finished.)

Since we are working with rectangular waveforms, HIST (histogram} is the
proper METHOD to select here. Alsc, since we are measuring transition times
on the edges, we probably need not be concerned with the placement of the
PROXIMAL and DISTAL levels; the default values are fine. The MESIAL and
MESIALZ fevels are important since they are the Time Reference Points
between which DELAY is measured. (See Appendix C.) However, since the
transitions are relatively fast compared 1o the overall delay to be measured, the
default setting of 50% is adequate. WINDOW and MARK are turned on for
this application.

NOTE

in the case of measuring short delays between edges, the MESIAL levels
might be adjusted to aliow for aberrations in the transitions or to pick a
particular amplitude level,

4. Return to the main MEASURE menu. Push MEAS TYPE fo display the
parameter matrix.

5. Select DELAY and turn it ON.

6. Select CH 1 as the DELAY FROM target. The DELAY TO target menu
will appear. Select CH 2.

The DELAY parameter is now displayed. {See Figure 3.24.) Note that the
arrow in the parameter indicates the delfay is measured FROM CH 1 to CH 2.
Also note the MARKSs that were turned on earlier. These marks indicate that the
measurement is from the falling edge of the gate te the rising edge of the pulse.
H the MESIAL level had been changed in Step 3, the mark would be adjusted
up or dowrr on the edge accordingly. The same is true for the MESIALZ level on
the rising edge of the delayed pulse.
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LOCATING THE MEASUREMENT ON TARGET WAVEFORMS. You may
wonder how the instrument decides where to put the marks—where to make
the measurement in the 20-division record. Often the user determines where the
measuremants are made by setting up the scope 50 that only the characteristic
corresponding to the parameters of interest is displayed. For exampile, the
procedure used to characterize a rising edge of a pulse set up the scope so
that the rise time encompassed much of the 20-division horizontal window. The
only edge acquired was the leading edge, so that edge was used.

In general, if more than one area in the record can be used to extract a
specified time-refated parameter, the scope uses the area that occurs first in the
record of the targeted dispiay source. Thus, if 10 cycles of a sine wave are
acquired, the scope uses the first cycle to determine the PERIOD, FREQuengy,
DUTY cycle, etc. If the parameter exiracted is ampiitude-related, the entire
20-division waveform record is used.

NOTE

An exceplion for amplitude-refated parameters is RMS, which is normally
defined as being measured over one cycle. This instrument Galculates
RMS with the first cycle it finds in the waveform record.

MEASUREMENT LOCATION FOR DELAY. The DELAY pararmeter is a
special case because there are always two target sources-the one the delay is
FROM and the one the delay is TO. DELAY is defined as the time at the
MESIALZ crossing minus the fime at the MESIAL crossing. The MESIAL
crossing always occurs on the source defined as the DELAY FROM target
{CH 1, in our procedure), and MESIALZ on the DELAY TO target (CH 2). The
scope finds the first edge, positive or negative, on the FROM source, and
locates the MESIAL crossing. Next it finds the first edge, positive or negative,
on the TO source and locates the MESIAL2 crossing. The computed difference
is positive for delays where the MESIAL2 edge occurs after the MESIAL edge
in the record; otherwise it is negative.

Figure 3-25 illustrates the importance of the front-pane! setup in determining
the edges used for DELAY measurements, The waveforms marked REF1 and
REF2 are the CH 1 and CH 2 waveforms previously shown in Figure 3-24. in
Figure 3-25, the front panet was readjusted to display the CH 1 and CH 2
waveforms at a different horizontal and vertical scale and to reposition them for
storage. They were stored in REF 1 and REF 2, respectively, and then
displayed using the DISPLAY REF function. The waveforms referred to as CH 1
and CH 2 in the figure are live versicns of the REF 1 and REF 2 waveforms
with one exception—the trigger position. The REF waveforms have a trigger
position of 1/32 (which can't be set from the TRIGGER POSITION menu bul is
automatically set by Auto Setup PERIOD and PULSE modes), while the live
waveforms have a trigger position of ¥. (Note the difference in trigger position
for the kve and REF waveforms.)
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Examine the readout for DELAY. The Measure function has been used to
dispiay the DELAY from REF1 to REF2. Since REF1 and REF2 are merely
saved and displayed versions of the CH 1 and CH 2 waveforms in Figure 3-24,
the REF1-REF2 DELAY of Figure 3-25 agrees with that for CH1-CH2 in
Figure 3.24. (Note that the MARKSs indicate the measurements occur on the
same edges for both figures.) Now examine the readout for CH1-CH2 and the
corresponding waveforms in Figure 3-25. Note that the first edge found in the
record for these two targets is the rising edge of the gated pulse {CH 2}, and
the second edge found is the rising edge of the gate square wave {CH 1), The
CH1-CH2 DELAY is now based on these two edges and is negative since the
first edge found belongs to the CH 2 waveform,

CHi 2V A 20ps 2.64 V ¥VERT
CHz| av 1
FROM TARGET o |- ool F b T
EDGE __\910 CH1 -CH2 :E]ELAY = 58,0008
iy I CHi BATE
4:1 I i o IR e o B SR B R
TO TARGET +
EDBE ———] | T
I = CH2 PULSE
DxT_.
MEAS T DISPLAY WINDOW
BNAFSHOT TYPE SETUP | ONIOFF | ONIOFF
£288-51

Figure 3-24. DELAY measurement between a pulse and a gate.
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Figure 3-25. DELAY measurement locations on waveforms.

CONTROLLING MEASUREMENT LOCATION. The WINDOW function lets
you tell the scope where on the waveform to make its measurements. Let's
continue our procedure with an example:

7. Verify that WINDOW is ON in the main MEASURE menu,

8. Set the SEC/DIV control to display several cycles of the CH 1 gate and
the CH 2 gated pulse.

9. Press Cursor FUNCTION and turn on the TIME Cursors. Attach the
Cursors to either channel, since both are acquired at the same SEC/DIV setting.

10. Press Cursor UNITS and set ATABS to A.

11. Using the Cursor SELECT button to toggle between cursors, adjust the
cursors to bracket the area you want o measure.
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Figure 3-26 shows the previously acquired waveforms with the cursors
defining the measurement area. (REF1 and REF2 were turned off and the
CH 1 and CH 2 waveforms repesitioned.) Examine the CH 1 and CH 2
waveforms in Figure 3-25 and compare them with Figure 3-28. Note that in
Figure 3-26 there is a mark on each of the targeted waveforms and both the
marks are between the TIME cursors. The FROM waveform's mark is on
the edge immediately to the right of the left-most cursor; the TO waveform's
mark is on the edge immediately to the left of the right-most cursor. By
properly positioning the cursors, you can measure the delay between any
two edges on alternate waveform records over the entire 20-division record.

CHi| & AL 400us | 4t4mv  VERT
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MARK ON :
FROM TABGET | s T
i S R RIGHT-MOST
A : EA AL MARARE L— CURSOR
: T . LOCATES
: e MARK ON
¥ ; T 3 TO TARGET
£ = ¥
ox- i + el
ATTACH CURSDRS [To: +
_ CH1 CH2 g [
6286.53
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Figure 3-26. Controlling measurement location withh WINDOW mode.

To WINDOW measurements using the TIME Cursors, remember the
fallowing rules:

DELAY MEASUREMENTS: The defay (in WINDOW mode) is always
measured from left to right, so you must target the FROM and TO scurces
accordingly. Place one cursor immediately to the left of the edge on the
FROM source where you want the measurement to start. Place the other
cursor immediately to the right of the edge on the TQ source where you
want the measurement o end. Both edges will be between the cursors.
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TIME-RELATED MEASUREMENTS: In general the measurement is made
on the first suitabie area between the cursors: DUTY, FREQ, and PERIOD
require 3 edges; WIiDTH requires 2 edges; RISE and FALL require 1 edge.
Normally the scope measures rise and fail time between the proximal and
distal points on the waveform; howsver, if sither of these points falls outside
the window, a new level is established between the cursors for
measurement purposes.

AMPLITUDE-RELATED MEASUREMERNTS: The measurement of an
amplitude parameter such as PK-PK, MESIAL, MEAN, etc. is made over the
entire portion of the waveform that lies between the TIME cursors, using the
TOP, BASE, and MIN/MAX levels found within that area.

NOTE

RBMS extractions use the entire bracketed area also, allowing AMS
measurements of base-line noise and complex waveforms.

AutoStep Sequencer (PRGM)

Storage of a Single Front-Panel Selup

Use this procedure to store a single front-panel setup under a label of
your choice:

1. Press the PRGM front-panel button to display the main AUTOSTEP
SEQUENCER menu.

2. Press the SAVE menu button. This calls up a sub-menu that lets you label
your front-panel setup so you can recall it later,

3. Use the arrows under ROLL-CHARS to create a label for the front-panel
setup as outlined here in Steps a-d:

a. Select the first character for your fabel. Press the down-arrow 10 step
forward through the alphabet and the digits 0-8, The up-arrow steps from
9-0 and from Z-A. There is a “blank space” character between the digit 9
and letier A.

b, When you have displayed the letter or digit for the first character of
the label, push CURSCOR <> to move to the position of the next character.
Repeat Step a to select the next letter or digit of your fabel.
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¢. Repeat Step b to include up to 6 characters in your label. You can
return to any character by continually pushing the cursor button, since it
reverses direction when in the position of the first or sixth character.

4. Press the menu button labeled SAVE when vour label is complete.

NOTE

You can create labels with as few as one character and can leave any
character position (1-6} blank. Simply push SAVE when the label is as
you want it,

5. When you press SAVE, the scope displays a message that shows your
chosen label and tells you to set up the controls. Set the instrument front-pansl
controis as desired.

in general, a stored front-panel setup can include all front-panel settings
except those that are accessed via the MENU OFF/EXTENDED FUNCTIONS
button and those that call up siatus-type menus (SNAPSHOT, STATUS, GPiB
STATUS, TRIG STATUS, and HELP).

8. Push PRGM to display the ACTIONS menu. The ACTIONS menu aliows
you 1o specify certain functions that you want to execute when the front.panel
setup is recalled,

Although you can include ACTIONS when you store a single front-panel
setup, you are more Ekely to use them when you store a sequence of several
front-panel selups.

Storage of a Sequence of Froni-Panel Selups

1. Create a label by doing the following:
a. Push PRGM to display the main AUTOSTEP SEQUENCER menu.
b. Select SAVE from the menu.

c. Create a 1-6 character name using the arrow Keys as before, or leave
the default name unchanged as desired.

d. Press SAVE to label the seguence you are about o create,
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2. Create a series of front-panel setups and associated ACTIONS that will
accomplish your test or measurement task:

a. Set up the front-panel for your measurement task.

b, Press PRGM to get the ACTIONS menu and use the arrow-labeled
and Y!N-labeled buttons to turn on the actions associated with this front-
panel setup. This is what the actions do:

2432 Operators
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REPEAT tells the sequence to continue to the end, then loop back
to this step. H REPEAT is turned on in more than one step of a
sequence, only the tast one will be used.

SELF-CAL and/or SELF-TEST execute those internal routines
nefore the front panel is ivaded and measurements are made.
Typically these actions are included in an initialization step at the
beginning of the sequence.

AUTOSETUP automatically sets up the front-panel. Be aware that
this occurs after the front panel Is loaded, and will change the
setup.

PRINT/PLOT outputs information as defined by the fourth-level
DEVICES menu {under MODE in the OUTPUT SETUP menu). See
QUTPUT in Section § for more information about this menu. See
the Programmers Reference Guide for more information about
Using this instrument in a GPIB/Controller environment.

BELL scunds a tone when the step is complete.

SRQ sends an SRQ to the GPIB at the completion of this step.
See the Programmers Reference Guide for more information on
sequencer SRQ's.

PAUSE makes the sequence stop until you tell it to continue. This
allows you to make measurements, take photographs, eto.

PROTECT prevents accidental removai of the sequence. It is only
effective if set in the first sequence step. See "Using PRGM” in the
“Operators Familiarization” (Section 2) for information on removing
protected sequences.
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¢. When you have specified the ACTIONS, push NEXT STEP in the
menu to create the next step. Set up each successive sequence step as
outlined in parts a and b of this procedure step.

3. When you are finished creating the sequence steps, press SAVE SEQ
instead of NEXT STEP. The sequence will be saved under the label specified in
Step 1.

Using a Sequence

1. Select and initiate the sequence you want o run as follows:

a. Press PRGM to dispiay the main AUTOSTEP SEQUENCER menu.

b, Select RECALL from the menu.

¢. Use the arrow keys to select the desired sequence, and press
RECALL in the displayed menu.

2. The steps will begin to execute. Wait for any pause in the sequence,

3. At PAUSE make measurements, photograph the display, or output
waveforms as desired.

4. To continue the sequence from the front-panel, push PRGM; over the
GPIB, use the STEP command; from the rear panel, provide the falling edge of
a TTL pulse into the SEQUENCE IN input BNC,

5. Repeat Steps 2-4 until the end of the sequence.

6. Then, if REPEAT is turned on in one of the steps of this sequence,
change the input connections as required {install a new device to be tested,
adjust test equipment, ete.).
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7. Push PRGM to loop back to the siep that contains REPEAT and continue
to perform Steps 3-6 as needed. if REPEAT is not included in the sequence, the
last step will exit to the main AUTOSTEP SEQUENCER menu.

8. If you want to discontinue a sequence, press EXIT in the menu when the
sequence is pausing. If PAUSE is not set for any step, you can abort the
sequence by pressing PRGM,
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Checks and Adjustmenis

introduction

To verify the operation and basic accuracy of your instrument before making
measurements, perform the foliowing checks and adjustment procedures. If further
adiustments are required, refer the instrument to a qualified service person.

Refer to “Preparation for Use,” Section 1 of this manual, before proceeding with
these instructions. It explains how to prepare the instrument for its initial start-up
before applying power.

Verify that the POWER switch is OFF (i.e., in the out position, with the green
indicator switched to black). Then plug the power cord into an appropriate ac-
power-source outlet supplying the correct nominal voltage. {Check the LINE
VOLTAGE SELECTOR swilchy.

If, during the performance of these procedures, you notice an improper
indication or instrument malfunction, refer the instrument to a qualified
service person.

If you are not familiar with the operation of the front-panel controls, you may
wish te review Section 2, "Operation,” before beginning the checks and
adjustments. The foflowing procedure is written to be followed in sequential steps
and is short enough that # takes only a few minutes after the warmup period.

Starting Setup

1. Press the POWER switch button ON so that the green indicator shows in the
button, and allow the instrument to warm up. The NOT WARMED UP message
stays for ten minutes in the CAL/DIAGnostics menu under EXTended FUNCTions.

2. Press the PRGM front-panel button when the RUNNING SELF TEST
message is cieared from the display.

3. Press the INIT PANEL meny button. This sets the front-panst controls to
predefined states. Basically, the resulting setup is a single-channel, auto-level
triggered display mode, with none of the special features turned on. The compiete
INIT PANEL. setup is given in Tabie B-15 of Appendix B.
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4. Perform the SELF CAL procedure. (A demonstration procedure of SELF CAL
is given in “Operator's Familiarization,” Section 2, and a detailed description of the
built-in calibration and diagnostics is given in Appendix A of this manuatl.)

5. When SELF CAL is finished, turn off the EXTENDED FUNCTIONS menu and

press the ACQUIRE buttor: to obtain a baseline frace; then press the SAVE
button. :

Trace Rotation Adjustment

1. Check that the baseline trace is parallel with the horizontal graticule lines.

NOTE

Normally, the resulting baseline trace will be parallel to the center horizontal
graticute fine, and the TRACE ROTATION adjustment will not be needed.

2. If the baseline trace is not parailel fo the center horizontal graticule line, use &

small straight-biade screwdriver or alignment tool to adjust the TRACE ROTATION
pot for proper alignment of the trace.

Focus and Astigmatism Adjustment
1. Press the STATUS button,

2. Use the INTENSITY controf knob to reduce the intensity of the readout
characters 1o a lower level. (Pressing STATUS automatically increases the
READOUT intensity 10 68%, as indicated in the display.}

3. Check the display for good focus over the entire graticule area.

4. If the display is not in good focus, adjust the FOCUS pot for the best focus
over the entire graticule area.

NOTE

If the ASTIG adjustment is already set properly, all portions of the display

will come into sharpest focus at the sarne adjustment position of the
FOCUS pot.

5, i focusing is not uniform, alternately adjust the ASTIG and FOCUS pots {a
smail amount at a time} for the best-defined display over the entire graticule area.
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Vertical Gain Check

1. Press the Cursor FUNCTION button and select VOLTS cursors.

2. Align the active cursor (dashed line) with the third hotizontal graticule line up
from the center.

3, Prass SELECT and align the other cursor {now active} with the third
horizontal graticule line below center, for a six-division difference between e
VOLTS cursors.

4. Check that the VOLTS readout is 800 mV +86 mV (594 mV to 606 mV).

Horizontal Gain Check

1. Select TIME cursors.

2. Align the active cursor (the one with most dots) with the thirg vertical
graticuie line left of the center.

3. Press SELECT and align the other cursor with the third vertical graticule fine
t0 the right of center, for a six-division difference between the TIME cursors.

4. Check that the THVE readout is 6.0000 ms +0.06 ms (5.894 ms to 8,08 ms).

5. Turn the cursors off by pressing the TIME menu button.
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Probe Low-Frequency Compensation

Misadiustment of probe compensation is a possible source of measurement
error. The attenuator probes are equipped with compensation adjustments. To
ensure the best measurement accuracy, always check probe compensation before
making measurements.

1. Connect the two supplied 10X probes to the CH 1 and CH 2 BNC
input connectors.,

2. Connect the probe tips to the CALIBRATOR loop and connect the probe
ground leads to scope ground.

3. Press PRGM and initialize the froni-pane! sefup by again pressing the INIT
PANEL menu button.

4, Press BANDWIDTH and set the Bandwidth Limit to 20 MHz.

5. Set the CH 1 VOLTS/DIV setting to 100 mV.

6. Press ACQUIRE and use the CH 1 Vertical POSITION controf to center the
four-division CALIBRATOR square wave in the graticule area.

7. Check the square-wave signal for overshoot and rolioff. (See Figure 4-1.) If
necessary, use g small-bladed screwdriver to adiust the low-frequency
compensation for a square front corner on the square wave,

8. Press the Vertical MODE button and press the CH2 menu button to turn on
CH 2 in the display. Then, press the CH1 meny button to turn off that channel.

9. Change the CH 2 VOLTS/DIV setting to 100 mV and vertically center the
CALIBRATOR signal.

1G. Repeat Step 7 for the second probe on the CH 2 BNC input connector.
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NOTE

Refer to the instruction manual supplied with the probe for more detailed
information about the probes and adjustment procedure.

CORRECT FLAT i
¥
N N -
OVER COMPENSATED oo 1 B
(over-sHoom) LT A
4 h '
UNDER COMPENSATED s
(ROUNDING)
6286-16

Figure 4-1, Probe low-frequency compensation.
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Controls, Connectors and Indicators

This section is the primary reference for the instrument. 1t locates and describes
the function of each control, connector, and indicator on the front and rear panels, To
become familiar with scope operation, perform the familiarization procedures and read
the information given in Sections 1 and 2 of this manual, Refer to this section when
you need more detail regarding the function of a particular control, connector,
or indicator,

NOTE

The HELEF feature displays operating information about most front-panel
controls. You may wish o read this on-screen information as a preview, or as a
supplement to the material that follows. HELFP is described at the beginning of
“Extended Features” in this section,

CRT Display, Menu Butions and Power

Refer to Figure 5-1 for location of ltems 1 through 10.

@ Menu Buttons

Seiect from the menu displayed along the bottom of the CRT. Mounted in
tha hezel under the CRT, their operation is programmabie and depends on
the function being controlled. For example, a buiton may:

« Activate a function. {In some cases it simultaneously deactivates an
incompatible function; e.g., selecting ADD automatically deselects
MULT, and vice versa.)

= Toggle between two modes or states.
« Increment a counter {as with ENVELOPE and AVG).

= Call up a lower-level menu,

Undetscored menu jabals indicate active functions or modes. Table 5-2 at
the end of this section lists all front-panel control menus.
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Figure 5-1. POWER, DISPLAY conirols, and MENU butions.
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@ SELECT Button

Displays the INTENSITY Menu. The menu lets you direct the INTENSITY
knob to control READQUT, DiSPlay, INTENSIfied zone, or GRATicule
Hlumination. Exactly one of these functions is always active, with its menu
tabel underlined. You can activaie any of the four by pressing the
associated bezel button, or you gan toggie between DISP and READOUT
by repeatedly pressing the SELECT button.

VECTORS ON!OFF toggles between vector (fine) and dot waveform
dispiays In YT (vertical vs time) mode. Only dot displays are possible in
XY mode.

INTENSITY Control Knob

Adjusts the brightness of the readout, the waveform, the intensified zone
(in A INTEN mode), or the graticule illumination as determined by the
activated function in the SELECT menu. It works whether or not the menu
is dispiayed,

STATUS/HELP Bution

Displays the complete operating status of the scope. This can help you
determine which control or function setup is preventing a display of the
traces. The list includes the VOLTS/DIV for each Vertical mode, Horizontal
mode, Acquisition mode, A and B Trigger Source, A and B Trigger Level,
Trigger Status, the waveforms selected for display, etc. The readout
intensity is boosted to 65%, If necessary, to ensure a visible status list,
and the INTENSITY control is temporarily directed to the readout.

in the status list ali enabled functions are underlined. (See Figure 5-2.) The
INTENSITY settings are shown as a percent of the total range s$0 you can
tell if the display intensity is too low to see.

Use one of these three methods to remove the status menu from the
screen, depending on what you want next: press MENU OFF to return the
instrument 1o the normal waveform display with no menu; press
STATUS/HELP again to recall the menu displayed when you first pressed
STATUS/HELP; or press the appropriate front-panet button to call up
another menu,
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NOTE .

The STATUS/HELP menu also gives access to the HELP feature,
which is covered under "Extended Features” in this section.

@ FOCUS Adjustment

Optimizes the focus of the display. This is a screwdriver adjustment that
requires little attention after the initial setting. An auto-focusing circuit
tracks any intensity changes during normal operation of the instrument and
keeps the display focused.

TRACE ROTATION Adjustment

Aligns the CRT trace with the horizontal graticule fines. Once this
screwdriver adjiustment is set, it requires only occasional readjustment
during normal cperation of the instrument.

(7) AsTIG Adjustment

Used in conjunction with the FOCUS adjustment to optimize the focus
over the entire CRT. Once set, this screwdriver adjustment requires little
attention during normal operation of the instrument.

MENU OFF/EXTENDED FUNCTIONS Button

Turns off the displayed menu, or if a menu is not displayed, $urns on the
EXTENDED FUNCTIONS menu for access to special features. (See .
Appendix A for operation of the Extended Functions.)

NOTE

When MENU OFF turns off a displayed menu, [t also resels the
hardware to malch the soft front-panel settings, reinitializes any
acquisttions in progress, and erases and rewrites the CRT (which
eliminates any messages written via the GPIB],
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Figure 5-2, 8TATUS readout display.
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©

POWER ON/OFF Switch

Turns instrumeant power on and off. Press in for ON; press again for OFF.
An internal indicator in the switch shows green when the switch is on and
black when it is ¢ff. The instrument powers up either with the same front-
panei seiup # had when it was last turned off, or with the predetermined
INIT setup shown in Table B-15 in Appendix B, depending on whether
PWR ON Is set 1o LAST or INIT In the Extended Functions menu.

CRT

Produces the visible waveform and readout displays. The CRT display
area is 80 mm verticaily by 100 mm horizontally. Internaliy-etched graticule
lines sliminate parallax viewing error between the irace and the graticule
lines. Percentage points for measuring rise time are at the left edge of
the graticuie.

Vertical Controls

5-6

Refer to Figure 5-3 for locations of Hems 11 through 20.

®

CH 1 and CH 2 BNC Input

Input conneciors to the Channelf 1 and Channet 2 vertical attenuators. The
signal applied to CH 1 or X supplies the horizontat deflection for XY
displays. Probe-encoding cortact rings on the CH 1 and CH 2 BNC
connectors enable the scale-factor-switching circuit to recognize
attenuation-coded probes and change the VOLTS/DIV readout accordingly.
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@ VERTICAL MODE Button

Calls up the VERTICAL MODE menu. The YTiXY button toggles the
display mode between Y-axis versus Time and Y-axis versus X-axis. Each
of the other buttons toggles its associated mode on and off.

ADD and MULT are mutually exclusive functions. Turning on one turns off
the other. Also, ADD and MULT cannot be turned on when ENVELOPE is
setected in the ACQUIRE menu or when XY is selected in the VERTICAL

MODE menu. Turning on either ENVELOPE or XY mode turns off ARD or
MULT and removes those choices from the VERTICAL MODE menu.

CH1

Toggies the display of the signal in Channel 1.
CH2
Toggies the display of the signai in Channel 2.

ADD

Digitaily adds the Channel 1 and Channei 2 waveform data. The ADD
waveform can be displayed even if CH 1 and CH 2 are not, since both
channels are digitized regardiess of whether they are selected.

Waveforms are added in terms of divisions, without consideration for
the vertical scale factors. I a two-division signal in Channel 1 and a
three-division signal in Channet 2 are in phase, the ADD waveform will
be five divisions nc matter what the VOLTS/DIV settings for CH 1
and CH 2.

The ADD waveform always has the same vertical scale as Channet 1.
Hence, the CH 1 VOLTS/DIV setling can be used to make calibrated
VOLTS cursor measurements at the same time the CH 2 VARIABLE
control is being used to null interfering signals from the ADD wavsform,
If CH 1 is uncalibrated, however, both the ADD and the CH 1
VOLTS/DIV readouts will display the uncal symbol (>}, and VOLTS
cursor measurements on these waveforms will be expressed

in divisions.
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MULT

Digitally multiplies the Channel 1 and Channel 2 waveforms. This
makes it possible to display a power waveform and make
instantaneous power measurements. The readout for the MULT
waveform has units of volts squared, since the scope cannot ascertain
the correct scale factor of the current waveform without knowing the
scale factor of the current probe (or the resistance value of the

test setup).

When two B-bit-digitized signals are multiplied, the result can be
expressed in 16 bits, which increases the dynamic range. Therefore, to
ensyre that the entire MULT waveform can be displayed in the
avaifable £5.12 divisions, it must be compressed back to 8 bits {with a
resulting loss of resclution). Alse, because its vertical values must be
divided by 5.12 to bring the MULT waveform back on screen, the
VOLTSZ/DIV scale factor is multiplied by 5.12. For example, if a
4-division peak-to-peak signal at 500 mV per division and a §-division
p-p signal at 2 V per division are multiplied, the result would be a
24-division p-p waveform at 1 V? per division. After scaling, it is
displayed as a 4.7-division p-p signal at 5.12 V2 per division.

The zero value of a waveform is its ground reference when de-coupled,
or its average value when ac-coupled. Any signal level below the zero
value is treated as negative. The zero value for the MULT waveform is
the sum of the Channel 1 and Channel 2 Vertical POSITION settings,
where positions above center screen are positive and those below
center screen are negative.

YTIXY

Swiiches hetween a Y-axis varsus time (YT mode) or the X-axis versus
Y.axis (XY mode) representation of the displayed signal. In XY mode,
the signal applied to the CH 1 input supplies the horizontal deflection,
and the signal appiied to the CH 2 input supplies the vertical deflection,
with 512 sampie points displayed from each channel. {The horizontal
position control selects which 512-point block is selected from CH 2 for
the Y defiection. See * Horizontal Position Condrol Knob* in this
section).

Channel 1 vs Channet 2 and REF1 vs REF2 can be displayed
simultaneously for comparison.
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@ CH 1 and CH 2 VOLTS/DIV Switches

Select the calibrated vertical defiection settings. These range from 2 mV
per division to § V per division in a 1-2-b sequence of 11 steps. The
controls are continuous rotation detent switches with nc end stops. The
VOLTS/DIV switch setlings are displayed in the CRT readout. That
readout also changes automatically fo reflect the attenuation factors of
coded probes connected to the vertical inputs,

In SAVE mode, if the VOLTS/DIV control is turned to more sensitive
settings, it can expand the waveform vertically up to 10X. Expansion
provides three additional VOLTS/DIV scale factors: 1 mV, 500 4V, and
200 pV. If the VOLTS/DIV control is turned to a setting less sensitive than
the one at which the saved waveform was acquired, it wilt not affect the
waveform display, but the readout will change to show the scale factor for
the next acquisition.

In AVERAGE mode, extra resolution makes the three additional scale
factors available for live waveforms as well as saved waveforms. i AVG
mede is turned off when one of these scale factors is in effect, the
VOLTS/DIV setting changes to 2 mV,

NOTE

When averaging with a weighting factor of 32 or greater, the finite-
precision, fixed-point arithmetic used fo compute the weighted
difference between sampled data points truncates the answer. The
ioss of decimal places in the result biases jt toward discrete digitizing
lavels, This phenomenon may be seen in the averaged display under
fow-noise conditions when small-amplitude waveforms (efther live or
saved) are expanded vertically. It Is especially evident with a
weighting factor of 256,

CH 1 and CH 2 COUPLING/ INVERT Buttons

Call up a coupling menu. Besides the AC, DC, and GND choices for input
coupling, the menu includes 50 & ONIOFF for input termination, and
INVERT ONIOFF for inversion of the signal. AC coupling and 50 Q
termination are mutually exclusive: If AC coupling is in effect when 50 G is
switched ON, the coupling automaticaily switches to DC. Likewise, if 50
is ON when AG is selected, 50 £ automatically switches to OFF.

Repeatedly pressing the COUPLING/INVERT button cycles through the

three inpui-coupling choices when 50 O termination is OFF, or toggles
between DC and GND when 50 & is ON.
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AC

Capacitively couples the input signal to the vertical attenuator, blocking
its dc component. When AC coupling is selecied, a question mark in
the trigger level readout indicates that the dc level of the applied trigger
signal is unknown. The lower —3 dB frequency limitis 10 Hz or less
when using either a 1X probe or a properly terminated coaxial cable; it
is 1 Hz or less using a compensated 10X probe.

BC

Couples all frequency compenents of the input signat 10 the vertical
attenuator. I 50 2 is OFF, the input resistance is 1 MQ to ground.

GND

Grounds the input of the associated vertical amplifier to provide a zero
{ground.reference) voltage display. The input impedance is 1 MQ to
ground through the input-coupling capacitor, {(Precharging the capacitor
keeps the trace from shifting suddenly if the coupting is switched to
AC.) Selecting GND coupiing automatically disconnects the 50 Q
termination.

50 Q

Terminates the input of the vertical attenuator with 50 £ to ground.
When 50 @ is ON, the input coupling must be DC; all frequency
components of the signal are passed to the vertical attenuator. Also,
the front-panel microprocesscr monitors the signal power applied to the
vertical input connector. If the power exceeds a safe cperating level,
the overloaded channel automatically switches its input coupling to
GND, and the COUPLING menu and 50 2 OVERLOAD message
appear. Therefore, the user should not set 50 £ ON if the circuit under
test might be damaged by the loss of termination. The overload
message remains displayed in the COUPLING menu until a new
coupling is successiully chosen or the menu is turned off.

When instrument power is turned OFF, the 58-Q2 input termination is

automatically switched out. This protects the termination resistor from
unmonitored overloading.

INVERT
Inverts the polarity of the signaf being acquired by the associated

channet. Both Channet 1 and Channel 2 may be inverted. The INVERT
function does not invert a signal after going to SAVE Mode.
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@ CH 1 and CH 2 VARIABLE Buttons

Call up the VARIABLE VOLTS/DIV function menu for the associated
channel. The menu provides controls for continuously variable uncalibrated
vertical deflection factors between the calibrated settings of the
VOLTS/BIV switches.

141 Butions

Vary the vertical attenuation factor. The lower limit is the calibrated
VOLTS/DIV setting, and the upper limit is at jeast 2.5 times that value.

Pressing the | menu button decreases the display amplitude by
increasing the attenuation factor; pressing the 1 menu button increases
the display amplitude by decrsasing the attenuation factor. Holding
either button down causes the attenuation to change continuousty until
gither the maximum or minimum variable attenuation limit is reached.

CAL

Removes all variable attenuation, and returns to the calibrated
VOLTS/DIV setting.

in SAVE mode, changing the variable-gain controls does not affect the

display; but when the mode is switched to ACQUIRE, the new
variable-gain setiing takes effect.

BANDWIDTH Button

Calls up a menu that gives the user a choice of three acquisition system
bandwidths: 20 MHz, 56 MHz, and Fuil.

NOTE

Bandwidths greater than 40 MHz can only be obtained when REPET
is ON. ({See the description for REPET ONIOFF under "Storage
Systern ACQUIRE" in this section.}

The first press of the BANDWIDTH button calls up the menu; additional
presses cycle through the bandwidth sefections in the following mannar:

20 MHz - 50 MHz - FULL - 20 MHz.
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512

FULL BANDWIDTH represents an analog bandwidih =300 MHz when
REPET is ON.

in all modes except ENVELOPE, the USB {Useful Storage Bandwidth) and
USR {Useful Storage Rise Time) are aiso displayed in the BANDWIDTH
menu. They represent the maximum frequency and the fastest rise time of
sighals that can be acquired with good results, and they depend on the
current BANDWIDTH, SEC/DIV, and REPET ON}OFF seitings. With
REPET OFF, USB is the lesser of either the selected bandwidth or the
sample frequency divided by 2.5, and USR is the greater of either 0.35
divided by the selected bandwidth or 1.6 times the sample interval. Thus
the maximum USB is 40 MMz and the minimum USR is 16 ns. With
REPET ON, the same definitions hold for SEC/DIV settings of 500 ns and
siower. But at SEC/DIV settings of 200 ns and faster, random samgling
oceurs. Thus USB equals the selected bandwidth, and USR equals 0.35
divided by the selected bandwidth, regardiess of the sample rate. This
brings the maximum U8B to 300 MHz and the minimum USR to 1.17 ns.

NOTE

The bandwidth menu is also used to turm the SMOOTH function on or
off for normal and average rmode acquisitions. See the description for
“SMOOTH ON/OFF" under “Storage System ACQUIRE" in
this section.

CH 1 and CH 2 VERTICAL POSITION Control

Change the vertical position of the associated channel signat display.
Ciockwise rotation of the knob moves the trace up; counterclockwise
rotation moves the trace down, Waveforms that are vertically positioned
off the screen may be located by the presence of the trigger-point (T) and
ground-level () indicators at the top or bottom edges of the graticule
area. These indicators remain attached o the on-screen waveforms, but
they cannot be moved off screen.

In XY display mode, the CH 1 POSITION control moves the dispiay
horizontaily, with clockwise rotation moving it to the right. The CH 2
POSITION control moves the display vertically. XY displays may be moved
horizontally to the extreme left or right edge of the graticule, but will
remain visible there,

The CH 1 and CH 2 VERTICAL POSITION pots are position-rate controls,
The center position area of the control produces linear positioning.
Rotating a controf into the spring-Joaded region produces rate positioning
of the display. The farther a knob is rotated toward the end-stop, the
faster the positioning rate. Releasing the knob returns the control to the
linear region of the pot.
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Cursors

The scope provides cursors for making parametric waveform measurements.
Vaitage, time, frequency, stope, decibels, degrees, and percent units give the
cursors a wide variety of applications. A numeric readout on the CRT reflects
either the difference between the position of two cursors (delta measurement
mode} or the difference between a single cursor and a fixed reference (absolute
measurement mode).

The CURSOR/DELAY knob is shared with the DELAY by TIME, DELAY by
EVENTS, and measurement LEVEL functions. (Refer to “CURSOR/DELAY Control
Knob,” Item 30.) When one of the CURSOR buttons is pressed (FUNCTION,
UNITS, or SELECT), the knob is directed to move the cursors.

In YT mode, the CURSOR SELECT button toggies the two A (delta) cursors
between active and fixed. Switching 1o ABS (absolute) cursor mode removes the
fixed cursor from the display, and the SELECT button then has no effect on the
remaining active cursor,

in XY mode, with TIME or 1/TIME cursors the SELECT button works the same
as in YT mode. But when VOLTS, v@T, or SLOPE is chosen, there are four delta
cursors and the SELECT bution activates them one at a time in sequence. For
VOLTS or V@T cursors, switching to ABS removes one vertical and one
horizontal cursor; the SELECT button then toggles between the two that remain.
Since absolute mode does not exist for SLOPE cursors, the UNITS menu omits
that ¢choice.

FUNCTION Button

Calls up the CURSOR FUNCTION menu for selecting cursor type. The
choices are VOLTS, TIME, V@T, SLOPE, and 1/TIME. No more than one
cursor FUNCTION can be active at a time, and the active choice, if any, is
underlined in the menu. A cursor function can be deactivated either by
pressing the menu button below the underfined label, or by selecting a
different function. Units for the cursor measurement are selected by using
the UNITS menu. {See ltem 19.)
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Figure 5-3. Verlical controls and connectors.
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Figure 5-4. Typical cursor displays.
YOLTS
Calls up, or cancels, the VOLTS cursor display. (See Figure 5-4.)

YT MODE: A VOLTS cursor is a horizontal line extending completely
across the screen. The A (deita) cursor mode displays two VOLTS
cursors. The active cursor is a dashed line; the fixed cursor is solid,
The cursor readout, which is always nonnegative, gives the voltage
between the two cursors. The ABS (absolute) cursor mode displays
only the active VOLTS cursor. The readout gives the voltage from the
ground reference to the cursor,; it is positive when the cursor is above
ground, and negative when below.

XY MODE: A VOLTS cursor may be either & horizontal or a vertical
line. The A mode displays two pairs of VOLTS cursors, each having
one horizontal and one vertical line. The active cursor is a dashed ine;
the three fixed cursors are solid lines. The readout gives the voliage
between the active cursor and the parallel fixed cursor. The ABS mode
displays only the pair that has the active cursor. The readout gives the
voltage from the ground reference to the active cursor; it is positive
when the cursor is above or to the right of ground, and negative when
below or to the ieft.
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TIVE
Calls up, or cancels, the TIME cursor display. {See Figure 5.4.)

¥T MODE: A TIME cursor is a dotted vertical line extending across the
center six divisions of the screen. The A cursor mode displays two
TIME cursors. The active cursor has twice as many dots as the fixed
cursor. The readout gives the time interval between the two cursors.
The ABS cursor mede displays only the active cursor. The readout
gives the time interval from the record trigger (marked by a small T on
the waveform) to the cursor; it is positive when the cursor is to the
right of (or after) the record irigger and negative when the cursor is to
the left of (or before) the record trigger. If either the record.trigger
marker or a TIME cursor is located at the very edge of the graticule
area, its correct time position on the waveform may actually be

off screen.

XY MODE: A TIME cursor is the vertical element of a small -+ attached
to the waveform. The A cursor mode displays two TIME cursors. The
active and fixed cursors look exactly alike. The readout gives the time
intervai between the cursors. The ABS cursor mode dispiays only one
TIME cursor. The readout gives the time interval from the record trigger
to the cursor; it is positive when the cursor is {o the right of the trigger
and negative when the cursor is to the left,

vaT
Calls up, or cancels, the V@T cursor display. (See Figure 5-4.)

¥T MODE: A V@T cursor consists of a VOLTS cursor coupled to a
TIME cursor in such a way that the VOLTS element always intersects
the waveform at the point determined by the TIME element. I the TIME
glement is located at the very edge of the graticule area, the warning
message EDGE? is displayed to tell the user that its actual time
position may differ from its displayed time position. The A cursor mode
displays two V@T cursors. The active cursor is made up of the active
VOLTS element (dashed line) and the active TRME element (twice as
many dots). The readout gives the voltage between the two VOLTS
elements. A-mode V@T cursors can be used to set up an accurate
measurement of period or frequency: position the TIME elemants on
consecutive positive (or negative) edges of the waveform so the
VOLTS elements exactly coincide and the readout is 0.0 V; then switch
to TIME in the CURSOR FUNCTION menu for a cursor readout of
period, or to 1/TIME for a readout of frequency. The ABS mode
displays only the active V@T cursor. The readout gives the voitage
from ground to the VOLTS efement; it is positive when the VOLTS
alement is above ground, and negative when below.
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V@T {cont)

XY MODE: A V@T cursor consists of a pair of coupled VOLTS
cursors, one horizontal and one vertical. Either the horizontal or the
vertical element ¢an be active (as indicated by a dashed line), but the
two elements track each other so that they always intersect on the
waveform. When the horizontal element is active, adjusting the cursor
pair Is equivalent to adjusting a V@T cursor attached to the CH2 (or
REF2} waveform in YT mode-—the vertical component of the XY
display. When the vertical element is active, the V@T cursor is
attached to the CH1 {or REF1} waveform in YT mode—the horizontal
component of the XY display. The A cursor mode displays two V@T
cursors. The active efement is a dashed iine; the other three elements
are solid, The readout gives the voltage between the active element
and the parallel fixed element. The ABS mode displays only one V@T
cursor. The readout gives the voitage from the ground reference to the
active element; it is positive when the active element is above or to the
right of ground, and negative when below or to the left.

