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instrument Serial Numbers

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

BO10000 Tektronix, inc., Beaverton, Cregon, USA
E200000 Tektronix United Kingdom, Lid., London
J300000 Sony/Tektronix, Japan

H700000 Tektronix Holland, NV, Heerenveen, The Netherlands

instruments manufactured for Tektronix by external vendaors outside the United
States are assigned a two digit alpha code to identify the country of manufacture
{e.qg.. JP for Japan, HK for Hong Kong, IL for Israel, eic.).

Tektronix, inc., PO. Box 500, Beaverton, OR 87077
Printed in U.S.A.

Copyright < Tektronix, Inc., 1989,

www.valuetronics.com



WARRANTY

Jektronix warrants that this product will be free from defects in materials and
workmanship for a period of three {3) years from the date of shipment. If any such
praduct proves defective during this warranty period, Tektronix, at its option, either
will repair the defective praduct without charge for parts and labor, or will provide a
replacement in exchange for the defective product.

In order to obtain service under this warranty, Customer must notify Tektronix of the
defect before the expiration of the warranty period and make suitable
arrangements for the performance of service. Custemer shall be responsible for
packaging and shipping the defective product to the service center designated by
Tektronix, with shipping charges prepaid. Tektronix shall pay for the return of the
product to Customer if the shipment is to a location within the counlry in which the
Tektronix service center is located. Customer shall be responsible for paying all
shipping charges, duties, taxes, and any other charges far products returned to
any other locations.

This warranty shall not apply to any defeat, failure or damage caused by improper
use of improper or inadequate maintenance and care. Tektronix shall not be
obligated to furnish service under this warranty a) to repair damage resulting from
attempts by personnel other than Tektronix representatives to install, repair or
service the product; b) o repair damage resutting from improper use or connection
to incompatible equipment; or ¢) to service a product that has been maodified or
integrated with other products when the effect of such modification or integration
increases the time ar difficulty of servicing the product,

THIS WARRANTY 1S GIVEN BY TEKTRONIX WITH RESPECT TC THIS
PRODUCT IN LIEU OF ANY OTHER WARRANTIES, EXPRESSED OR
IMPLIED. TEKTRONIX AND ITS VENDORS DISCLAIM ANY IMPLIED
WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR
PURPOSE. TEKTRONIX' RESPONSIBILITY TO REPAIR OR REPLACE
DEFECTIVEPRODUCTS IS THE SOLE AND EXCLUSIVE REMEDY PROVIDED
TO THE CUSTOMER FOR BREACH OF THIS WARRANTY TEKTRONIX AND
ITS VENDORS WILL NOT BE LIABLE FOR ANY INDIRECT, SPECIAL,
INCIDENTAL, CR CONSEQUENTIAL DAMAGES IRRESPECTIVE OF
WHETHER TEKTRONIX OR THE VENDOR HAS ADVANCE NQTICE OF THE
POSSIBILITY OF SUCH DAMAGES.
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Certificate of the Manufacturer/Importer

We hereby certify that the

2430A QSCILLOSCOPE AND ALL INSTALLED OPTIONS
complies with tha RF Interference Suppression requirements of
Amtshi. -Vfg 1046/1984.

The German Postal Service was notified that the equipment is baing

marketed.

The German Postal Service has the right to re-test the series and to

vertfy that it complies.

TEKTRONIX

Bescheinigung des Herstellers/Importeurs

Hlermlt wird bescheinigt, daf der/die/das
2430A OSCILLOSCOPE AND ALL INSTALLED QPTIONS

in Ubereinstimmung mit den Bestimmungen dar Amtsblatt-Verfugling

1046/1984 funkentstort Ist.

Der Deutschen Bundespost wurde das Inverkehrbringen diesas Gerates
angezelgt und dis Berechtigung zur Uberprufﬁng der Serie auf Einhalten

der Bestimmungen elngeraumt,

TEKTRONIX
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NOTICE to the user/operator:

The German Postai Service requires that Systems assembled by the
operator/user of this instrurment must also comply with Postal

Requtation, Vig. 1046/1984, Par. 2, Sect. 1.
HINWEIS fur den Benutzer/Betreiber:
Cie vom Betreiber zusammengestelite Anlage, innerhalb derser dies

Gerdt eingesatzt wird, mug ebenfalls den Voraussetzungen nach Par. 2,
Ziff. 1 der Vfg. 1046/1984 genugen.

NQTICE to the user/operator:

The German Postal Service requlres that this equipment, when used In a

test setup, may cnly be operated if the reguirements of Postal
Regulation, Vfg. 1046/1984, Par. 2, Sect. 1.7.1 are complied with.