SLOPE
Calls up, or cancels, the SLOPE cursor display. (See Figure 5-4.)

YT MODE: The SLOPE cursors consist of two coupled pairs made up
of a VOLTS cursor and a TIME cursor. The SLOPE cursor display
looks exactly like the A-mode V@T cursor display, except the readout
has units of volts per second singe it gives the voltage hetween the
VOLTS cursors divided by the time between the TIME cursors (AV +
AT When one of the time slements Is located at the very edge of the
graticule area, the warning message EDGE? is displayed to tell the user
that its actual ime position may differ from its displayed time position.
SLOPE measurements require two pairs of cursors, so there is no ABS
mode and that cheice is omitied from the SLOPE UNITS menu,

XY MODE: The SLOPE cursors consist of two coupled pairs of VOLTS
cursors. Each pair contains a horizontal element and a vertical element.
The SLOPE cursor display looks exactly fike the A-mode V@T cursor
display, except the readout has units of volts per volt since it gives the
voltage between the horizontal elements divided by the voltage
petween the vertical elements (AY = AX). Equivalently, this is the CH2
{or REF2) voltage difference divided by the CH1 {or REF1) voltage
difference. As in YT mode, there is no ABS mode.

HTIME

Calls up, or cancels, the 1/TIME cursor display. {See Figure 5-4.)
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1/TIME (cont)

The 1/TIME cursors are exactly like the TIME cursors in every respect,
except the readout has the units of hertz. On a periodic signal, when
the cursors are pesitioned at the exact beginning and ending points of
a cycle, the readout gives the signal frequency. Correct positioning for
this measurement is most easily accomplished by using V@T cursors
as explained in that paragraph.

Second-level ATTACH CURSORS TO Menu

Automatically appears when a cursor FUNCTION is chosen while more
than one waveform is displayed. The menu lists the sources of alt
displayed waveforms so the user can specifiy the one to be measured,
ensuring that the cursor readout will be based on the correct scale
factors. Repeatedly pressing the cursor FUNCTION button toggles
between the CURSOR FUNCTION menu and the ATTACH CURSORS
TO menu, even when only one waveform is displayed. This allows the
user to verify or redesignate the cursor attachment without selecting a
different cursor type.

UNITS Button

Cails up the cursor UNITS menu for the type of cursor selected in the
CURSOR FUNCTION menu. If no cursor function is selected, it calls up
the UNITS menu for VOLTS {or V@T) cursors. Each cursor UNITS menu
provides a choice between absolute units (VOLTS, SEC, SLOPE, or H2)
and ratiometric units (%, and ¢B or DEGREES). Ratiometric measurements
require & reference for comparison. The user can set the reference; first
adjust the cursors to a predetermined absolute measurement or position
the cursors on & reference waveform to define a specific parameter such
as peak-to-peak voltage or period; then press the NEW REF selection in
the UNITS menu. The absciute value of the reference is given in 2 ling of
readout above the ratiometric and NEW REF menu selections. The
ratiometric value is given in the cursor readout near the top of the screen.
The ratiometric values for the reference are 100%, and 0 dB or 360°. if an
acquired voitage reference becomes invalid because of switching between
variable and calibrated VOLTS/DIV conditions, a UNITS? warning
message is displayed.

HIABS

Toggles between delta and absolute cursor modes. This selection is not
dispiayed in the UNITS menu for SLOPE cursors.

In & {delta) cursor mode, measurements are made between the two
cursors. In ABS (absolute) cursor mode, VOLTS and V@T
measurements are made between the single displayed cursor and the
ground reference; TIME and 1/TIME measurements are made between
the cursor and the record trigger point. The fast selected cursor in deita
mode remains as the active cursor in absolute mode.
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SELECT Button

Selects the active A-mode cursor or cursor element. In YT mode, the
SELECT button toggles the two cursors between active and fixed, In XY
mode, it sequentially activates the four VOLTS cursors and the four V@T
or SLOPE cursor elements, The CURSOR/DELAY knob controls the
position of the active cursor except when the DELAY by TIME, DELAY by
EVENTS, or MEASURE/SETUP/LEVEL menu is displayed; then, to restore
curser positioning to the CURSOR/DELAY knob, the user must press the
MENU OFF button, or select another menu.

External Interface

Refer tc Figure 5-5 for location of ltems 21 through 24.

.’ HORIZONTAL
CLHOSIEON

FRAA MOOE

1

CH 1 ;
VOLTS/DIV

prr

CHZ
VOLTS/ Dy

528607

Figure 5-5. External interface.
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EXT TRIG 1 and EXT TRIG 2 BNC

Input connectors to the A and B trigger system. These inputs make it
possible to use external signals for triggering. Coding-ring contacts on the
BNC connectors are identical in operation to CH 1 and CH 2 input
connectors.

(22 CALIBRATOR Output Connector

Provides a 0.4 V p-p square-wave signal into a 1-M load, a 0.2-V p-p
square-wave signal into a 500 de-coupled load, or an 8-mA p-p square-
wave current signal into a zerc-chm load for an A SEC/DIV setting of

1 ms. The CALIBRATOR output signal is useful for verifying the accuracy
of the sweep. the delays, and the verticai deflection; for checking the
accuracy of current probes; and for compensating voltage probes. The
correct A SEC/DIV setting for compensating voltage probes is 1 ms with a
five-cycle display of the CALIBRATOR signal.

The frequency of the CALIBRATOR signal changes with the A SEC/DIV
setting. (See Table B-2 in Appendix B for the CALIBRATOR signat
repetition rates at each A SEC/DIV setting.) The CALIBRATOR signal
amplitude at 5 MHz will be at least 50% of the signal ampiitude at 500 Hz
{when A SEG/DIV is 1 ms).

@ Auxiliary Ground Jack

A banana-plug jack that provides an auxiliary signal ground for use when
connecting the equipment under test to the oscilloscope.

General Purpose Interface Bus

The GPIB provides complete two.way digital communication between the scope
and a GPIB controfler. A special application of the GPIB enables hard copies to be
rmade on certain plotters that use HPGL (Hewlett-Packard Graphics Language®)
such as the Tektronix HC-100 Color Piotter, or the Hewlelt-Packard HP 2225A
ThinkJet® Printer. (See the DEVICES paragraph under GUTPUT/SETUP/MODE in
this section).

The oscifloscope can be instructed to output waveforms via the GPIB either
locally from the front-panel or remotely from a GPIB controlier. (See the
Prograrmmers Reference Guide for information about operating the GPIB from a
controiler.) The first-level QUTPUT menu offers choices that enable the user to:
check the GPIB status; set up the GPIB: configure the debugging mode; and send
an SRQ to the controller, print or plot a waveform, or send an AutoStep seguence
to other instruments on the bus.
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GPIB STATUS Indicators

indicate GPIB activity. The indicators are located above the CRT bezel and
are lapeled LOCK, SRQ, and ADDR.

LOCK

Turns on when the instrument is in the local-fockout state so that
changes to the front-panel control settings are ignored. This condition
exists as a rasult of the scope’'s LOCk command, or the universal L1.O
command that is sent when the controller needs uninterruptible control.
The lockout condition is turned off at power-on, and the instrument
defauits to user control, The tockout condition ks also in effect during
various other functions of the scepe including PRINT, SENDPRGM,
and SELF CAL.

SRG

Turns on when the instrument is requesting service from the controlier.
It turns off when the controller reads the stalus byte sent by the scope
during a poli uniess there are other events pending that also require
Servicing.

ADDR

Turns on when the GPIB is in one of the addressed states: TACS
{Talker-ACtive State), LACS {Listener-ACtive State), TADS (Talker-
ADdressed State), or LADS (Listener-Aldressed State) when on. If the
instrument is in either Talk-Only or Listen-Only mode, the ADDR LED is
always fit.

OUTPUT Button

Calls up the OUTPUT menu containing STATUS, SETUP, DEBUG, and
either THANSMIT, PLOT/PRINT, or SENDPRGM. Each of the first three
choices produces at ieast a second-Jevel menu, with the SETUP selection
leading to four additionai layers— including another SETUP.

STATUS

Displays the GPIB parameter settings of interest to a system user.
SETUP

Calls up a second-level menu to define operation of the GPIB. The
menu entries are MODE, TERM, ADDR, and ENCDG. (MODE, TERM,
and ADDR are not accessible via GPIB commands and must be defined

by the user from the front panel.)
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MODE

Calls up a third-level menu: T/ONLY, L/ONLY, T/L, DEVICES, and
OFF BUS.

T/ONLY

Turns on the Talk-Cnly mode and presents a fourth-level menu
for specifying the format of outgoing messages.

In T/ONLY mode the scope is always addressed to talk, so this
mode is for data oulput, and a listen-only device {such as a tape
or disk storage system) receives the transmitted waveform data.
When the user presses the TRANSMIT button, the scope
immediately starts sending the waveform message according to
the selected format. If a controller is on the bus, it will not be
able to untalk the scope. T/ONLY mode is also used when
interfacing to one of the two operating modes of the Tektronix
HC-100 Color Piotter. (See the HC-100 manual for further
information.)

The formatting choices are: SEND CURVE ONLY—only
waveform-data bytes are sent; SEND CURVE W/WFMPRE-.glf
preamble information is sent prior to the waveform-data bytes;
and SEND PRGM-the scope can send AutoStep seguences to
another 2432 or 2430A on the bus. (See the Programmers
Reference Guide for details.)

The CURVE ONLY vs. W/WFMPRE format choices for the
waveform message are available as queries when a GPIB
controller is directing transactions on the bus, but the scope
must be in the T/L mode. The CURVe? query asks for only the
waveform data, and the WAVrm? query asks for the entire
waveform message.

L/ONLY

Turns on the Listen-Only mode in which the GPIB controller can
issue front-panel setups to the scope. Either the setup data can
be acquired from a previous query of front-panel settings, or it
can be generated by specific commands given to the scope via
the GPIB controiler.

L/ONLY is also the mode in which the scope can receive an

AutoStep sequence from ancther 2432 or 2430A. {See the
Programmers Reference Guide for more information.)
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T/L

Turns on the Tak-Listen mode, which is the normal configuration
for fuil two-way GPIB communication. In this mode, the scope
can be compiletely controlled by a system controller.

DEVICES

Furns on a mode similar to T/ONLY for sending waveform data
1o a plotter or printer. Selecting PEVICES also calis up a fourth-
level menu for identifying the type of cutput device that's being
used and for setting up the format of the output. The plotter or
printer must be set to Listen Only, and it should be the only
device (other than the scope) on the bus.

HPGL PLOTTER

Sets up the GPIB to send waveform data to one of various
plotters, such as the Tektronix HC100 Color Plotter®, the
Hewlett-Packard 7470A Graphics Plotter, or the Hewlett.
Packard HP 7475A Graphics Plotter, that use HPGL
{Hewlett-Packard Graphies Language®),

THINKJET PRINTER

Sets up the GPIB to send waveform dala to g Hewleit-
Packard HP 2225A ThinkJet® Printer.

SETUP

Calis up a fifth-level menu used to select format parameters
for the plotted or printed ouipul. The user can specify
whether readout, graticule, and waveform information is
included. The menu choices are: SETTINGS ONIOFF, TEXT
ONIOFF, GRAT ONIOFF, WFM ONIOFF, and PGSIZE
USIA4.
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SETTINGS ONIOFF

Turns ON or OFF the top three lines of the screen where
the front-panel settings and menu choices for the scope
are displayed.

TEXY OMIOFF

Turns QN or OFF the middle ten lines of the screen where
additional textual information is displayed. The bottom
three lines are only printed if they contain user-created
messages/menus sent in via the GPIB under the direction
of a controller.

GRAT ONIQFF

Furns ON or OFF the graticule lines. When OFF, the
graticuie is not shown on the plot or print.

WFM ONIOFF
Turns ON or OFF the waveformis).
PGSIZE US1A4

Selects the paper size. US is for 8.5* »( 11" paper, and
Ad is for the European standard paper.

NOTE

When HPGL PLOTTER or THINKJIET PRINTER is
chosen in the DEVICES menu, PLOT or PRINT
replaces TRANSMIT in the first-level QUTPUT menu.
To initiate the plot or print, press the front-pansi!
QUTPUT button, then press the PLOT or PRINT
mernu button.

OFF BUS

Isclates the scope from the GPIB so they cannot communicate
and removes the TRANSMIT entry from the first-level OUTPUT

Calls up a third-level menu for specifying the message-termination
characters. The choices are: EQl—asserts end or identify on the

last byte of a message; and LF/EOI—asserts carriage return, then
line feed with EOI.
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ADDR

Calls up a third-level menu for setting the address that must be sent
to the scope to make it transmit waveforms or listen to commands
over the bus. The T and { buttons are used to increment and
decrement the address between 0 and 30. Each press of an arrow
button changes the address by 1. The address cannot be set via
the GPIB.

ENCDG

Calls up a third-level menu for specifying how waveform data is to
be encoded. If the whole waveform (1024 data points) is to be sent,
the choices are: ACSI; RP—positive-integer binary format; and
Rl-two's complement binary format. For partial waveforms, only
the two binary formats are available. The coding type can also be
specified via the GPIB using the DATa ENCdg command, and if
switched via the GPIB, it is also switched in local and vice-versa.
Upon power-on and INIT PANEL, the scope expecis to receive
waveform data in two's-complement format (RiBinary).

DEBUG

Calis up the menu used to control the debugging function of the GPIB.
DEBUG mode is an important aid to a programmer when tracking
down problems in a new system program or when hand entering
command strings via the controlier keyboard.

2432 Operators

DEBUG ONIOFF

Turns DEBUG mode ON or OFF.

BUS!SCOPE

Tells the instrument whether to monitor all GPIB traffic or just its
own messages. If set to BUS, all messages sent over the GPIB will
be displayed on the screen. (The scope must be in Listen-Only
mode before it can be set to BUS.) I set to SCOPE, only
communication between the scope and the controller, along with
any appropriate error messages, wilt be displayed. When the scope
receives a command string it does not understand, the incoming
string is halted immediately. A user can then read the string and the
error message to find out what went wrong. The message
terminator is indicated by a special rectangle symbol &t the end of
the string. The characters displayed are from the scope's character
set; the Programmer's Reference Guide has charts that show how
to map them to an ASCH set.
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INICUT

Specifies which messages the scope displays when SCOPE is
selected. When set to IN, only incoming messages are displayed.
When set to OUT, both incoming and outgoing communications are
dispiayed. The outgoing messages, which are responses to queries,
are underlined.

NOTE

When using the SLOW and PAUSE features, it may be neces-
saty to lengthen or disable the timeout pericd of the controfler
to keep from exceeding it.

SLOW

Slows the character update rate on screen. An exira wait is
observed on the message terminator,

PAUSE

Halis the characier update on screen.

TRANSMIT

Sends an SRQ (service request) to the controller. The foliowing
sequence of events is typical of what occurs after TRANSMIT sends
the SRQ:

1. The controller receives the SRQ and identifies its source.

2. The controiler sets the DATA SQURCE pointer to indicate
which waveform(s) it wanis sent.

3.t next issues either a WAVm? query (wants both
waveform preamble and data) or a CURVe? query {(wanis
just data).

4. The controller releases the bus, and the scope transmits
the waveform(s).

TRANSMIT is omitted from the QUTPUY menu when the
scope has been set to OFF BUS in the MODE menu under
QUTPUT SETUP.
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PLOT/PRINT
Initiates the output of waveform data to the selected plotter or printer.

When DEVICES is selected under MODE in the OUTPUT SETUP
menu, the TRANSMIT labet in the OUTPUT menu changes to elther
PLOT or PRINT, depending on the type of device chosen. While
plotting or printing a waveform, the front-panel controls (except
ABORT-see below) are locked out, and the scope is in SAVE mode.
the scope is in SAVE ON A mods, the switch to SAVE for an out.of.
limit signai automatically causes an output to the printer. When the
output is finished, the scope sends a page sject to the printer and
resumes s SAVE ON A mode acquisition.

SENDPRGM
Sends a stored AutoStep sequence o other scopes on the bus.

When SEND PRGM is selected {in the menu that is calied up by
pressing OUTPUT followed by SETUP, MODE, and T/ONLY}, the
TRANSMIT label in the QUTPUT menu changes to SENDPRGM. The
user can then select a sequence from the RECALL menu under the
AUTOSTEP SEQUENCER menu {see 48—PRGM), and send it to any
other 2432's and/or 2430A’s on the GPIB {that are set to Listen-Only)
by pressing the SENDPRGM button in the main QUTPUT menu. As
when plotting or printing, the front-panel is locked out during
transmission. (For further information on sending AutoSiep sequences,
see the Programmers Reference Guide.)

ABORT
Ends the transmission in progress.

The TRANSMIT/PLOT/PRINT/SENDPRGM labei changes to ABORT
after the button is pressed. A second press of the button ends the
transmission and restores the original label, For TRANSMIT, pressing
ABORT automatically sends LF (line feed) and EOQI (end-or-identify} to
the recelver and an SRQ and status byte to the controller to indicate
the scope is through talking and the transmission has ended. Also,
ABORT can be used t0 release the instrument when it is locked in
SAVE mode after sending an SRQ to a controller that can’t respond
because it has the wrong address or has not been properly
programmed to handle the scope.
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Horizontal Controls

Refer to Figure 5-6 for locations of items 25 through 30.

@

5-28

A AND B SEC/DIV Switch

Selacts among 28 calibrated A of B SEC/DIV settings from 5 s through

2 nsg, The sampling rate varies with the SEC/DIV setting to produce

50 data points per division of waveform display (or 25 min-max pairs in
ENVELOPE mode} until the maximum sample rate of 100 megasamples
per second is reached at 500 ns. For SEC/DIV settings faster than 500 ns,
the scope must use interpotation to determine intermediate points or, if the
waveform is periodic, use the random sampling of REPET mode 1o acquire
the requisite number of data points per division.

NOTE

If horizontal expansion is to be used, the Horizontal MODE must not
be changed after entering SAVE.

in SAVE mode, if the SEC/DIV control is turned to faster settings, it can
expand the waveform horizontally up to 100X, If the SEC/DIV controt is
turned fo a slower setfing than the one at which the saved waveform was
acquired, it will not affect the waveform display, but the readout will
change o show the time per division for the next acquisition,

MODE Butfons

Select the Horizontal display mode. This, in turn, directs the SEC/DIV
control 1o change the A SEC/DIV setting when A Horizontal mode is
selected, or the B SEC/DIV setting when either A INTEN or B is selected.
(See ttem 28—DELAY by TIME for assignment of delays to waveforms.)

NOTE

A saved waveform must be horizontally expanded in the same
Horizontal mode with which it was acguired. Do not change the
Horizontal MODE after entering SAVE.

A Button

Selects the A Horizontal mode. Waveforms are acquired at the A
SEC/DIV setting.
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A INTEWN Button

Selects the A intensified Horizontal mode. Waveforms are acquired at
the A SEC/DIV setting, but an intensified zone on the waveform marks
the portion of the trace that wilt be displayed at the B SEC/DIV setting
if the MODE is changed to B. It is also possible for the waveform to
have two intensified zones. (See ltem 28— DELAY by TIME, A TIME
ON!OFF for more information.} For B TRIG AFTER {Delay) operation,
the start of an intensified zone indicates the point on the A waveform
where B triggering is enabled, not the point where the B Record Trigger
will ocour if the Horizontal MODE is switched to B.

B Buiton

Selects the 8 Horizontal mode and changes the acquisition rate in
accordance with the B SEC/DIV setting.

@ HORIZONTAL POSITION Control Knob

Changes the horizontal position of signals displayed in YT mode.
Clockwise rotation of the knob moves the trace to the right. The Horizontal
POSITION pot is a position-rate control. The center position area of the
control produces lingar positioning. Rotating the control into its spring-
loaded region produces rate positioning of the display. The farther the
knob is rotated toward the end-stop, the faster the positioning rate.
Releasing the knob returns the control to the linear region of the pot.

The Horizontal POSITION control does net affect the horizontal position of
the XY display, but it does select which 512 data points, out of the
1024-point waveform record, are used for the display. This is true for
stored XYREF, as well as both live and saved CH1 vs CH2 waveforms. In
YT mode, the horizontal position of each stored REF waveform can be
changed individually: Press HORIZ POS REF in the DISPLAY REF menu
to call up the HORIZONTAL POSITION menu; set REF HPOS to IND
(independent) and press one of the REFXP huttons to assign the
Horizontal POSITION control to the corresponding reference waveform;
then, while In the HORIZONTAL POSITION menu, the POSITION knob
controls the horizontal position of only the REFX waveform (whether it is
displayed or not).

The HORIZONTAL POSITION menu must be displayed and REF HPCS
set to IND for the POSITION control to move REF waveforms
independently of other reference and live waveforms. Setting REF POS to
LOCK returns afl REF waveforms to their ofiginal position and causes the
Horizontal POSITION knob to move all saved, REF, and live waveforms In
unison. Also, REF1 and REF2 waveforms that have been independently
positioned in YT mode are automatically returned to their original positions
when the scope is switched to XY mode.
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Delay Conirols

The scope has two different delay modes-—the conventional DELAY by TIME

function and a DELAY by EVENTS function. {(See Figure B-2 in Appendix B for an
Hlustration of the delaying processes for the separate and combined
delay features.)

5-30

DELAY by TIME Button

Calls up the menu and DELAY TIME readout used to set up the DELAY by
TIME feature. While the menu is displayed, the shared CURSOR/DELAY
knob can be used to set the delay time, thus moving the intensified zone
aiong the A INTEN waveform.

A TIME ON:OFF

Toggies between a single delay-time display (A TIME OFF) and a dual
delay-time display. With A TIME ON, the main delay time is referenced
o the A Record Trigger, and the second {(delta) defay is referenced to
the main delay. When the DELAY TIME menu is already displayed,
additional presses of the TIME front-panel button alternately direct the
CURSOR/DELAY knob to adjust DELAY TIME or A DELAY TIME, as
indicated by the underline in the menu readout.

The maximum delay time is 2621.4 x B SEC/DIV until it reaches the
absolute maximum delay time of 1.37 ms at 500 ns per division. The
delay time resolution is 1/25 X B SEC/DIV from 5 s through 500 ns,
1/50 x B SEC/DIV from 200 ns through 10 ns, and 200 ps for the
remaining B SEC/DIV. (See Table B-10, Appendix B.} in A TIME mode,
the sum of the delay times cannot exceed the maximum delay for the B
SEC/DIV setting; when the fimit has been reached, if the main delay is
increased, the delta delay will be commensurately decreased until the
main delay reaches the maximum and the deita delay is zero,

NOTE

When the B SEC/DIV setting is Increased, it is sometimes possible
to reach an acquisition rate whose maximum delay is less than the
total of the previously-set delay times. In this case, the delay times
are automatically decreased fo comply with the new maximtm—
first the A delay, then, if necessary, the main defay. If the B
SEC/DIV is then changed back to a siower setting, the delay times
stay the same, they do NOT revert to their original values.

2432 Operators




Controls, Connectors and indicators

When in B Horizontal mode with A TIME ON, if only & single ¢channel is
displayed, both the main delay and the delta delay occur on that
channel. A singie waveform with two delays is useful for measuring
pulse width and peried. If both CH 1 and CH 2 are displayed, the main
delay occurs on CH 1 and the delta delay on CH 2. This arrangement is
useful for measuring the propagation delay between two separate
signals. If ADD or MULT is turned on, both delays are displayed as on
a single channel. With A TIME off, all waveforms displayed in B
Horizontal mode are delayed by the main DELAY TIME setting.

NOTE

in AVG (average) mode, the waveform determined by the
A DELAY TIME is not acquired or displayed, but all the DELAY by
TIME controls remain functional and can be used for setting the
delta-delay time that will be seen when AVG s turned off. If an
attemnpt is made fo dispiay an averaged defta-delay-time wavelform
in either A INTEN or B Horizomtal mode, the message NQ
ADELAY IN AVG appears in both the ACQUIRE and the DELAY
TIME menus.

“DELAY
EVENTS

5% H

oo AADDE sy
Lo A INTEN B

65286-08

Figure 5-6. Horizontal and delay conirols.
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5.32

DELAY by EVENTS Button

Calls up the menu and EVENTS COUNT readout used to set up the
DELAY by EVENTS feature. While the menu: is dispiayed, the shared
CURSQOR/DELAY knob can be used to set the events count.

EVENTS ON!GFF

Toggies the DELAY by EVENTS function on and off. When EVENTS is
ON, the A Record Trigger {i.e. the waveform acquisition) is detayed
from the normal A Trigger event untit after the specified number of B
Trigger events. The maximum events count is 65,536 with a resclution
of 1. The B Trigger SQURCE, COUPLING, SLOPE, and LEVEL
controis are used to condition the events trigger signat.

NOTE

If DELAY by EVENTS is on and the B Trigger conditions are not
being met, no events occur and the A acquisition appears to be
improperly iriggered. In this event, a check of the instrument
STATUS display will show that the Trigger status is TRIG WAIT:
EVENTS. (See Figure 5-2.}

CURSOR/DELAY Control Knob

Bets DELAY by Time, EVENTS COUNT, or MEASURE LEVEL depending
on which function is active. The knob is a position-rate potentiometer,
having a linear response in #s center region and a fast response in its
spring-loaded region. The farther the knob is rotated toward its end-stop,
the faster the rate of change. Releasing the knob returns it to the linear
region of the pot,

in DELAY by TIME mode when A TIME is OFF, the CURSOR/DELAY
knob sets the main delay time. When A TIME is ON, the knob sets either
DELAY TIME or A DELAY TIME as indicated by the underline in the menu;
each press of the DELAY by TIME button toggles control between the
main delay and the delta delay. In DELAY by EVENTS mode, the knob
sets the events count—the number of B Trigger events that must foltow
the A Trigger before the A Record Trigger (RTRIG) occurs. When the
LEVEL menu for the MEASURE feature is displayed, the knob sets the
chasen level (PROXIMAL, MESIAL, or DISTAL) in either percent or volts.
When neither the DELAY by TIME, the DELAY by EVENTS, nor the
LEVEL menu is displayed, the knob defaults to CURSQORS; it then controls
the position of the active curser, which is chosen by pressing the

SELECT button,
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Trigger Controls

Refer to Figure 5-7 for location of ltems 31 through 46.

@ A/B TRIG Button

Selects whether the A- or the B-Trigger system is targeted by the shared
TRIGGER controls: MODE, SOURCE, CPLG, TRIG POSITION, SLOPE,
and LEVEL. Each press of the A/B TRIG button toggles the displayed
trigger-control menu, the effect of the S1.OPE and LEVEL controls, and the
SLOPE indicator LEDs between the A-Trigger system and the

B-Trigger system.

@ SOURCE Bution

Calls up one of the menus to select the trigger source for sither the A~ or
the B-Trigger system. The A TRIGGER SOURCE menu includes two
selections, LINE and A*B, which are not offered in the B TRIG

SQURCE menu.

VERT

Selects the trigger source from among the displayed waveforms.
Whenever ADD is displayed, whether alone or in combination with
other signals, VERT selects ADD as the trigger source. When CH 2 is
dispiayed alone, or when only CH 2 and MULT are displayed, VERT
selects CH 2 as the trigger source. in all other cases, VERT selects
CH 1 as the trigger source.

CHAN 1:2

Selects either the CH 1 or the CH 2 input signal as the trigger source,
The first press of the CHAN 112 button selects CH 1; each subsequent
press toggies the source between Channet 1 and Channel 2. While
CHAN 112 is selected, pressing the SOURCE button also toggles the
trigger source between Channet 1 and Channel 2.
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EXT

When in the A TRIGGER SOURCE menu, calls up the A EXT menu to
select either the EXT TRIG 1 or the EXT TRIG 2 input signal as the
trigger source for the A-Trigger system, and to set the gains of both
external-trigger channels. This menu can be toggled to the B TRIG
SOURCE menu by pushing the A/B TRIG front-panel buiton. When in
the B TRIG SOURCE menu, the button tabeled EXT cails up the B EXT
menu to select the external-trigger source for the B-Trigger system and
to set the gains, as above. The B EXT menu can be toggled to the A
TRIGGER SOURCE menu by pushing the A/B TRIG button.

The SOURCE 1:2 toggles between the EXT TRIG 1 and EXT TRIG 2
sources. The A AND B EXT GAIN selections make it possible to
configure each external-trigger input channel with an attenuation factor
of one (EXT X) or of five {EXT X-+5}. The EXT X-+5 selection reduces
the amplitude of large external-trigger signais. The attenuation choices
for each source are mutually exclusive; selection of one turns off

the other,

NOTE

The gains set for EXT TRIG 1 and EXT TRIG 2 are the same for
both A- and B-Trigger systems. Changing a gain setting in either
the A or B EXT menu changes that sefting in the other menu
as well.

LINE

Selects the waveform of the ac power source as the trigger signal. The
line trigger is useful when the frequencies of the displayed waveform
and the ac power source are related, LINE triggeting is not available for
the B.Trigger system, and the selection is omitted from the B TRIG
SOURCE menu.

A*BIWORD

Seiscts either the logical AND of the A-Trigger and the B-Trigger, or the
18-bit Word Recognizer Probe as the trigger source.
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The A*B selection is available only in the A TRIGGER SOURCE menu.
It requires that the triggering conditions (SOURGE, COUPLING,
LEVEL, etc.} for both the A- and the B-Trigger systems be met before a
trigger signal is valid. In the A TRIGGER SOURCE menu, the first
press of the A*BiWORD button selects A*B as the trigger source. i
the Word Recognizer Probe is attached, a subseguent press of the
menu button toggles the selected trigger source to WORD, and & third
press returns to the trigger source that was In effect just before A*B
was selected. VIDEO coupling is incompatible with A*B and WORD
triggering: When VIDEO coupling is in effect, it switches to DC if A*B is
selected; when A*B or WORD triggering is in effect, it switches to the
most recent compatible trigger-source selection if VIDEO coupling

is selected.

WORD trigger source requires that an optional Word Recognizer probe
be attached io the WORD RECOG INPUT connector on the rear panel
of the scope. Attempting to select WORD as a source without the
probe attached, or disconnecting the probe (while in ACQLIRE mode}
after WORD is selected, will ring the warning bell, display the message
WORP PROBE FAULT, and return the scope to the previously-selected
trigger source. If the probe becomes disconnected while in SAVE
mode, the bell and message do not occur until ACQUIRE mode

is entered.

Setup of the Word Recognizer Prabe for selecting a trigger word is
described in Section 7, *Options and Accessories.”
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@ CPLG Button

Cails up the menu for coupling the trigger signal to the A- and B-Trigger
circuits as directed by the A/B TRIG switch.

pC

Couples all frequency components of the trigger signal to the trigger
chrouitry. DC coupling is useful for most signals, but it is especially
useful for providing a stable dispiay of signals with low frequencies or
low repetition rates.

AC

Attenuates trigger signal frequancy components below 60 Hz, and
blocks the de component of the signal. AC coupling is useful for
viewing ac waveforms having farge de offsets.

VIDEQ {Video Option 05)

Activates the Video Option trigger circuitry, (See Section 7, “Options
and Accessorigs™ for operating the Video Option.) With the Video
Option installed, the A COUPLING menu makes room for the the
VIDEO seiection by combining DC and AC over one menu button
(DCIAQC), which then toggles between them. VIDEQ is not a choice in
the B COUPLING menu.

MNOISE REJECT

Couples ali frequency components of the trigger signal to the trigger
circuitry, but increases the peak-to-peak signal amplituce required to
produce a trigger event. NOISE REJECT coupling is useful for

improving trigger stability on signals accompanied by low-level noise.

HF REJECT

Attenuates trigger signal frequency components above 50 kHz. This
coupiing method is useful for producing stable triggering on the low-
frequency components of complex waveforms by rejecting high-
frequency interference from the trigger signal.

LF REJECT

Attenuates trigger signal frequency components below 50 kMz, and
blocks the de component of the signal. LF REJECT coupling is useful
for producing stable triggering on the high-frequency components of
complex waveforms by rejecting low-frequency interference or power
supply hum from the trigger signal.
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TRIGGER MODE Button

Calls up either the A or the B TRIGGER MODE menu as directed by the
A/B TRIG switch.

A Trigger Modes

AUTO LEVEL

Adjusts the Trigger LEVEL to within the peak-to-peak limits of the
trigger signal. Loss of the trigger signal causes the scope to go through
a trigger acquisition sequence to determine the peak-to-peak amplitude
of the trigger signal and reset the trigger level to the midpoint,

For SEC/DIV settings faster than 100 ms/div, if the trigger signal
ampiitude decreases to below the trigger level setting, or if the Trigger
LEVEL control is adjusted outside the peak levels on the trigger signal,
the AUTQ LEVEL trigger acquisition sequence is automatically
performed to reset the trigger level. An AUTO LEVEL cycle can also be
forced by selecting AUTO LEVEL again after it has already been
selected or by pushing INIT @ 50%. (See Item 36.)

AUTO/ROLL

Free runs the acquisition in the absence of a triggering signal by forcing
an auto-trigger. The triggering level changes onty when the LEVEL
control knob is adiusted to a new setting. At SEC/DIV settings of

100 ms or slower, AUTO changes to the ROLL function.

in ROLL mode, the display is updated a data point at a time, scrolling
from right to left across the screen. Although trigger signals are
ignored, a Trigger Point indicator T is displayed to identify the reference
point for absolute TIME cursor measuraments, and to help define the
waveform window that is captured for SAVE ON A-which, in ROLL
mods, is especially effective o monitor changes in the dc fevel of a
power supply voltage.

When in ROLL mode: there is no DELAY by EVENTS because triggers
are ignored; it A INTEN or B Horizontal mode is selected, triggering
switches to AUTO; if AVG acquisition mode is selected, triggering
switches to NORMAL (and conversely, when acquiring in AVG, if ROLL
is selected the acquisition mode switches 1o NORMALY); and
ENVELOPE acquisitions are based on & single record, regardiess of the
number shown above the menu label.
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NORMAL

Permits an acquisition to occur either when triggered or when the input
coupling of the selected trigger SOURCE channel is set to GND (as
when it Is necessary 10 acquire a ground reference level). The scope
auto-triggers for the GND setting to aliow the user to position the
baseline trace vertically on screen while the normal trigger signal is shut
off, Without this feature, the loss of trigger signal when the input
coupling is switched to GRD would stop the acquisition process,
freezing the display and preventing vertical positioning.

SINGLE SEQ (Single Sequence}

Performs one complete storage sequence when triggered and enters
SAVE mode. [ SINGLE SEQ is not the desired Trigger mode for the
rext acquisition to be made, select the new Trigger mode before
pressing ACQUIRE. If a different acquisition mode is required while in
SINGLE SEQ, it may be necessary to temporarily select another
Trigger mode while making the change; during a rapid sequence, there
won't be time to change acquisition modes before the sequence ends
and the scope enters SAVE mode.

An gequisition is & single ABMEDR-READY-TRIG'D cycle, during which
1024 data points per channel are digitized; a sequence is a logical
grouping of one or more acquisitions. The number of individual
triggered acquisitions required to complete a single sequence depends
on the acquisition mode selected and the requirermnents of that mode.
For instance, if the scope is set 10 NORMAL acquisition mode and the
Horizontal mode is set to B, one acquisition completes a single
sequence. However, if A DELAY TIME is turned ON, the scope makes
one acquisition for each delay specified, so two acquisitions are
required to complete a single sequence. If the acquisition mode is now
switched to ENVELOPE and the number of acquisitions set to 32, the
scope must make 64 acquisitions to complete a single sequence: 32
envelopes of 2 delayed acquisitions.

NOTE

REPET mode also affects the number of acquisitions needed to
complete a single sequence. (See “REPET ONIQOFF™ in this sec-
tion for details.)

When a single sequence is complete, the scope updates the display
and enters the SAVE mode. After the initial single sequence that is
performed when the SINGLE SEQ Trigger mode menu butten is
pressed, subsequent single-sequence acquisitions must be started
either by pressing the ACQUIRE front-pane! button or by command via
the GPiB.
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B Trigger Modes

RUNS AFTER

Forces the B Record Trigger to occur immediately after the preset
delay time, starting at the normai A Trigger event, has elapsed. The
RUNS AFTER Trigger mode allows continuous, smooth delay
positioning of the display for making delay time measurements. The
basic delay time {main delay) is set by the CURSOR/DELAY knob when
the system is in the DELAY by TIME mode. K 4 TIME mode is tumed
on, there are two delays, the main delay and the delta deiay, for making
time difference measurements. The DELAY by TIME button alternately
direcis the CURSOR/DELAY knob to control the main delay me and
the delta delay time. The B Trigger SOURCE, COUPLING, LEVEL, and
SLOPE controls have no effect on B triggering in RUNS AFTER mode.

TRIG AFTER

Permits the B Record Trigger to occur only when triggered after the
preset delay time has elapsed. Since the B acquisitions are
synchronized with the B Trigger signal, the delayed waveform
digpiay s stable even with jittering signals. In A INTEN displays, the
start of the intensified zong Is the point when B triggering is
enabled; it is not necessarily the B Record Trigger point. Allthe B
Trigger controls are functional for selecting and conditioning the
signat used as the B Trigger in TRIG AFTER Mode,

EXT CLK OMIOFF

Disables the calibrated internat time base and uses an external
signal as the sampie clock when ON. The external ciock signal is
conditioned by the B Trigger circuitry and must meet the triggering
requirements determined by the B Trigger controls before triggering
can occur. The maximum usable external clock signal frequency is
160 MHz, and the minimumn is 1 MHz.

When using the external clock, the A and B SEC/DIV switch (see
ltem 25) has no effect on the time-base setting; while both A and B
acquisitions are possible, the ratio between A and B cannot be
changed because the external clock frequency determines the
acquisition rate for both. Also, the defay-time readouts are in terms
of external clock events when either A INTEN or B Horizontal mode
is selected. If DELAY by EVENTS and external clocking are both
on, the same signat is the trigger source for both functions.
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@ TRIG POSITION Button

Calls up the control menu used 1o select the Record Trigger position in the
waveform dispiay. The choices of ¥, ¥a, ¥2, 3% and 7& determine the
amount of pretrigger information that will be displayed prior to the Record
Trigger in the next acquisition. The Record Trigger position cannot be
changed in a saved waveform. {See Table B-9 in Appendix B for the
waveform data-point number that corresponds to the fractional menu
selections.)

The Record Trigger position may be set to any of 31 data-point selections,
from 32 to 992, in the 1024 data point waveform record using commands
via the GPIB. The Trigger Position is the horizontal point on the waveform
where the Record Trigger occurs, and is marked with a T on the trace.
{The points on the waveform are counted from 0 to 1823))

8) INIT @ 50% Button

Forces the instrument to do a single AUTO LEVEL cycle {see ltem 34),
thus setting the trigger level at 50% of the peak-peak value of the trigger
signal. i the signal amplitude is too small to find a valid trigger, one will
be forced when the INIT @ 50% button is pressed. This causes a single
acquisition, bui not necessarily a compiete acquisition sequence. DELAY
by EVENTS and DELAY by TIME requirementis are ignored; therefore, any
delay time readouts are meaningless when INIT @ 50% is used to
generate the acquisition.

SET VIDEO Button (Video Option only)

Calls up the menu used o set up the Video Option operation. See “Video
Option” in Section 7 of this manual for operating instructions.

NOTE

When the CLAMP function is turned on in the SET VIDED mernu,

it remains on gven if the VIDEO Coupling selection s off (as indi-

cated in the CRT readout display). if the scope is not being frig- -
gered by a composite-sync or composite-video signal, the circuff

action of the back-porch clamp circuitry on the CH 2 waveform

becomes unpredictable. In this event, press SET VIDEC and

switch CLAMP off.
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)

SLOPE Bution (SLOPE/SYNC with Video Option)

Selects the slope of the signal that triggers the A and/or B acquisition. An
iiluminated indicator (+ and —) shows the slope selected for triggering. A
and B SLOPE selection are independent of each other. With the Video
Optlen instalied, the buiten is also used to select either sync-negalive or
sync-positive operation of the TV sync-separator.

Status indicators (TRIG'D, READY, and ARM)

Show the state of the instrument trigger system during an acquisition
sequence. (See Table B-11 in Appendix B for an interpretation of the
trigger status shown by the Status Indicators.)

HOLDOFF Control Knob

Varies the amount of time from the A Trigger until the Trigger system will
accept another A Trigger event. Use of this controt often helps obtain
stahle triggering on aperiodic signals. (See Table B-5 of Appendix B for
mirimum and maximum holdoff values versus SEC/DIV settings.) The
HOLDOFF setting between the minimum and maximum values is shown as
5 percentage in the STATUS display, with 0% being minimum. The knob
can be rotated continucusly in either direction; clockwise rotation
increases holdoff until it reaches 100%, then resets it to 0% and repeats. A
smalt HO symbot appears at the beginning of the A Trigger Leve! readout
line whenever the HOLDOFF is set to anything cther than 0%. HOLDOFF
is reset to 0% whenever the A SEC/DIV is changed.

LEVEL Control Knob

{LEVEL/FIELD LINE # with Video Option). Sets the amplitude jevel on
the triggering signal at which A or B acquisitions are triggered (as directed
by the A/B TRIG switch). The trigger level readout is the voltage, relative
to ground, at which triggering will occur. {See Figure 5-2 for the readout
location.) The trigger jevel readout is correctly scaled for the attenuator
setting and probe coding that affect the amplitude of the trigger signal. A
question mark appears after the trigger level readout i the Trigger
COUPLING is not DC or the vertical input SOURCE (CH 1 or CH 2)is
either uncalibrated or not in BC Coupling.
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NOTE

The voltage range of the Trigger level is a function of the
attenuation factor of the Trigger source. For CHT, CHZ, or VERT,
the Trigger level is limited to + 18 divisions x the calibrated
VOLTS/DIV readout, which takes probe coding into account. (Vari-
able VOLTS/DIV settings do not affect the Trigger rangs.) For
external Iriggering, the Trigger level is limited to + @& divisions X
the probe attenuation factor X either 100 mV/div (EXT 1 and
EXT 2) or 500 mVydiv (EXTT -+ 5 and EXTZ2+5).

if the trigger level is adjusted past either peak of the current trigger signal
while the A Trigger is in AUTC LEVEL mode, a new trigger level will be
caiculated and set to about the midpoint of the trigger signal.

With the Video Option enabled, the LEVEL/FIELD LINE # control sets the
specific fine number that will trigger a video signal acquisition {FIELE1 or
FIELD2 triggering). {See the “Video Option” information in Section 7 for
operation of this control with the Video Option.)

TRIG STATUS Button

Displays a readout of the present A and B Trigger control settings for
MODE, SOURCE, CPLG, and TRIG POSITION. An underline below the A
or B, which can be toggted by the A/B TRIG button, designates the Trigger
system whose controis are currently active. i A*B is selected, # is inciuded
in the display. Any trigger changes sent to the scope via the GPIB are
immediately reflected in the TRIG STATUS display.

SET WORD Button

Calls up the setup meny for programming the optional Word Recognizer
Probe to produce a trigger on a specified parallel TTL data word. (See
“Word Recognizer Probe” in Section 7 for setting up the data word to
be recognized.)

The output of the Word Recognizer Probs can be selected as the trigger
source for the A-Trigger and/or the B-Trigger system. # is also routed to
the rear panel BNC connecior labeled WORD TRIG GUT for use in
triggering an external device. A irigger signal appears at this connector
each time a word match oceurs, but if the selected trigger word ocours 100
often in a data stream, the holdoff time of the scope may prevent some
matches from being accepted as trigger signals.
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Storage System

Refer 1o Figure 5-7 for the location of items 44 through 46.
ACQUIRE Button

Calls up the menu for selecting the acquisition mode.

NOTE

The number above the ENVELOPE or AVG menu-bution label tells
how many single acquisitions are needed for a sequence in that
mode. This number can be changed by repeatedly pressing the
corresponding button. Each single press of the butfon doubles the
number untif the maximum limit is reached (CONT for ENVELOPE
and 256 for AVG), then the number wraps around fo the minimum
fimit (1 for ENVELOPE and 2 for AVG).

MORMAL

Selects a continuous acquisition and display mode that produces a live
display similar 1o that of a conventional scope.

ENVELOPE

Causes the instrument to execute fast peak detection of both channels.
The data-point values of each min-max sampie pair are compared to
the previously acquired values and the maximum and minimum peak
valies thus found are then transferred to the acquisition memory. The
number of waveform acquisitions that accumulate in an envelope
display before a reset occurs can be setto 1, 2, 4, 8, 16, 32, 64, 128,
256, or CONT (continuous). If CONT is selected, the ENVELOPE
acquisitions restart only when a control setting that affects the data
being acquired is changed, or when the ACQUIRE bution is pressed. A
change to Vertical POSITION or DELAY TIME does not reset the
envelope sequence.

NOTE

ADD and MULT Vertical modes are not available with ENVELOPE
acquistiion mode. They are turned off and removed from the
VERTICAL MODE menu when ENVELOPE is selected. The
SMOQTH ONIOFF function is ignored for ENVELOPE. (See
"SMOQOTH” in this section.)
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AYG (average}

Causes the instrument to average the set number of successive
acquisitions, updating the display each time. The clarity of noisy signals
is improved with every average up to the set number. The user can
select the number of acquisitions to be averaged from a binary
sequence from 2 to 256. A front-panel change that affects the
acquisition, or pressing the ACQUIRE bution, erases the displayed
waveform and restarts the acquisition sequence. (See Table B-3 in
Appendix B for information regarding the signal-to-noise ratio
improvement for the number of acquisitions averaged.)

The exira vertical resolution obtained in AVG mode permits “live”
vertical expansion to three additionat VOLTS/DIV settings: 1 mV,
500 uV, and 200 pV (with 1X attenuation of the input signal). When
AVG mode is turned off, VOLTS/DIV settings in this range revert
10 2 mV.

NOTE

When the number of acquisitions in an average sequence s sef to
32 or greatér, the numerical result is truncated by the finite-
pracision, fixed-point arithmetic that is used to compute the
weighted difference between sample points. The loss of decimal
places biases the result foward discrete digitizing levels. This
phenomenon can be seen in the display under low-noise
condifions when vertically expanding a smafl-amplitude averaged
waveform (either “live” or SAVEd), especially when AVG is set
to 256.
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This instrument uses two different types of averaging: “Stable
Averaging” and “Exponential Averaging.” Stable Averaging is much Bke
conventional averaging, wherein corresponding data points—
accumulated during the user-specified number of acguisitions—would
be added and the sum divided by the number of acquisitions. Stable
Averaging, however, differs from conventional averaging in that a
cumulative average is computed and displayed for every acquisition.
When each new sample is acquired, it is used to compute a
“gorrection” term; this is then added o the previous cumulative
average to get the new cumulative average. Ih equation form:

where

An

8y = 8,_y + o

Sy = vaiue to be displayed for present
acquisition (cumulative average).

8,_; = value of previous cumulative average for
this sample point.

n = number of present acquisition.

S, = vaiue of sample taken by present acquisition.

2432 Operators

An = 8, — 5, 4, discrepancy between present
sample and previous cumulative average.

k = integer such that 2K~ 1<n=<2%

NOTE

In computing the values for display, 2¢ is used as the divisor of
the correction term, Instead of n, because it saves
processing fime.

As the number of acquisitions increases, the size of 2k also
increases. Thus the first acquisiion has the greatest impact on the
display, and succeeding acquisitions have less effect as the vaiue of
the correction term decreases. The impact or “weight” given sach
sample falls off exponentially as the number of averages increases.
For example, a change that occurs during the second acquisition
will show up on screen much faster than a change that occurs
during the sixteenth. When the display is changed by adjusting &
contre! such as POSITION, VOLTS/DIV, SEC/DIV, ete., a new
acquisition sequence is started. Stable Averaging ensuras that such
changes show up immediately by putting the greatest weight on the
first acquisition In the sequence.
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Exponential Averaging uses the same formula as Stable Averaging,
except that the divisor of the correction term is a constant. All samples
are therefore given the same weight, no matter how many acquisitions
have been taken. When the instrument has completed the user.
specified number of acquisitions with Stable Averaging, 2% equals the
total number of acquisitions. Then, unless the Trigger mode is SINGLE
SEQuence, Exponential Averaging takes over, keeping the finat value of
2% as the constant divisor of the correction term,

The Stable and Exponential methods both have an advantage over
conventional averaging. They modify the average with each acquisition
and continucusly update the display, whereas conventional averaging
accumuiates all the user-specified acquisitions before # displays
anything. With conventional averaging, it would take more than 25
seconds to display the result of 258 averages at 50 ms per division.

The user should be aware that when Exponential Averaging is in effect,
it may require a significant period of time to completely reproduce
changes in signal amplitude, frequency, phase, etc. Therefore, to avoid
misleading results, it is always advisable to start a new average
sequence (by pressing ACQUIRE) whenever the probe is moved to a
different location.

Tabie 5-1 gives, as an example, the fimes required 1o reproduce
exponentially-averaged signal changes when the acquisition/display-
processing rate is 10 Hz. Times are given for reproducing the change
with both 8-bit accuracy and 11.3-bit accuracy. {11.3-bit accuracy is
needed Iif the waveform is vertically expanded by 10.)
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Table 5-1
Approximate Exponential-Averaging Time Constanis at 10 Hz
AVG.
NO. 100% (8 Bits) 100% {11.3 Bits)
2 9¢0 ms 12s
4 21s 30s
8 48s 645
18 96s 13.2 s
32 196 s 269s
64 396s 54.0s
128 795 s 41088 s
256 1593 s 42178 s

REPET ONIOFF (Repetitive)

When ON, repetitive sampling for NOCRMAL, ENVELOPE, and AVG
mode aoquisitions is enabled. At SEC/DIV settings of 560 ns and
faster, the dme base is sampling the incoming waveform at its
maximum rate of 100 megasamples/second. With REPET OFF, data
points that fall between the actual digitized points on the waveform are
interpolated to obtain thelr displayed positions, Interpolation allows
expansion of the acquired data to a SEC/DIV setting of 5nson a
single event acquisition up to a useful storage bandwidth of 40 MHz. At
SEC/DIV settings of 200 ns and faster, REPET ON invokes random (or
equivalent-fime) sampling of the incoming signal, extending the
bandwidth of the instrument to 300 MHz for repetitive signals.

NOTE

The interpolation that occurs with REPET OFF is different for
ENVELOPE mods. In NORMAL and AVERAGE mbdes, the scope
uses a sine-interpofation algorithm to calcuiate values between the
sampled points. In ENVELOPE mode, the scope uses an algorithim
that replicates the sampled data a number of times that is deter-
mined by the expansion factor.
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Each REPET acquisition produces approximately 4 to 408 randomly-
sampled display points, depending on the SEC/DIV setting. In all
Trigger modes except SINGLE SEQ, as soon as the scope has
completed a predetermined number of acquisitions, it fills the waveform
record by linearly interpolating the missing values. (This scheme allows
ceriain features, such as MEASURE and Auto Setup, to execute faster
than they could if they had to wait for the entire record to be acquired.)
Subsequently, as random sampling continues, acquired points replace
the interpolated values. Table B-4, Appendix B, shows the number of
acquisitions that must be compisted at each SEC/DIV setting before
interpolation cceurs,

NOTE

in ENVELOPE mode, each min-max pair consists of two
consecutive data points in the 1024-point waveform record. (Thus
there are 512 min-max pairs.) When REPET is ON, the firmware
compares each newly acquired point with both the stored vaiues
of its min-max pair. If the value of the new point ligs between the
stored values, it is discarded. Ctherwise it becomes the new
minimurm or maximum, replacing the previously sfored value.

REPET ON affects the number of acquisitions nesded to complete an
ENVELOPE sequence. When ENVELOPE is set to 1, the actual number
of acquistions made for a complete sequence depends on the SEC/DIV
setting (as indicated in Table B-4.} If the specified number (N) is greater
than 1 but less than CONTinuous, the scope makes the requisite
number of acquisitions for N=1 and filis the record with interpoiated
values as previously described. It then continues sampling, replacing
interpolated values with acquired points, until 50% of the 1024 data
points have been acquired &t least N imes. Only then is the sequence
compiete. If N=CONT, the ENVELOPE sequence never ends.

REPET ON alse affects the number of acquisitions needed to complete
a sequence in SINGLE SEQ Trigger mode. In NORMAL acquisition
mode, the single sequence is complete when a specific number of
acquisitions has occurred, depending on the SEC/DIV setting. (See
Table B-4.) In AVG mode, the single sequence is complete when 50%
of the points have been averaged the user-specified number of fimes.
The oriteria for completing a single-sequence in ENVELOPE mode are
the same as for other ENVELOPE REPET acquisitions. (See above.)
When N==CONTY, the ENVELOPE sequence never ends; thersfore the
single sequence is never complete and the scope never enters SAVE
mode. {See “SINGLE SEQ” under "A Trigger Mode” for more
information on single sequence.)
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SAVE ON A

Controls the Save-on-Delta mode. When ON, the scope compares each
incoming waveform to a stored envelope waveform and enters the
SAVE mode f any part of the incoming waveform goes outside the
limits set by the reference envelope. The reference is generated from
the front-panel by selecting CONTinucus ENVELOPE and using the
vertical POSITION and DELAY by TIME controls to set the limits of the
comparison. The reference is then saved in the correct REF memory, A
more accurate comparison envelope can be generated by sending it
into the desired REF memory via the GPIB. Beth methods are
described in “Applications”, Section 3,

When SAVE ON A is turned on, waveforms acquired in NORMAL or
ENVELOPE mode are immediately compared with the predefined
displayed reference, while waveforms acquired in AVG mode are not
compared untit the average sequence is complete. (See Table B-14 in
Appendix B to determine the comparison that will take place for the
different display modes.) If no reference waveforms are currently
displayed for comparison, the SAVE ON A request is ignored. Upon
entering SAVE mode, the readout displays the number of acquisitions
taken while waiting for a change.

When using REPET mode to acquire the incoming waveform, only the
data points acquired on each trigger event are compared fo their
corresponding data points in the reference waveform, the unfilled data
points are ignored in the comparison.

it is possibie 10 determine the time required for the SAVE ON 4 to
occur by using the power-on time since the last cold start. This time is
displayed as HHHH:MM HRS {(Hours:Minutes} in the SAVE meni.
Record the time before starting the acquisition; then subtract this
starting time from the time displayed at SAVE ON A to determine the
elapsed time.

When the scope enters SAVE because a change has occurred, SAVE
ON A is turned off so the user can return to the ACQUIRE menu
without another SAVE immediately taking place.

SMOOTH ONIOFF

Turns ON or OFF the SMOCTH function, which is found in the menu
called up by the front-panel BANDWIDTH button. When SMOGTH is
wrmed ON, a 5.sample-point, moving-average aigorithm is apphied o
every sample point. Each digitized sample is averaged with the 4
previous sample vaiues before it is displayed. The result is an overall
smoothing of the waveform. The SMOOTH function only operates in
AVG and NORMAL acquisition modes; if SMOOTH is turned on in
ENVELOPE mode, it is ignored,
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SAVE Button

Stops an acquisition in progress and freezes the display when pressed.
SAVE mode is also entered when the input waveform exceeds the
reference envelope in SAVE ON 4 mode and at the completion of a
SINGLE SEQ acquisition. The number of acquisitions making up the
SAVEd display is shown in the CRT readout. Pressing the ACQUIRE
button returns the acquisition mode that was in effect before SAVE was
entered. I front-panel conirol settings were changed while in SAVE mode,
when ACQUIRE Is pressed, the next acquisition is made with the new
control settings.

The SAVEREF SOURCE menu appears when the scope enters SAVE
mode. This menu is used to select waveforms from the save display for
storage in the REF memories.

Saved waveforms can be measured using the cursor functions, vertically
and horizontally positioned using the normal POSITION controls, and
vertically and horizontally expanded in steps with the SEC/DIV and the
appropriate VOLTS/DIV controls. The Channe! 1 and Channel 2 saved
waveforms can be added or muitiphied; the additional trace is obtained by
recalculating the data. SMOOTHing ¢an be turned on or off.

While in SAVE mode, waveforms can be horizontally expanded up to 100X
by turning the SEC/DIV knob to a faster setting, but they cannot be
contracted to a SEC/DIV setting slower than the one at which they were
acquired. Nevertheless, the SEG/DIV controt can be adjusted throughout
its entire range, its readout shows the acquisition rate that will be in effect
the next time the ACQUIRE button is pressed.

SAVEREF SCURCE

This menu contains all the display socurces (CH 1, GH 2, and either
ADD or MULT) that are turned on in the VERTICAL MODE menu. It is
used to select a displayed waveform for storage in a REF memory.
REF Is also offered as a source, even if no REF waveform is displayed.
The REF button calls up a submenu for choosing any of the REF
memories as a SAVEREF source. Since REF1-REF4 are provided as
SAVEREF sources as well as SAVEREF destinations, waveforms can
be copied from one REF location 1o another.

2432 Operators




Conirols, Conneciors and indicators

When A TIME is used with B Horizontal mode, two delayed waveforms
are acquired and displayed on the same channel. When the source
dispiaying both delays is selected from the SAVEREF SOURCE menu,
a sub-menu of DELAY1—DELAY2 is displayed so the desired delayed
waveform can be specified for saving.

Reference memories can be used as a push-up stack. A press of the
STACK REF menu button stores the displayed SAVEd waveforms
according to predefined rules. The Vertical modes in effect when SAVE
mode is entered determine the REF memory written into. If the STACK
REF button is repeatedly pressed, previous reference waveforms get
pushed into the next higher-numbered reference memory and finally out
the top and lost. {See Table B-13, Appendix B for the storage
configuration when STACK REF is used for saving waveforms in
reference memaory.)

SAVEREF DESTINATION

This menu is called up when a source is selected in the SAVEREF
SOURCE menu. 1t is used to store the chosen waveform in one of the
reference memory locations (REF1, REF2, REF3, or REF4). Pressing
the menu bution under one of these choices copies the waveform from
the previously selected SAVEREF SOURCE into the chosen memory
location and returns to the SAVEREF SOURCE menu, permitting the
user to store additional reference waveforms by making new SOURCE
and DESTINATION selections.

A stored reference waveform can be displayed by using the DISPLAY
REF menu. {See [tern 46, "DISPLAY REF.")

DISPLAY REF Button

Calls up the menu for selecting the stored waveform or waveforms (REFT,
REF2, REF3, and/or REF4) for cisplay. Repeatediy pressing the
appropriate menu button alternately turns on and off the display from that
reference memory.

If EMPTY appears above a DISPLAY REF menu choice, it means that any
waveform stored in that location is invalid. {See “Power-on/Self
Diagnostics Test Failure” in Appendix A.) Once a valid waveform is saved
in a REF memory, the EMPTY labet disappears from above that

AEF choice.

The HORIZ POS REF selection calis up a menu that enables the
Horizortal POSITION control to move the four reference waveforms
individually-when REF HPOS is set to INDependent and the appropriate
REF location is selected. Pressing the DISPLAY REF button returns the
original DISPLAY REF menu,
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in XY mode, the DISPLAY REF menu offers only one choice—XYREF,
for which REF1 is the harizental component and REF2 is the vertical,
The associated menu button turns the display on and off, If either REF1
or REF2 is empty, XYREF will be marked EMPTY, also. Pressing the
STACK REF button in the SAVEREF SOURCE menu simultaneously
stores CH 1 in REF1 and CH 2 in REF2; this produces an XY
waveform with a defined phase relationship, its components having
been triggered by the same event. Waveforms for XYREF can also be
entered individually in the REF1 and REF2 memories via the SAVEREF
SOURCE and DESTINATION menus, and arbitrary waveforms can be
transferred to these REF memories via the GPIB. In either case, there
can be no guarantee of the actual phase relationship between the
waveforms being compared; the XY phase difference seen on screen
indicates only the phase difference of the displayed data, not that of the
acquired data.
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Figure 5-7, Storage and trigger controls.
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Extended Features

2432 Opetators

HELP

Displays information about the front-panel controls. To enter HELP
mode, first press the front-panel button labeled STATUS/HELP to
call up the STATUS menu; then press the menu button labeled
HELP. Al displayed waveforms, cursors, and readouts are
temporarily shut off and replaced by an introduction to HELP mode
that explains how fo proceed:

HELP MODE 1S ON

PUSH THE FRONT PANEL BUTTONS OR TURN THE KNOBS
TO CALL UP SCREENS OF INFORMATION ABOUT THE
CONTROLS (THE SCOPE SETUP WILL NOT CHANGE WHILE
IN HELP MODE).

iF THE WORD -MORE- APPEARS ON THE BOTTOM LINE {AS
iN THIS SCREEN), PUSH THE BEZEL BUTTON BELOW
MORE- TO DISPLAY FURTHER INFORMATION ABOUT THE
CONTROL.

PUSH THE BEZEL BUTTON BELOW THE EXIT LABEL TO
RETURN TO SCOPE OPERATION.

-MORE- EXIT

As explained by this introduction, information about each control is
obtained by manipulating the desired control. Note aiso that
additional introductory information is obtained by pressing the menu
bistton labeled -MORE- and that EXIT must be pressed 10 return to
normal operation. {Operating any other controt or button, except for
POWER, FOCUS, ASTIG, and TRACE ROTATION, displays
operating information associated with that control, and the function
associated with the control is not implemented.}
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Each HELP screen describes the function/action of the button the
user selected. If the control normally calls up & menu, the
description of that menu appears next. If the HELP screen requires
more than 15 lines, pressing the MORE menu bution (bezel button
1) dispiays the next screenful of information.

This is the first screen displayed in HELP mode when the ACQUIRE
button is pressed:

PUSH THIS BUTTON TO BEGIN ACQUHRING WAVEFORMS
<SEE TRIGGER MODE= AND CALL UP THE ACQUISITION
MODE MENLU.

NORMAL: SELECT 'LIVE' ACQUISITION MODE, ENVELOPE:
CREATE WAVEFORM ENVELOPE BY SAVING MIN/MAX
WAVEFORM POINTS DURING EACH SAMPLE INTERVAL
FCR GLITCH CAPTURE AND ALIAS DETECTION. <REPET
AFFECTS OPERATION AT SEC/DIVS OF 200ns/DIV AND
FASTER; SEE MANUAL.> SUCCESSIVE PUSHES
INCREMENT THE COUNT WHICH SETS THE NUMBER OF
ACQUISITIONS BETWEEN WAVEFORM RESETS, ADD AND
MULT ARE TURNED OFF IN ENV MODE <SEE VERT
MODE=.

-MORE- EXIT

AUTO

Calls up the AUTOSETUPR menu and executes the Auto Setup function,
which automatically makes a triggered acquisition and displays it according
to the modes sefected in the menu. If a new made is selected from the
menu, the next press of the AUTO button execuies Auto Setup using the
naw mode,
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Auto Setup determines and sets the vertical and horizontal scales for
the display based on the amplitude and frequency of the input signal,
and the currently active selections in the AUTOSETUP, VERTICAL
MODE, and CH1/CH2 COUPLING menus.

For Autc Setup to work, there must be a signal in the selected channel
that is friggerable in AUTOLEVEL mode—i.e., it must be at least 50 Hz
and 0.3 divisions at the most sensitive vertical scale factor (which is a
function of the probe).

in general, Auto Setup does nct change VERTICAL MODE menu
selections except: if no vertical mode Is selected, Auto Setup turns on
CH1; and it XY is selected, Auto Setup changes it to YT. (Then, if CH1
vs CH2 was selected in XY mode, Auto Setup turns on both CH1T and
CH2 when it switches to YT mode; ctherwise, it turns on only CH1 in
YT.) Similarly, Auto Setup preserves most INVERT/COUPLING menu
selections except: it changes GND to DC, and INVERT ON to OFF.

Auto Setup turns off all cursor functions——with the cne exception of
TIME cursors when WINDOW is ON in the MEASURE menu—and ali
delay functions. Finally, regardless of previous settings, Auto Setup
turns on the following Trigger functions: DC coupling, AUTO mode, and
VERT source. {See VERT under item 32 for the refationship between
Vertical mode and VERT Trigger source.)

NOTE

Values given when describing vertical and horizontal sizing arg
target values only. The number of divisions and cycles to which
a waveform is actually scaled depends on the avaffablz
VOLTS/DIV and SEC/DIV settings and the amplitude and
frequency of the waveform, as well as on the Aulo Selup
mode selected.
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Figure 5-8. AUTO, PRGM, and MEASURE buttons.

VIEW

Sets up the display for best overall viewing. The vertical scale is
determined by the peak value of the waveform, including any dc
offset. If one channel is selected, its ground reference is positioned
to the center graticule, and the displayed acquisition is scaled to fit
vertically within about =3 divisions of ground. K two channels are
selected, the CH 1 ground reference is placed 2 divisions above the
center graticule and the CH 2 ground reference 2 divisions below,
and both are scaled to fit vertically within ahout =1.5 divisions of
their respective grounds.

1§ the ADD or MULT waveform is displayed, its vertical scale and
position are determined by the CH 1 and CH 2 scales and paositions,
according 1o the usuat rules, (See ADD and MULT under Item 12))

The horizomtal scale is chosen to display about 2 to 5 cycles of the
trigger source waveform {which, for Auto Setup, is always VERT.)
The trigger POSITION is set 10 1/2, and the trigger SLOPE o
positive {-+).
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NOTE

For de-coupled waveforms in PERIOD, PULSE, and EDGE
modes, Auto Setup selects a vertical scale factor that
optimizes the display of the signal’s ac component. However, Iif
the dc offset cannot be compensated within the 10 division
position range at that setting—i.e., if the ratio of the lotal
signal amplitude to the optimum vertical scale is greater than
ten—a larger VOLTS/DIV setting must be used. Aufo Setup
then scales the waveform according to the rules for VIEW
mode and attempls fo trigger on the ac component. If
successiui, it proceeds to set the horizontal scale based on the
VERT trigger source and the Aufo Setup mode. In this
situation, better resolution of the ac component can be
obtained with ac coupling. In any case, the RES HILO
selection determines the target values (in divisions} for both
vertical and horizontal sizing. (See RES HIJLO.)

PERIOD

Scales the waveform to optimize the display of one period
according to the RES HELO selection. The trigger POSITION is set
to 1/32, and the trigger SLLOPE is set to (+).

PULSE

Scales the waveform to optimize the display of the minimum pulse
width according to the RES HI1LO selection. The trigger POSITION
is set 0 1/32, and the trigger SLOPE is set to the polarity of the
leading edge of the selected pulse.

EDGE {Rising)

Scales the waveform to optimize the display of its rising edge
according to the RES HIILO selection. The trigger POSITION is set
to 1/2, and the trigger SLOPE is set to {+) to display the rising
edge.

EDGE {Falting)

Scales the waveform o oplimize the display of its falling edge
according 1o the RES HELO selection. The trigger POSITION is set
to 1/2, and the trigger SLOPE is set to () to display the falling
edge.
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RES HIILO

Selects the resolution that Aute Setup targets when scaling the

waveform. In LO, the scaling is optimized for user viewing over the
ten divisions of the screen; in HI, the scaling is optimized for the :
MEASURE feature over the 20 divisions of record length.

RES HELO does not affect VIEW mode, and is removed from the

menu when VIEW is selected. For PULSE, PERIOD, and EDGE

modes, the RES HHLO selection influences beth vertical and

horizontat scaling. The vertical scales, and the positions of the CH ¢

and CH 2 waveforms, are arrived at independently (except in ADD

mode} and the two waveforms are treated the same way, regardless

of whether they are displayed separately or together, The horizontal

scale is always determined by applying the criteria for the selected

mode to the trigger-source waveform {VeRT., .

Vertically, the RES HI selection attempts to center the ac
component at a VOLTS/DIV setting that confines the signal to
about +3 divisions around the center graticule. Horizontally, the
scale is selected to display the chosen parameter within the entire
20 divisions of the waveform record. For EDGE made, horizental
scaling keeps the proximal (10%) and distal (80%) points within 9
divisions of each other,

Vertically, the RES LO selection attempts fo center the ac
component at a VOLTS/DIV setting that confines the signal to
about 1.5 divisions around the center graticule, Horizontally, the
scale is selected to display the chosen parameter within the first 10
divisions of the waveform record. For EDGE mode, horizontal
scaling keeps the proximal {10%) and distal (90%) points within 3
divisions of each other,

For ADD displays, CH1 is scaled and positioned according to the
previously stated rules, and CH2 is given the same scales as CH1
and is centered vertically. The ADD display then has the same
vertical and horizontal scales as both CH1 and CH2, and its ground
reference is the algebraic sum of the CHT and CH2 grounds.

For MULT displays, CH1 and CHZ are scaled independently
according to the rules. The MULT dispiay then has a vertical scale
factor of 5.12 X CH1 Vertical Scale Factor x CH2 Vertical Scale
Factor in VOLTSZ/DIV. its horizontal scale factor is the same as for
CH 1 and CH 2,

5-58 2432 Operators




Conirols, Connectors and Indicators

MEASURE Button

Accesses the Waveform Parameter Extraction feature, which allows the
user to specify measurements of certain waveform parameters from the
Front Panel, the AutoStep Sequencer, or the GPIB.

Two modes are available for extracting parameters. The SNAPSHOT
method extracts 20 different parameters, based on the last acquisition,
and displays the result. The Continucus-Update method dynamically
extracts up to 4 different parameters, based on successive acquisition
sequences, and updates the measurements approximately every 1/3
second (untess the acquisition rate Is extremely siow).

Pressing the front-panel button fabeled MEASURE displays a firstlevel
menu that gives access to the two parameter extraction functions via the
SNAPSHOT and MEAS TYPE menu buttons. This menu also in¢ludes
SETUP, DISPLAY ONIOFF, and WINDOW ON!IOFF. These menu entries
and their sub-menus, i any, are discussed in order:

SNAPSHOT

Executes a SNAPSHOT parameter extraction. If more than one signal
source is selected in the VERTICAL MODE menu, the TARGET menu
appears so the user can select the waveform from which the
parameters are to be extractad.

The second-level TARGET menu lists all of the displayed signal sources
{CH1, CH2, ADD or MULT, and REF). Selecting one of these signal
sources gives a “snapshot” of the parameters for the corresponding
waveform. (See "Snapshot Readout.”} in B Horizontal mode with

A TIME ON, both delays can occur on the same waveform. In this
case, a third-level TARGET menu appears so the user can select
DELAY1 or DELAY2 as the target for the snapshot. (The exception is:
when CH 1 and CH 2 are both displayed, the main delay occurs on

CH 1 and the delta delay on CH 2, so no third-level target menu is
needed.) If more than one REF waveform is displayec and REF is
chosen in the second-level TARGET menu, a different third-levet
TARGET menu appears; it consists of all displayed REF sources. In
both cases, selecting the target from the third-level menu gives the
snapshot of the parameters for the targeted signal scurce. An exampie
of the SNAPSHOT readout follows.
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Snapshot Readout:

SNAPSHOT OF CHX USING JOOO0XXX METHOD:

Dis= 435 ¥ TOP = 501V WiD =-20.3:8
MES=- 2.12 ¥ BASE— 2.00mY DUTY =50%
PRX=-1.23mV MEAN= 232V FREQ=24.6kHMz
MAX-= 518 V¥ OVRE~ 2.0% PER —40.5u8
MiD= 247 V UNDS= 1.0% HISE=28.4nS
MIN=—-21.4mV AMS= 2.65 ¥ FALL=18.3n8
PP =538V AREA~—47.5nVs

DIST—=90.0% MES =-50.G% PROX —10.0%
AGAIN T

Pressing the AGAIN menu buiton takes another snapshot
measurement. Pressing the up-arrow button returns the scope to the
MEASURE menu,

MEAS TYPE

The Continuous-Update parameter extraction function is initiated by
pressing the MEAS TYPE menu button in the MEASURE menu. This
calls up the parameter selection menu:

DISTAL MESIAL PROX MAX MID
RAIN PIPK TOP BASE MEAN
OVRSHT UNDRSHT RMS AREA WIDTH
DUTY FREG PERIOD RISE FALL
DELAY

ON  OFF

A parameter is selected by pressing the ON menu button when the
name of the desired parameter is underlined. The arrow buttons move
the underline around the matrix, “wrapping around” at the end of a row
or column. The name of a selected parameter is bracketed with two
underlined asterisks. Pressing the OFF button when a selected
parameter is underlined turns that parameter OFF and removes the
underlined asterisks.
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if more than one waveform is displayed, pressing the ON butten
calls up a third-level TARGET menu listing all displayed signal
sources. If A DELAY is ON, selecting a waveform that contains both
delays calis up a fourth-level TARGET menu for choosing DELAY1
or DELAY2 for parameter extraction. Selecting REF as the target
calis up a different fourth-level TARGET menu for choosing the
desired REF waveform for parameter exiraction. in any case,
pressing the button that finally identifies the source for parameter
extraction produces a readout of the parameter and returns the
second-ievel parameter-selection menu to the screen,

Selecting DELAY as the parameter to be extracted, causes a
variation in the third- and fourth-level TARGET menus. Because
defays are measured FROM the mesial crossing of one waveform
TO the corresponding mesial crossing of another, DELAY
measurements require two signat sources. Therefore, there are two
third-level target menus-—DELAY FROM TARGET and DELAY TO
TARGET~-both fisting all displayed signal sources. As with the
other parameters, there are fourth-level menus, if needed, for
selecting DELAYT or DELAY2 when A TIME is ON and the selected
source contains both delays, or for identifying the REF waveform to
be targeted when REF is chosen in the third-level menu. Pressing
the third- or fourth-level meny button that finally identifies the delay
FROM target waveform calls up the third-level DELAY TO TARGET
menu. Pressing the menu button that finally identifies the delay TO
target waveform produces the readout of the parameter and returns
the parameter-selection menu to the screen.

if the same parameter is being measured on more than oneg
waveform, pressing the OFF button when that parameter is
underlined in the parameter-selection menu calls up a third-levei
menu for identifying the waveform on which that parameter is o be
turned off. Pressing the menu bution for the desired signal source
turns off the appropriate readout and returns the parameter-
selection menu to the screen.

For further information on measurements, see Appendix C.
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SETUP
Pressing the menu button fabeled SETUP in the MEASURE menu

causes this second-level menu to be displayed:

------ METHOD -neren MARK
MIN/MAX HIST CURSOR LEVEL ONIOFF

The SETUP menu is used to establish criteria for the extraction of
parameters by either the SNAPSHOT or Continuous-Update
method. The three selections under METHOD aliow the user to
choose how the TOP and BASE of the waveform wili be
determined. An underiine indicates the active method.

MIN/MAX

The absolute maximum (positive peak) of the targeted waveform
is used as the TOF, and the absolute minimum {negative peak)
of the targeted waveform is used as the BASE.

HIST

A histogram of the vertical levels of the targeted waveform is
used to determine the TOP and BASE in the following manner:

1. Form a histogram of levels and find the mid-point of
their range.

2. Divide the histogram into halves.

3. Find the bracket in the upper haif that contains the
most points, and use its value for the TOP. Find the
bracket in the lower half that contains the most points,
and use its value for the BASE.

4. If two brackets have equal numbers of points, use the
larger (more positive) value when determining the TOP,
and the smalier (more negative} when determining
the BASE.

CURSOR
The level of the upper VOLTS Cursor {displayed or not} is used

as the TOP and the level of the lower VOLTS Cursor is used as
the BASE for the targeted waveform.
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LEVEL

Calls up a third-level menu for specifying the DISTAL, MESIAL,
and PROXIMAL lsvels on the waveform and the units in which
they are to be expressed:

PISTAL; MESIAL; PROXIMAL

Direct the CURSOR/DELAY knob to adjust the level for the
selected crossing type. The level is expressed as a percent of
the total BASE-to-TOP ampilitude of the waveform, or as an
absolute voltage with reference to ground. (See “Level
Caicuiations” in Appendix ¢ for more information.)

MESIALZ

Directs the CURSOR/DELAY knob fo adjust the level for the
second mesial crossing. This crossing is only used when
DELAY is chosen as one of the parameters 10 De measured
in Continuous-Update mode. DELAY is measured FROM the
mesial crossing of one waveform TO the mesial crossing of a
second waveform. Since the waveforms can have different
ampiitudes, it is sometimes useful 1o be able to specify a
different mesial levei, MESIALZ, for the second waveform.

There are certain limiting conditions for setiing these crossing
levels. They must ail be greater than or equal to the BASE
level and less than or equal to the TOP. Also, DISTAL must
be greater than or equal to MESIAL. and MESIAL must be
greater than or equal to PROXIMAL. If they are not all set
properly in refation o each other and to the TOP and BASE
of the target waveform, the readout alerts the user by:

« displaying a string of “?” marks in place of the
measurement resuits in SNAPSHCT mode

« displaying an error message in place of the measurement
in Continuous-Update mode. “LEVEL LIMIT?” indicates
that DISTAL is greater than TOP or PROXIMAL is less
than BASE,; “LEVEL ORDER? indicates that MESIAL is
either lass thar PROXIMAL or greater than DISTAL. i
both errors exist, the LEVEL ORBER? message
fakes precedence
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NOTE

The voltages shown in the LEVEL menu (when VOLT
units are in effect} have greater resoiution than the
values In the SNAPSHOT or Continuous-Update
readouts (which are a function of the VOLTS/DIV set-
tingl. Compatisons between levels use the latter,
rounded-off values, $o a sefting in the LEVEL menu can
violate the fimiting conditions without generaiing an error
message if the rounding off process corrects the error.

% IVOLT

Sets the unit of measurement for each crossing level.
Repeatedly pressing the menu button toggles the unit of the
underlined level between a percentage of the total amplitude
from BASE to TOP and an absolute voltage with respect to
ground, Different crossings can use different units, and the %
and VOLT settings for each crossing are mutually
independent.

The percent levei is changed in 1% steps over a range from 0
o 100%. The voltage levet is always expressed with three
digits of resolution and is changed in one-unit steps of the
teast significant digit. (For example, if the present setting is
1.80 V, the level is changed in 0.01-volt increments.) The
range for voltage level setiings is 999 V, regardiess of the
amplitude of the waveform. Unlike % units, therefore, VOLT
units allow levels to be set ocutside the amplitude limits of the
waveform,

When INIT PANEL {in the PRGM menu} is executed,
%1 VOLT is set to % and the levels are set as follows:
DISTAL 90%
MESIAL 50%
PROXIMAL. 10%

MESIALZ  50%
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Executing INIT PANEL also sets the levels for VOLT units. i
INIT PANEL is executed and %iVOLT is set to VOLT in the

MEASure SETUP LEVEL menu, the INIT levels are displayed
as follows:

DISTAL 240V
MESIAL 130V
PROXIMAL 400mV

MESIALZ 130V

Returning to the SETUP menu requires use of the first-level
MEASURE menu. {Press the MEASURE front-panel button.}

MARK ONIOQFF

Toggles “marks” ON and OFF for the targeted waveform. Marks
are X's on the waveform that indicate the levels where time
measurements are made in Continuous-Update mode. To dispiay
the marks, appropriate selections must be made in the MEAS
TYPE menu and DISPLAY must be set ON in the MEASURE
menu as well as MARK ON In the SETUP menu.

DISPLAY ONIOFF

Toggles the readout ON and OFF for the parametric measurements
made in Continuous-Update mode. Turning on a parameter in the
MEAS TYPE menu also turns DISPLAY ON in the MEASURE
menu. When ON, the readout is continuously updated with the
measuremeni results from successive acquisitions (or acquisition
sequences). When OFF there is no readout of parametric
measurements; in fact, no parameters are caicuiated.

WINDOW ONIOFF

Toggles the WINDOW function ON and OFF. The WINDOW function
enables the TIME cursors to define a horizontal area on the
displayed waveform from which the specified parameters are to be
extracted. When WINDOW is ON, the scope begins at the left TIME
cursor angl searches the waveform record untit it finds data that is
adequate for extracting the user-specified parameter, or untit the
right TIME cursor is reached. WINDOW ON is ignored unless TIME
is selected in the cursor FUNCTION menu.

For more information on measurements, see Appendix C.
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PRGM

Calls up the AUTOSTEP SEQUENCER menu:

MEMORY nn%
----- AUTOSTEP SEQUENCER - T
SAVE RECALL DELEYE EDIT PANEL

This menu is used to create and store a sequence of steps that
includes front-panet setups, parametric measurements, cutput
functions, etc. and tc use, erase, or modify such a sequence. Each step
in the seguence can have certain associated “actions” such as
REPEAT (which allows for looping), SELF-CAL, SELF.TEST, and
PAUSE. (See the section on the SET STEP ACTIONS menu for more
information on these and other actions.) Depending on the complexity
of each step, a sequence of over 200 steps can be stored in non-
voiatile memory. A readout in the menu shows the percentage of
memory still available.