HINWEIS fur den Benutzer/Betreiber:

Deles Gerat darf in MeBaufbauten nur betrieben werden, wenn die
Voraussetzungen des Par. 2, Ziff. 1, &.1 der Vig. 1046/1584

eingehalten werden.
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Preface

The documentation for the 2430A consists of the following publications:

1 Coerators Manual 073-6286-02
1 Users Reference (70-6339-00
1 Programmers Reference Guide 070-6338-00
1 GPIB Pocket Guide 070-6604-00
1 Service Manual (Qptional accessory)} 0470-6330-00

The Operators Manual is the autharitative reference for al operating informatior:.
Tne only exception is imformation regarding system interfacing and operating this
instrument via the GPIB; the Programmers Refarence Guide is the primary reference
for GP1B gperation.

This manual contains seven sections plus appendices. A brief description of
aach follows.

Section 1

This section introduces you to the instrument. it begins with a description of the
instrument and continues with an explanation 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. Parl one, *Qperaling Considerations,” details the basic
things to be aware of when making measurements. Part two, “COperators
Familiarization Procedures,” gives you the opportunity to make some measurements
that demonstrate varicus features while familiarizing you with the scope’'s controls and
menus. Use of the important Self Calibration feature is alse covered.

24304 Operators

www.valuetronics.com



Preface

Section 3

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

The first part of the section, “Applications,” details the more familiar graticule
measurements of signal amplitude and time period. Use of the Vertical and Horizontal
Bisplay modes (including delay-time measurements} is also covered in part one.

Part two. “Special Applications,” describes use of the versatile curscrs for making
highty 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 ang their uses.

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

Section 4

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

Section 5

This is the reference section that describes instrument features. it ilustrates the
locations of the controls, connectors, and indicators ancg describes their functions. A
listing of the control menus, at the rear of the section, includes infarmation about
their use.

fi 2430A Operators
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Freface

Section 6

This section comtains tables of the electrical, environmental. and mechanical
characteristics of the instrument. An introductory summary of the instrument's
capabiities precedes the specification tables. A dimansional drawing of the instrument
5 Included at the end of the section.

Section 7

This section cantains information about available mstrument options. including
operating instructions for the Video Option and the Word Recogmzer Probe. It also
contains a tist of the standard instrument accessories and a partial list of the
recommerded optional actessones

Appendix A

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

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

This appendix discusses special considerations for using the MEASURE feature to
automatically extract anc measure waveform parameters [t includes a table that dists
and explains the error and warning messages issued by MEAGURE.

2430A Operators iy
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Operators Safety Summary

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

Terms

in This Manual

CAUTION statements identify conditions or prachces that ¢ould resultin
damage to the equipment or other property.

WARNING statements identify conditions ar practices that could result in
personal injury or loss of lite.

As Marked on Equipment

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

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

Symbols

in This Manual

ﬁ This symbol indicates where applicable cautonary or other
infarmation is to be found. For maximum nput voitage see Table 6-1.

As Marked on Equipment

4 DANGER-—High voltage.

@ Pratective ground (earth) terminal.

A ATTENTION—Refer to manual.

xii 2430A Operatars
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Power Source
This product is intended to operate from a power source thal does not apply more
than 250 volts rins between lhe 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. To
avoid electrical shock. plug the power cord into a properly wireg receptacie 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 oparation,

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

{including knobs and controts that may appear to be insulating) can render an
electnic shock.

Use the Proper Power Cord

Use onty the power cord and connector specified for your product.
Use onty 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 avod fire hazard, use only a fuse of the correct type, voltage rating and current
ratng as specified in the parts list far your product.

Do Not Operate in Explosive Atmospheres

To avoid explosion, do not operate this product in an explosive atmosphgre unless
it has been specifically certified tor such operation.

Do Not Remove Covers or Panels

To avoid persanal mnjury, do nol remove tha product covers or panels. Do not
cperate the product without the covers and panels properly installed.
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General Information

General Information

Introduction

This section briefly describes your oscilloscope and lells you how to prepare for
and proceed with the initial start-up. It also includes satety information, as well as
information necessary 1o prevent damage to the instrument. PLEASE READ.

The -Getting Acquainted” procedure in this section is designed to orovide some
immediate “hands-on" experience with the instrument's front-panel controds, There 1s a
more extensive familiarizalion procedure in Section 2. Operation, and detailed
instructions for making various kinds of measurements in Section 3, Applications.
Section 5, Controfs, Connectors, and Indicators, is a reference for the front. and rear-
panel.

NOTE

Information regarting the use of this instrument in systems. by means of the
GPIB. 15 found i the Programmers Reference Guide included with the
osciioscope.