Pressing the INIT PANEL button sets almost all the front-panel
functions to default values. (See Table B-15, Appendix B, for a st of
those settings.)

Operation

The AutoStep Sequencer can be operated from the front panel, the GPIB, or
three rear-panel BNC connectors that enable full 2-way handshaking. During a
pause, the sequence can be signaled to resume via the front panel, the GPIB,
or the rear-panel SEQUENCE IN input. When each step ends, it produces an
“Operation Complete” signat that can be detected via the GPIB or the rear-
panel STEP COMPLETE output; and when the sequence ends, it produces an
additional Operation Complete signal that can be detected via the GPIB or the
rear-panel SEQUENCE OUT output.
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SAVE

Calls up a second-level menu for naming the new sequence to be
created:

LUSE ARROW KEYS TO CHANGE NAME: nn
ROLL-CHARS CURSOR
H i < > SAVE EXIT

The name of the sequence can contain up 10 six aiphanumeric
characters, including spaces. The two-digit number at the end of the
first line is a default name that can be either used or replaced. The
CURSOR menu bution moves the underfine cursor back and forth in
the name field immediately to the right of "NAME:." The two menu
buttons under ROLL-CHARS rotate the underlined character through
0-9 and A-Z. (There is a space character between 9 and A.} Pressing
and holding the down-arrow button steps the characters forward; the
up-arrow steps them in reverse. Press the EXIT button to abort the
process and return to the firstlevel AUTOSTEP SEQUENCER menu.

Pressing the SAVE button calis up this message:

SETUP CONTROLS, PUSH PRGM TO CONTINUE
SEQUENCE <name> STEP<num> MEMORY <% >

NOTE

At this point all front-panel controls, except the PRGM bution,
function normally. Some buttons {e.g. MEAS TYPE} call up menus
that erase the SETUP CONTROLS message, but the message
remains in effect—whether visible or not—until you press PRGM.
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Now Is the time to make all necessary adjustments for the current step
of the sequence, remembering te specify any Auto Setup or Qutput
modes and any Continuous-tpdate parameters to be measured. When
the setup is complete and the parameter(s) specified, press the PRGM
front-panet button to call up the SET STEP ACTIONS menu:

SEQUENCE <name> STEP <num> MEMORY <% >

BEGIN STEP i

REPEAT <> :

SELF-CAL <N>: PRINT/PLOT <N>

SELF-TEST <N>: BELL <N> P
LOAD PANEL : SRQ <M=
AUTOSETUP <N>: PAUSE <N>

MEASUREMENTS : PROTECT <N

: H END STEP
- SET STEP ACTIONS - NEXT SAVE
i 4 YIN  STEP SEQ

This menu shows a fist of all possible actions for each step of the
sequence, arranged in the order they will occur when the sequence is
run. With the exception of LOAD PANEL and MEASUREMENTS, the
user can set each action on (Y} or off (N} for the current step. (BEGIN
STEP and END STEP are not actions, but merely markers that show
where the step starts and stops.) The arrow-buttons move the
underiing cursor among the settable actions, and the YN button
toggles the selected action on and off. NEXT STEP increments the step
number and recalls the SETUP CONTROLS message for programming
the next step of the sequence. SAVE SEQ stores the finished sequence
in non-volatile memory and recalls the AUTOSTEP SEQUENCER menu
{including the additional SEQUENCE SAVED message).
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BEGIN Step 1

$

Step 2

é

REPEAT Step 3 —-—

|

Step 4

!

END Step 5

6286-40

Figure 5-9. Event order for sequences.

Following are exptanations of the various actions:

REPEAT

Creates an infinite loop by returning to the current step when the last
step of the sequence is finished. {(See Figure 5-8.) If REPEAT is
included in more than one step, only the last coourrence is used. To
abort a sequence, press the PRGM button; the sequence will stop at
the end of the step in progress. (if the current step includes PAUSE, it
wili be necessary o press the EXIT menu button twice to get back to
the AUTOSTEP SEQUENCER menu.)

SELF-CAL

Performs the Self Calibration routine prior to loading the instrurment
setup. If the instrument fails {o calibrate, the sequence terminates and
the EXTENDED DIAGNOSTICS menu appears.

SELF-TEST

Performs the Self Diagnostics routine prior to loading the instrument
setup. I the instrument fails the diagnostics routine, the sequence
terminates and the EXTENDED DIAGNOSTICS menu appears.
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LOAD PANEL

Establishes the front-panel settings, the Auto Setup and Output modes,
and the Continuous-Update parameters that were specified by the user
while the SETUP CONTROLS message was in effect.

AUTOSETUP

Performs an Auto Setup according to the mode previously specified by
the user and established by the LOAD PANEL action. This Auto Setup
may change some of the front-panel settings locaded by the

previous action.

PRINT/PLOT

Sends out acquired waveforms and other data for the current step cver
the GPIB. The user must properly configure the scope through the
QUTPUT SETUP menu for the type of communication desired. The
output can be directed by a controller, but it is also possible to send
prints or plots directly to certain devices. (See item 24—CUTPUT for
more information.)

BELL

Rings the instrument’s bell to signal the operator when the step is
finished. The bell must be enabled via the EXTENDED
FUNCTIONS menu.

sha

Transmits an Operation Complete signal over the GPIB at the end of
each step and an additional one at the end of the sequence.

PAUSE

Stops the sequence at the end of the current step and waits for a
command to advanee. To iniiate the next step, press the PRGM
button, issue a STEP command over the GPIB, or apply a TTL Hl to
LO wansition at the rear-panel SEQUENCE IN input. To terminate a
paused sequence, press the menu button labeled EXIT, or issue a
GPIB HALT command.

PROTECT

Prevents the sequence from being deleted. This action must be turned
on in the first step of the sequence; otherwise it wili be ignored.
PROTECT can be defeated by deleting the first step of the sequence or
by editing that step to tun the PROTECT action off,
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In an AutoStep Sequencer routine, a step will end only after its acquisition
sequence has ended. Some modes, like Envelope and Average, may require many
20-division acquisitions—and, depending on the SEC/DIV setting, a considerabia
amount of time—to complete a single sequence. For example, at 5 SEC/DIV with
AV set to 256, it would take over 7 hours to complete the acquisition sequence!
If such an acquisition is included in one of the steps of an AutoStep sequence, the
routing may appear to be "hung up” at that step.

Other Scope modes can alse delay or prevent the completion of a step. For
instance, a step that uses SAVE ON DELTA mode wil not complete untit the scope
acquires an out-of-limit data point and enters SAVE mode; in SINGLE SEQ Trigger
mode, the scope wili not even begin to acquire until it receives a trigger; and in
ROLL mode the scope ignores triggers and acquires continuously, so it never
compietes an acquisition sequence and must be manually forced to the next step.

To force an AutcStep sequence to the next step before the present step’s
acquisition sequence has ended, stop the acquisition by pressing ACGUIRE or
SAVE, or by adjusting one of the controls (such as SEC/DIV, VOLTS/DIV, Verticatl
POSITION, etc.) that cause the acquisition 1o start over. Stopping the acquisition
ands the step. The same results can be achieved via the GPIB by sending “RUN
ACG™ or "RUN SAVE,” or by using GPIE commands to change the setting of one
of the appropriate controls. i the step contains PAUSE, it will also be necessary to
press PRGM, or send the STEP command via the GPIB, to make the AutoStep
saeguence proceed o the next step.

To stop the AutoStep sequence, press PRGM or send the GPIB HALT
command. (Pressing PRGM for a paused step will cause the Sequencer to move to
the next step; pressing PRGM during a step that's waiting for an acquisition
sequence to end will stop the entire seguence.)

EXAMPLE: The following typical application illustrates the procedure for
creating an AutoStep sequence. It points out certain special considerations that
are explained in the following NOTE.

NOTE

When creating & sequence that requires Auto Setup, commurication
with other devices, or Continuous-Update measurements, the required
modes and parameters must be selected before emtering the SET
STEP ACTIONS menu. (See ftem 47—AUTO, ltem 24—QUTPUT,
and ftern 48--MEASURE for information on sefting modes and
parameters.) To begin the sequence with the INIT PANEL states (see
Table B-15), it is necessary to press INIT PANEL before pressing
SAVE in the AUTOSTEP SEQUENCER menu.
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STEP
NO.

1 (BEGIN STEP)

2
(LOOP TO)

3

4
(END STEP)

5.72

FRONT-PANEL
SETUP

Press PRGM, then INIT PANEL.
Press PRGM, then SAVE.
Create name and press SAVE.
Press PRGM and set actions;

Press AUTCO and selsct VIEW.
Press OUTPUT and set up for
printing of waveforms.

Press PRGM and set actions:

Press AUTO and select /.

Press MEASURE, then MEAS TYPE.
Set RISE ON.

Press PRGM and set actions:

Press AUTO and select ™\ .
Press MEASURE, then MEAS TYPE,
Set RISE OFF and FALL ON.

Press PRGM and set actions:

ACTIONS
(¥}

SELF.CAL
SELE.TEST
(NEXT STEP)

REPEAT
AUTOSETUP
PRINT/PLOT
(NEXT STEP)

AUTOSETUP
PRINT/PLOT
(NEXT STEP)

AUTOSETUP
PRINT/PLOT
BELL

SRQ

PAUSE
(SAVE SEQ)
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When run, this sequence first performs the Self Calibration and Self
Diagnostics routines, and then initiglizes the instrument to the INIT
PANEL settings. Next it repeatedly executes the actions in the LOOP
TGO through END STEP block. I gach step, Auto Setup is used to
optimize the display of a particular aspect of the waveform, which is
then printed or plotted. The rise time and fall time are also printed or
plotted (in Steps 3 and 4, respectively). At the end of the last step
(Step 4), the sequence stops and rings the belf to alert the operator,
who can then install another device for testing and issue the command
to advance to the next step (Step 2).

RECALL

Calls up the menu to run a selected sequence:

wner SELECT =
1 :  RECALL EXIT

The names of all existing sequences, with the current setection
underlined, are listed in columns above the menu. The arrow-labeled
menu buttons move the underline up and down through the list. To run
the underlined sequence, press the RECALL menu button. (It is alsc
possible to start the sequence via the GPIB or through the rear-panst
SEQUENCE IN input.) Pressing EXIT returns to the first-level
AUTOSTEP SEQUENCER menu without running the sequence. While
running, a sequence ¢an be terminated by pressing the PRGM button
or by a GPIB HALT command.

DELETE

Calis up the menu to delete & selected sequence:

aeee SELECT -een
T ! DELETE EXIT

The names of all existing sequences, with the current selection
underlined, are listed in colurmns above the meny. The arrow-labeled
menu buttons move the underline up and down through the list. To
delete the underlined sequence, press the DELETE menu button.
Pressing EXIT recails the first-level AUTOSTEP SEQUENCER menu.
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NOTE

While a sequence is being deleted, the message RECLAIMING
FREED MEMORY... appears on the screen, and front-panel
controfs are locked ouwt. TURNING OFF THE INSTRUMENT
WHILE IT 1S RECLAIMING MEMORY CAN RESULT IN THE
LOSS OF STORED SEQUENCES.

EDIT

Calls up the menu to modify a selected sequence:

cone SELECT won
T i EDIT  COPY  EXIT

The names of all existing sequences, with the current selection
underiined, are listed in columns above the menu. The arrow-labeled
menu buttons move the underline up and down through the list. To
medify the undetlined sequence, press the EDIT menu button. To
create a copy of the selected sequence under a different name, press
the COPY menu button and use the resulting menu to create the new
name. To return to the first-level AUTOSTEP SEQUENCER menu,
press the EXIT menu button.

EDIT

Calls up a third-level menu for selecting the stepis) fo be modified:

SETUP CONTROLS, PUSH PRGM TO CONTINUE
SEQUENCE <name>> STEP <num> MEMORY < % >
SELECT STEP DELETE

1 H TO BUF ADD EXIT

This menu contains the same message that was called up by
pressing the SAVE button in the second-level SAVE menu when
creating the sequence. The arrow-iabeled menu buttens move
forward and backward through the steps of the sequence, and the
message shows the number of the current step. if the down.arrow
bution is pressed on the last step of the sequence, the message
WARNING: NO MORE STEPS TO EDIT wili appear. To modify the
current step, proceed exactly as when creating the sequence: adjust
the front-panei controls as desired; press PRGM to call up the SET
STEP ACTIONS menu; reprogram the actions if desired; then press
aither NEXT STEP to continue editing or SAVE SEQ to stop editing
and store the modified seguence.
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2432 Operators

DELETE TO BUF

Deletes the current step from the seguence and stores it in a
buffer. The step remains in the buffer until either it is overwritten
by pressing DELETE TO BUF again, or the power is turned off,
The step in the buffer can be added to any sequence that is
being edited. Loading a step from the buffer into a sequence
does not erase the step from the buffer.

ADD

Calls up the menu for adding a step to the sequence being
edited:

SETUP CONTROLS, PUSH PRGM TO CONTINUE
SEQUENCE <name> STEP <num> MEMORY <% >

LOAD
BUFFER EXIT

Pressing ADD increments the step number in the message.
Space is created for a new step, but the front-panel setup and
actions from the previous step remain the same untll they are
changed. Press the LOAD BUFFER buttonh 0 replace the current
front-panel setup and actions with those currently in the step
buffer. Otherwise, set up the front-panel and actions as
previousty described for greating or modifying a sequence. Press
the EXIT button to return to the main AUTOSTEP SEQUENCER
meny without adding a new step.
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Hear Panel

Refer to Figure 5-10 for location of ltems 50 through 60.

SEadefe shmeneg
a0 il

6286-10

Figure 5-10. Rear-panel controls and conneciors.
GPIB Connector

Provides a port for the 1EEE-488 data bus. The electrical and physical
arrangement of the 24-pin connector conforms to the IEEE General
Purpose interface Bus Standard. Refer to Figure 5-11 for an illustration of
the connector and pin assignments.

@ Detachable-Power-Cord Receptacie

Provides contacts for connecting the instrument to the appropriate ac
voitage source via a detachable power cord.
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LINE VOLTAGE SELECTOR Swiich

Seiects the nominal input operating voltage for the instrument. When set to
115 V, the instrument operates from an ac-power source in the range of
g0 V to 132 V. When set to 230 V, the instrument operates from an ac-
power source in the range of 180 V to 250 V.

Fuse Holder

Contains the primary fuse for the ac-power source.

SEQUENCE IN, SEQUENCE QUT, and STEP COMPLETE
These TTL-compatible outputs are used with the sequencer for the
following purposes:

SEGUENCE IN: A HI to LO transition at this input restarts the sequence
after a pause.

SEQUENCE QUT: A Hl to LO transition on this cutput signals the end of a
sequence. While a sequence is in progress this output is high.

STEP COMPLETE: A HI to LO transition on this output signals the end of
a step in a sequence. While a step is in progress this output is high.

See Item 49—PRGM in this section for more information on the AutoStep

Sequencer,

RECORD TRIGGER QUTPUT Connector

Provides a negative-true TTL-compatible record trigger signal for use as a
trigger with external instrument systems. {See Figure B-2 in Appendix B.)
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A TRIGGER OUTPUT Connector

Provides a negative-true TTL-compatible A-Trigger signal for application to
external instrument systems.

CH 2 SIGNAL QOUTPUT Connector

Provides an cutput signal that is representative of the Channet 2 input
signal. The output amplitude into a 50-2 load is approximately 10 mV per
division of input signat.

WORD RECOG OUTPUT Connector

Provides a negative-true, TTL-compatible Word-Trigger signal for use with
external test equipment. {See Section 7, “Options.”)

P6407 WORD RECOG INPUT Connector

Provides a dedicated control signal port for programming the optional
Word Recognizer Probe and cbtaining the word trigger output for use as
the A andfor B trigger signal source. (See ltem 32---SOURCE and Hem
43--SET WORD,)

PROBE POWER Connectors (Option 11)

Provides output power for optional Tektronix active probes.
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SHIELD SrRQ NDAaC Dav BI04 DiO2

ATN 1FC | NRFC| EDI D103 | Oz

24 23 22 2% 20 19 18 I7 15 15 14 3

GND | GND | GND | REN | nig7 | DEOS
11 9 7

LOGIC GND GND GND pigg  DIOS
GND 10 8 6

{2056-01} 6286-1%

Figure 5-11. GPIB-connector pin arrangement.

System Menus

The following information is an annotated list of the menus used to control
operation of the scope from the front panel. Each menu is an extension of the
front-panet button that calls it up. The menus replace multi-position front-panel
switches by providing the same functions using the firmware-defined buttons
mounted in the CRT bezel. Most of the menus are only one level deep, and the
menu entries are self-explanatory. Table 5-2 is a reference listing of each first-level
menu and any sub.level menus called up from the first-level menu.

The listing corresponds to the labeled front-panel button that calls up the menu.
The menus in the table are grouped by major system functions in the following
order: Display, Vertical, Cursor, Delay, Storage, A and B Trigger, Word
Recognizer, Output, and Setup.
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Table 5-2
Control Menus and Displays

CRT Display Menus

SELECT
INTENSITY VECTORS
READCUT  DIsP INTENS GRAT ONIOFF
STATUS/HELP

Presents an instrument status display and increases the readout
intensity 1o 65% to ensure visibility. (See Figure 5-2.) The HELP
function can also be enabled from this menu.

MENU OFF/EXTENDED FUNCTICNS

Turns off any menu being displayed oz, if none is on, calls up the
EXTENDED FUNCTIONS menu. {See Appendix A for the Extended Functions
Calibration and Diagnostics menu.)

EXT FUNCT
SYSTEM SPECIAL CAL/DIAG

Second-level menu for SYSTEM.

PREFLT
PANEL MISC ONIOFF VIDEG OPT

Third-level menu for PANEL.

PWR ON
LASTIINIT 1

Third-level menu for MISC.

BELL TRIGT
ONIOFF ONIOFF 7

Third-level menu for VIDEQ OPT

TV §YS CNT RST
MINON/M BOTH!IFt 1

Second-level menu for SPECIAL. (Use of these functions by the operator
will cause the instrument to need a complete calibration to return it
to normal operation. The selections may be internally disabled.)

WARNING: SERVICE ONLY--SEE MANUAL (if enabled)
DISABLED—SEE MANUAL (if disabled)

COLD CAL PATH FORCE
START ONIOFF DAC
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Table 5-2 {cont}

VERTICAL Conirof Menus

VERTICAL MODE
In YT Mode

VERTICAL MODE
CH1 CH2 ADD MULT YTIXY

in XY Mode

VERTICAL MODE
CH1 vs CHZ YTIXY

VARIABLE

CH1 VARIABLE
CAL i T

CH2 VARIABLE

CAL i 1
COUPLING/INVERT
CH1 COUPLING 50 Q INVERT
AC ne GND ONIOFF ONIOFF
CH2 COUPLING 5G 2 INVERT
AC GG GND ONIOFF ONIOFF
BANDWIDTH
USH = xxxxHz USH == XXXX §
e BANDWID TH oo SMOOTH
20MHz 50MH2z FULL ONIOFF

The number xxxx depends on the Acquisition Mode, the SEC/DIV setting,
and the bandwidth selected.
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Table -2 {cont)

CURSCR Controf Menus

FUNCTION
CURSOR FUNCTION
VOLTS TIME V@T SLOPE

HTIME

Second-level ATTACH CURSORS menu.

In YT Mode.

ATTACH CURSORS TO:

No A delay

CH1 CH2 {func) REFR

A detay—CH1 on

CHT CHiA {func} {funcia REFn

A delay--CH1 and CH2 on

CHT  CH2A (func} (func)A REFR

Function is either ADD or MULT—they are mutually exclusive. Pressing
REF roils through the displayed reference waveforms. Only waveforms
called up for display are included in the ATTACH CURSORS menu.

In XY Mode.
ATTACH CURSORS TO:
CHT vs CH2 XYREF

UNITS in VOLTS or V@T
UNITS VOLTS CURS REF=x3000xY

VOLTS % dB NEW REF ALABS
in TIME
UNITS TIME GURS REF=xxxxxX §
SEC % DEGREES NEW REF AIABS
In SLOPE
UNITS SLOPE CURS REF=x00omxV/s
SLOPE % dB NEW REF
in 1/TIME

UNITS TIME CURS REF=xXxxxx s

Hz % DEGREES NEW REF AIABS
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Table 5-2 {cont}

DELAY Controf Menus

DELAY by TIME {with ATIME OFF)

DELAY TIME = xxxXxX s ATIME
ONIOFF
(with ATIME ON}
DELAY TIME = xXxxXxxx s ATIME
ADELAY TIME = xXxxxxx s ONIOFF

The DELAY by TIME button is pressed to switch the effect of the
CURSOR/BELAY knob between the Main DELAY TIME and the A
(deita) DELAY TIME.

DELAY by EVENTS

EVENTS START AT A TRIG EVENTS
EVENTS COUNT = xxxxx B TRIGS ONIOFF

£venis count may be changed using the CURSOR/DELAY knobd,

STORAGE Control Menus

ACQUIRE
ACQIUHRE nnn nnn REPET SAVE ON A
NORMAL ENVELOPE AVG ONIOFF ONIOFF

nnn selections:
ENVELOPE—1,2,4,8,16,32,64,128,256,CONT
AVG--2,4,8,16,32,64,128,256

SAVE
Xxxxx ACQUISITIONS xxxxx HRS
-------- SAVEREF SOURCE——-—---
CHt  CH2 {function) REF STACK
REF

Second-level menu displayed after SAFEREF SOURCE (except REF or STACK
REF) Is selected.

e SAVEREF DESTINATION-—— SAVEREF
REF REF2 REF3  REF4 SCURCE

Second-fevel menu if in A (delta) DELAY by TIME.

SAVEREF SOURCE - {channel}
DELAY 1 DELAY 2

Second-level menu if REF is selected,

SAVEREF SOURCE - REF SAVEREF
REF1 REF2 REF3 REF4 SOURCE
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Table 5-2 {cont}

STORAGE Control Menus (cont)

DISPLAY REF In YT Mode.

DISPLAY REF HORIZ
REF1 REF2 REF3 REF4 POS REF
In XY Maode
HORIZ
XYREF POS REF

Second-level menu displayed when HORIZ POS REF is called.

memennme HORIZONTAL POSITION oo REF HPOS
REF1P  REF2P REF3P REF4P INDIHLOCK

& TRIGGER Control Menus

TRIGGER MODE

A TRIGGER MODE
AUTO SINGLE
LEVEL AUTO  NORMAL SEQ

AUTO switches to ROLL at 100 ms/div and siower.

TRIGGER SCURCE

A TRIGGER SOURCE
VERT CHAN
CH1 132 EXT LINE A*BIWORD
CH2
ADD

Sacond-Level menu for EXT.

A EXT
SOURCE e A and B EXT GAIN-—rrrree
114 EXT1 EXT1+5 EXT2 EXT 2+5

TRIGGER CPLG
Without the Video option.

A COUPLING REJECT
DC AC NOISE HF  LF

With the Video option installed.

A COUPLING e REJECT —mmomemmmemem e -
DCIAC VIDEQ  NOISE HF LF
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Table 5-2 {cont)

A TRIGGER Controi Menus {cont}

SET VIDEO {Video Option only)
A VIDED COUPLING CLAMP
FIELDA FIELD2 ALT TV LINE ONiQFF

FIELD?2 and ALT are displayed only when the Video Option has an
interiaced video signal applied. CLAMP remains ON even if TV COUPLING
i not selected.

TRIG POSITION
A TRIGGER POSITION
1/8 1/4 1/2 3/4 7/8

B TRIGGER Conirol Menus

TRIGGER MODE

B TRIG RUNS TRIG EXT CLK
AFTER AFTER ONIOFF

TRIGGER SOURCE
In B RUNS AFTER Delay Mode.
B TRIG SCURCE

EXT CLOCK SOURCE {with EXT CLK)
EVENTS SOURCE {with DELAY by EVENTS)
EVENTS, EXT CLK SOURCE {with both}
VERT CHAN
CH1 112 EXT WORD
CH2
ADD

In B TRIG AFTER Delay Mode.
B TRIG SOURCE

B, EXT CLK SOURCE {(with EXT CLK}
B, EVENTS SOURCE {with DELAY by EVENTS)
B, EXT CLK, EVNT SOURCE (with both}
VERT CHAN
CH1 ti2 EXT WORD
CHZ
ADD

Second-tevel menu for EXT.

B EXT
SOURCE  -—eor-A and B EXT GAIN ———nmt
112 EXTY EXT 15 EXT2 EXT 2+5
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Table 5-2 (cont)

B TRIGGER Control Menus (cont)

TRIGGER CPLG

in B RUNS AFTER Delay Mode.

B COUPLING

EXT CLK CPLG
EVENTS COUPLING
EVENTS, EXT CLK

pC AC NOISE

{with EXT CLOCK)
(with DELAY by EVENTS)
(with both)

------ REJECT-——
HE LE

In B TRIG AFTER Delay Mode.

B COUPLING

B, EXT CLK CPLG
B, EVENTS CPLG
8, CLK, EVENTS

(with EXT CLOCK)
(with DELAY by EVENTS)
{with both)

........ REJECT-—m-
DC AC NOISE HF LF
TRIG POSITION
B TRIGGER POSITION
18 1/4 1/2 3/4 7/8

EXTERNAL Trigger and Trigger Status Menus

TRIG STATUS

TRIG STATUS
MODE SOURCE CPLG

A (Setup conditions for the A Trigger conirols.)
B {Setup conditions for the B Trigger controls.)

TRIG POS
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Table 5-2 {cont)

WORD RECOGNIZER Control Menus

SET WORD
RADIX - CLOCK - SET
OCTIHEX [ 1 ASYNC BITS

Second-ievel menu for SET BITS.

in Hexadecimal:

TRIG WORD:
CLK= [~ 777? X X XXXX XXXX XXXX XXXX
1 0 X - -
In Octal:
TRIG WORD:
CLK= "_ 777777 x X XXX XXX XXX XXX XXX
1 0 X - -
SETUP MENUS
AUTO
EDGE RES
VIEW PERIOD PULSE T HIILO

RES HIILO does not appear when VIEW is selected.

PRGM {AutoStep Sequencer)

MEMORY nn%
e AUTOSTEP SEQUENCER ---- INIT
SAVE RECALL DELETE EDIT PANEL
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Table 5-2 {coni)

SETUP MENUS (cont)

Second-level menu for SAVE.
LUSE ARROW KEYS TO CHANGE NAME:

ROLL-CHARS  CURSOR
1 1 <> SAVE EXIT

Instruction message displayed after pushing SAVE. (This message is
displayed any time the user is expected to set up the front-panel
controls).

SETUP CONTROLS, PUSH PRGM TO CONTINUE
SEQUENCE <name> STEP <num:>> MEMORY <%>-

Third-level menu for SAVE. This menu is displayed after pushing PRGM
according to the instruction message.

SEQUENCE <name> STEP <num>> MEMORY <%=

BEGIN STEP
REPEAT <N> . :
SELF.CAL <N> PRINT/PLOT <N>
SELF-TEST <N>=>: BizLL <N
LOAD PANEL . SRQG < N>
AUTOSETUP <Nz PAUSE < N>
MEASUREMENTS : PROTECT <N=>
: : END STEP
SET STEP ATTRIBUTES
NEXT SAVE
i L YiN STEP SEQ
Second-level menu for RECALL.
1st Labeled Sequence
2nd Labeled Sequence
nth Labeled Sequence
—- SELECT wuun
1 1 RECALL EXIT
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Table 5-2 (coni)

SETUP MENUS (cont)

Second-ievel menu for DELETE.

1st Labeled Sequence
2nd Labeled Sequence

nth Labeled Seauence

< SELECT
| ! DELETE EXIT

Second-levet menu for EDIT.

1st Labsled Sequence
2nd Labeled Sequence

nth Labeled Sequence

weee SELECT -
T 1 EDIT  COPY  EDIT

Third-levet menu for EDIT,

SELECT STEP DELETE
7 TO BUF ADD EXIT
Fourth-level menu for ADD.
LOAD
BUFFER EXIT

Third-level menu for COPY.
USE ARROW KEYS TO CHANGE NAME:

ACLL-CHARS CURSOR
T i <> SAVE EXIT
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Table 5-2 {cont)

SETUP MENUS (cont)

MEASURE

MEAS SETUP DISPLAY  WINDOW
SNAPSHOT TYPE ONIOFF ON:IOFF

Second-levet menu for SNAPSHOT when more than one source is displayed.

TARGET:
CH1 CH2 ADD/MULT REF

Dispiay that results from pressing SNAPSHOT when oniy one source
is displayed, or selecting a waveform in the TARGET menu.

SNAPSHOT READOUT:
SNAPSHOT OF CHx USING MIN/MAX METHOD:
DIS= 435V TOP =501V WID =20.3:8
MES— 2.12V BASE== 2.00mV DUTY ==50%
PRX = —1.23mV MEAN=2.32 V FREQ=24.8kH
MAX = 515 V QVRS= 2.0% PER =40.645
MiD= 2,47 V UNDS~ 1.0% RISE=28.4n8
MIN= 21 4mV RMS= 265V FALL=18.3n8
P-P =536V AREA=-47.5nVs
DIST=90.0% MES =50.0% PROX=10.0%
AGAIN 1

AGAIN: Extracts a new set of parameters.
1: Beturns the scope to the MEASURE menu.

Second-level menu for MEAS TYPE.

The Continucus-Update parameter extraction function is executed by
selecting up to four parameters for display from & parameter matrix.
Pushing the menu button labeled MEAS TYPE calis up the parameter
selection menu:

DISTAL MESIAL PROX MAX MID
MIN PK-PK TOP BASE MEAN
OVRSHT UNDRSHT BRMS AREA WIDTH
DUTY FREQ PERIOD RISE FALL
DELAY

- - & ON OFF
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Table 5-2 {coni)

SETUP MENUS (cont)

Thirddevel TARGET menu for MEAS TYPE when more than one source
is dispiayed and DELAY is not selected in the parameter matrix.
(Selection of DELAY as the parameter to be extracted calls up

different third-level TARGET menus.)

TARGET
CH1 CH2 ADD/MULT REF

Fourth-level menu for MEAS TYPE when REF is selected in the TARGET menu.

TARGET
REF1 REF2 REF3 REF4

Thirg-level menu for MEAS TYPE when more than one source is
displayed and DELAY Is selected in the parameter matrix.

DELAY FROM
TARGET
CH1 CH2 ADD/MULT REF

Fourth-level many for MEAS TYPE when CH1, CH2, or ADR/MULT

is selected in the DELAY FROM TARGET menu. (The scope must

be in B Horizontal mode with A TIME on. This menu does not

appear if CHT or CH2 is selected in the DELAY FROM TARGET menu
when both CH1 and CH2 are displayed.)

DELAY FROM
TARGET
DELAY1 DELAYZ2

Fourth.-level menu for MEAS TYPE when REF is selected
in the DELAY FROM TARGET menu.

DELAY FROM
TARGET
REF1 REF2 REF3 REF4

Third-level menu for MEAS TYPE when more than ong source is
dispiayed and a selection is made in the DELAY FROM TARGET menu.

DELAY TO
TARGET
CH1 CH2 ADD/MULT REF
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Table 5-2 {cont)

SETUP MENUS (cont)

Fourth-devel menu for MEAS TYPE when CH1, CH2, or ADD/MULT
is selected in the DELAY TO TARGET menu. {The scope must

be in B Horizontal mode with A TIME on when DELAY is

selected in the parameter matrix. This menu does not appear

if CH1 or CH2 is selected in the DELAY TO TARGET menu when
both CH1 and CH2 are displayed.)

DELAY TO
TARGET
DELAY? DELAYZ

Fourth-level menu for MEAS TYPE when REF is selected
in the DELAY TO TARGET menu.

DELAY 1O
TARGET
REF1 REF2 REF3 REF4

Second-level menu for SETUP,

wemnrne METHOD e MARK
MIN/MAX HIST CURSOR LEVEL ON!OFF

This menu is used to select the criteria for exiracting LEVEL.
Pressing the menu button labeled LEVEL displays a third-level menu for
specifying the DISTAL, MESIAL, and PROXIMAL levels on the waveform,

Third-level menu for LEVEL.

ADJUST LEVELS WITH CURSOR/DELAY KNOB
nn% m% n.nny Mm%
DISTAL MESIAL PROXIMAL MESIAL2%IVOLT
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Table 5-2 {coni}

SETUP MENUS (cont)

CUTPUT
STATUS SETUP DEBUG TRANSMIT/PLOT/PRINT)

STATUS calls up a display of most GPIB paramsters that
might interest a system user.

TRANSMIT/PLOT/PRINT) switches to ABORT when the function is active.
TRANSMIT/PLOT/PRINT) is off in L/ONLY and OFF BUS modes.

Second-level menu for SETUP.

CUTPUT SETUP
MODE TERM ADDR ENCDG

Third-tevel menu for MODE.
T/ONLY  L/ONLY Tt DEVICES OFF BUS

Selecting L/ONLY or OFF BUS turns off the TRANSMIT/(PLOT/PRINT) choice
in the OUTPUT menu.

Fourth-levet DEVICES menu.

HPGL THINKJET
PLOTTER PRINTER SETUP

Selecting HPGL PLOTTER or THINKJET PRINTER changes
TRANSMIT in the QUTPUT menu to PLOT or PRINT, respectively.

Fifth-level SETUP menu.

SETTINGS  TEXT GRAT WFM PGSIZE
ONIOFF ONJOFF ONiOFF ONIOFF  USiIA4

Fourth-level T/ONLY menu.

-- SEND CURVE -
ONLY  W/WFMPRE SEND PRGM
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Table 5-2 {cont)

SETUP MENUS (cont)

QUTPUT {cont}

Third-level TERM menu.
E0 LF/ECE

Third-level ADDR menu.

GPIB ADDRESS = nn
T 1

Third-leve! ENCDG mer.

~~~~~ WHOLE WFMS - PARTIAL WFMS
ASCI RP R RP

R

Ri encoding is two's-complement format. RF is positive-integer
format. At power-on the scope assumes that the data is formatted RI.
The user must select RP or send ENCDG RP if positive-integer

formats are to be interpreted correctly.

Second-level DEBUG menu.

DEBUG - MONITOR ---
ON:OFF BUSISCOPE INIQUT  SLOW

-SCREEN UPDATE-

PAUSE
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Performance Characteristics

= introduction

The TEKTRONIX 2432 Digital Oscilloscope is a portable, dual-channel instrument
with & maximum digitizing rate of 100 Megasamples per second. The scope is capable
of simuitansous acquisition of Channel 1 and Channel 2 input signals. It has a real-
fime useful storage bandwidth of 40 MHz for single-event acquisitions, and an
equivalent-time bandwidth of 300 MHz when repetitive waveforms are acquired in
REPET mode. Since the instrument acquires both channels simuitanecusly, the XY
display is available to full bandwidth. Options include a Word Recognizer Probe, Video
signat triggering, Probe Powaer, and Rackmounting.

The instrurent is microprocessor controlled and menu driven, Alphanumeric
readouts of the vertical and horizontal scale factors, trigger levels, trigger source, and
cursor measurements are displayed at the top of the screen. Menus, which allow the
user to select the operating mode, are displayed at the bottom of the screen.

A user decides what operation and mode setup is needed o make the desired
measurement and then selects the proper functions using a combination of front-panel
buttons and displayed menus.

Five menu buttons, mounted on the CRT bezel, are used to make selections from
the displayed menu eniries. The top line of the menu dispiay usually contains the menu
tite, and the bottom fine labels the buttons with their associated functions. Pressing a
beze! button selects the corresponding function and underlines its label in the menu.
The menus, system operating modes, and auxiliary functions are described In
Section 5, “Controls, Connectors, and Indicators.” The “Getting Acquainted”
procedure in Section 1 familiarizes the user with menu operation.
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Vertical System

The two vertical channels have calibrated deflection factors from 2 mVto 5V
per division in a 1-2-5 sequence of 11 steps. Coded probes having attenuation
factors of 1X, 10X, 100X, and 1000X are available. With a 1000X probe, the
minimum sensitivity is extended to 5,000 V per division; with a 1X probe in SAVE
or AVERAGE expanded mede, the maximum sensitivity is extended to 200 puV
per division.

VOLTS/DIV readouts are automatically switched to display a correct scale
factor when properly coded probes are attached. Each channel can be separately
inverted. ADD and MULT are display functions provided by the processor system.

in SAVE mode, the waveforms may be both horizontally and vertically
repositioned, expanded horizontally and vertically, added to each other, or
multiplied together for either XY or YT displays.

Horizontal System

Horizontal display modes of A, A INTEN, and B Delayed are avaitable. The time
base has 29 calibrated SEC/DIV settings in a 1.2.5 sequence from 2 ns per
division 1o 5 ¢ per division. An External Clock mode is provided that accepts
clocking signals from 1 MHz to 100 MHz,

The B trace and the intensified zone on the A INTEN trace may be delayed by
time with respect to the A trigger, and a DELAY by EVENTS function permits the A
disptay to be delayed by a selected number of B-Trigger events. tn the case of
DELAY by EVENTS, the B-Trigger SOURCE, COUPLING, SLOPE, and LEVEL
controls define the nature of the signal needed to produce friggering events, The
number of events required to satisfy the delay may be set from 1 to 65,536, with a
resolution of one event. The DELTA DELAY feature produces two independently
settable delayed B traces in DELAY by TIME mode.
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Trigger System

The trigger system of the scope provides many features for selecting and
processing a signal used for riggering the acquisition system. The conventional
features of SOURCE selection, Trigger LEVEL control, Trigger SLOPE, Trigger
MODE, and CPLG (coupling) include enhancements not normally found in a
conventional oscilloscope.

The choices of VERT, CH1 or CH2, EXT1 or EXTZ, LINE, and A*B or WORD
{16-bit data word recognition} are available as SOURCE selections for triggering A
Horizontal mode acquisitions. These sources for trigger signais provide a wide
range of applications involving specialized triggering requirements. Except for A*B
{A AND B) and LINE {power-source frequency), the same Trigger SOURCE
selections are available for triggering B acquisitions. The selected trigger signal is
conditioned by the choice of input CPLG {coupling). These coupling selections are
AC, DC, HF REJ, LF REJ, and NOISE REJ. LEVEL control provides a settable
ampiitude (with CRT readout) at which triggering will occur, and SLOPE control
determines on which slope of the triggering signal (pius or minus) the acquisition
is triggered.

Trigger MODE choices are AUTO LEVEL, AUTO, NOBM, and SINGLE SEG
(singte sequence), for the A and A INTENSIFIED modes, and Triggerabie After
Delay and Runs After Delay, for the B mode. AUTO LEVEL provides for automatic
leveling on the applied trigger signal. AUTC MODE produces an autematic trigger
in the event a trigger signat is elther not received or not within the limits needed to
produce a trigger event. When triggering conditions are met, a normal triggered
display resuits. At SEC/DIV settings of 100 ms per division and longer, the AUTO
mode switches to ROLL. In ROLL mode, the display is continually updated and
trigger signals are disregarded.

in NORM {normal) trigger mode, all triggeting requirements must be met before
an acquisition wiil take place. SINGLE SEQ (single sequence} mode is a variation
of the conventional single-shot displays found on many previous oscilloscopes. In
SINGLE SEQ, a single complete acquisition is done on all signal sources selected
in the VERTICAL MODE menu. Since an acquisition depends on the acquisition
mode in effect, many of the scope operating features are altered in SINGLE SEQ.
A complete description of this mode is discussed in Section 5, "Controls,
Connectors, and indicators.”

The user has a choice of trigger poinis within the acquired waveform record by
selecting the amount of pretrigger data displayed. The trigger location in the record
can be selected from among five pretrigger lengths beginning at one-eighth of the
record fength and increasing to seven-eighths of the record length. The Record
Trigger positions for the A and B acquisitions can be selected independently.
Additional trigger positions in the waveform record can be selected via the GPIB.
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Cursor Measuremenis

TIME and VOLTS cursors are provided for making parametric measurements
on the displaved waveforms. Time may be measured either between the cursor
positions {4) or between a selected cursor and the trigger point of an acquired
waveform {ABSolute). Time cursor readouts are scaled in seconds, degrees, or
percentage values. The 1/TIME cursors may be scaled in hertz {Hz), degrees,
or percentage.

Voltage cursor measurements on a waveform display can be selected o read
gither the voltage difference between the curser positions or the absolute voltage
position of a selected cursor with respect to ground. The volts measurement
readouts may be scaled in units of voits, decibels (dB), or percent. The VOLTS
cursors and TIME cursors may also be coupled to track together (V@T and
SLOPE) and assigned to a particular waveform for ease in making peak-to-peak
and slope waveform measurements. The units for vaT may ba volts, percent, or
dB; SLOPE may have units of slope (VOLTS/SEC), percent (VOLTS/VOLT), or dB.

Waveform Acguisition

Waveforms may be acquired in different modes, depending on the measurement
requirements. The acquisition modes of NORMAL, ENVELOPE, and AVG {average)
offer the user a wide range of measurement flexibility. NORMAL. mode provides a
contnuous acquisition producing a “live” waveform dispiay similar to that seen with
an analog oscilloscope. AVG (average) mode is especially usefut for improving the
signal-to-noise ratio of the displayed waveform. The visibility of small amplitude
signals that are masked by noise can be greatly improved for measurement and
analysis by averaging from 2 to 256 acquisitions, thereby removing
uncorrelated neise.

When REPETitive mode is on, the eguivalent-iime sampiing used for NORMAL
and AVG acguisition of periodic signals extends the useful storage bandwidih to
300 MHz. Randomly acquired data points taken from a periodic signal are used to
fill the complete record of the waveform display. Depending on the SEC/DIV
setting, as few as 4 samples {at 2 ns/DIV) or as many as 409 samples (at
200 ns/DIV) may be obtained on each trigger event. The user sees the waveform
display buitd up as dots untl the entire 1024 data point record is filled.
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ENVELOPE mode saves the maximum and minfmum data-point values over a
selected number of acquisitions from 1 to 256 or CONTinuously. The display
presents a visual image of changes to the waveform (its envelope) during the
accumulated acquisitions. Frequency, phase, amplitude, and position changes &are
easily identified when acquiring in ENVELOPE mode. The glitch-catching capability
of ENVELOPE mode can capture singie-event pulses as narrow as 2 ns at the
slowest SEC/DIV setting of 5 seconds per division.

Horizontally, the record length of acquired waveforms is 1024 data points (512
min/max pairs in ENVELOPE mode), of which 500 make up a one-screen display
(50 data points per division for 10 divisions). The entire record may be viewed by
using the Horizontal POSITION control o move any portion of the record within
the viewing area.

Storage and /O

Acquired waveforms can be saved in any of four nonvolatile REF waveform
mamories. Any or all of the stored reference waveforms can be displayed for
comparison with the waveforms currently being acquired. The user can designate
the source and destination of waveforms to be stored by assigning either channel 1
or channe! 2 (or the sum or product of the two channels) to any REF memory, or
by moving a stored reference waveform from one REF memory to another.
Reference waveforms can also be written into a REF memory location via
the GPIB.

As a standard feature, the scope is fully controilable and capable of sending
and receiving waveforms via the GPIB. This makes it ideal for use in a production
or research and development environment that calls for automated measurements
or repetitive data taking. Self- calibration and self-diagnostic features, which are
built into the scope to aid in fault detection and servicing, are also accessible via
commands sent from the GPIB controlier.

Ancther standard feature is the DEVIGES setting for GPIB control. This feature
allows the user to output waveforms (and other on-screen information) to one of
several printer/plotters from the scope front panel, providing a way to obtain hard
copies of acquired waveforms without puiting the scope into a system
controller envirenment.
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Extended Features

Several other features of this instrument that make it more usable are: HELP,
Auto Setup, MEASURE, and the AutoStep Sequencer.

The HELP function can be used to display operational information about any
front-panel control. When HELP mode is in effect, manipulating almost any front-
panel control causes the scope to display information about that control. When
HELP is first invoked, an introduction to HELP is displayed on screen.

The Auto Setup function is used to automatically set up the scope for a
particular kind of display based on the characteristics of the input signal. From a
menu called up by executing Autc Setup, the user can specify the particular feature
of the waveform for which the display is to be optimized {front edge, period, etc.).

MEASURE automatically extracts parameters from the input signal. In the
SNAPSHOT mode, 20 different waveform parameters are extracted and displayed
for a single acquisition. in the Continuous-Update mode, up fo four parameters are
extracted continuously as the instriment continues 1o acquire,

The AutoStep Sequencer (PRGM) allows the user to save and recail single
front-panel setups, or sequences of setups, with associated flow control and
Input/Cutput actions. MEASURE and QUTPUT can be Included in a sequence to
provide automatic parameter extraction and data printout. Depending on their
complexity, from 100 to 800 front-panel setups can be stored in one or
more sequences,

The complete descriptions of these four features are found in Section 5,
“Controls, Connectors, and Indicators.” (See Section 3, “Basic Applications,” for
examples of applications for Aute Setup, MEASURE, and the AutoStep
Sequencer.}
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The following items are standard accessories shipped with the oscilloscope:

el h ik ik ah bk sl ok wh o DO

Probe packages

Snap-lock aceessories pouch
Zip-lock accessories pouch
Operators manual
Programmer's Reference Guide
Users Reference Guide

Fuse

Power cord {installed)

Biue plastic CRT filter {installed)
Clear plastic CRTY filter
Front.panel cover

For part numbers and further information about standard accessories and a list
of the optional accessories, refer to Section 7, "Options and Accessories.” For
additional information on accessories and ordering assistance, contact your
Tektronix representative or local Tektronix Field Office.
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Performance Conditions

The electrical characterigtics given in Table 6-1 apply when the scope has been
calibrated at an ambient temperature between +20°C and 4-30°C, has had a
warmup period of at least 20 minutes, and is operating at an ambient temperature
between —15°C and +55°C (unless otherwise noted).

ltems fisted in the “Performance Requirerments” column are verifiable qualitative or
guantitative limits that define the measurement capabilities of the instrument.

Environmental characteristics are given in Table 6-2. The scope meets the
environmental reguirements of MIL.T-28800C for Type I, Class 3, Style D equipment,
with the humidity and temperature requirements defined in paragraphs 3.9.2.2, 3.8.2.3,
and 3.9.2.4. The rackmounted scope meets the vibration and shock requirements of
MIL-T-28800C for Type 11, Class 5, Style I equipment when mounted using the
rackmount rear-support kit suppiied with both the 1R Option and the Rackmount
Conversion kit.

Mechanical characteristics of the scope are listed in Table 6-3.

Video Option characteristics are given in Table 6-4.

Aecommended Adjustments Schedule

For optimum performance to specification, the internai SELF CAL. should
be done:

1. if the operating temperature is changed by more than 5°C since the last
SELF CAlL was performed.

2. immediately before making measurements requiring the highest degree
of accuracy.
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Table 6-1

Electricat Characteristics

Characteristics

Performance Reguirements

ACQUISITION SYSTE

M—CHANNEL 1 AND CHANNEL 2

Resclution

8 bits.

Displayed vertically with 25 digitization levels
(DL per div, 10.24 divisions dynamic range.

Record Length

1024 samples.

Displayed horizontally with 50 sampies/per
division, 20.48-division trace length.

Sample Rate 10 samples/sec to 100 megasamples per
second (5 sec/DIV to 500 ns/DIV).
Sensitivity
ARange 80 pV per DL to 0.2 Voits per DL in a 1-2-5
sequence of 11 steps (2 mV/DIV to § V/DIV).
Accuracy
Normat Within +{2% -+ 1 DL) at any VOLTS/DIV
and setting for a signal 1 kHz or less contained
Average within 75 Dis {3 divisions) of center when &
Modes SELF CAL has been performed within +15°C

of the operating temperature. Measured on & 4
or 5 division signal with VOLTS or V@T
cursors; UNITS set to deita voits.

Envelope Mode

Add 1% to Normal Mode specifications.

Variable Range

Continuously variable between VOLTS/DIV
settings. Extends sensitivity o 0.5 V per DL or

greater, 12.5 V per division ¢or greater,

a “t1 ¥ is the abbreviation for “digitization level®. A DL is the smallest voltage fevel

change that can be resolved by the

internal 8-bit A-D Converter, with the input scaled to

the VOLTS/DIV setling of the channel used. Expressed as a vollage, a DL is equal 1o 1/25
of a division fimes the YOLTS/DIV setling.

2432 Operators
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Tabie 6-1 (cont)

Characteristics

Performance Requirements

ACQUISITION SYSTEM—CHANNEL 1 AND CHANNEL 2 (cont)

Bandwidth

Bandwidth is measured with a leveied, low
distortion, 50- source, sine-wave generator,
terminated in 50 . The reference signal is set
at the lesser of 6 divisions or the maximum
leveled amplitude,

Bandwidth with probe is checked using a
probe-tip-10-GR (017-0520-00) termination
adapier.

Bandwidth with external termination is chacked
using a BNC 50-0 feed through terminator
{011-0049-01).

—3 dB Bandwidth

Normal or Average Mode, or
Envelope Mode with Repet
on and SEC/DIV at 0.2 us or
faster

—15°C to +30¢C
+30°C to +55°C

Using Standard accessory probe or internal
50-0 termination.

Dc to 300 MHz.

Reduce upper bandwidth limit by 2.5 MHz for
gach degree centigrade above 30°C.,

Envelope Mode with Repet
off or SEC/DIV at 0.5 us or
slower

Dc to 128 MHz using standard accessory
probe, internal 50-Q termination, or external
50-0 termination on 1-MQ input.

—4,7 d8 Bandwidth

Normal or Average Mode, or
Envelope Mode with Repet
on and SEC/DIV at 0.2 us or
fastar

~15°C to +30°C
+30°C to +55°C

Using 50-Q external termination on 1.M@ input.

Dc to 300 MHz.

Reduce upper bandwidth limit by 2.5 MHz for
each degree centigrade above 30°C,
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Table 6-1 (cont)

Characteristics

Performance Requirements

ACQUISITION SYSTEM-—CHANNEL 1 AND CHANNEL 2 {cont)

Single Event Useful Storage
Bandwidth

Normal or Average Mode;
REPET and SMOOTH off;
SEC/DIV at 0.5 ps or faster,

Be to 40 MHz (calculated useful storage
bandwidth-——USB.

F b
_ {sample freq maxy
Use 55

AC Coupled Lower —3 dB Point
1X Probe

10 Hz or less.@

10X Probe

1 Hz or less.2

Stap Response; Repet and Average
ON; Average Set to 18

Rise Time

1.17 ns or less {calculated)

. 350
Tin s} = R M)

Envelope Mode FPuise Response
with Repet off or SEC/DIV 4t 0.5 us
or slower.

Minimum Single Pulse Width for
50% or Greater Amplitude
Capture at 85% or Greater
Confidence

2 ns.

Minimurmn Single Pulse Width for
Guaranteed 50% or Greater
Amplitude Capture.

4 ns.

Minimum Single Pulse Width for
Guaranteed 80% or Greater
Ampiitude Capture.

B8 ns.

bgample frequency max, is 100 MHz.

2432 Operators
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Table 6-1 (cont)

Characieristics

Performance Requirements

ACQUISITION SYSTEM-—CHANNEL 1 AND CHANNEL 2 (cont)

Channef |sotation

100:1 or greater at 100 MHz for VOLTS/DIV
settings from 2 mV/DIV to 500mV/DIV. 50:1 or
greater at 300 MHz for VOLTS/DIV settings
from 20 mV/BIV to 500 mV/DIV. 25:1 or greater
at 300 MHz for VOLTS/DIV settings of

5 mV/DIV and 10 mV/DIV. Measured with a
10-division sine wave input, and egual
VOLTS/DIV settings on both channels.

Acquired Channel 2 Signal Delay
with Respect to Channel 1 Signal at
Full Bandwidth

+250 ps.

input B and C (1 MQ)
Resistance

1 MG+ 0.5%,

in each attermiator, the input resistance of ail
VOLTS/DIV positions is matched to within
0.5%.

Capacitance

15 pF +£2 pF.

in each attenuator, the input capacitance of all
VOILTS/DIV positions is matched to within
0.5 pF.

Input R (80 )
Resistance

50 @ +1%.

VSWR (DC to 300 MHz)

1.3:1 or better.

Maximum Input Voltage A

5V rms; 0.5 W sec for any one-second interval
for instantaneous voltages from 5 V to 50 V.

Maximum Input Voltages A

Input Coupling set to DC, AC,
or GNID

400 V (dc + peak ac); 800 V p-p ac at 10 kHz
or ess.

Common Mode Rejection Ratio
(CMRR); ADD Mode With Either
Channet! Inverted

At east 10:1 at 50 MHz for commen-mode
signals of 10 divisions or less with VARIABLE
VOLTS/DIV adjusted for best CMRR at 50 kHz.
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Table 8-1 {cont)

Characteristics

Performance Requirements

ACQUISITION SYSTEM—CHANNEL 1 AND CHANNEL 2 {cont)

POSITION
Range

+{9.3 to 10.4) divisions, at 50 mV per division
with INVERT off and when SELF CAL has been
done within =5°C of the operating temperature.

Gain Match Between NORMAL
and SAVE

+3 DLs for positions within +5 divisions from
center.

Low-Frequency Linearity

3 DLs or less compression or expansion of a
two-division, center- screen signal when
positiched anywhere within the acquisition
window.

20 MHz Bandwidth Limiter
-3 dB Bandwidth

13 MHz to 24 MHz.

50 MHz Bandwicith Limiter
—3 dB Bandwidth

40 MHz 10 55 MHz.

Rise Time

6.3 nsto 87 ns,

With a five-division, fast-rise step {rise time of
300 ps or less) using 50 2 DC input coupling
and VOLTS/DIV setting of 10 mV.

2432 Operators
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Table 8-1 {(cont)

Characteristics Performance Requirements

TRIGGERING—A and B

) Minimum Amplitude and frequency | = & mv at > 50 Hz.
for AUTO LEVEL Trigger and for
triggering an Auto Setup

Minimum P-P Sighal Ampiftude for
Stable Triggering from Channel 1,
Channel 2, or ADD*

A Trigger
DC Coupled 0.35 division from DC to 50 MHz, increasing to

1.0 division at 300 MHz; 1.5 divisions at
300 MHz in ADD mode.

NOISE REJ Coupled 1.2 divisions or less from DC to 50 Mhz,
increasing to 3 divisions at 300 MHz; 4.5
divisions at 300 MHz in ADD mode,

AC Coupled (.35 division from 60 Hz to 50 MHz; increasing
to 1.0 division at 300 MMz, 1.5 divisions at
300 MHz in ABE mode. Attenuates signals

belew 60 Hz.

HF REJ Coupled 0.50 division from DG to 30 kHz, Attenuates
signals above 30 kHz.

LF REJ Coupled 0.5C division from 80 kHz to 50 MHz increasing

to 1.0 division at 300 MHz; 1.5 divisions at
300 MHz in ADD mode. Attenuates signal

below 80 kHz,
B Trigger Multiply alt A Trigger specifications by 2.
A’B Selected Multiply alt A Trigger specifications by 2.

S4 siable trigger is one that results in & uniform, regular display triggered on the selected
slops. The trigger point must not switch between opposite slopes on the waveform, and the
display must not “roll” across the screen on successive acquisitions. The TRIG'D LED stays
constantly lit when the SEC/DHV setiing is 2 ms or faster, but may flash when the SECIV
getting is 10 ms or slower.
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Table 8-1 {cont)

Characteristics

Performance Requirements

TRIGGERING—A AND B (cont}

Minimum P-P Signal Amplitude for
Stable Triggering from EXT TRIG 1
or EXT TRIG 2 Source®

A Trigger
Ext Gain ~ 1
DG Coupled

17.5 mV from DC 10 §0 Mz, increasing o
50 mV at 300 MHz.

NOISE REJ Coupled

60 mV or less from BC to 58 MHz; increasing
1o 150 mVY at 300 MHz .

AC Coupiled

60 Hz.

17.5 mV from 60 Hz to 50 MHz, increasing to
50 mV at 300 MHz. Attenuates signals below

HF REJ Coupled

25 mV from DC to 30 kHz.

LF REJ Coupled

25 mV from BO kHz to 50 MHz; increasing to
50 mV at 300 MHz.

Ext Gain = +5 Amplitudes are five times those specified for Ext
Gain = 1,
8 Trigger Multiply all A Trigger amplitude specifications by

fwo.

A*B Selected

two.

Muitiply all A Trigger amplitude specifications by

CA stable trigger is one that results in a uniform, regular display triggered on the selected
slope. The trigger point must not switch between opposite slopes on the waveform, and the
display must not “roll” across the screen on successive acquisitions, The TRIG'D LED stays
constantly it when the SEC/DIV setting is 2 ms or faster, but may flash when the SEC/DIV

setting is 10 ms or slower.

2432 Cperators
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Tabie 8-1 {cont)

Characteristics

Performance Requirements

TRIGGERING A and B (cont)

Maximum P-P Signal Rejected by
NOISE REJ Coupling within the
Vertical Bandwidth

Channei 1 or Channel 2 Source

0.4 division or greater for VOLTS/DIV settings
of 10 mV and higher,

EXT TRIG 1 or EXT TRIG 2
Source

20 mV or greater when Ext Trig Gain = 1.
100 mV or greater when Ext Trig Gain = 5.

EXT TRIG 1 and EXT TRIG 2 Inputs

Resistance

1M 1%,

Capacitance

15 pF =3 pF.

Maximum Input Voltage

400 V (dc + peak ac); 800 V p-p ac at 10 kHz
or less.

L.EVEL Control Range

Channei 1 or Channel 2 Source

+18 divs X VOLTS/DIV setting.

EXT TRIG 1 or EXT TRIG 2
Source

EXT GAIN -

i
_

+{1.9 volts.

EXT GAIN

i
g
¢l

4.5 volts.
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Table 6-1 {coni}

Characterisiics

Performance Requirementis

TRIGGERING A and B (cont)

LEVEL Readout Accuracy (for
triggering signais with transition
times greater than 20 ns)

Channel 1 or Channel 2 Source

DC Coupled
+15°C to +35°C

Within = [3% of setting -+ 3% of p-p signal +
{0.2 division x VOLTS/DIV setting} + 0.5 mV
+ (0.5 mV X prcbe attenuation facton.

—15°C to +55°C
{(excluding +15°C to
+35°C)

Add (1.5 mV X probe attenuation) to +15°C to
+35°C specification.

NOISE REJ Coupled

Add +{0.6 division x VOLTS/DIV setting) to
DC Coupled specifications.

Checked at 50 mV per division.

EXT TRIG 1 or EXT TRIG 2
Source

EXT GAIN = 1
DC Coupled

Within :[3% of setting -+ 4% of p.p signat -
10 mV + {0.5 mV X probe attenuation factor)l.

NOISE REJ Coupied

Add =30 mV to DC Coupled specifications.

EXT GAIN =-+5
CC Coupled

Within £[3% of setting + 4% of p-p signai +
50 mV + (0.5 mV x probe attenuation factor)].

NOISE REJ Coupled

Add =150 mV to DC Coupled specifications.
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Tabtle 8-1 (cont)

Characteristics Performance Requirements
TRIGGERING—A AND B {cont)
Variabie A Trigger Holdo# A SEC/DIV MIN HO MAX HO
2ns
5ns
19 ns
20 ns 2.4 ps 15 us
50 ns
100 ns
200 ns
800 ns 5-10 us
1us 10-20 us
2 us 20-40 us 160-150 us
5 s 50-100 ps
10 us 0.1-0.2 ms
20 us 0.2-0.4 ms 1-1.5ms
50 us 0.5-1.0ms
100 us 1-2 ms
200 us 2-4 ms 10-15 ms
500 us 5-10ms
1 ms 10-20 ms
2ms 20-40 ms 80-150 ms
5ms 50-100 ms
10 ms 0.1-02s
20ms 0204s 69-156s
50 ms 5-10s
100 ms 1-2s
200 ms 2.4 g
500 ms
1s 510 s 9-15s
2s
5s
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Tabie 61 (cont)

Characteristics

Performance Requirements

TRIGGERING—A AND B (coni}

SLOPE Selection

Conforms to trigger-source waveform and ac-
power source waveform.

Frigger Position Jitter (p-p}

SEC/DIV 0.5 us per Division or
Greater

A and B Triggered Sweeps

0.04 x SEC/DIV setting.

B RUNS AFTER Delay

0.08 x SEC/DIV setting.

SEC/DIV 0.2 us per Division or
Less

(0.04 x SEC/DIV setting) + 200 ps.

Checked at 2 ns/DIV in ENVELOPE ACQUIRE
mode with REPET ON using & 5-diviston step
having less or equal to 1 ns rise time.

TIME BASE

Sample Rate Accuracy

Average Over 100 or More +0.001%.
Sampies
External Clock
Repetition Rate
Minimum 1 MHz.
Maximum 100 Mz,
Events Count 1 1o 65,536.
Events Maximum Repetition Rate 160 MHz.

2432 Operators
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Table 6-1 {cont)

Characteristics

Performance Requiremenis

TIME BASE {coni)

Signal Levels Required for EXT
Clock or EVENTS

Channel 1 or Channel 2
SOURCE

DC Coupled

0.7 division from DC to 20 MHz; increasing to
2.0 division at 100 MHz; 3.0 divisions at
130 MHz in ADD mode.

NOISE REJ Coupled

2.4 divisions or tess from DC to 20 MHz;
increasing fo 6.0 divisions at 100 MHz; 9.0
divisions at 100 MHz in ADD mode.

AC Coupled

0.7 division from 60 Hz to 20 MHz; increasing
o 2.0 divisions at 100 MMz 3.0 divisions at
100 MHz in ADD mode. Attenuates signals
below 60 Hz.

HF REJ Coupled

1.0 divisions from DG to 30 KHz. Attenuates
signals above 30 kHz.

LF REJ Coupled

1.0 division from 80 kHz o 20 MHz; increasing
to 2.0 divisions at 100 MHz; 3.0 divisions at
100 MHz in ADD moede, Attenuates signals
below 80 kHz.

EXT TRIG 1 or EXT TRIG 2 Source
Ext Gain = 1
DC Coupled

35 mV from DC to 20 MHz; increasing to
100 mV at 100 MHz.

NOISE REJ Coupled

120 mV or less from DG to 20 MHz; increasing
0 300 mV at 100 MHz.

AC Coupled

35 mV from 60 Hz to 20 MHz; increasing to
100 mV at 100 MHz. Attenuates signals below
60 Hz.

HF REJ Coupled

50 mV from DC to 30 kHz.

LF REJ Coupled

50 mV from 80 kHz to 20 MHz; increasing {0
100 mV at 100 MHz.

Ext Gain = +5

Amplitudes are five times those specified for Ext
Gain = 1.
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Table 6-1 {coni}

Characieristics

Performance Regquirements

TIME BASE (cont)

Delay Time Range

(0.04 % B SEC/DIV) to (65,536 X 0.04 X B
SEC/DIV).

Delay Time Acouracy

Same as the sample rate accuracy.

Detay Time Resolution

The greater of (0.04 X B SEC/DIV) or 20 ns.

NONVOLATILE MEMORY

Front-Panel Setting, Waveform
Data, Sequencer, and Calibration
Data Retention Time

Greater than 3 years.

Battery

3.6 Voit, 1.6 Amp Hour, Lithium Thionyl
Chioride; Manufacturer EAGLE PICHER, Type
LTC16P/P, TEK Part Number 146-0062-00; UL
Listed. (See Warning below.)

WARNING

To avoid personal infury, observe proper
procedures for handiing and disposal of lithium
batterfes. Improper handling may cause fire,
axplosion, or severe burns. Don't recharge,
crush, disassemble, heat the battery above
212°F {100°C), incinerate, or expose contents
of the battery to water, Dispose of battery i
acecordance with local, state, and national
regulations. Typically, small quantities (less than
20) can be safely disposed of with ordinary
garbage in a sanitary landfill. Larger quantities
must be sent by surface fransport fo a
hazardous waste disposal faciity. The batteries
should be individually packaged to prevent
shorting and packed in a sturdy container that
is clearly fabeled “Lithium Batteries—-DO NOT
OPEN."

2432 Operators
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Table 6-1 {cont)

Characteristics

Performance Reqguirements

SIGNAL QUTPUTS

CALIBRATOR

Voltage {with A SEC/DIV switch
set to 1 ms)

CALIBRATOR output amplitudes at 5 MHz are
at least 50% of output amplitudes at 1 ms
SEC/DIV setting,

1 M Load 04V £1%.
50 ¢ Load 0.2V +1.5%.
Current (short circuit load with A| 8 mA £ 1.5%.
SEC/DIV switch set to 1 ms)
Accuracy +0.001%.
Symmetry Buration of high portion of output cycle is 50%

of output period = (lesser of 580 ns or 25% of
period),

CH 2 SIGNAL OUTPUT
Output Voitage

20 mV per division £ 10% into 1 MQ.
10 mv/Division +10% into 50 Q.

Offset

+10 mV into 50 §, when dc balance has been
performed within £5°C of the operating
temperature.

—3 dB Bandwidth

DC to greater than 50 MHz.

A TRIGGER, RECORD TRIGGER,
and WORD RECOGNIZER Qutput

Logic Polarity

Negative true. Hi to 1.0 transition indicates the
trigger occurred.

Output Voltage HI
Load of 400 pA or less

25Vio35V.

50-Q Load to Ground

045 V or greater.

Output Voitage LO
Load of 4 mA or less

0.5 V or less.

50-0 Load to Ground

0.15 V or less.
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Table 8-1 {cont)

Characteristics

Performance Requirements

SIGHAL OUTPUTS (cont)

SEQUENCE QUT, SEQUENCE
COMPLETE Outputs

Logic Polarity

Negative true. HI to LO transition indicates the
event occurred.

Qutput Voliage Hi
Load of 400 uA or less

25Vw035V.

50-Q Load to Ground

0.45 V or greater.

Output Voltage L.O
lL.oad of 4 mA or less

40.5 V or less.

50-Q Load to Ground

.15 V of less.

SEQUENCE iN Input
f.ogic Polarity

Negative true. HI to LO transition restarts a
paused sequence.

High-Level Input Current

20 gA maximum &t Vin = 2.7 V.

Low-Level input Current

-0.4 mA maximum at Vin = 0.4 V.

High-Level Input Voltage

2.0 V minimum.

Low-level Input Voltage

0.8 V maximum.

Absolute Maximum Ratings

Vin max

+7.0V.

Vin min

—05 V.

2432 Operators
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Table 8-1 {cont)

Characteristics

Performance Requirements

DISPLAY
Graticule 80 mm X 100 mm (8 x 10 div).
Phosphor P31.
Nominal Accelerating Potential 16 kV.

Waveform and Cursor Dispiay,
Verticat
Resolution, Electrical

One part in 1024 (14 bit). Calibrated for 100
points per division.

Gain Accuracy

Graticule indication of voitage cursor difference
is within 1% of CRT cursor readout valus,
measured over center six divisions.

Centering; Vectors OFF
Offset with Vectors ON

Within + 0.1 division.
l.ess than .05 division.

Linearity

Less than 0.1 division difference between
graticule indication and CRT cursor readout
when active VOLTS cursor is positioned
anywhere on screen and inactive cursor is at
center screen.

Vector Response
NORMAL Mode
Step Aberration

+4%, —4%, 4% p-p.

Fill

Edges of filled regions match reference lines
within 0.1 division,

ENVELOPE Mode
Fill

Less than 1% change in p-p amplitude of a 8-
division, filled ENVELOPE waveform when
switching vectors ON and OFF.
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Table 6-1 (cont)

Characteristics

Performance Requiremenis

2

iSPLAY (cont)

Waveform and Cursor Display,
Horizontal

Resoiution, Electrical

One part in 1024 (10 bit). Calibrated for 100
points per division.

Gain Accuracy

Graticule indication at time cursor difference is
within 1% of CHT cursor readout value,
measured over center 6 divisions.

Centering, Vectors OFF
Offset with Vectors ON

Within £90.1 division.
Less than 0.05 division.

Linearity

Less than 0.1 division difference between
graticule indication and CRT cursor readout
when active time cursor is positioned anywhere
along center horizontal graticule line and
inactive cursor is at center screen.

AC POWER SOURCE

Source Voitage
Nominal Ranges
115V

S0Vio132 V.

230 vV

180 V to 250 V.

Source Frequency

48 Hz to 440 Hz.

Fuse Rating

5 A, 250 V, AGC/3AG, Fast Blow; or 4 A,
250V, 5 x 20 mm Time-Lag (T}

Each fuse type requires a different fuse cap.

Power Consumption
Typical {standard instrument)

160 watts (250 VA).

Maximum (fulty-optioned
instrument)

200 watts {300 VA).

Primary Grounding®

Type test 0.1 @ maximum. Routine test to check
grounding continuity between chassis ground
and protective earth ground.d

YRouting test is with ROD-L/EPA Electronic Model 100AV Hi-Pot Tester. This tests both the
Primary Circuit Diefectric Withstand and Primary Grounding in one operation. Contact
Tektronix Product Safety prior to using any other piece of equipment to perform these tests.

2432 Operators
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Table 6-2 {cont)

Characteristics

Performance Requirements

RACKMOUNTED INSTRUMENT

Environmental Requirements {cont)

Temperature {operating;

tisted characteristics for vibration and shock
indicate those environments in which the
rackmounted instrument meets or exceeds the
requirements of MIL-T-28800C with respect to
Type 11, Class 5, Style D equipment with the
rackmounting rear-support kit instalied. Refer to
the Standard instrument Environmental
Specification for the remaining performance
requirements. Instruments will be capable of
meeting or exceeding the requirements of
Tektronix Standard 062-2853-00, class 5.

—18°C to +55°C, ambient temperature
measured at the instrument’s air inlet. Fan
exhaust temperature should not exceed
+65°C.

Vibration

156 minutes along each of three major axes at a
fotal displacement of 0.0'15 inch (0.38 mm) p-p

(2.3 g at 55 Hz), with frequency varied from

10 Hz to 55 Hz to 10 Hz in one-minute sweeps.
Hold 10 minutes at each major resonance, or if
nG major resonance is present, hold 10 minutes
at 55 Hz (75 minutes total test time),

Shock {operating and noncperating}

30-g, half-sine, 11-ms duration, three shocks
per axis in each direction, for a total of 18
shocks.
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Table §-3

Mechanical Characteristics

Characteristics

Description

STANDARD INSTRUMENT

Weight

With Front Cover, Accessories,
and Accessories Pouch

12.8 kg (28.1 Ibs).

Without Front Cover,
Accessories, and Accessories
Pouch

10.9 kg (23.9 Ibs).

Domestic Shipping Weight

16.4 kg (36 Ibs).

Ovaerall Dimensions

Height

With Feet and Accessories
Pouch

See Figure 8-1 for & dimensional drawing.

190 mm (7.48 in).

Without Accessories Pouch

160 mm (6.3 in).

Width (with handie)

330 mm {130.0 in}.

Depth

With Front Cover

479 mm (18.86 in).

With Handle Extended

550 mm (21.65 in).

Cooling Forced &ir circulation; no air filter.

Finish Tek Blue vinyl-clad material on alurminum
cabinet.

Construction Aluminum-aloy/plastic composite chassis

(spot-molded). Plastic-laminate front panel.
Giass-laminate circuit boards.

2432 Operators
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Tabie 6-3 (conl)

Characteristics

Description

RACKMOUNTING

Rackmounting Conversion Kit

Weight

4.0 kg (8.8 Ibs).

Domestic Shipping Weight

6.3 kg (13.8 Ibs).

Height 178 mum (7 in).
Width 483 mm (19 in).
Depth 419 mm (16.5 in).

Rear Support Kit

Weight

0.68 kg (1.5 Ibs).

QPTION 1R

Rackmounted Instrument
{Option 1R}

Weight 15.8 kg (34.9 Ibs).
Domestic Shipping Weight 18.1 kg (39.2 Ibs).
Height 178 mm (7 in).
Width 483 mm (19 in}.
Depnth 419 mm (6.5 in).
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Table 6-4

Video Option 05 (TV Trigger) Electrical Characteristics

Characteristics

Performance Requirements

VERTICAL—CHANNEL T AND CHANNEL 2

Frequency Response

Full Bandwidth
50 kHz to 5 MHz

Within x 1%.

Greater than 5 MHz to
10 MHz

Within -+ 1%, —2%.

Greater than 10 MHz to
30 MHz

Within +2%, —3%.

For VOLTS/DIV switch settings between 5 mV
and 0.2 V per division with VARIABLE
VOLTS/DIV set to CAL. Five-division, 50-kHz
reference signals from a 50-{} system. With
external 50-0 termination on a 1-MQ input.

20 MHz Bandwidi Limit
50 kHz 10 5 kHz

Within 4-1%, - 4%.

Square Wave Flatness
Field Rate
5 mV/DIV to 20 mvV/DIV

+ 1%, 1% p-p &t 60 Hz with input signal of
0.1V,

50 mv/DIV

+1%, 1% p-p at 60 Hz with input signal of
1.0V.

With fast-rise step (rise time 1 ns or less), 1-MQ
de input coupling, an external 50-Q termination,
and VARIABLE VOLTS/DIV set to CAL.
Exclude the first 20 ns following the step
fransition and exciude the first 30 ns when

20 MHz BW LIMIT is set.

Line Rate

5 mV/BIV to 20 mV/DIV

+ 1%, 1% p-p at 15 kHz with input signal of
01V,

50 mV/DIV

+1%, 1% p-p at 15 kHz with input signal of
1OV,

2432 Cperators
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Table -4 {cont)
Video Option 05 (TV Trigger) Electrical Characteristics

Characteristics Performance Requirements

VERTICAL-CHANNEL 1 AND CHANNEL 2 (cont)

TV (Back-Porch) Clamp {CH 2 only)
60 Hz Attenuation 18 dB or greater.
For VOLTS/DIV switch settings between 5 mV

and 0.2 V with VARIABLE VOLTS/BIV set to
CAL. Six-division reference signat,

Back-Peorch Reference Within + 1.0 div of ground reference.
TRIGGERING
Sync Separation Stable video rejection and sync separation from

sync-positive or sync-negative composite video,
525 to 1280 fines, 50 Hz or 80 Hz, interlaced or
nonintertaced systems,

Trigger Modes
A Horizontal Mode All Lines:

Figld 1, selected line (1 to n),

Field 2, selected line (1 to ),

Aft fields, selected line (1 to n}.

n is equal to or less than the number of fines in
the frame and less than or equal 10 1280.

B Horizontal Mode Delaved by time.,
Minimum Input Signal Amplitude for
Stable Triggering
Channel 1 and Channel 2
Composite Video 2 divisions.
Composite Sync 0.6 division.

Peak signal amplitude within 18 divisions of
input ground reference.

EXT TRIG t or EXT TRIG 2

EXT GAIN = 1
Composite Video 80 mV.
Composite Sync 30 mV.

Peak signal amplitude within +£0.9 V from input
ground reference.
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Table 6-4 (coni)

Characteristics Performance Requiremenis
TRIGGERING (cont}
Minimum Input Signai Amplitude for
Stable Triggering
Channel 1 and Channel 2
Composite Video 2 divisions.
Composite Sync 0.8 division.

Peak signal amplitude within 18 divisions of
input ground reference.

EXT TRIG 1 or EXT TRIG 2

EXT GAIN =1
Composite Video 60 mv
Composite Syne 0 my

Peak signat amplitude within 0.9 V from input
ground reference.

Channel 1 and Channel 2

Composite Video

2 divisions.

Composite Sync

0.6 division.

Peak signal amplitude within 18 divisions of
input ground reference.

EXT TRIG 1 or EXT TRIG 2

EXT GAIN = 1
Composite Video 80 mv
Composite Sync 30 mv

Peak signal amplitude within = 0.9 V from input
ground reference.,

EXT GAIN = +5

Composite Video

300 mv

Composite Sync

150 mv

Peak signal amplitude within +4.9 V from input
ground reference.

2432 Operators
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Table 6-8
Video Option 05 {TV Trigger) Environmental Characteristics
Characteristics Performance Requirements
Environmental Requirements Same as the standard scope Digital
Oscifloscope.
Tabie 6-6
¥ideo Option 05 {TV Trigger) Mechanical Characteristics
Characteristics Performance Requirements
Weight Same as the standard scope Digital
Oscilfoscope.
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Options and Accessories

Options Descriptions

This section contains a general description of the options available for the 243z
Digital Storage Oscilloscope when the manual was published. The options are:

Options A1-A5 International Power Cords
Option 1R Rackmouriting

Opticn 03 Word Recognizer Probe
Option 05 Video Option

Option 11 Probe Power

Operating instructions for the Video Option and the Word Recognizer Probe
Option/Optional accessory follow the general descriptions. A complete list of standard
accessories supplied with the instrument and a list of suggested optionat accessories,
each identified by part number, is included at the rear of this section.

Additional information about instrument options, option availability, and other
accessories can be obtained from the current Tektronix Products Catalog or by
contacting your local Tektronix Field Office or representative.
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Options A1-AS—international Power Cords

Instruments are shipped with the detachable power-cord configuration ordered
by the customer. Descriptive information about the international power-cord
options is provided in Section 1, “Preparation for Use.” The foliowing list identifies
the Tektronix part number for the available power cords.

Universal Euro

Power cord {2.5 m}) OPTION At
UK

Power cord (2.5 m} OPTION A2
Australia

Power cord {2.5 m) QPTION A3

North America

Power cord (2.5 m) OPTION A4
Switzerland
Power cord (2.5 m) OPTION A5

Option 1R—Rackmounting

When this instrument is ordered with Option 1R, it is shipped in a configuration
that makes it easy to instalt in a 19-inch-wide equipment rack. An optional
rackmounting kit may be ordered to convert the standard instrument to a
rackmounted instrument. Instalfation instructions for rackmounting are provided in
the documentation supplied with the rackmounting kit and the 1R Option.

The rear-support kit supplied with the option must be used the ensure that the
rackmounted instrument will meet ali the electrical and environmental specifications
of the standard instrument.

Connector-mounting holes are provided in the front panel of the rackmounted
instrument. These holes make it possible to gain front access to the rear-panet
BNC connectors, or rear access to the front-panel Vertical Channel and External
Trigger connectors. The user decides which signals to route through the
rackmounting front panei. Although the user must supply any additional cables and
connectors needed for through-panel access, the necessary items can be orderad
from Tektronix, Inc.
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Option 03— Word Recognizer Probe

The Word Recognizer Probe is available as an option or can be ordered as an
optional accessory. In either case, it is used fo trigger the instrument on a user-
selected paraliel TTL data word. The Probe recognizes a word having 16 bits plus
a 17th qualifier bit. Each bit can be 0, 1, or X (dor't care}. Either recognition can be
synchronous with the rising or the falling edge of an external clock signal, or it can
be asynchronous.

The standard 2432 Digital Oscilloscope includes the hardware and firmware
needed for using the Word Recognizer Probe. If your instrument was purchased
withcut Option 03, it is only necessary to purchase the Word Recognizer Probe as
an optionat accessory. If your instrument was purchased with Option 03, the Word
Recognizer Probe was included.

Option 05— Video Option

Option 05 provides an aid in examining composite video signals. With the
Video Option instalied, all basic instrument functions remain the same, but some
menus are changed. These changes are shown in Table 5-2, “Contrel Menus and
Displays” of Section 5, Controfs, Connectors, and Indicators. Features of this
option include a sync separator, back-porch clamp circuitry, TV trigger coupling
modes, and adjustment for closer tolerance on the 20-MHz BANDWIDTH LIMIT.
This option permits the user to trigger on a specific line number within a TV field
and provides sync-polarity switching for either sync-negative or sync-positive
composite video signals.

Option 11—Probe Power

Option 11 provides two probe-power connectors on the rear panel of the
— instrument, Voltages supplied at the PROBE POWER connectors meet the power
requirements of standard Tektronix active oscilloscope probes.
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Opiion Operating Informaition

Video Options

Introduction

This instrument, with the Video Trigger (Option 08} installed, contains
additional hardware and software components to simplify the triggering and
viewing of video sighals. All standard instrument operating controls and
features remain unchanged. The Video Option is fully controliable via the GPIB.
GPIB commands for the Video Option are given in the Programmers
Reference Guide,

Features of this option include a sync separator, back-porch clamp circuitry,
TV trigger coupling modes, and adjustment for closer tolerance on the 20-Mhz
bandwidth limit. This option permits the user to trigger on a specific line number
within a TV field and provides sync polarity switching for either sync-negative or
sync-positive compaosite video signals.

Both system-M and nonsystem-M operation are available, providing
compatibility with most U.S. television signal line-numbering formats, Stable
video rejection and sync separation is obtained from the sync-positive or sync-
negative, interiaced or non-interlaced scan, composite video signals having 525
{o 1280 horizontal lines per frame and 58- or 60-Hz field rates.

Video Option Accessories

In addition to the standard accessories supplied with the 2432, the foliowing
accessories are provided when Option 05 is installed in the instrument:

1 CCIR Graticule, Tektronix Part Number 378-0198-04
1 NTSC Graticule, Tektronix Part Number 378-0199-05
Video Option Specifications

The electrical characteristics of the Video Option are listed in Table 6-4 in
Section 6 of this manual. Ali other electrical, environmental, and mechanical
characteristics are the same as for the standard instrument.
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General Operation

Selecting VIDEO in the A TRIGGER COUPLING menu enables the sync
separator circuitry of the Video Option. Pressing the front-panel button labeled
SET VIDEQ calis up the control menu for setting up the operating mode of the
Video Option.

CLAMP {CHANNEL 2 ONLY). The Channel 2 back-porch clamp circuit is
used to stabilize TV waveform dispiays by removing unwanted hum or tilt from
displayed waveforms. With the CLAMP function on, the back-porch fevel of the
video signal displayed on CH 2 will be held near ground level. Clamp circuit
operation will be unpredictable if the Channet 2 signal is not a composite video

: or composite sync signal or if the scope is not being triggered with video
- sync signals.

if the back-porch clamp is enabled without a video sync signal applied to
the sync separator, the CH 2 trace may drift vertically, which is normal.
When the back-porch clamp is turned off, regular operation is restored.

When any front-panet change is made while back-porch clamp is enabled,
the display may jump vertically. However, the back-porch clamp circuit wilt
return the back-porch level to its previous position.

FIELD TRIGGERING. Either FIELD 1 or FIELD 2 in interlaced video signals
may be setected for triggering. ALT (alternate field triggering) causes the
triggering to alternate between the two fieids.

With field triggering selected (Field 1 only for noninterlaced video signals),
the A TRIGGER LEVEL/FIELD LINE # knob is used to select a specific fine
within the field on which 1o trigger. Line numbers may be selectad from 1 to
the maximum number of lines per frame in the video signal being viewed,
The acquisition will frigger on the chosen horizontal line sync pulse after all
holdoffs have been satisfied. In an interiaced TV signal, Field 1 has one
more line than Field 2; however, the last line in Field 1 is not accessible
when alternate (ALT) field triggering is selected because the line counter
counts only to the highest common line number,
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7-8

SYSTEM SELECTION. Selecting system-M or nonsystem-M operation is
accomplished using the SYSTEM menu under EXTENDED FUNCTIONS. In
systermn-M operation, line counting begins three lines before the field syne; in
nonsystem-M operation, line counting starts just after the field sync.

SYNC POLARITY. Sync polarity is selected with the A Trigger
SLOPE/SYNC front-panel button. When VIDEQ Coupling is selected, the
SLOPE/SYNC selector button controls the signal pofarity applied to the sync
separator and operates independently of the SLOPE selection for the A and B
Trigger signals, SYNC polarity for correct sync separator operation is chosen
as follows.

For composite-video signal inputs (at the input BNC) with positive-going
syne and negative-going picture information, the SLOPE/SYNC is set to +
(plus). For composite-video signal input with negative-going sync, the
SLOPE is set to — (minus). The INVERT feature of the Vertical inputs has
no effect on the polarity of the trigger signal to the Video Option
sync separator,

Sefting Up the Video Option

Pressing the SET VIDEO front-panel button calls up the following menu.
{See Section 5, ltem 37}

A VIDEGC COUPLING CLAMP
FIELDT FIELD2 ALT TV LINE ONIOFF

FIELD1: Acquisition is triggered on a selected line during Field 1 of the
input video signal. The line number and field indicator (YVF1) are
displayed in place of the normal A-Trigger Level and Source
readout.

FIELDZ: Acquisition is triggered on a selected line in Field 2 of the input
video signal. When Field 2 is the selected field, TVF2 is the
dispiayed indicator in front of the line number readout. An input
signal must be interlaced to activate and display FIELD 2 in the
SET TV menu.

2432 Operators




Options and Accessories

NOTE

The Video Option circuifry does not detect the color-burst phase or
Bruch Sequence color burst bianking information. In a four-fisid Pal
Sequence with Bruch Sequence color burst blanking, Flelds 1 and 3 will
be displayed when Field 1 is selected {odd fields), and Fields 2 and 4 wilf
be displayed when Field 2 is selected (even fields). On noninterlaced scarn
systeims the TV circuitry detects the start of field information only.

ALT:

TV LINE:

CLAMP ONIOFF:

2432 Operators

Acquisition is alternately triggered on a selected fine
during both fields of an interlaced video signal. With
alternate field triggering selected, the indicator in front of
the line number readout is TVFLD.

When B Horizontal mode is selected with A TIME ON,
one fiekd of a single channel video signal wili be
displayed at the main delay and the other field will be
displayed at the main defay plus the delta delay. ¥ CH 1
and CH 2 are both on, the CH 1 signal will be one field
at the main delay and the CH 2 signal will be the other
field at the main delay plus the delta delay. If the delta
delay is adjusted for zerc delay time, a line-by-line
compariscn between the two fields may be done using
the FIELD LINE # control knob to move through the
two fields in unison.

Selects any fine within either field for triggering the
oscilloscope when the Videc Option is enabled (TV
CPLG on). An acquisition wili be triggered by the first
line-sync pulse encountered after all holdoffs have been
satisfied. The indication for TV LINE riggering selected
is TVLN without a ine number readout being displayed.

Controis the Channel 2 back-porch clamp feature. The
clamp circuit holds the video signal back-porch level to a
constant dc level {the vertical position of the ground
indicator) and eliminates vertical drift, hum, and tilt from
the display. A stable display is provided despite changes
in signal amplitude and luminance levels. When the
Video Option CLAMP feature is ON, the message
CLAMP appears on the screen, and the clamp circuitry
continues to function for the Channel 2 display untit
CLAMP is set to OFF.
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Selting a Line Number

When the Video Option is on, the A TRIGGER LEVEL/FIELD LINE # knob is
used for sefecting a specific horizontal line within a field. For fine number
selection within a specific field, the field and line numbers are displayed in the
upper-right corner of the CRT screen in place of the normat A-Trigger
Level readout.

Rotating the LEVEL/FIELD LINE # knob clockwise increases the selected
line number in a field; rotating it counterclockwise decreases the line number.
(The LEVEL/FIELD LINE # knob still sets the B-Trigger Level when the A/B
TRIG button is pressed to select B-Trigger operation.)

When the user attempts to select lines beyond the maximum or minimum
line number gvailable in the selected field, the action taken depends on the user
selection for CNT RST BOTHIF1 {Count Reset Both or F1). If set to BOTH,
and ALT (alternate field coupling) is not selected in the A VIDEQ COUPLING
menu, attempting to turn the control past the first or last line number in the feld
selects the last or first number (respectively) of the opposite field. In these

_ cases, the underscored FIELD choice in the SET VIDEQ control menu and the

field-number {TVF1 or TVF2) readout preceding the line number readout also
switch to reflect the correct field.

¥ CNT RST is set to F1 {again, ALT not selected), the instrument treats the
two fieids as one large field, with the maximum line number available equaling
the sum of field 1 and field 2. When the maximum line number of field 1 is
encountered, the line readout will increment that number by 1 when ling 1 of
field 2 is selected. "Wrap-around” occurs at both ends in both directions (for
example, for CCIR System B usage, attempting to select one count less than
line one selects 625; one more than 625, line 1), Again, the menu and feld-
number readout indicate the field selected.

If ALT is selected, the selection for CNT RST doesn't matter. The instrument
alternates between fields for triggering successive acquisitions, using the same
line count for both fields, Further rotation of the control past the maximum or
minimum line number only resets the line count to the beginning (line 1) or the
end. (The end is the maximum line count common o both fields—for CCIR
System M, it is line 262 in field 2).

The user selects the setting for CNT RST via the EXTENDED FUNCTION
menu. Steps 1 and 2 of the procedure “System-M/Nonsystem-M Protocol
Selection” describes how,
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System-M/Nons ystem- Selection

The following procedure is used to select a particular protocel using the
EXTENDED FUNCTIONS menu.

1. Press the MENU OFF/EXTENDED FUNCTIONS front-panei button twice.
(See Figure 5-1 and ltem 8 in Section 5, “Controls, Connectors, and
indicators.”} The first press turns off any menus being displayed and the second
calls up the EXTENDED FUNCTIONS menu.

2. Press SYSTEM 1o call up the selection menu for the system extended
functions. Press VIDEQO OPT to select that menu.

3. Under TV SY8, use the menu button to toggle between M and NON-M as
desired. {The selected protocal is underlined.)

Selecting an incorrect protocol for a given TV signal will not affect the ability
to trigger on that signal. It will, however, cause the specific line number within
the field to be inaccurate. When system-M is selected, the line count begins
three lines before the field-sync pulse is encountered. When nonsystem-M is
selected, the line count begins coincident with the field-syne pulse.

Special Measuremenis

OVERSCANNED DISPLAYS. For various video measurements, it may be
desirable to expand the videc waveform vertically beyond the limits of the
screen. Under these circumstances, the trigger amplifiers or the sync separator
circuitry may be overioaded, blocking out syne pulses in the vicinity of large
signal transitions or losing sync puises altogether. Therefore, to avoid overload
problems, use the other vertical channel or one of the external trigger inputs
(EXT1 or EXT2) to supply a constant amplitude trigger signal to the Video
Option while the cbservations are being made on the expanded waveform.

RF INTERFERENCE. Operation in the vicinity of some FM and TV
transmitters may impress objectionable amounts of rf signal energy on the input
sighal, even when coaxial cables are used to make the signal connections.
Using the 20-MHz BANDWIDTH limit feature will usuaily eliminate such
interference from the display, but it does not limit the signal reaching the Video
Option circuitry. Where the rf energy interferes with the TV triggering operation,
external filters will be required to limit the bandwidth of the trigger signal. In
such cases, it Is recommended that one of the external trigger inputs (EXT1 or
EXT2) he used to supply the trigger signal, using the required external
bandwidth limiters and attenuators to obtain the necessary trigger amplitudes.
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identifying Fields, Frames, and Lines in 525/60 and 625/50
TV Systems

7-10

NTSC (CCIR SYSTEM M). Field 1 is defined as the fieid whose first
equalizing pulse is one full H interval (63.5 us) from the preceding horizontal
sync pulse. The Field 1 picture starts with a full line of video, and its ines are
numbered 1 through 263, starting with the leading edge of the first equalizing
pulse. The first regular horizontal sync pulse after the second squalizing
interval is the start of line 10.

Field 2 starts with an equalizing pulse a half-line interval from the preceding
horizontal sync pulse. The Figld 2 picture starts with a half line of video and its
lines are numbered 1 through 262, starting with the leading edge of the second
equalizing puise. After the second equalizing interval, the first full line is line 9.

CCIR SYSTEM B AND SIMILAR 625/50 SYSTEMS. Except for PAL
systems, identification of parts of the picture In most 625-line, 50-Hz field-rate
systams refies primarily on continuous line numbering rather than on field-and-
line identification.

The CCIR frame starts with the first (wide) vertical sync pulse following a
field which ends with a half-line of video. The first line after the second
equslizing interval is Jine 6; the first picture line is line 23 (haif-line of video). The
first field of the frame contains lines 1 through the &rst half of ine 313, and the
picture ends with a full line of video (fine 310).

The second field of the frame commenices with the leading edge of the first
(wide} vertical sync pulse {middie of line 313) and runs through line 625 (end of
equalizing interval). The first full fine after the equalizing interval is line 318; the
picture starts on line 336 {full line}.

The first field is referred to as “odd,” and the second field as “even.” Note
that the identification systems for System-M and System-B are reversed.

in the four-field PAL sequence with Bruch Sequence cdlor-burst blanking,
the fieids are identified as follows:
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Field 1:

Field 2:

Field 3:

Field 4:

Field that foliows a field ending in a half-line of video, when
preceding fiekd has color burst on the last full line. Fieid 1
lines are 1 through 312 and half of line 313. Color burst
starts on line 7 of Field 1; a half-line of video appears on
line 23.

Field that follows a field ending in a full line which does not
carry color burst. Field 2 lines are the last half of line 313
through line 625. Color burst starts on ling 319 (one line
without burst following the last equalizing pulse); a full line
of video appears at line 336,

Field that follows a field ending in a half line when preceding
field has no color burst on its last full fine. Field 3 lines are 4
through the first half of line 313, Burst starts on line 6
(immediately following the last equalizing pulse); a halfine
of video appears on line 23,

Field that follows a field ending in a full line carrying cofor
burst, Field 4 lines are the second half of line 313 through
line 625. Color burst for Field 4 starts on line 320 (two full
fines without burst follow the last equalizing pulse}; video
starts with a full line on line 336,

Basic Applications

This instrument, with the TV Option installed, is an accurate and fiexible
measurement system for displaying and analyzing video information. After
becoming familiar with the controls, indicators, operating considerations, and
capabilities of the instrument, perform the following procedures to become
farniliar with the functions for making TV-related measurements.

Verify that the POWER switch is OFF (push button out); then plug the
power cord into the power outlet.
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initial Setup
a. Press in the POWER switch button (ON).

b. Set the instrument conirols to obtain a baseline frace as follows:

Trigger
TRIG POS (A and B) Va
MODE AUTO
SCURCE CH2
COUPLING TV
SETTV
FIELD 1 Selected
CLAMP ON
LEVEL/FIELD LINE # 1
SLOPE/SYNC — {minus)
HOLDOFF Off (no Holdoff indicator displayed)

Storage Mode

ACQUIRE ENVELOPE (1t acquisition)
Horizontal

MODE A

SEC/DIV 2ms

POSITION Center trigger-point indicator
Vertical

CH 2 POSITION Center baseline trace

MODE CH2

CH 2 VOLTS/DIV 500 mV

CH 2 COUPLING GND
Extended Functions System

TV 8YS M

¢. Adjust the DISPLAY and READOUT intensity for the desired brightness of

the trace and readout.

712
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d. Apply a composite video signal {with color-burst signal and negative-going
sync) to the CH 2 input connector using a coaxial cable with the proper
ferminations for impedance matching.

e. Set CH 2 input coupling to DC; observe the field-rate signal envelope.

f. Press SET TV to display the Video Option menu.

g. Rotate the LEVEL/FIELD LINE # knob counterclockwise into the end region
of Field 2. Observe that the field number indicator switches to TVF2 and that
FIELD?Z becomes the underscered field choice in the control menu.

h. Rotate the FIELD LINE # knob clockwise through the entire Field 1 display
and set the line number for line one of Fleld 2.

i. Switch the A SEC/DIV setiing to 50 x5 and set the ACQUIRE mode
to NORMAL.

j. Observe that ne number 1 is in the vertical blanking region prior 10 the
vertical sync pulse.

k. Set the line number for iine 263 of Field 1 and set the A SEC/DIV to 2 us for
a close examination of the waveform around the horizontal sync pulse.

I. Supply a trigger signal to external trigger input EXT1,

m. Set the following controls:

B TRIGGER MODE RUNS AFTER
B SEC/DIV 500 ns

A TRIGGER SCURCE EXT1

EXT GAIN EXT1/5

CH 2 VOLTS/DIV 100 mv
Horizental MODE B

DELAY by TIME ON

DELTA TIME OFF

DELAY TIME Minimum
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n. Adjust the DELAY TIME to cbserve the color-burst signal (approximately
4 10 B us delay from RTRIG).

0. Press CURSOR FUNCTION and select VOLTS cursors. Measure the peak-
to-peak voliage of the color-burst reference signal.

p. Press the SAVE front-panel button.

a. Save the color-burst signat in REF4.

r. Expand the SAVEd display by switching the B SEC/DIV setting to 100 ns.

5. Measure the frequency of one cycle of the color-burst signal. A simple way to
o this is: press the Cursor FUNCTION button and select V@T cursors; set the
exact time by adjusting them so the TIME cursors are one period apari while the
VOLTS cursors overlap at 0 V; then press 1/TIME to measure the frequency.

1. Set the Horizontal MODE to A and press the ACQUIRE bution.

u. Press DISPLAY REF and press REF4 to recall the previously
stored waveform.

v. Set the SEC/DIV control back to 500 ns and compare the SAVEd waveform
with the REF4 waveform display.

w. Swilch the Horizontal Mode to A and press the ACQUIRE button to restart
the waveform acquisition.
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Signal Input Coupling

The CH 2 back.porch clamp stabilizes video waveform displays by removing
unwanted hum and tilt from the Channel 2 display. For the clamp cireuit to be
functional, the instrument must be triggered on a composite video or composite
$yne signal.

The foliowing procedure demonstrates the appearance of & video signal with
CLAMP either ON or OFF.

NOTE

When enabling the back-porch clamp (CLAMP ON), leave the rear-panel
CH 2 SIG OUT connecior unterminated (open} 1o preserve waveform fidefity
of video signals applied to the CH 2 Vertical Input connector.

a. Connect a compaesite video signal (negative.going sync) along with an
overriding ac signal of 80 or 120 Hz {simulating power-supply humj) to the CH 2
input connector.

b. Set the A SEC/DIV to 5 ms.
¢. Set VOLTS/DIV to obtain a display amplitude of at feast 2 divisions.

d. Press the front-panel Trigger CPLG (coupling) button and select TV from the
A TRIGGER COUPLING menu.

e. Press SET TV pane! button, and select FIELD 1 or FIELD 2 triggering; then
press the CLAMP OFF menu button.

f. Select the ENVELOPE acquisition mode and observe the presence of ac it or
hum on the displayed trace.

g. Press SET TV again and turn the CLAMP ON.

h. With the CH 2 back-porch CLAMP enabled, observe that the ac hum on the
waveform has been eliminated. (See Figure 7-1.)
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4 shs | Tvez 85
cH2| v~ :

e
{++-HCLAMP ONpft-tt-lags
I

CLAMP OFF
.

6286-36

Figure 7-1. Composite video signal with and without TV clamping.

Word Recognizer Probe Options

The Word Recognizer Probe is used to trigger on a selecied parallel TTL data
word. The following text is general operating information.

Electrical connection from the Word Recognizer Probe to the scope is via the
rear-panel connector labeled P8407 WORD RECOG INPUT. The instrument has
one Word Recognizer Probe connector, but the trigger output from the probe can
be selected as the source for the A-Trigger signal or the B-Trigger signal, or for
both using the A and B TRIG SOURCE menus. The system indicates whether the
WORD trigger is the selected trigger Source for A- or B-Trigger, or both, in the

TRIG WORD menu (displayed when the SET WORD front-panel buiton is pressed).

Attempting to select WORD as a trigger source, or to program the probe
operation without a Word Recognizer Probe connected, will ring the warning bell
and dispiay the error message WORD PROBE FAULT. In that case, the frigger
source remains as previously selected. The same error message will appear if the

Word Recognizer Probe is disconnected after WORD s selected while the scope is
acquiring. Disconnecting the probe will not be detected while the scope is in SAVE

maods; however, any atiempt to change the programmed word with the probe
removed will result in a WORD PROBE FAULT.
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A word length of 16 bits, plus & 17th qualifier bit, can be recognized. Each bit is
seiectable to 0, 1, or X (don’t care). Word recognition may be either synchronous
with an external clock signal {rising or falling edge} or asynchronous (ignoring
clock signals).

The word-fecognizer trigger signal is routed 1o the rear-panel BNC connector
labeled WORD TRIG QUT for use as a trigger signal to external devices. A irigger
signal will appear at the WORD TRIG OUT connector each time a word match
oecurs; however, the holdoff time of the scope may prevent it from accepting every
trigger if the selected word appears too often in the data siream.

Word Probe Sefup

The front-panel button labeled SET WORD calis up the menu for setling up
the Word Recognizer Probe operation. The RADIX choice lets you display the
selected word in either octal or hexadecimal form. Under CLOCK in the memy,
you can select either rising-edge, falling-edge, or ASYNChronous {ignore clock)
for determining when a data match will produce an output trigger.

Pressing the SET BITS menu button calis up the TRIG WORD menu for
setling the word to be recognized. The trigger word is displayed both in binary
form, for ease in setting the individual bits, and in either six-digit octal or four-
digit hexadecimal (as selected under the RADIX choice), for ease in user
identification of the trigger word. Digits containing don’t care bits (X} in the
binary word display are shown in the octal or hex representation as a
question mark (?).

To set the binary trigger-word bits, use the arrow-labeled menu buttons to
position the underline beneath the bit to be set; then press the appropriate
menu button (1, 8, or X). After a bit is set, the cursor automatically advances to
the next bit in the direction of the last arrow pressed. All the buttons in this
menu are repeating; they continue their function and rotate through the bits as
tong as they are heid down. Using the repeating feature, all the bits In the word
{or some portion of the word) can be set to oneg, zero, or X. Specific bits can
then be changed one at a ime by positioning the underiine and pressing the
correct menu button once.
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Basic Application

7-18

Use the following procedure as a general guide to Word Recognizer
operation:

Connect the Word Recognizer Probe to the instrument and the system
under test, Note that bits 0.7 and the clock appear on one side of the
probe and bits 8-15 and the qualifier bit appear on the other. Be sure
1o connect at least one of the GNE terminals to a good signal ground in
the sysiem, as close to the frigger source as possible.

Use A/B TRIG front-panel button to select the desired
Triggering system.

Press Trigger SOURCE to dispiay that menu.

Set A"BIWORD to WORD in the displayed menu. {if the Word
Recognizer Probe is not connected, the message WORD PROBE
FAULT will be displayed and the coupling switched to VERT.)

Press the SET WORD front-panel button to display the WORD
RECOGNIZER setup menu. Set the menu as desired tc select OCTal or
HEX RADIX, rising edge symbot (_/"), falling edge symbol (—,_}, or
ASYNCHRONQUS (no clock) as desired.

Press the SET BITS menu button to display the TRIG WORD menu.
{Repeatedly pressing SET WORD also toggles between the SETUP and
the TRIG WORD menus.}

Use the menu buttons to set the trigger word:

a. Use the arrow-labeled buttons in the menu to move the undertine
o a bit in the word you want to change.

b, Select 0, 1, or X {don't care) for the bit as required. {For
convenience in setting, the underline automaticalty steps 1 bit at
a time in the direction of the last arrow pressed.)

c. HRepeat Sieps a and b until all bits are set as desired. Note that
the menu also displays the word in OCT or HEX {(depending on
the RADIX previously sefected).

8. The instrument will now recognize the specified word for
triggering purposes,
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Accessories

Standard Accessories

The following standard accessories are provided with each instrument.

PART NUMBER

2 Probes, 10X, 1.3 Meter, with Accessories P6136

1 Accessory Pouch, Snap 016-0692-00
1 Accessory Pouch, Ziploc 018-0537.00
1 Operators Manual 070-6613-00
1 Programmers Reference Guice 070-6614-00
1 Users Reference Guide 070-6615.00
1 GPIB Pocket Guide 070-6882-C0
1 Fuse, 5 A, 250 V, AGC/3AG 159-0014-00
1 CRT Filter, Blue Plastic (installed) 378-01589-03
1 CRT Filter, Clear Plastic 378-0208-00
1 Front Cover 200-3189.01

Rackmounting Accessories

The following accessories are available to rackmount the instrument, if it was
not purchased as a 1R option.

PART NUMBER

Rackmounting convarsion kit 016-0825-00
Rackmounting rear-support kit {for
use with the rackmounted instruments) {16-0096-00

Optional Accessories

The following optional accessories are recommended for use with the 2432
Digital Oscilloscope.

PART NUMBER
Service manuai 070-6285-00
Word Recognizer probe 010-6407-01
Oscilloscope cameras C-5C Option 01
C7 Option 03 with Option 30
SCOPE-MOBILE cart K212
K213
Carrying strap 346-0199-G0
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Extended Functions

The information in this section describes and defines the performance of the
EXTENDED FUNCTIONS. There are two types of EXTENDED FUNCTIONS that
operators can use: SYSTEM and CAL/DIAG. The third type, SPECIAL, is for servicing
only and performs no user functions. The control menus under SYSTEM are seldom
used and, once set for the system operation wanted, are not normally accessed.
Control menus for the internal caiibration and diagnostics are accessed using the
CAL/DIAG menu selection. The instrument system supports three levels of internal
diagnostics: Self Diagnostics, Extended Diagnostics, and Service Routines. Calibration
is in two levels: Self Calibration and Extended Calibration.

SPECIAL Functions

The menu choices under SPECIAL are normally disabled, and if you press the
SPECIAL putton, the message DISABLED---SEE MANUAL is displayed. H the
functions are not disabled, the SPECIAL button calls up the display WARNING:
SERVICE ONLY —SEE MANUAL, with the choice of COLD START, CCD ADJ, CAL
PATH ONIOFF and FORCE DAC. All four choices are special diagnostics functions
that should not be called up by operatorsfusers. COLD START gliminates all the
previous callbration consiants; after a COLD START, a.partial re-calibration is
required to return the instrument to its previous state. CCD ADJ calis up a submenu
that enables service technicians to put the instrument into atypical modes used during
factory calibration. CAL PATH ONIOFF and FORCE DAC are special diagnostic tools
which service technicians can use to change the value of selected constants when
troubleshooting the internal circuitry.

SYSTEM Funclions

Pushing SYSTEM displays the SYSTEM menu. This menu allows the user to
specify settings for certain seldom.changed functions.

In this menu, one button, PREFLT ONIQFF, turns a function on and off while the
other three butions, PANEL, MISC, and VIDEO OPT, call up submenus for
controlling functions.
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PREFLT ON/OFF

When PREFLT is turned on, it operates on interpolated data points only. it
reduces the filter overshoot in the sinx/x interpotator which ocours when viewing
very fast rise times. Generally, PREFLT is set to on for normatl operation; if viewing
very fast rise times, the user might prefer to turn off the prefilter.

PANEL

PANEL calls up a submenu for specifying how the front-panel controls are set
up at power-on, The only menu choice in this menu is POWER ON LASTIINIT.
When the button is toggled to select LAST, the control settings in effect at power-
off are reestablished at power-on. When toggled te INIT, a factory setup of
initialized front-panei settings is established at power-on.

I general, powering up in INIT produces a simple setup with CH 1 only
displayed and all special functions (such as Delay by Events, Cursors, and
Envelope or Average acguisition) turmned off, (The complete list of controls and
states of the INIT feature is found in Table B-15 of Appendix B.) The button
labeled INIT PANEL in the AutoSiep Sequencer menu (accessed via the PRGM
front-panel button) produces exactly the same front-panel setup as when the
instrument is powered on with POWER ON set o INIT,

MisC

MISC ecalls up a submenu for setecting miscellaneous function settings, The
menu choices are BELL ONIOFF and TRIG T ONIOFF. The up-arrow labeled
button returns the scope to the SYSTEM menu.

When BELL is set to ON, any warnings to the user regarding system operating
arrors (especially with the GPIB} can be signaled by an audible tone. BELL must be
on for i 1o sound when running sequences containing steps that require the BELL
to sound.

TRIG T, when set 10 ON, indicates the point where the Record Trigger occurred
on displayed acqguisitions. i is a small “T" riding on the waveform.
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VIDEO OPT

VIDEC COPT calls up a submenu for setting up Video Option operation.

The scope is set up to use either System-M protocol or nonsystemn-M protocol
for sync operation via the TV SYS MiNON-M menu button. Choosing the wrong
protocot does not prevent TV Triggering; however, the line counter will not count
the lines correctly, When System.M is selecied, the line count begins three lines
before the field-sync pulse is encountered. When nonsystem-M is selected, the line
count begins coincident with the fleld-sync pulse. See “Video Option” in Sectioh 7
for more information,

CNT RST BOTH:F1 (Count Reset, Both or F1) controls how the scope treats
Field t and Field 2 when lines are selected beyond the maximum or minimum fine
number available in those fieids, The way the fields are treated depends on settings
used in the A VIDEQ COUPLING menu. See "Video Option” in Section 7 for
more information.
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CAL/DIAG Functions

When you press the button under in the EXT FUNCT menu, you get four choices:
SELF CAL, EXT CAL, SELF DIAG, and EXT DIAG.

Internal Diagnostic Routines

The SELF DIAG and EXT DIAG routines detect and isolate system faults. They

begin at the heart of the software, examining the microprocessor, ROM, RAM, and
the kernel of the operating system. If these are found to be normal, it is then safe
to run further diagnostics in the various hardware subsystems of the instrument,
When a fauit is detected, it is isolated to a particular subsystem.

Belf Diagnostics

These are menu-driven tests, automatically executed at power-on. Self
Diagnostics test the functionality of all components that are controlled or
accessed by the internal System microprocessor. The Self Diagnostics routines
can be accessed from the instrument front-panet or via the GPIB. If al tests
pass, the system enters Scope mode.

Power-on/Self Diagnostics Test Failure

H any Self Diagnostics test fails, either at power.on or when called by the
user from the front panel, the scope enters EXTENDED DIAGNOSTICS mode
and displays a menu showing which test(s) failed. This gives you a starting
point for isolating the fault. Faifure of a test in the 7000 through $300 range
does nct necessarily indicate a fatal instrument fault. (See Table A-1 for a list
of the iests with their numbers.) An abnormal power-off or a power transient
may have kept the scope from saving encugh data to return to its most recent
operating state. Self Diagnostics will also fail if the present temperature of the
scope is very different from the temperature during the last Self Calibration. In
that case, the stored calibration constants may not permit accurate
measurements to be made.

2432 Qperators




Appendix A

NOTE

If the power-on Extended Diagnostics fail because of a prior abnormal
loss of power, the scope will display the message RUN SELF CAL
WHEN WARMED UP and it will remain Jocked in the EXTENDED
HAGNOSTICS menu until the user presses the up-arrow button fo get
the SELF CAL menu. it will then remain locked in the SELF CAL menu
untilt SELF CAL is run. The user should wait for the NOT WARMED UP
message to disappear from the menu before running SELF CAL.

At power-on, the instrument checks the stored self-calibration constants,
waveform data, waveform scaling factors, and power-off front-panei control
settings. Failure of a 6000 subset dlagnostic test indicates a checksum failure
of the data stored in the nonvolatile RAM. A failure in this area is not
necessarily fatal; the user may be able to recover normal, or near-normal,
operation.

When CAL-CONSTANTS (test 6100} fails, the instrument does a COLD
START, replacing all calibraticn constants with nominal values and setting all
front-panst controls and GPIB states to their INIT values. (See Table B-15in
Appendix B for a complete list of INIT settings.) Also, since a COLD START
invatidates ail stored waveforms, the REF memories will be marked EMPTY and
the VERTICAL MODE menu will contain the message CH1/2 WAVEFORMS
INVALID.

You can continue to use the instrument after a COLD START if you first
perform SELF CAL. (Use the up-arrow bufton in the EXTENDED
DIAGNCSTICS menu to get to the CAL/DIAG menu.) The SELF CAL procedure
will take longer than usuat becauss it has to work with the nominal values from
the COLD START rather than the more accurate calculated values from the last
SELF CAL.

NOTE

DO NOT TURN OFF THE SCOPE WHILE THE SELF CAL ROUTINE IS
RUNNING because it will again invalidate the cafibration constanis.

After SELF CAL, you must also do the REPET calibration if you want to use
REPET mode. Althcugh the ATTEN and TRIGGER calibration routines are
generally disabled to the user, the nominat values from the COLD START wilt
iet you make normal megsurements. The menu labels for these routines wili be
marked UNCALD, however, and the ¥igger level readout and the vertical gain
may be slightly less accurate, Press the MENU OFF/EXTENDED FUNCTIONS
buiton when you want to return to Scope mode.
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After a COLD START, the instrument keeps reminding you that #t needs a
complate Extended Calibration by always powering up in the EXTENDED
DIAGNOSTICS menu with the RUN SELF CAL THEN RUN EXT CAL message.
Also it continues to mark ATTEN and TRIGGER with UNCALD in the EXT CAL
menu, To replace the COLD START calibration constants with actual calculated
values requires external test equipment and access to the inside of the scope,
s0 it should only be done by a qualified service person.

t.oss of the stored power-off front-panel settings, which is indicated by
failure of FP-LAST {test 6200}, causes the scope 1o do an INIT PANEL on
power-up. (See Table B-15 in Appendix B for the INIT settings.} To recover
normal operation, simply press the MENU OFF/EXTENDED FUNCTIONS
button to get out of EXTENDED DIAGNOSTICS and set the front-panel
controls however you want them. If there has been no permanent failure of the
memoty, the FAIL condition for test 6200 will be reset to PASS and the scope
will not enter EXTENDED DIAGNOSTICS on the next power-up.

Loss of the waveform scaling factors, indicated by failure of WFM-
HEADERS (test 6300), invalidaies all waveforms and replaces them with a
horizontat line broken by a full-screen fill pattern. The CH1/2 WAVEFORMS
INVALID message will appear in the VERTICAL MODE menu, and the REF
memories will be labeled EMPTY in the DISPLAY REF menu. Pressing the
MENU OFF/EXTENDED FUNCTIONS button to exit EXTENDED
DIAGNOSTICS, followed by pressing STORAGE ACQUIRE to resume acquiring
waveform data, restores normat operation of the scope.

Loss of individual waveforms from the SAVE memory will not cause a
power-up test failure. Such a loss can oceur if the scope is in the midst of
acquiring when the power is turned off. The user is notified of this loss by
replacing the invalid waveform(s} with a horizontal line broken by full-screen
filt areas.

Failure of diagnostic tests numbered 7000 through 9300 may indicate that
the calibration constants are invalid at the present temperature. This nonfatal
condition can occur if the operating temperature at the last SELF CAL was very
differant from the present temperature. The instrument wilf power up in the
EXTENDED DIAGNOSTICS mode with the RUN SELF CAL WHEN WARMED
UP message. To raecover normal operation, wait for the NOT WARMED UP
message to disappear from the CAL/DIAG menu, then run SELF CAL.

I one of the tests numbered 7000-9300 continues to fait after SELF CAL, a
condition exists that will prevent correct operation. However, depending on the
nature of the failure, you may stili be abie to make limited use of the scope. For
example, if the failure is in the CH 2 side only, you can still use CH 1 with
confidence in its vertical accuracy. Press the MENU OFF/EXTENDED
FUNCTIONS button to enter Scope mode.,
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When Self Diagnostics is calied via the GPIB, complation and/or failure will
cause an SRQ to be issued by the instrument. The status bytes returned on a
poll indicate a successful completion or failure of the Self Diagnostics sequence.
Errors can then be gueried via the GFIE and traced to the lowest level of the
Extended Diagnostics in the same manner as from the front-panel. Failure of
Self Diagnostics when run from the GPIB does not put the instrument into the
Extended Diagnostics menu.

Extended Diagnostics

You can run Self Diagnostics tests individually or in setected groups by
using the EXT DIAG menu. The tests minimize the need to apply external
signals or use external test equipment for troubleshooting because they use
internal feedback and the digitizing capabiiities of the instrument. Testing of &
failed area down to the lowest functional level possibie {in some cases to the
failed component) provides direction for further troubleshooting with service
rautines and/or conventional methods. Assumptions based on passed tests can
also help with troubleshooting by eliminating good circuit blocks from
consideration.

Service Routines

The Service Routines are menu, GPIB, or jumper-initiated routines for
exercising the hardware, usually in a fooping mode, that allow a service
technician to froubleshoot an internal fault using external test and measurement
equipment. Where possible, the Extended Diagnostics routines are used for
looping so they can be accessed from both the front-panel EXTENDED
FUNCTIONS menu and the GPIB.

These routines provide service personnel with signals and procedures that
enable them to isolate faults and restore the instrument to a functional jevel that
is supported by the Extended Diagnostics and/or other Service Routines.

Programmaed routines that systematically exercise specific firmware or
hardware functions may be implemented via the GPIB. This enhances
troubleshooting performance by providing a comprehensive tool for instrument
troubleshooting using controller programming.
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Internal Calibration Routines

The instrument system supports two levels of internal Calibration routines:

SELF CAL and EXT CAL. These routines callbrate the analog subsystems of the
scope to meet specified performance requirements. Any detected faults in the
control system and/or in the self-calibrating hardware are reported by a FAIL
message displayed with the tabel of the failed area.

Self Calibration

Self Calibration can be started either from the front panel using the
EXTENDED FUNCTIONS menu or via the GPIB. Self Calibration routines
automatically calibrate most of the scope's anatog system in about 10 seconds,
The user may do a Self Calibration at any time, but it is particularly advisable to
do one after the instrument has warmed up, after the ambient operating
temperature has changed by a significant amount, and just prior to making a
measurement that requires the highest possible level of accuracy.

Extended Calibration

A-8

NOTE

The Extended Calfibration feature is normally disabled, and lhe scope
must be referred fo a qualified service person to complete thess
procedures.

Extended Calibration includes routines that require user interaction; standard
voliages must be applied to appropriate inputs to calibrate the attenuators and
the trigger amplifiers.

H you attempt to use Extended Calibration without the correct standard
voltages, the calibration constants will not be changed. However, the FAIL
message will appear above the appropriate menu label, the UNCALD message
will appear in the EXTENDED DIAGNOSTHCS menu, and the instrument will
enter EXTENDED DIAGNOSTICS mode at each power-on,

If you do a correct Extended Calibration and stili get a FAIL message, it
means there is an actua! hardware failure that should be repaired by a qualified
service person.
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Calibration/Diagnostics Operation

All the calibration and diagnostic routines are accessible through the EXTENDED
FUNCTIONS menu and via the GPIB. For front-pane! access, press the MENU
QFF/EXTENDED FUNCTIONS button when no other menu is displayed. Then, in the
EXTENDED FUNCTIONS menu, select CAL/DIAG to get this second-level menu:

<status>> <slatus> < status> < warm-up>-
SELF EXT SELF EXT
CAL CAL HAG DIAG

< status> indicates the most current result of the test or calibration.

For calibration < status>> can be:

UNCALD:  instrument has not been calibrated.

FAIL: hardware errors were detected during
calibration or calibration may not be valid.

PASS: the instrument was successfully calibrated.

For diagnostics <status> can be:

{blank): test has not been executed.
FAIL: test failed on last attempt.
PASS: test passed on last attempt.

<warm-up>>- is the waming NOT WARMED UP which is displayed for
approximately ten minutes after power-on. Calibrating the instrument during this
period is not recommended.

NOTE

The NOT WARMED UF message is displayed after every power-on for the ten-
minute period, even Iif the scope s turned off and then right back on. In this
case, calibration may be performed as soon as the instrument has stabiiized
after power-on.
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Self Calibration

Prass SELF CAL to start a complete Self Calibration of the instrument. The
PASS message above SELF CAL means that no errors were detected and the
instrument is ready o use. Assuming no failure or UNCALD condition exists, press
the MENU OFF/EXTENDED FUNCTHONS button to exit the CAL/DIAG mode and
return to Scope mode. if an error is found, the initial EXTENDED DIAGNOSTICS
menu (shown in Figure A-1) will be displayed with the appropriate errors indicated.

NOTE

if, after running SELF CAL, any test sequence fails SELF DIAG it is
recommended that the instrument be brought to the attention of a qualified
and authorized service person.

Extended Calibration

NOTE

If Extended Calibration is internally oisabled, the scope will not respond to a
press of the ATTEN, TRIGGER, or ADJUSTS menu buttons.

Pressing the EXT CAL button calis up the Extended Calibration menu:

< status> <status> <status>
ATTEN TRIGGER REPET ADJUSTS T

The up-arrow returns you to the previous menu; ADJUSTS, REPET, and
TRIGGER lead to fully- or semi-automatic calibration routines; and ATTEN calls up
& third-level menu:

< status> < status >
ATTEN CHAN
GAIN DLY T

The TRIGGER and ATTEN GAIN calibrations require the use of an external
source that produces accurate de voltages, and CHAN DLY requires a fast-
rise pulse.

EXT CAL routines can be aborted at any time by pressing the MENU
OFF/EXTENDED FUNCTIONS bution, but once a calibration sequence is started, it
must be completed (and passed) to assure correct calibration.
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Power-On Seif Diagnostics

In the first 15 seconds after power.on, the instrument automatically executes a
self-test sequence. If it has been calibrated and no hardware errors are detected,
the instrument will come up in SAVE accuisition mode. If it is not fully calibrated, or
if errors are detected, the instrument will come up in the EXTENDED
DIAGNOSTICS menu, which displays errors and/or the UNCALD message at the
botiom of the screen, Exit 1o Scope mode from the EXTENDED DIAGNOSTICS
made by pressing the MENU OFF/EXTENDED FUNCTIONS button.

Front-Panel Self Diagnostics

The complete Self Diagnostic test sequence can also be executed by pressing
the SELLF DIAG butten from the CAL/DIAG menu. |f no self-test errors occur, the
word PASS will appear in the <<status> position. If errors are detected, the
instrument will, if possible, enter the EXTENDED DIAGNOSTICS menu with the
appropriate errors displayed.

Extended Diagnostics

From the CAL/DIAG meny, a choice of EXT DIAG calis up the Extended
Diagnostics menu:

<mode>>
1 i RUN/SEL MODE HALT

<mode> indicates which looping mode is selected.

A list of the top-level tests, including test code, test name, and most recent
status, is also displayed. (See Figure A-1.) A blank status means that the test has
not been run since the last “Cold Start.” if the instrument is not fully calibrated, the
word UNCALD appears at the bottom of the screen.
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<L> TEK, It\'ﬁ) 19%%. IBE'S:; ALl REG)-iTS RESERAVER
DATE AND FIRMWARE VERSION KUMBERS
';GQ;G;,Q 0 EXTENDED+OTABNOSTICY
L 1000 | SYS-rRoM T Hass
2000 okl N HASS
. 3000 | SYB-RAM ] FASS
e B900 L EER e T b e L FASS
S54G00 wr T FASS
6400 | CKBUM-NVEAMX HASS
| 7800 | CCD BASS
I _8doo | Pa FASS
& 9900 | TRIGS CBAIL
&UN ONCE T MENU OFF 10 EXIT
4 ¢ BUNASEL | MODE | HALT

6613.03

Figure A-1. EXTENDED DIAGNOSTICS menu,

Beneath each of the top-level tests is a hierarchy of lower-level tesis whose
structure is shown in Table A-1. For each level within a hierarchy there is a menu
that displays a list of ali the tests at that level. (See, for example, the top-level
menu shown in Figure A-1.) Whenever a test runs, the set of all lowerdevel tests in
the same hierarchy also runs.

URP/DOWN Arrows

The up-arrow and down-arrow buttons move an underscore pointer through
the displayed list of diagnostic tests. To recall a higher-level menu, move the
painter to the title line of the current menu and press the up-arrow button. To
recall the CAL/DIAG menu, move ihe pointer to the 0000 line and press the up-
arrow button.
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RUN/SEL

The RUN/SEL button can either run a set of diagnostic tests or select a
menu of lower-level tests, depending on the location of the underscore pointer
when the button is pressed. If the pointer is on the title line of the current menuy,
a press of the button will run all the tests at and below that level and display
the cumulative result at the right of the title line. If the pointer is on any other
line of the menu, a press of the button will display the menu of tests at the next
level down from the test identified by the pointer.

MODE

The MODE button cycles through the four methods that can be used for
funning diagnostic tests: RUN ONCE, RUN CONTINUOUS, RUN UNTIL FAIL,
and RUN UNTIL PASS. The last three modes automatically ioop until the
required condition has been met, or until HALTed by the user.

While a test is Jooping, the word RUNNING appears in the fower-right comer
of the screen. When the test ends. or is stopped, the status for that run
appears on the title line. if you try to execute an asterisked test by one of the
looping modes, the mods immediately switches to RUN ONCE, the test does
not run, and the status on the title line remains blank.

HALT

When you press HALT, all diagnostic test activity stops at the end of the
test in progress. It is especially used to halt a continucusly looping test.
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GPIB Operation

Operation of the GPIB is described in the Programmers Reference Guide included
with this manual. This additional information describes use of the diagnostic
commands. Operation of any of the four Cal/Diagnostic modes is selected by using the
keywords SELFCal, EXTCal, SELFDiag, or EXTDiag as arguments with the TESTType
command via a GPIB controller. The selected TESTType will start when the EXEcute
command is received. During execution of the tests, the scope front panel is locked
out, and only user prompts will be displayed. Menus required for controlling the scope
from the front panel will not be displayed when controlling the scope via the GPIB,
See the Programmers Reference Guide for the definition of the GPIB calibration and
diagnostics commands.

Self Calibration

¥ TESTType SELFCal is selected, the Self Calibration portion of the test
sequence will De run in its entirety when the EXEcute command is received. If the
OPC mask s on, a service request {SRQ) will be issued when the seguence is
finished. The controller wili receive a status byte that indicates whether the test
completed with or without error. See the Programmers Reference Guide for a list
of the status bytes.

If an error oceurs during SELFCal, it is reportad to the controller when the
ERRor? guery is issued to the instrument. ERRor? returns a string of error
numbers {up to nine) resulting from the last EXEcute command. These numbers will
belong to the highest order in the hierarchy of the SELF CAL routine; s0, t0 locate
the exact test that failed in the tree, the TESTNum must be set o a lower level and
the ERRor? query re-issued until the lowest detection level of the failure is reached.
The ERRor? query returns 0 if no errors have occurred. This method of failure
location is used for errors generated by any of the calibration or diagnostics
SequUences.
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Extended Calibration

The EXTCAL TESTtype allows specifying the calibration sequence (TESTNumj}
10 be performed. The calibration routine specified may be any steps or sub.steps of
the EXT CAL or SELF CAL routines. The user is responsible for assuring that any
externally required test equipment has been connected and programmed, and that
any pauses in the procedure to make manual adjustments or equipment changes
can be terminated via 2 menu button push o a GPIB STEp command to advance
to the next step in the sequence. The external calibration saguence numbers o be
used as the numerical argument for TESTNum are listed in Table A-1 under the
“Test Code” column heading. The valid test numbers for Calibration are 7000 fo
9300 in the table. Error handling is the same as in SELFCal.

Self Diagnostics

Invoking the TESTType SELFDiag causes execution of the entire seif-diagnostic
sequence when an EXEcute command is received. Error handling is the same as in
SELFCal.

Extended Diagnostics

TESTType EXTDiag allows a spscific TESTNum to be selected for execution
upon receiving an EXEcute command. Error handiing and reporting is the same as
in SELFCal. Looping a test is done by issuing the LOOp command prior to the
EXEcute command, and the HALT command stops the looping test.

2432 Operators A-15



Appendix A

Table A-1
Calibration and Diagnostics Codes and Names

Test
Code Test Name and Hierarchy

0000 CAL-DIAG

1000 SYS-ROM

1100 ROM1

1200 ROMO.0

1210 ROMO0.0-0

1220 ROMO0.C-4

1230 ROMO0.0-8

1240 ROMO0.0-C

1300 ROMO.1

1310 ROMG.1-1

1320 ROME.1-5

1330 ROMO0.1-9

1340 ROMO0.1-D

1400 ROMO.2-2

1410 ROMO0.2-2

1420 ROMO0.2-6

1430 ROMO0.2-A

1440 ROMD.2-E
1500 ROM(.3-3 :
1610 ROMO0.3-3

1520 ROMQ.3.7

1530 ROM$.3.B

1540 ROMG.3-F

1600 ROMOQ.(-4

1700 ROMG.1-5

1800 ROMO.2-6

1800 ROMOQ.3-7

2000 REG

2100 PROCESSOR

2110 DIAGO

2120 DCOK

2130 BUSTAKE

2140 DIAGT

2150 COMREG

2151 000¢ 0101

2152 0000 1611

2153 oo0GoO1%¢. .~ :
2154 0000 1101 .
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Table A-1 {cont)

Test

Code Test Name and Hierarchy
REG (cont)

2180 SSREG

2170 DiaG2

2180 FLDZ

2150 MWPDN

2200 TB-DSP

2210 MISC

2211 1016 0101

2212 0106 1011

2213 1001 0116

2214 0016 1101

2220 MODECON

2221 1010 6101

2222 0100 1011

2223 1001 0110

2224 0010 1101

2230 DISCON

2231 1019 0101

2232 0108 1011

2233 1001 0110

2234 0010 1101

2300 TB-DSP

2310 VCURS

2311 1010 0101

2312 0100 101t

2313 100t 0110

2314 G010 1101

2320 TCURS

2321 1010 0101

2322 6100 1011

2323 1001 0110

2324 8010 1101

2330 U130

2331 1010 0101

2332 8100 1011

2333 1601 0110

2334 0010 1101
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Table A-1 {cont}

Test

Code Test Name and Hierarchy
REG {cont}

2340 U140

2341 1010 0101

2342 8100 1011

2343 1001 0110

2344 0010 11017

2350 U240

2351 1010 0101

2352 0160 1011

2353 1001 0110

2354 0010 1101

2360 U322

2361 1010 0101

2362 0100 1011

2363 100t 0110

2364 0010 1101

2370 U314

2371 1010 0101

2372 @100 1011

2373 1001 0110

2374 0010 1101

2400 TB-DSP

2410 A11U870-FISO

2420 A11UB70.5180

2500 MAIN

2510 INIT-SHFT-REGS

2520 ATTEN

2530 PEAK-DETECTOR

2540 GATE-ARRAY

2550 TRIG

2560 SYSTEM-DAG

2600 SIDE

2610 1010 G101

2620 0100 1011

26830 1001 0110

2640 0010 1101
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Table A-1 {cont)

Test

Code Test Name and Hierarchy
3100 A11U431

3110 01"
3120 0ur=1'8
3130 1e>-0'8
3149 1<-0'8
3200 A11U440

3210 0<1'8
3220 0-->1'S
3230 i--=>08
3240 1<--0S
3300 A12L1350

3310 0<--1'8
3320 0=>1'8
3330 1-=>08
3340 1<--0'S
3400 AT1UA430
3500 AT1UB00

3510 0<--1'8
3520 018
3530 1.>0'8
3540 1<-0'8
3600 At2U440

3510 018
3620 0-=>1'8
3630 1->0'S
3640 1<-0'8
3700 AT20U664

3710 0<1'8
3720 0->1'8
3730 1-=>0'S
3740 1<--0'S
3800 A12U664

3810 0<1'8
3820 0ar>1'S
3830 1-=>0'S
3840 1<-0'S
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Table A-1 (cont)

Test

Code Test Mame and Hierarchy

4000 FPP

4100 uUgei-g

4260 Usg1-6

4300 WR-TO-HOST

4450 DIAG-BYTE

4410 FP-BUTTON-PUSHED

4420 FPP-RAM

4430 FPP-ROM

4440 FPP-A/D

4450 FPE-TIMER

4500 FPDNRD

4600 U742/U751

4700 BATT-E§TATUS

4710 HIGH

4720 LOW

5000 WP

5100 RUN.TASK

5200 BUSGRANT

5300 VERSION-CK

6000 CKSUM-NVRAM

6100 CAL-CONSTANTS

8200 FP.LAST

6300 WFM-HEADERS

6400 PRGM

7000 CCD

7100 CENTER

7110 NORM-SP

7111 CH1

7112 CH2

7120 NORM-FISO

721 CHt

7122 CH2

7130 ENV-SP-SLOW

7131 CH1

7132 CH2
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Table A-1 (cont)

Test
Code Test Name and Hierarchy
CCD (cont)
7140 ENV-FISO-SLOW
7141 CHA1
7142 CH2
7200 GAIN
7210 SHORT-PIPE
7211 CH14
7212 CH1-3
7213 CH2-1
7214 CH2-3
7220 FISO-SLOW
7221 CH1-1
7222 CH1.3
7223 CH2-1
7224 CH2-3
7230 FISO-FAST
7231 CH1.1
7232 CH1-3
7233 CH2-1
7234 CH2-3
7300 EFFICIENCY
7310 SLOW
7311 CH1-1
7312 CH1-3
7313 CH2-1
7314 CH2-3
7320 FAST
7321 CH1-1
7322 CH1-3
7323 CHZ-1
7324 CH2-3
7400 PD-OFFSET
741G CH1-1
T420 CHT.3
7430 CH2-1
7440 CH2-3
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Table A-1 (cont}

Test

Code Test Mame and Hierarchy

8000 PA

8100 OFFSET

8110 NORM-SP

8111 CH1

8112 CH2

8120 NORM-FISC

gi21 CH1

8122 CH2

8130 ENV-SP-SLOW

8131 CH1

8132 CH2

8140 ENV.FISO-SLOW

8141 CHA

8142 CH2

8150 ENV-FISO-FAST

8151 CH1

8152 CH2

8200 POS-GAIN

8210 CH1

8220 CH2

8300 BALANCE

8310 50MV

8311 CH1

8312 CH2

8320 20MV

8321 CH1

8322 CH2

8330 10MV

8331 CH1

8332 CH2

8340 5MV

8341 CH1

8342 CH2

8350 MV

8351 CH1

8352 CH2

8400 GAIN

8410 50MV

8411 CH1

8412 CH2

8420 20MV

8421 CH1

8422 CH2
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Table A-1 {cont)

Test
Code Test Name and Hierarchy
PA {cont)

8430 10MV

8431 CH1

8432 CH2

8440 5MY

8441 CH1

8442 CH2

8450 2MV

8451 CH1

8452 CH2

8500 INV-GAIN

8510 B0MV

8511 CHA

8512 CH2

8520 20MV

8521 CHA1

8522 CH2

8530 10MV

8531 CH1

8532 CH2

8540 5MV

8541 CH1

8542 CH2

8550 2MV

8551 CH1

8552 CH2

8600 VAR-MAX

8610 CH1

8620 CH2

8700 ATTEN-GAIN*

8710 CH1

8711 X1

8712 X10

8713 X100

8720 CH2

8721 X1
o 8722 X10
. 8723 X100

8800 ATTEN-CHAN-DLY”
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Table A~1 {cont)

Test

Code Test Name and Hierarchy
9060 TRIGGERS

9100 OFFSET

9118 A-TRIG

2111 CH1
9112 CH2
8113 SLOPE
9114 EXT1X1*
9115 EXT1X5"
9117 EXT2X5*
9116 EXT2X1*
9120 B-TRIG

9121 CH1
9122 CH2
9123 SLOPE
9124 EXT1X1*
9125 EXT1X5*
9126 EXT2X1*
9127 EXT2X5*
9200 GAIN

8210 A-TRIG

9211 CH1
9212 CH2
9213 EXTHX1*
9214 EXT1X5*
9215 EXT2X1*
9216 EXT2X5*
9220 B-TRIG

9221 : {HY
9222 CH2
9223 EXT1X1*
9224 EXTIX5"
9225 EXT2Xt*
9226 EXT2X5"
2300 REPET*
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Appendix B

VOLTS/DIV Range With Attenuator Probes

The range of the VOLTS/DIV front-panel switch for all available probes is displayed
in Table 8-1.

Table B-1
VOLTS/DIV Readout Switching With Coded Probes

Display Basic Readout Voits/Div with Indicated Probe
Type Volts/Div X 16X 100X 10006X
2mv 200 uV 2mv 20 mv 200 mv
EXPANDED 2my 500 vV 5mv 50 mv 500 mV
2mv 1my 10 mv 100 mV 1V
2my 2my 20 mv 200 mV 2V
5mv 5mV 50 mV 500 mV 5V
10 mv 10mv 100 mv 1V 10V
20 mv 20 mv 200 mv 2V 20V
50 mV 50 mv 500 mV 5V 50 v
NORMAL 100 mv 100 mv iV 10V 100V
200 mV 200 mv 2V 20V 200 v
500 mV 500 mv 5V 50V 500 V
1V 1V 10V 100V 1 kv
2V 2V 20V 200V 2kV
5V 5V 50 v 500V 5 kv
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Calibrator Frequency

Table B-2 shows the CALIBRATOR frequency and period for each A
SEC/DIV setting.

Table B-2 o
Calibrator Frequency and Peried for Each A SEC/DIV Setting :
A SEC/HY Calibrator Cafibrator Div/
Setting Frequency Period Cycle
2ns 106
Bns 40
10 ns 20
20 ns 5 MHz 200 ns 10
50 ns 4
100 ns 2
200 ns 1
500 ns 4
1us 500 kHz 248 2
2 us 1
5 us 4
10 us 50 kHz 20 us 2
20 ps 1
50 us 4
140 us 5 kHz 200 us 2
200 us 1
500 us 4
1ms 500 Hz 2 ms 2
2ms 1
5ms 4
10 ms 2
20 ms 1
50 ms 0.4
100 ms 0.2
200 ms 50 Hz 20ms 0.1
500 ms 0.04
1s 0.02
2s 0.01
s 0.004
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Averaging SNIR

Table B-3 shows the signal-to-noise improvement ratio (SNIR} as the number of
averages increases. The display updates with each new waveform acquired, so the
user sees the averaged waveform improve with each new acguisition.

Fable B-3
Signal-to-Noise Improvement Ratio Versus Number of Averages
Number of SNIR
Averages SNIR {in dB)
2 1.41 3
4 1.98 59
8 2.75 8.8
18 3.84 1.7
a2 5.34 148
64 7.51 17.5
128 106 205
256 149 234

REPETITIVE Acquisition

Table B-4 shows the number of REPET acquisitions required 1o complete a single
sequence at each sweep speed. When notin SINGLE SEQ Trigger mode, the scope
makes the given number of acquisitions and then uses linear interpolaticn to
ternporarily fill the waveform record. Subsequently-acquired points replace interpolated
values as sampilng continues. (See REPET ONIOFF in Section 5.)

Tabie B-4
Repet Acquisitions Required To Compiete a Single Sequence
SEC/DIV {ns/div} Number of Acquisitions

260 5
100 5

50 10

20 15

10 20

5 50

2 100
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SMOOTH

Figure B-1 indicates the amplitude rolioff with frequency for the moving, five-
sample-point filter applied to waveforms when SMOOTH is ON in the BANDWIDTH
menu. The frequency is expressed as a percentage of the Useful Storage Bangwidth,
which is a function of the SEC/DIV setting and is displayed in the BANDWIDTH menu,

AMPLITUDE RESPONSE FOR SMOOTH FUNCTION

0.707
(-3db}

RELATIVE AMPLITUDE

"] 0 20 30 40 80
% OF USB (USEFIUL STOAABE BANDWIOTH)

6286-38

Figure B-1. Amplitude response for smooth function.
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Variable HOLDOFF

The front-panel HOLDOFF knob varies the length of time between the end of one
acguisition and the potential start of the next. During the holdoff pericd, triggers are
ignored; after the holdoff period has ended, the first valid trigger causes an
acquisition. Table B-5 shows the the minimum and maximum holdoff times for each
SEC/DIV setting. The STATUS display gives a readout for HOLDOFF as a percentage

between the maximum and minimum values.

Table B-&
Variable Trigger Holdoff
A SEC/DIV MIN HO MAX HO
2ns
5ns
10 ns
20 ns 2.4 us 9.15 us
50 ns
106 ns
200 ns
500 ns 510 us
1 us 10-20 us
2 us 20-40 s 100-150 us
5 us 50-100 ps
10 i3 0.1-0.2 ms
20 us 0.2-0.4 ms 1-1.5 ms
50 us 0.5-1.0ms
100 us 12 ms
200 us 2-4 ms 10-15 ms
500 us 5-10 ms
1ms 10-20 ms
2ms 20-40 ms 90-150 ms
5ms 50-100 ms
10 ms 0.1-02s
20 ms 0.2-04s 0.815s
50 ms 0.5-1.0s
160 ms i-2s
200 ms 2-4 s
500 ms
is 5-10 s 9-15 s
2s
5s
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Trigger LEVEL Range and Resolution

Table B-6 shows Trigger LEVEL range and resclution for each trigger-gain factor,

Trigger gain is equal 1o the gain of the selected trigger source muttiplied by the

attenuation factor of the attached probe. The selected trigger gain for CH 1 and CH 2

SOURCE is the vertical deflaction factor,

Table B-6

Trigger Resolution

Total Trigger Range

Trigger Frigger
Gain CH1 or EXT1 or Resolution
{including CH2 EXT2 {{-point}
probe) (=18 div) (9 div) 64 pt/div
5 kV/idiv 80 kv ——— 78.125 V
2 kV/idiv 36 kv — 3125V
1 kV/div 18 kV — 15625V
500 V/div 9 kv 4.5 kv 78125V
200 v/div 36 kY e 3.125 V
106 Vidiv 1.8 kv 00 v 156256 v
50 V/div 900 vV 450 v 781.25 mv
20 V/div BoOV S AH25mv
10 Vidiv 180 V 0V 156.25 mv
5 Vidiv v 45V 78125 mv
2 V/div 36V ——n 31.25 mv
1 V/div 18V av 15.625 mv
500 mV/div 49V 45V 7.8125 mv
200 mv/div 38V — 3125 mv
100 mV/div 41.8Yv 900 mVv 1.5625 mV
50 mv/div 800 mv — 781.25 uV
20 mV/div 360 mv o 3125V
10 mV/div 180 mV e 158.25 uV
5 mV/div 80 mv -— 78.125 uV
2 mV/div 38 mv — 31.25 pV
1 mV/div 36 mv — 31.25 uv
500 uV/div 36 mv - 31.25 gV
200 uV/idiv 36 mv — 31.25 uV
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Auto Triggering and Aulo Leveling

In the absence of valid triggers. the AUTO and AUTO LEVEL Trigger mocdes
produce foreed triggers after specified periods of time. The “Trigger Lost?” column of
Table B-7 shows the approximate time intervai between the last valid trigger and the
first forced trigger. The "Triggered?” column shows the approximate time interval
between forced triggers—the intervat at which forced triggers will continue to occur
until another valid trigger is received.

Tabie B-7
Ao Triggering and Auto-Leveling intervals
SEC/DIV Setting Trigger Lost? Triggered?
5 ms/div & faster 300 ms 100 ms
10 ms/div 600 ms 200 ms
20 ms/div 12s 400 ms
50 ms/div 3s 1s

B Trigger Source

Tha B-Trigger circuit is used o precondition trigger signals as & source for three
different functions: 8 Triggering, External Ciock, and DELAY by EVENTS. The B TRIG
SOURCE menu changes to correspond to the role that B Trigger is playing. Table B-8
shows the specific function.

Table B-8
B Trigger Source Menu Versus B Trigger Mode
DELAY
B TRIGGER by
Mode EVENTS | EXT CLK Menu Label
OFF B TRIG SQURCE
RUNS AFTER OFF ON EXT CLK SOURCE
OFF EVENTS SOURCE
ON ON EVENTS, EXT CLK SOURCE
OFF B TRIG SOURCE
TRIG AFTER CFF ON B, EXT CLK SOURCE
OFF B, EVENTS SOURCE
ON ON B, EXT CLK, EVNT SCURCE
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Trigger Position

The RTRIG (Record Trigger) position is the horizontal peint on the waveform about
which the waveform samples are displayed. Although a single time-base generator is
used for both the A and the B acquisitions, the RTRIG point for each can be selected
independently. Table B-9 indicates the data point at which RTRIG will oceur for each
of the TRIGGER POSITION menu choices.

Figure B-2 shows where the A or B Record Trigger occurs in relation to the A
Trigger for each of the various Horizontal modes. it also shows the effects of DELAY
by TIME and DELAY by EVENTS on the occurrence of the Record Trigger.

Table B-9
RTRIG Peoint versus Trigger Position Menu Selection
Trigger Position RTRIG Data Point
Menu Entry In Display
1/8 128
1/4 256
1/2 512
3/4 768
7/8 896

Delay Time and Delay Time Resolution

Table B-10 shows the maximum delay time and the delay time resolution for each
B SEC/DIV setting. The maximum delay time setting is 2621.4 times the B SEC/DIV
setting, up to and including 500 ns per division. From 500 ns per division to 2 ns per
division, the sampling rate does not change, so the maximum defay time is alsc
constant. The delay time resolution is 1/25 of the B SEC/DIV setting up to and
including 500 ns per division and 1/50 of the B SEC/DIV setting from 200 ns per
division through 10 ns per division. The maximum delay time resolution is 200 ps.
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Table B-10
Maximum B SEC/DIV Delay Time and Resolution

B SEC/DIV Maximum Delay
Seiting Delay Resolution
5 sac 3.64 hrs 200 ms
2 sec 1.46 hrs 80 ms
1 sec 43.7 min 40 ms
500 ms 21.9 min 20 ms
200 ms 8.74 min 8ms
100 ms 4.37 min 4ms
50 ms 2.18 min 2ms
20 ms 52.4 sec 800 us
10ms 28.2 sec 400 us
5ms 13.1 sec 200 us
2 ms 5.24 sec 80 us
1ms 2.62 sec 40 us
500 us 1.31 sec 20 us
200 us 524 ms 8 us
100 us 262 ms 4 us
50 us 13t ms 2 us
20 us 524 ms 800 ns
10 us 26.2 ms 400 ns
5 us 13.1ms 200 ns
2 us 524 ms 80 ns
1 us 262 ms 40 ns
500 ns 1.31ms 20 ns
200 ns 1.31 ms 4 ns
100 ns 1.31 ms 2ns
50 ns .31 ms ins
20 ns 1.31 ms 400 ps
10 ns 1.31 ms 200 ps
5ns 1.31 ms 200 ps
2ns 131 ms 200 ps
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Figure B-2. RTRIG versus horizontal display modes.
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Trigger Status Indicators

The Trigger Status Indicators successively light up to indicate how acquisitions are
progressing in the scope. At A SEC/DIV settings of 100 ms and longer, the
acquisitions occur slowly enough that the indicators can be seen switching on and off,
and the progress of the acquisition can be observed.

The only time during normat operation that all trigger status fights are off is when
the scope is in SAVE mode. Table B-11 is a summary of the switching states of
the indicators.

ARMED. Indicator lights up at the start of each acquisition while pretrigger
data is being acquired. During this time, no triggers are accepted. Turns off at
the end of pretrigger holdoff.

READY. Indicator lights up at the end of pretrigger holdoff. Pretrigger data
continues to be acquired. While this indicator is on, the instrument is looking for
RTRIG (the trigger event required to complete the record). When the Record
Trigger ogcurs, the READY indicator turns off.

TRIG'D. Indicator lights up at the A Trigger; turns off when the acquisition
is done.

NOTE

For an acquisition involving both A and B triggers, the READY and
TRIG'D lights will both be lit during the time between the ocourrence
of the A Trigger and the final B Record Trigger.

Table 8-11
TRIG'D, READY, and ARM Indicator Status

STATE
LIGHT Armed Ready Atrig Ririg Save
TRIG'D Off Off Lit Lit Off
READY Off Lit Lit Off Off
ARM Lit Off of Of Off
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Waveform Display Summary

This scope can display a maximurn of six waveforms simulianeously; therefore,
when more than six waveforms are selected for display, the system uses a priority
scheme. Table B-12 shows the available waveforms and the display (in decreasing
order of priority) versus the display modes. In the table, CHx is the selected vertical
channei, FUNC refers to ADD or MULT, D1 and D2 are the two delays in DELTA

mode, and REF1 through REF4 are the four SAVEREF memories,

Whether an available waveform is actuaily displayed or not is determined by the
VERTICAL MODE menu, the DISPLAY REF menu, and the availability of memory.

Table B-12

Display Priority Versus Display Mode

YT
DELTA
ON
OFF DUAL (CH1 and CH2} XY #fiode
NG YES

FUNC FUNC @ D1 FUNC @ D1 CH1 vs CH2
CH1 FUNC @ D2 FUNC @ D2 REF1 vs REF2
CHz CHx @ D1 CH1 @ D1
REF1 CHx @ D2 CH2 @ D2
REF2 REF1 REF1
REF3 REF2 REF2
REF4 REF3 REF3

REF4 REF4
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STACK REF Storage Operation

Pushing either the STACK REF menu button or the SAVE front-panel button when
the SAVE menu is displayed will store the displayed waveforms in predefined REF
memory locations, treating the reference memories as a push-up stack. The STACK
REF storage operation for each of the vertica and horizontal mode combinations is
shown in Table B-13.

In Table B-13, the letter “F" and the heading FUNC denote either the ADD or
MULT function. Also, CHx to Rx means that the selected channel will go into the
correspondingly numbered reference memory {e.g. CH1 to R1 or CH2 to R2) and the
FUNC (ADD or MULT) will go into Ry (the open REF). D1 and D2 refer to the two
delays available in DELTA mode. The notation XXX with DELTA TIME and a FUNC
ON means that it is a “don’t care” situation, because neither CH 1 nor CH 2 is stored.

Table B-13
REF Storage Operation versus Horizontal and Vertical Modes
DELTA | FUNC | Channels
TIME (F) | Displayed Reference Waveform Storage
ONE R3to R4 RZ2tcR3 R1toR2 CHxtoR1
OFF
TWO R2toR4 R1toR3 CH2 to R2 CH1to R1
OFF ONE R2 to R4 R1 to R3 FtoRy CHxtoRx
ON TWO R4 to R4 FtoR3 CH2tc R2 CH1toRt
NONE R3 to R4 R2 to R3 Rt to R2 F to Rt
ONE R2tc R4 RiwoR3 CHx@D2 CHx@D1
to R2 o R1
OFF | TWO (YT) R2to R4 RitoR3 CH2@D2 CH1@Db1
to R2 to R1
ON
TWO (XY) 2w R4 RItoR3 CH2@D1  GCH1@D1
o R2 to R1
ON XXX R2ioR4 RItoR3 F@D2 F@D1
to R2 o R1
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SAVE ON DELTA Operation

The comparison channel for the SAVE ON A feature is given in Tabie B-14, The
designated REF waveform must be displayed for the comparison to take place. The
user must create the limits of the comparison waveform either by using CONT
ENVELOPE aequisition mode or by sending in a comparison envelope waveform via
the GPIB. The created reference is stored in the REF memory location against which
the active channei is to be compared.

In the table, CHx vs REFx signifies that the displayed channel is compared against
the correspondingly numbered reference waveform. REFy refers to either REF1 or
REF2, opposite to what REFx is when used together in the same line of the table. The
*don't care” condition, when neither CH 1 nor CH 2 is compared to a reference

waveform, is indicated by XXX.

Table B-14
SAVE ON DELTA Comparisons
A FUNC | Channeis
TIME {F) Displayed Waveform Comparison
ONE CHx vs REF1
OFF
TWO CH2 vs REF2 CH1 vs REF1
OFF ONE F vs REFy CHx vs REFx
N
© TWO CH2 vs REF2 CH1 vs REF1 F vs REF3
NONE F vs REF1
ONE CHx@D2 CHx@D1
OFF vs REF2 vs REF1
ON TWO CH2@D2 CH1@D1
vs REF2 vs REF1T
ON XXX F@D2 F@D1
vs REF2 vs REF1
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Front-Panel Settings for INIT PANEL

Table B-15 lists the front-panel settings which are returned when INIT PANEL is

executed from the AUTOSTEP SEQUENCER menu (PRGM).

Table 8-15
INIT PANEL States

AUTOSETUP Controls

Mode VIEW
RESolution Lo
CURSOHR Conirols
CURSOR/DELAY Knob CURSOR POSITION
CURSCR FUNCTION All off
VOLTS UNITS VOLTS
TIME UNITS SEC
SLOPE UNITS VOLTS/SEC
CURSOR Mode A
ATTACH CURSORS TO: CH 1
X-Axis Cursor Poesition +3 divisions
Y-Axis Cursor Position -+ 3 divisions
TIME Cursor Position + 4 divisions
VOLTS Ref Value 1.0V
TiME Ref Value 1.0 SEC
SLOPE Ref Value 1.0 V/ISEC

DELAY Controls

DELAY by EVENTS

A TIME

DELAY TIME

A DELAY Time

DELAY EVENTS Count

OFF
OFF
40 us
0.0

1

2432 Operators
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Table B-15 {cont)

BEVICES/SETUP (CUTPUT)

DEVICES

HPGL PLOTTER OFF
THINKJET PRINTER ON
SETUP
Print SETTINGS ON
Print TEXT ON
Print GRAT ON
Print WFM ON
PGSHZ us
GPIB SETUP (QUTPUT)
DEBUG OFF
LONG ON
LOCK LLO
PATH ON
RQS Mask ON
OPC Mask ON
CER Mask ON
EXR Mask ON
EXW Mask ON
INR Mask ON
USER Mask OFF
PID Mask OFF
DEVDEP Mask ON
Data Encoding (ENCDGQ) BINARY
Deata Target REF 1
Data Source CH1
FASTXMIT GFF
FASTXMIT 1
CURVE ONLY OFF
START 256
STOP 512
EEVEL 0
HYSTERESIS 5
DIRECTION PLUS
SETUP ATTRIBUTE e
DT QOFF

B-16
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Table B-15 {cont)

HORIZONTAL Mode Conirols

MODE A
A SEC/DIV 1ms
EXT CLK Expansion Factor 1
EXT CLK OFF
POSITION Waveform LIVE
POSITION Reference REF 1
POSITION set to Midscreen
POSITION REF mode INDependent
INTENSITY Conirols
SELECT DISP
READOUT Intensity 50%
DISP Intensity 40%
GRAT lllum 0%
INTENS Lavel 80%
VECTORS ON
MEASURE Controls
MARK OFF
DISPLAY OFF
WINDOW OFF
METHOD MIN/MAX
LEVEL {(units) %
LEVEL {settings}
PROXIMAL. 10%/0.4 voits
MESIAL 50%/1.3 volts
MESIAL2 50%/1.3 volis
DISTAL 90%/2.4 voits
TARGET CH 1
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Table B-15 (cont)

STORAGE Mode Controls

STORAGE Mode
ACQUIRE Mode
REPET

AVG Number
ENVELQOPE Number
SAVEON A

REF1 through REF4

SAVE
NORMAL
OFF

2

)

OFF

OFF

TRIGGER Controls

A/B TRIG set for A

A TRIG MODE AUTO LEVEL

B TRIG MODE RUNS AFTER

SOURCE (both) CH 1

CGUPLING (bothy) BC

SLOPE {both) + (plus)

TRIG PCSITION 1/2 (512)

LEVEL (both) 0.0

EXT GAIN (both) -1

HOLDOFF Minimum
VERTICAL MODE Controis

CH 1 ON

VOLTS/DI (both) 100 mV

VARIABLE {both) CAL

COUPLING {both) DC

50 Q (both) OFF

INVERT (both) OFF

POSITION set to Mid screen

Display Mode YT

BANDWIDTH FULE

8SMOOTH OFF
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Table B-15 {cont)

VIDEO OPTION Setup (SET TV)

Interlaced Coupling FIELD1
Noninterlaced Coupling FIELDA
TV S§YNC —{minus)
CLAMP OFF

Line Count 525

Line Start PREFLD

WORD RECOGNIZER (SET WORD)

Word Match Dor’t care
{all x}
RADIX HEX
CLOCK ASYNG

2432 Operators B-19



Appendix B

Froni-Panel Seitings for Auto Setup

Auto Setup forces some front-panel controis to certain settings. Table B-16 lisis
those condrols and indicates whether or not they are affected when Auto Setup
axecutes.

Table B-16
Front-Panef Settings After an Auto Setup

AUTOSETUP Controis

Mode AS SELECTED
RESolution AS SELECTED

CURSOR Controls

CURSOR/DELAY Knob LASTS
CURSOR FUNCTION All off

ALL OTHER CURSOH SETTINGS LEFT AS LAST SET. SEE
TABLE B-15 FOR THE NAMES OF THE REMARING

CONTROLS.?
DELAY Controls
DELAY by EVENTS OFF
A TIME OFF
DELAY TIME 40 us
A DELAY Time 0.0
DELAY EVENTS Count 1
REVICES/SETUP (QUTPUT}

ALL DEVICES SETTINGS ARE LEFT AS LAST SET. SEE
DEVICES/SETUP in TABLE B-15 FOR A LIST OF THE
CONTROLS.2

GPIB SETUP (OUTPUT)

ALL GPIB QUTPUT SETTINGS ARE LEFT AS LAST SET. SEE
TABLE B-15 (GPIB SETUP) FOR A LIST OF THE CONTROLS.2
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Table B-16 (cont)

HORIZONTAL Mode Controls

MODE A
A SEC/DIV Auto Setup!
EXT CLK Expansion Factor 1
EXT CLK DFF
PCSITION Waveform LIVE
PCSITION Reference LAST3
POSITION set to AUTOsetup’
POSITION REF mode LAST?
INTENSITY Controls
SELECT LASTS
READOUT intensity LASTS
DISP intensity Auto Setup!
INTENS Level LAST?
VECTORS ON

MEASURE Controls

ALL MEASURE SETTINGS ARE LEFT AS LAST SET. SEE
MEASURE in TABLE B-15 FOR A LIST OF THE CONTROLS.2

STORAGE Mode Controls

STORAGE Mode
AGCQUIRE Mode
REPET

AVG Number
ENVELQPE Number
SAVE ON A

REFt through REF4

ACQUIRE
NORMAL
Auto Setup!
LAST?
LASTS

OFF

OFF

TRIGGER Controls

A/B TRIG set for
A TRIG MODE

B TRIG MODE
SOURCE (both)
COUPLING {both)

A

AUTO

RUNS AFTER
VERT

DC

2432 Operators
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Table 8-18 {cont)}

TRIGGER Controls {cont)

SLOPE (hoth} Auto Setup!
TRIG POSITION Auto Setup!
LEVEL (both) Auto Setup!
EXT GAIN {both) LASTS
HOLDOFF Minimum
VERTICAL Contrais
MODE LASTS4
VOLTS/DIV Auto Setup?
VARIABLE (both) CAL
COUPLING {both) Auto Setup!®
50 0 (both) LASTSS
INVERT {both) QFF
POSITION set to AUTOsetup!
Display Mode YT
BANDWIDTH FULL
SMOOTH QFF

VIDEC OPTION Setup (SET TV)

AlLL GPIB OUTPUT SETTINGS ARE LEFT AS LAST SET. SEE
TABLE B-15 (VIDEOC OPTION) FOR A LIST OF THE

CONTROLS.?

WORD RECOGNIZER (SET WORD)

ALL WORD RECOGNIZER SETTINGS ARE LEFT AS LAST SET.
SEE TABLE B-15 {(WORD RECOGNIZER) FOR A LIST OF THE

CONTROLS 2

1Settings established depend on the mode and resolution for Auto Setup, as well as the
input signal{s) being set up. (See AUTO in Section 5 for more information.)

2yse Table B-15 only to see s listing of unaffected controls, Since the controls are left as last
set afier executing an Auto Setup’, ignore the INIT values listed with the controls.

#The setting in effect before Auto Setup executes is left unchanged after Aulc Setup

executes.

*The Vertical MODE setting is only changed i no display source is selecied. in that case,

CH 1 is Wwrned on.

5The input COUPLING is only changed if GND is selected. In that case coupling becomes DC.

B-22
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Appendix C

Waveform Paramefter Extraction

Introduction

This appendix describes the methods used to calculate waveform parameters
returned by the MEASURE feature for this instrument.

This information is to heip the user understand how this instrument extracts the
specified parameters. By knowing the methods used to characterize the waveform and
calculate the parameters, users can better understand how to set up the scope for
best measurement resulis and how {o interpret such results,

This section does not describe all the ways to access and specify the MEASURE
feature. Parameter extractions using the MEASURE features can be specified via the
front-panel MEASURE menu, as explained in Section 5, “Controls, Connectors, and
Indicators,” or via the GPIB, as explained in the Programmer's Reference Guide. Once
specified, extractions can be stored and later recalled as part of a sequence using the
AutcStep Sequencer feature. An example of how MEASURE can be incorporated in
an AutoStep Sequence is included in the familiarization procedure of Section 2 of
this manual,

Parameter Extraction from the Waveform

Overview

Parameter extraction is done in two phases. First, the waveform is
characterized to determine various amplitude-reference levels, TOP and BASE
levels, and, if time-related parameters are requested, ime-reference points. Once
these waveform references are found, the second phase is to calculaie the
requested parameters so they can be displayed.
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During the first phase, the scope determines the minimum and maximum amplitude

levels within the active window of the waveforim, BASE and TOP levels for the
targeted waveform are then determined according to the user-selected MEASURE
METHOD, and the PROXIMAL, MESIAL, BISTAL, and MESIAL2 amplitude-reference
levels are calculated according to the current settings for LEVEL. At this point
amplitude-refated parameters can be extracted. if time-related parameters are
requested, however, the targeted waveform must be searched for crossings of the
PROXIMAL, MESIAL, and RISTAL levels. The crossing times become the time-
reference points and are then used 1o caiculate parameters such as FRECQuency,
WIDTH, PERIOD, etc.

BASE-TOP Determination

Three methods of determining the TOP and BASE for waveforms can be user-

selected: MIN/MAX, HISTogram, and CURSOR. The optimum method for BASE-
TOP determination depends on the type of waveform that is to be measured.

MIN/MAX Method

The MIN/MAX method is for ganeral purpose use and is the default setting.
MIN/MAX defines the 0% and 100% levels of the waveform as the lowest
amplitude {(most negative), and highest ampiitude (most positive) samples found
in the active window.

The MIN/MAX method is useful for measuring FREQuency, WIDTH, and
PERIOD on most types of signals. MIN/MAX is sensitive to ringing and spikes
cn the waveform, however, and cannot be used to accurately measure RISE
time, FALL time, OVeRSHooT, and UNDeRS8HooT.

HiSTogram Method

c-2

The HISTogram method attempts o ignore ringing and spikes on
waveforms when determining the 0% (BASE), and 100% {TOP) levels. it's the
hest method to use when measuring square waves and pulse-type waveforms,
Figures C-1 and C-2 illustrate the differences between HiSTogram and
MIN/MAX methods. (Note the differences in how the TOP and BASE levels are
located on the waveform and how the ampiitude.referance levels are affected.)
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HISTogram makes several assumptions about the waveform.

1, The TOP level is always more positive than the BASE level.

2. The rising edge of a signal always has a positive slope, and the falling
edge has a negative slope.

When a histogram determines the TOP and BASE levels, the process is
as foliows:

1, The waveform data-array is used to create a histogram array. This array
consists of 256 value ranges or “buckets”, each containing the number
of times that the sample value occurs in the targeted wavetorm.

2.  The absolute maximum and minimum points are also determined from
the waveform data-array.

3. The absolute minimum point is subtracted from the absolute maximum
point to determine the peak-to-peak amplitude of the waveform.

4. The peak-io-peak amplitude is divided by two o obtain the mid-point of
the range for the waveform sample points {i.e., for a waveform with an
absolute maximum of 120 and a minimum of 20, the peak-to-peak is
100 and the mid-point is (100/2) + 20 = 7C.

5. Beginning at the mid-peint level, the histogram array is searched
upward {values greater than the mid-point) to find the initial histogram
maximum and downward (values iess than mid-point) to find the initiaf
histogram minimum. The value associated with the bucket containing
the largest count of sample peints ABOVE the mid-point becomes the
waveform TOP. The value of the bucket containing the largest count
BELOW the mid-point value becomes the waveform BASE.

CURSOR Method

The CURSOR method lets the user directly set the BASE and TOFP levels
for the waveform. The least-positive VOLTS cursor establishes the BASE of the
waveform; the most-positive VOLTS cursor establishes the TOP. The user-
specified BASE and TOP are then used with the current PROXIMAL, MESIAL,
and DISTAL settings for LEVEL when the scope calculates the amplitude-
reference levels,
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Level Calculations

Regardiess of which METHOD is used 1o arrive at BASE and TOP, once they
are found the scope must next determine the amplitude-reference levels:
PROXIMAL, MESIAL, DISTAL, and MESIALZ. The values of the reference levels
are determined by their settings in the LEVEL menu under MEASURE/SETUP.
Each level can be set to two independent values—one & percentage of the present
waveform’s base-to-top amplitude, the other an absoiute voltage level {(which can
lie on or off the waveform).

Because the two settings for a given level are independent, when the level is
expressed as a percent, the corresponding voltage must be caicuiated. The
resolution of the percent setting is 0.1, allowing for 1601 possible settings in the
0-100% range. To be able to calculate this many voltage levels, however, the
scope—which has 25 digitization levels per vertical division—would require a
waveform with over 40 divisions of amplitude. But parametric measurements are
restricted to waveforms within the center 10.24 vertical divisions, so the maximum
number of calculable voltage levels is 256, and waveforms with fewer divisions of o
ampiitude will have fewer voitage levels available. This means that several different L
percent settings will vield the same calcutated voltage.

The resclution of calculated voltages is 1/25 of the VOLTS/DIV setting. For
exampie, if the VOLTS/DIV setting is 2 V, the resolution of the voltage
calculations Is:

L 2VOLT/DIV —
RESoiutlon~m = 0.08 V/DL = 80 mV/DL

The general formula for calculating the voltage level, V, that corresponds 10 &
given percent, P, (without regard to vertical resolution) is:

V = BASE + [P/100 X (TOP — BASE)]

Example: If a waveform has TOP = 6.0000 V, BASE = —-4.0000 V,
and VOLTS/DIV = 2V, and the leveis are set to their default values:
PROXIMAL = 10%, MESIAL = 50%, and DISTAL = 90%, substituting into
the equation yieids:

PROXIMAL value = —4 + 8.1 } [ — (—4)]
= ..3.0000V

MESIAL value = 1.0000V

DISTAL value = 50000V
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But the resolution at 2 VOLT/BIV is 80 mV, so these values must be
expressed as multiples of 80 mV. The values that will actually be
returned by Measure mode are:

PROXIMAL = —3.0400 V
MESIAL = 960.00mV
DISTAL = 43200V

The following is a way to calculate the voltage, accurate to within one
DL, for a given percentage levek

1. Calculate the resolution in VOLTS/DL: RES = VOLTS/DIV +
25 DL's/DIV.

2. Find the number of DL's In the display: Total DL's = {TOP —
BASE} + RES. (See Step 1.}

3. Find the number of DL’'s between BASE and the level of interest;
muttiply the total number of DL’s {from Step 2) by the appropriate
percent (expressed as a decimal), and fruncate the rasult to the
nearest smaller integer.

4. Convert DL's to volts: multiply the resuits of Step 3 by RES.
5. Find the value of the level: add the results of Step 4 to BASE.

Use this procedure to find the 25% and 75% levels that Measure
mode would calculate for the waveform of the previous example:

Step 1: RES = 2 VOLTS/DIV + 25 DL's/DIV = 80 mV/DL
Step2: 10V + 08V/DL = 125 DL’s

Step 3;  0.25 x 125 DL's = 31.25, which truncates to 31 DL’s, and
0.75 x 125 DL's = 93.75, which truncates 10 83 DL's

Step 4: 31 DL's X .08 V/DL = 2.48 V, and
93DL's x OBV/DL = 7.44 V

Step5 4V + 248V = —1.52V, and
—4V + T 44V = 344V,

If the LEVEL menu is switched to express the amplitude-reference
level in VOLTs instead of %, the vertical resolution for the Measure mode
readout is again a function of the VOLTS/DIV setting. While VOLT values
can be set anywhere in the range =999 V, the calculated values are
restricted to a range of 10.2 divisions.
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The PROXIMAL, MESIAL, and DISTAL levels are shown in Figure C-1 for
HISTogram method waveforms and in Figure C-2 for MIN/MAX method waveforms.

MESIALZ is an independent amplitude-reference level for use with DELAY —the
only parameter extraction that uses two target waveforms. MESIALZ lets the user set
a crossing threshold on the TO target of the DELAY measurement that is independent
of the crossing thresholds on the FROM target.

Error messages are provided to ensure that the proper relationships among
PROXIMAL, MESIAL, and DISTAL (PROXIMAL =< MESIAL < DISTAL} are
maintained. PROXIMAL must also be greater than or equal 10 BASE, and DISTAL
must be less than or equal to TOP. MESIALZ must be within the BASE and TOP of
the DELAY TO waveform if the DELAY measurement is selected. (See Tabie C-2 for
more information about error messages.)
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1 WIDTH »; |

-

oversHooT, B% a fl R ek
B SN A Sy - - - — = = -g0%

i B _ ~50%
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15T PROXIMAL

- | L - g — o |- 10
_— L - — — — — 4 e — — - -BasE
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-y g e
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6286-45

Figure C-1. Parameter extraction using HiSTogram method.
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Figure C-2. Parameter extraction using MIN/MAX methed,

Determination of Time Reference Poinis

Once the amplitude-reference leveis have been calculated, the waveform data-
array can be searched for crossings at these reference levels. The direction
{(positive or negative) of the waveform and the time at these crossings define the
time-reference points for calculating the wavelorm parameters,

Time Reference Search Procedure

The scope uses the amplitude-reference points in a search aigorithm to
determine where (at what time} in the waveform record the reference points occur,
and in what direction {positive or negative) the waveform is moving at each
crossing. In genersl, the MESIAL level crossings are used to determine where valid
edges exist, and the search sequence locates the PROXIMAL and DISTAL
crossings on those edges. Once found, the time at each crossing is mapped into
one of three arrays to be used later in calculating the waveform parameters,

The first MESIAL crossing in the waveform record (or active window) is located
and the polarity of the crossing determined. The waveform is then searched
backward in the record. If the first MESIAL found was on a rising edge {positive
crossing), the scope searches for a PROXIMAL level; if the MESIAL was on a
falling edge (negative crossing), it looks for a DISTAL crossing.
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After finding the first level that occurred before the first MESIAL, the search is
again reversed, and the scope looks forward in the record to find the first ievel
after the first MESIAL (DISTAL after a positive MESIAL crossing, PROXIMAL after
a negative MESIAL crossing). At this point the search has located all thres
amplitude-reference crossings for the first edge in the record {or in the active
windew), The search continues forward until the next MESIAL crossing is found.

Once the second MESIAL is found, the backward/forward search just described
repeats to locate the other two reference levels for the second edge, followed by
the next MESIAL for the third edge (last rising edge in Figures C-1 and C-2). This
process of finding the amplitude-reference points {(and using the corresponding
times 1o build arrays of time-reference points) is repeated untit four sets of edge
information are collected or until the entire active window has been searched.

NoTE

The ampiitude-reference levels just found are shown for the first through
third edge on Figures C-1 and C-2. The crossing points labeled “1st” (1st
MESIAL, elc.} are on the first edge; those labeled “2nd” are on the second
edyge; efc.
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Calculation of the Waveform Parameters

Table C-1 shows how each waveform parameter is calculated. Some peameters
are calculated directly from the time-reference points derived from the three arrays.
For example, the parameter WIDTH is calculated by subtracting the time at the first
MESIAL crossing from the time at the second MESIAL crossing of the waveform,
where both MESIAL crossings are on edges bracketing the pulse. All array-derived
time-reference points are illustrated in Figure C-1; this figure is useful in visualizing
the calculations made directly from these reference points.

Some parameters are calcufated indirectly from the referance points. The duty
cycle parameter (DUTY), for example, is calculated by dividing the width of the
positive puise (TIME ON) by the period (PERIOD). Both TIME ON and PERIOD
are calculated directly from the time-reference points and used in the indirect
calculation for DUTY.

Table C-1
Definition of Parameters

The 21 parameters available for extraction are defined as follows:

AREA: The area under the waveform:

K
AREA =2, Wi

i~}

Where

Window OFF
j=1
k = 1024

Window ON
j = Location of left TIME Cursor
k = Location of right TIME Cursor

W = Target waveform array

Points above ground contribute positive AREA;
Points below ground contribute negative AREA.
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BASE: Determined by the method chosen in the second-level SETUP menu,
Pefines the 0% level of the waveform for calculating percentage-based DISTAL,
MESIAL, and PROXIMAL. levels,

DELAY: Time delay is defined as:
WINDOW mode OFF:

DELAY = Time @ first MESIAL of TO target
-Time @ first MESIAL of FROM
target + calibration constant o null
mismatch between CH 1 and CH 2.

Window ON;

DELAY — Time @ tast MESIAL before right-
most TIME cursor on TO target
— Time @ first MESIAL after
teft -most TEME cursor on
FROM target + calibration constant
1o nuli mismaich between CH 1
ang CH 2.

WINDOW ON definition allows delay
measurements from any selected edge

on the FROM waveform to any edge
on the TO waveform.

DIStal: Determined by the method chosen in the second-level SETUP menu
and the DISTAL percentage or voltage level chosen in the third-level
LEVEL menu.

BUTY: Duty cycle is defined as:
DUTY CYCLE — "QE”F% Ol 100%

where “TIME ON” is the duration of the positive portion of the waveform.

FALL time: The time between the DISTAL and PROXIMAL crossings of the
first complete negative-going edge.
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FREQ: This measurement is simply the reciprocal of the PERIOD
measurement, which requires the acquisition of three consecutive
MESIAL points.

FREQ =

1
Time (@ third MESTAL — Time (@ first MESIAL

MAXimum: The largest (most positive) vatue found in the active window.

MEARN: The mean value of the waveform:

k

MEAN = 1k — | + 1) X 2 Wg)
=)

Where

Window OFF
j=1
k = 1024
Window ON
j = Location of left TIME Cursor
= [ ocation of right THAE Cursor

W = Target Waveform Array

MESial: Determined by the method chosen in the second-evel SETUP menu
and the MESIAL percentage or voltage level in the third-level LEVEL ments,

MiDpoint: The vertical midpoint for the waveform:
MID = (MAX + MiINYy2
MiNimum: The smallest (most negative} value found in the active window.

OVeRShoot (TOP Overshoot):

OVRSHT — TN(‘)’;X:BT/_\O% % 100%

This caleulation does not select the maximum on the first rising edge.
Instead, the maximum is the most positive value found within the entire
active window of the waveform.
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PERiod: The measurerment of period requires the acquisition of three
consecutive MESIAL points. The period is defined as:

PERIOD = Time @ third MESIAL — Time @ first MESIAL.

PROXimal: Determined by the method chosen in the second-level SETUP
menu and the PROXIMAL percentage or voltage level chosen in the third-level
LEVEL menu.

PK-PK (peak-to-peak): MAX - MIN

RISE time: The time between the PROXIMAL and DISTAL c¢rossings of the
first complete positive-going edge.

RMS: The voltage in RMS,

1\ t
RMS = [(Uk—i+1) 2o (W@aI*
]

Where

For WINDOW OFF:
If Period exists
j = First MESIAL crossing found
k == Third MESIAL crossing found

if Period does not exist
=1
k = 1024

For WINDOW ON:
i = Location of left TIME Cursor
k = Location of right TIME Cursor

W = target waveform array

wWith WINDOW OFF, the calculation returns an RMS
measurement of a periodic signal; with WINDOW
ON, the scope returns an RMS measurement over
the user-specified “windowed” area.
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TOPR: Determined by the method chosen in the second-fevel SETUP menu.
Defines the 100% level of the waveform for calculating percentage-based
PROXIMAL, MESIAL, and DISTAL levels.

UNDerShoot (BASE Overshoot):

UNDRSHT - ;’H x 100%

Similar to overshoot, this calculation does not select the minimum
on the first falling edge. Instead, the minimum is found within the
entire active window of the waveform.

WIDTH: This is an edge-to-adge measurement, defined as:

WIDTH=Time @ second MESIAL on the pulse minus the Time @
first MESIAL on the pulse, where the puise is that portion, positive
or negative, of a pericdic waveform having the feast duration relative
te the waveform period.

Note that WIDTH might be measurad from a rising to a faling edge
cr from a falling to a rising edge, depending on which of the available
edges in the active window define a pulse. This instrument defines a
puise as that part of the waveform having the shortest duty cycle. In
other words, for a rectangular waveform that is at a more positive
level 60% of the time and a more negative level 40% of the time, the
two mesials for the edges bracketing the negative 40% of the
waveform are used for measiuring WIDTH.

Interaction of MEASURE with Acquisition Modes

ENVELOPE Mode

MEASURE can be used with wavetorms acquired in ENVELOPE mode;
however, a wide envelope can cause unintended resuits for time-related
parameter extractions, ENVELOPE maode finds the MIN and MAX values for
each sample point, and, when they are displayed, the transitions between these
MIN and MAX values (for each sample point) can cross amplitude-reference
levels. Such crossings can cause the time-reference points to be located on
undesired points of the waveform. For this reason an ENV? warhing message
is dispiayed to the left of the selected measurement. Always use MARKs when
using MEASURE with ENVELOPE mode, $0 measurement paints on the
waveform are seen.
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MEASURE uses the envelope when determining amplitude-related
parameters.

Since ADD and MULT are not available in ENVELOPE mede, ADD and
MULT waveforms cannct be measured in ENVELOPE mode, either. If ADD or
MULT has already been chosen as the target for a Continuous-Update
measurement before ENVELOPE is selected, an error message will be displayed
in place of the measurement results.

AVERAGE Mode

Waveform Parameter Extraction is always performed on 8 bits of data; for
AVERAGE Mode the 8 bits measured are the 8 upper (most.significant) bits of
the 18-bit average data.

REPET Mode

In REPET mode, a minimum number of acquisitions is required to
accumutate enough sample points for parameter extraction. Until the requisite
number of sample points has been acquired, the selected parameter value is
replaced with 77 WAIT 77 in the MEASURE display.

SAVEd Expanded Waveforms

C-14

The area measured on waveforms that have been SAVEd and then
horizontally expanded depends on the horizontal pesition. Up to 200 screens of
data are available (with 100 x expansion), but only 2 screens are available for
measurement at any one time. Typically the 2 screens— consisting of 20
horizontal divisions, or 1024 points of data—are measured starting at the left
edge of the graticule and continuing to one screen of data beyond the right
adge of the graticule. The exceptions to this rule are when the beginning of the
expanded waveform is positioned to the right of the left edge of the screen, or
when the end of the waveform is positioned less than 10 divisions beyond the
right edge of the screen:

= If the beginning of the expanded waveform is positioned to the right of the
left edge of the screen, the 1024 points tc be measured start at the
beginning of the waveform. The begirming of the waveform cannot be
positioned to the right of center screen.

= {f the end of the waveform is positioned less than 10 divisions beyond the
right edge of the screen, the 1024 points to be measured stop at the end
of the waveform, In other words, the measurement begins as far to the
teft of the screen's left edge as is necessary to use the full 1024 sample
points. The end of the waveform cannot be positioned to the left of
center screen.
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Vertical Expansion

H a waveform is expanded, whether “live” or SAVEG, the vertical expansion
is done before the parameter is extracted. If the waveform is expanded beyond
the 10.24-division vertical window, inaccurate amplitude measurements may
result. Tha CLIP message {see Table .3} warns the user of this situation,
Resoluiion is not increased for parameter extraction by vertically
expanding waveforms.

SMOOTH Acquisition Mode

Smoothing, if enabiled, is performed prior to any parameter extraction
calculations. Since SMOOTH performs a moving, 5-point average on
waveforms, it can affect the values returned for MEASURE, See Section 5 for
more information about SMOOTH.

ROLL Acquisition Mode

Parameters cannot be extracted from a “live” waveform in ROLL mode, bt
they can be extracted using SAVE mode. When the ROLL waveform has been
SAVEd, either by a press of the SAVE button or by the occurrence of a SAVE-
ON-DELTA, the selected parameter can be displayed.

Glossary of Parameter Extraction Terms

Active Window: Active window is the portion of the waveform over which
the sefected parameter is extracted. If WINDOW is OFF, the active window is
from the first waveform sampie to the last waveform sample: sample 0 to
sample 1023. If window is ON, the active window is the section of waveform
between and inciuding the left and right time cursors. All parameter extraction is
performed within the active window.

BASE: The 0% level of the waveform determined by the currently selected
measurement method {MIN/MAX, HiSTogram, or CURSOR).

Crossing: The time location where the waveform crosses an amgplitude-
reference level (PROXIMAL, MESIAL, MESIAL2, or DISTAL).
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DISTAL Level: This is a voltage threshold that provides the ending time-
reference point for rise-time measuraments and the starting time-reference point
for fail-ime measurements. it can be set by the user 10 any voltage from
—~989 V to +989 V or from 0 to 100%. The INIT PANEL value for DISTAL is
90%, which is the typical value for rise-time and fall-time measurements.

MESIAL Level: This voltage threshold is typically 50% of the waveform.
MESIAL crossings determine the time-reference points used to calculate
frequency, width, period, RMS, and delay.

MESIAL2 Leved: This voltage threshold is similar to MESIAL, but it is used
to determine the time-reference point for the TO waveform target when
measuring DELAY. (DELAY is a two-channel measurement.) The MESIALZ level
can be set independently from MESIAL, but the default is 50%.

PROXIMAL Level: This is the other thresheld that is used with the DISTAL
crossing 1o caleulate the rise-time and fall-time parameters. The default vatue of
PROXIMAL is 10%.

TOP: The 100% level of the waveform determined by the current
measurement method (MIN/MAX, HISTogram, or CURSOR).

Warning and Error Messages for MEASURE

ERROR Messages

Error messages are issued when the scope cannot perform the requested
parametar extraction.

NOTE

When ‘active window” is used in descriptions for error or warning
massages, it refers o the section of the targeted waveform that is being
measured. If WINDOW is on and the TIME cursors are on, the active
window fs the section between and including the left and right TIME
cursors. If WINDOW is off, the active window js the entire 1024-sampls,
20-horizontal division waveform.

C-18 2432 Operators




Appendix C

Table C-2

Error Messages for MEASURE

Error Messages

Description

ADD IN ENV?

The ADD Vertical mode cannot be selected while in
ENVELOPE acquisition mode. if the ADD waveform
was selected before entering ENVELOPE mode,
the ADD waveform will be turned off. Any
measurements previously targeted for the ADD
waveform will have the “ADD IN ENV?” error
displayed since the ADD waveform no longer
exists.

EMPTY REF

A measurement was requesied on an empty
DISPLAY REF waveform.

INVALID WFM

Parameter target contains invalid waveform data.
Data may have been lost due to interruption of
power while acquiring or failure of the battery-
backup to memory. Press ACQUIRE to acquire
new valid data for the selected parameter,

LEVEL LIMIT?

The level settings do not satisfy the condition:
PROXIMAL = BASE and DISTAL < TOP

LEVEL ORDER?

The levei settings do not satisfy the condition:
PROXIMAL =< MESIAL = DISTAL

MES2 LIMIT?

The MESIALZ level does not satisfy the condition:
BASE < MESIALZ < TOP

MULT IN ENV?

MULT waveforms also cannot be displayed in
ENVELOPE mode and are deselected as deseribed
for “ADD IN ENV?”

NO DEL DELAY

A measurement was requested on a deita-delayed
waveform, and the scope was not in B Horizontal
mode or delta-delay was off.

NEED 2 EDGES

Less than two edges were found in the active
window.
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Table C-2 {cont)

Error Messages

Desceription

NEED 3 EDGES

Less than three edges were found in the active
window.

NG 7 EDGE No rising edge was found in the active window.
NO | EDGE No falling edge was found in the active window.
OVERFLOW This message is displayed for the RMS

measurement when the dynamic range capability of
the RMS calculation has been exceeded. This may
happen with certaln combinations of SAVEd
vertical expansion settings and data values.

ROLL-NO MEAS

Measurements are not permitted while the trigger
mode is ROLL and the scope is acquiring. SAVE
the waveform to make the measurement.

2PITIME/DIV The SEC/DIV settings of the FROM and TO targets
of the delay parameter don’t match.

7T WAIT 77 The REPET waveform has not yet acquired enough
sample poinis.
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WARNING Messages

Warning messages are issued when the requested parameier may not

be valid.

NOTE

“Active window,” when used in descriptions for eror or watning
messages, refers to the section of a targefed waveform being measured.
If WINDOW /s on and the TIME cursors are on, the active window is the
section between and including the left and right TIME cursors. If
WINDOW /s of, the active window is the entire 1024-sampls,
20-horizontal division waveform.

Table C-3

Warning Messages for MEASURE

Warning Message

Description

CLIP

The amplitude of the targeted waveform is
outside the 10.24 divisions available for vertical
display. Increase the VOLTS/DIV or verticafly
position the waveform toward center screen.

ENV?

The measurement is taken on an ENVELOPE
waveform and MIN to MAX transitions may cross
leve! threshoids, generating unintended results.
Use the MARKS to determine if the correct level
Crossings were obtained.

HISTO?

Displayed when less than 2 X /N points are
available for determining either the TOP and/or
BASE when using the HISTogram METHOD. N is
the number of points in the active measurement
window. If WINDOW is off (N = 1024}, there
must be more than 60 points in both the TOP and
BASE levels or this warning is displayed,

LO AMPL?

Time measurements were requested on a
waveform with less than 12 DL’s (digitization
levels) from the BASE to the TOP. (There are 25
DL’s per vertical division.)
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Tabte C-3 {cont)

Warning Message

Description

LO RES?

Greater resolution may be needed for an accurate
result. Go to a faster SEG/DIV setting to obtain
greater resolution. The warning message is
displayed when:

= RISE or FALL is specified and the
rise time or fall time allowed less
than 5 samples to be acquired for
the parameter.

« FREQ or PERIOD is specified and
= 15 samples are acquired for
the parameter.

= Pulse WIDTH is specified and <
10 samples are acquired for the
parameter,

« DELAY is specified and < 5
samples are acquired for the
parameter,

MIN/MAX?

Overshoot or undershoot was requested and
MINAMAX was the METHOD specified.
QOvershoot and undershoot are always 0% for
MINAGAX,

NO DISP

Measurements were reguested on & waveform
that is not displayed.

< 1 PER?

Less than one period was found in the active
window. RMS will be calcuiated from sample 1 to
sample 1024, since this warning is only displayed
if WINDOW is off.

C-20
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ATABS CURSOR MODE, 5-19

A& DELAY TIME, 3-18

A TIME, 5-31

A TIME CURSORS, 3-31

1/TIME CURSORS, 2-30, 5-13, 5-18
50 @ OVERLOAD, 5-10

50 @ TERMINATION, 5-10

A AND B SEC/DIV SWITCH, 5-29
A INTEN, 5-30
A TRIGGER, B-9
A TRIGGER CONTROL MENUS, 5-87
A TRIGGER MODES, 5-38
A TRIGGER QUTPUT CONNECTOR, 5-81
A/B TRIG BUTTON, 5-34
A™B TRIGGER, 3-43
A*BIWORD SOURCE, §-35
ABSOLUTE TIME CURSORS, 3-35
ABSCLUTE VOLTAGE CURSORS, 3-29
AC COUPLING, 5-10, 5-37
AC POWER S0URCE, 8-25
ACCESSORIES, 7-19
ACQUIRE BUTTON, 5-44
ACQUIRE MODES, §-44
ACQUIRING DATA, 2.3
ACQUISITION SYSTEM SPECIFICATIONS, 6-¢
ADD MODE, 34, 5-7
ADDR, 5-26
ALT, 7.7
APPLICATIONS, 3-1
ARMED, B-13
ARMED-READY.TRIG'D 5-42
ASTIG ADJUSTMENT, 4-2, 54
ATRIG (A TRIGGER), B-13
ATTACH CURSOHS 10, 5-18
AUTOQ, 5-57
AUTO LEVEL, 5-38
AUTO PROBE, A-2, A-3
AUTO TRIGGERING AND AUTO LEVELING, B-7
AUTOMATIC SCALE FACTOR SWITCHING, 2.5
AUTO/ROLL, 5-38
AUTOSETUP, 3-62, 5-73, B-22
EDGE, 5-60
PERIOD, 5-80
PULSE, 5-60
VIEW, 5-60
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AUTOSTEP SEQUENCER, 3-85, 5-66, 5-67, 5-68, 5-69, 5-71

DELETE, 5-75
EDIT, 5-74
RECALL, 5-73
SAVE, 5-67
AUXILIARY GROUNBD, 5.20
AVG ACQUISITION MODE, 3.46, 5-44, C.14

B TRIGGER CONTROL MENUS, 5-85
B TRIGGER MODES, 5-39

B TRIGGER SOURCE, B-7
BACK-PORCH CLAMP, 7.5, 7-7
BANDWIDTH BUTTON, 5-11

BASIC APPLICATIONS, 3-1
BATTERY, 6-21

BELL, 5.70, A.2

BELL, WARNING, 5-70, A-2

CALIBRATION, A4, A-8
CALIBRATOR, 5-20

CALIBRATOR FREQUENCY, B-2
CCIR SYSTEM B, 7-10

CH 2 SIGNAL OUTPUT, 5-78
CHAN 112, 5.33

CLAMP, 7-5, 7.7

CLOCK, REAL-TIME, 220
COAXIAL CABLES, 2.8

CODED PROBES, 6-2, B-1

COLD START, A-1, A5

COOLING, 1.7

CQUPLED CURSORS, 342
COUPLING, 5-9, 5-36
COUPLING/INVERT, 5-9

CPLG BUTTON, 5.36

CHT, 5-8

CRT DISPLAY MENUS, 5-80
CURSOR CONTROL MENUS, 5-82
CURSOR MEASUREMENTS, 3-24, 6-4
CURSOR/DELAY CONTROL KNOB, 5-32
CURSORS, 2-26
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L/ONLY, 5-22

LEVEL, 3-66, 3-67, 3-70

LEVEL CONTROL, 5-41

LEVEL/FIELD LINE #, 5-41

LF REJECT COUPLING, 5-36

LINE FUSE, 1-4, 1-5

LINE SOURCE, 5-34, 7-6

LINE VOLTAGE SELECTION, 1-3

LINE VOLTAGE SELECTOR SWITCH, 1-5, 577
LOCK, 5-21

MARK, 3-72
MAXIMUM DELAY, B-8, B-9
MEASURE, 3-65, 5-58
AREA, C-8
BASE, C-10, G-15
CONTINUOUS-UPDATE, 3-72
CROSSING, C-15
DELAY, C-10
DISTAL, 5-60, 5-63, 5-84, 5-65, C-16, C-17
DUTY, C-10
FALL TIME, C-10
FREQUENCY, C-11
MAXIMUM, 5-62, C-11
MEAN, C-11
MEASUREMENT LOCATION, 3-77, 3-78, 3-79, 3-80
MESIAL, 5-83, 5-84, 5-65, C-11, C-16
MIDPOINT, C-11
MINIMUM, 5-62, C-11
OVERSHOOT, C-11
PERIOD, C-12
PROXIMAL, 5-83, 5.64, 5-65, C-12, C-16
PK-PK, C-12
RISE TIME, C-12
RMS, C12
SNAPSHOT, 5-60
TOP, C-13, C-16
UNDERSHOOT, C-13
WIDTH, C-13
WINDOW, 5-63, C-15
MECHANICAL CHARACTERISTICS, 6-29
MENLU BUTTONS, 5-1
MENU OFF, 5-4
MESSAGES, C-16
MISC., A-2
MULT MODE, 3-9, 5-8
MULT SCALING, 3-9, 5-8, 5-56
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NEW REF, 3-35, 5-19

NO A DELAY IN AVG, 3-48, 5-31

NOISE REJECT COUPLING, 5-36, 6-14, 6-15, 6-16, 6-17, 6-20
NOMINAL SOURCE VOLTAGES, 1-3, 6-256

NONVOLATILE MEMOCRY, 8-5,6-21, A6
NORMAL ACQUISITION MODE, 3-46, 5-43
NORMAL TRIGGER MODE, 5-38

NOT WARMED UP, A.Q

NTSC (CCIR SYSTEM M), 7-10

OFF BUS, 5-24, 5-03

OPERATING CONSIDERATIONS, 2-1
OPERATORS CHECKS AND ADJUSTMENTS, 41
OPERATORS FAMILIARIZATION, 2.7
OPERATORS SAFETY SUMMARY, xiv

OPTIONAL ACCESSORIES, 7-19

OPTIONAL WORD RECOGNIZER PROBE, 7-3, 7-16
OPTIONS, 71

OUTPUT BUTTON, 5-21

OUTPUT CONTROL MENUS, 5-93
OVERSCANNED TV DISPLAYS, 7-9

P8407 WORD RECOG INPUT CONNECTOR, 5-78
PANEL, A-2

PASS, A9, A-10, A-11

PAUSE, §-26, 5-68, 5-70

PEAK-TO-PEAK VOLTAGE, 3-2
PERFORMANCE CHARACTERISTICS, 6-1
PERFORMANCE CONDITIONS, 6-8
PLOT, 5-.27, 5.70

PLOTTER, 5-23

POWER CORDS, 1-6, 1-7, 7-2
POWER-DOWN, 1.9

POWER ON/OFF SWITCH, 5-6
POWER-ON/SELF TEST FAILURE, A-4
PREFLT {PREFILTER}, A-2

PRGM, 3-81, 5-66

PRINT, 5-70

PRINTER, 6-23

PROBE CODING, B-1

PROBE LOW-FREQUENCY COMPENSATION, 4-4
PROBE POWER CONNECTORS, 5-78
PRCBE POWER, 7-3

PROBES, 2-4

PROTECT, 5-78

PWR ON INIT, 5-5, 5-80, B-17

PWR ON LAST, §-5, 5-80
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DC COUPLING, 5-10, 5-36

DC INPUT COUPLING, 5-36

bC OFFSET, 5-57

DEBUG, 5-25

DELAY BY EVENTS, 2.35, 3-22, 5-32
DELAY BY TIME, 2-35, 3-14, 5-30
DELAY CONTROL MENUS, 5-83
DELTA VOLTAGE, 3-25
DETACHABLE-POWER-CORD RECEPTACLE, 5-76
DEVICES, 5-23

DIAGNOSTIC ROUTINES, A-4
DIAGNOSTICS, A-4, A-9, A-11, A-13
DIMENSIONAL DRAWING, 6-35
DISABLED--SEE MANUAL, A-1

DISP, 5-80

BISPLAY PRICRITY, B-12

DISPLAY REF, 5-51

DISPLAY SPECIFICATIONS, 6-24

EDGE?, 5-16

EMPTY REF, 2.22, 5-51

ENCDG, 5-25

ENVELOPE ACQUISITION MODE, 3-49, 5-43, C-13
ENVIRONMENTAL CHARACTERISTICS, 6-26
ERRCR MESSAGES, C-18

EXPANSION, 3-51

EXT1i2,5-35¢1
EXT CLK, 5-3%
EXT TRIG GAIN, 5-36

EXTENDED CALIBRATION, A-8, A-10, A-15
EXTENDED DIAGNOSTICS, A-7, A-11, A-15
HMALT, A-13
MODE, A-13
RUN/SEL., A-13
UP/DOWN ARROWS, A-12
EXTENDED FEATURES, 5-53, 6-6
EXTENDED FEATURES APPLICATIONS, 3-80
EXTENDED FUNCTIONS, 5-4, A-1
EXTERNAL INTERFACE, 5-19
EXTERNAL TRIG INPUT CONNECTORS, 5-20
EXTERNAL TRIGGERING, 2-6

EXTERNAL TRIGGER AND TRIGGER STATUS MENUS, 5-86
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FAIL, A-9

FAMILIARIZATION PROCEDURES, 2-9
FIELD LINE # CONTROL, 5-41

FIELD TRIGGERING, 7-5

FIELD1, FIELDZ, 7-6

FOCUS ADJUSTMENT, 4-3, 5-4
FORCE DAC, A-1

FREQUENCY MEASUREMENTS, 3-12, 3-,18 3-30
FRONT-PANEL CONTROLS, 2-7
FRONT-PANEL SETUP, 2-12
FUNCTION BUTTON, 5-13

FUSE RATING, 8-25

GENERAL APPLICATIONS, 3-2

GENERAL PURPOSE INTERFACE BUS, 5-20
GETTING A DISPLAY, 2.9

“GETTING ACQUAINTED" PROCEDURE, 1-11
GND, 5-10

GPIB CONNECTOR, 5-76

GPIB MODBE, 5-22

GPIB OPERATION, A-14

GPIB STATUS, 5-21

GRATICULE, 2-1

GROUNDING, 2-4

HALT, A-13

HELP, 5-53

HF REJECT COUPLING, 5-36
HOLDOFF CONTROL, 5-41, B-5
HORIZ POS REF, 5-51

HORIZONTAL CONTROLS, 5-28
HORIZONTAL EXPANSION, 3-53, 5-28
HORIZONTAL GAIN CHECK, 4-4
HORIZONTAL MODES, 5-28
HORIZONTAL POSITION CONTROL KNOB, 5-29
HORIZONTAL SCALING, 5-56, 5-58

HORIZONTAL SOURCE, 5-61
HORIZONTAL SYSTEM, 6-2

LLUSTRATIONS, xii

INIT @ 50% Button, 5-40

INIT PANEL, B-15

INPUT-COUPLING CAPACITOR PRECHARGING, 2-6
INSTANTANEOQUS DC VOLTAGE LEVEL, 3-3
INSTRUMENT COOLING, 1-7

INTENSITY CONTROL KNOB, 5-3

INTERNATIONAL POWER CORDS, 7-2
INTERPOLATION, 5-47

INVERT, 5-10
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RACKMOUNTING, 7-2
RACKMOUNTING ACCESSORIES, 7-18
RADIX, 7-17

RATIO {between two voltages), 3-26
RATIO {between two time pericds), 3-34
READOUT DISPLAY, 2.7, 2-8

READY, B-11

REAL-TIME CLOCK, 2-20

REAR PANEL, 5-76

RECCRD TRIGGER, B-8  B-11
RECORD TRIGGER OUTPUT CONNECTOR, 5-77
REPACKAGING FOR SHIPMENT, 1-10
REPEAT, 5-76

REPET MQDE, 3-51, 547, C-14
REPETITIVE ACQUISITION, B-3

ROLL MODE, 3-50, 5-37, C-15

RTRIG (RECORD TRIGGER}, B8 f B-11
RUN/SEL, A-13

RUNS AFTER, 5-3%

SAFETY, 1-3

SAVE ON A MODE, 3-55, 549, B-15
SAVE STORAGE MODE, 3-51, 5-50
SAVED EXPANDED WAVEFORMS, C-14
SAVEREF SOURCE, 3-53, 5-50
SAVEREF DESTINATION, 5-51
SEC/DIV SWITCH, 5-28

SELECT BUTTON, 5-3, 5-19

SELF CALIBRATION, 2-17, 5-8%, A.8, A-10, A-14
SELF DIAGNOSTICS, A4, A-11, A-15
SELF TEST, 5-69

SERVICE ROUTINES, A-7

SET BITS, 7-17

SET TV BUTTON, 5-40

SET VIDEO BUTTON, 5-40

SET WORD BUTTON, 5-42, 7-17
SETUP, 5-21, 5-23

SETUP MENUS, 5-87

SIGNAL CANCELLATION, 3-6
SIGNAL CONNECTIONS, 2-4
SIGNAL QUTPUTS, 6-22

SINGLE SEQ TRIGGER MODE, 5-38
SLOPE CURSORS, 2-29, 3-40, 5-17
SLOPE/SYNC BUTTON, 5-41
SMOOTH, B-4, C-15

SMOOTH ON;OFF, 5-49

SNIR, B-3

SOURCE, 5-33

SPECIAL APPLICATIONS, 3-24
SPECIAL MENU, A1

SPECIAL UNITS, 3-26, 3-42
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SPECIFICATIONS, 6-1
SRQ, 5-21, 5-70
STACK REF, 5-51, §.62, B-13
START-UP, 1-8
STATUS/HELP BUTTON, 5-3
STORAGE AND KO, 8-5
STORAGE APPLICATIONS, 3-46
STORAGE CONTROL MENUS, 5-83
STORAGE SYSTEM, 5-43
STORING FRONT-PANEL SETUPS, 2-15
SYNC POLARITY, 7-6
SYSTEM FUNCTIONS, A-1

MISC., A-2

PANEL, A-2

PREFLT ON:OFF, A.2

VIDEO OPT., A-3
SYSTEM MENUS, 5-79
SYSTEM SELECTION, 7-6
SYSTEM-M/NONSYSTEM-M PROTOCOL, 7-9, A-3

TIL, 5-23

T/ONLY, 5-22

TABLES, xi, xili, Appendix B

TERM, 5-24

TEST CODES, A-16

THINKJET® PRINTER, 5-23

TIME CURSORS, 2-30, 5-16

TIME MEASUREMENTS, 2-2, 3-12, 3-30
TIMEBASE SPECIFICATIONS, 6-19
TRACE ROTATION ADJUSTMENT, 4-2, 5.4
TRANSMIT, 5-26

TRIG AFTER, 5-39

TRIG POSITION BUTTON, 5-40

TRIG STATUS BUTTON, 5-42

TRIG'D, B-11

TRIGGER LEVEL RANGE, B-6
TRIGGER MODE BUTTON, 5-37
TRIGGER POSITION, B-8

TRIGGER STATUS INDICATORS, B-11
TRIGGER SYSTEM, 6-3

TRIGGERING SPECIFICATIONS, 6-14
TV LINE NUMBER, 77, 7-8

TV RF INTERFERENCE, 7-9

TV SYSTEM, 7-9, A-3

UNCALD, A-9

UNITS BUTTON, 5-18
UP/DOWN ARROWS, A-12
UBING THE CURSCRS, 2-26
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v@T CURSORS, 2-28, 3.37, 5-16
VARIABLE VOLTS/DIV, 5-11

VECTORS, 5-3

VERT SOURCE, 5-33

VERTICAL CONTROL MENUS, 5-81
VERTICAL CONTROLS, 5-8

VERTICAL EXPANSION, 3-52, G-15
VERTICAL GAIN CHECK, 4-3

VERTICAL INPUT CONNECTORS (CH 1, CH 2}, 5-6
VERTICAL MODES, 5-7

VERTICAL POSITION CONTROL KNOBS, 5-12
VERTICAL SCALING, 5.58

VERTICAL SYSTEM, 6-2

VIDEO COUPLING, 5-386, 7-15

VIDEC OPT., A-3

VIDEC OFTION, 7-3, 7-4

VIDEC OPTION ACCESSORIES, 7-4
VIDEC OPTION SPECIFICATIONS, 6-31
VOLTAGE MEASUREMENTS, 2.2, 3-2, 3-24
VOLTS CURSORS, 2-26, 5-14

VOLTS/DIV SWITCHES, 5-9

WARNING MESSAGES, C-19

WAVEFORM ACQUISITION, 6-4

WAVEFORM PARAMETER CALCULATIONS, C-9
WAVEFORM PARAMETER EXTRACTION, C-1
WFMPRE/CURVE, 5-22

WINDOW, 3-72

WORD PROBE SETUP, 7-17

WORD RECOGNIZER PROBE, 7-3, 7-16

WORD RECOG OUTPUT CONNECTOR, 5-78

XYREF, 5-52

YTiXY, 5-8
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