Product Overview

This nstrument is a Digital Oscilloscope with a maximum sample rate of
100 megasamptes/sec 1or a real-ime bandwidth of 40 MHz. The equivalent-tirme
pandwidth, far acquisilion of repstitive signals, 15 150 MHz. The scope can acquire
and digitize input signais, process the information wn a variety of ways, and display or
store the results.

The nstrumert has twao vertica’ channels that can be set independently tor
defiection factor, input resistance. and coupling. Calibrated deflection factors are
available in a 1-2-5 sequence of 11 steps from 2 mVY to 5 V per division: input
resistance can be set to 1 M or 50 ¢; and coupling can be AC (but orwy if the input
resistance is 1 MiY), DC, or GND (ground).

The trigger system provides for autamatic tniggering (AUTO LEVEL Trigger mode)
on most signale when using the A Horizontal mode. Alternative triggering modes. plus
a variety of source selections and coupiing modes. allow optimum triggering on a wide
range of signals in both A and B Horizontal modes.

2430A QOperators 11
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Two 20-givision waveform records, A and B, are available, with display modes of
A, B, or A intensified by B. The acquisition rate can be selected in a 1-2-5 sequence of
28 calibrated steps from 5 s to 5 ns per division. The B acquisition ¢an be delayed
from the A acquisition by using the Detay Time feature, and a second B acquisition
can be delayed even further by using A Delay.

Three acguisition modes are available with this instrurment. NORMAL mode yelds a
“live” display, similar to that of an anaiog scope; the dispiay is continualy updated as
new wavelorm information is acquired and digitized. AVERAGE mede improves the
signat-to-noise ratio of the displayed waveform; corresponding data-paint vales are
averaged to remove uncorrelated noise. ENVELOPE maode provides an image of the
amount of change to 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
BEPET mode forces the instrument to use equivalent-time (randomn) sampling of
waveforms at acquisition rates faster than 500 ns/Division. When repetitive signals are
acquired, AEPET extends the bandwidth to 150 MHz.

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

The Auto Setup, MEASURE, and AutoStep features aiso contribute 1o ease of
operation: Auto Setup produces a workable combination of front-panel settings for
subsequent acquisitions, MEASURE displays a “snmapshot™ of 20 parameters for a
single acquisition, or up to 4 continually-updated parameters for successive
acouisitions; 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 contained in the product
description at the beginning of Section 8.
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Preparation For Use

Safety

Refer 1o the Safety Surmmary at the front of this manual for power scurce,
graunding, and other safety considerations pertaining 1o the use of the instrurrent.
Before connecting the oscilloscope to a power source, read both this subsection
and the Satety Summary

[ b e e

CAUTION

e

e

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 ling fuse {5 instalfed.

Line Voltage Selection

The scope operates from either a 115-Y or 230-V nominat a¢ power-input
source having a line frequency ranging from 48 Hz to 440 Hz. Before connecting
the power cord to a power-input source, venfy that the LINE VOLTAGE
SELECTOR switch, located on the rear panel (see Figure 1-1), is set tor the correct
naminal ac inpul-source voltage. To convert the instrument for operation from one
line-voltage range to the other, move the LINE VOLTAGE SELECTOR swifch to
the correct nominal ac source-voltage setting (see Table 1-1). The detachable
power cord may have to be changed to match the particular power-source outlet.
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Line Fuse

To verity the proper value of the instrument's power-input fuse, perferm the
following procedure.

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

2. Puli the cap (with the attached fuse inside} out ot the fuse hoider.
3. Verify proper fuse value (see Table 1-1).
4. Install the proper fuse and reingtall the fuse-holder cap.

NOTE

A 4-A 250-v, 5 x 20-mm Timeag (T) fuse may be substitited for the
factory-instalied 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 receptacle,
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Table 141

Voltage, Fuse,® and Power-Cord Data

| 'I Power Cord | Line Voltage
Plug and Selector/ Reference
‘ Configuration Category Setting Voltage Range Standards®
o . | ANSI C73.11
LS )
] A us. U.s. NEMA 5-15-P
P Y RS | Domestic. 120 115V EC 83
1 S Standard |
, andard | 15A 90V to 132V UL 1986
| ' . EURO CEE(7). I, IV, VI
| Option 240V 230V IEC 83
| A1 10-16A | 180V 0250V | IEC 127
| . & UKe BS 1363
. YL =) | option 240v 230V 1EC 83
.: &= A2 6A 180V to 250V \EC 127
l
' Australian
Option 240V 230v AS C112
A3 10A 180V to 250V IEC 127
North ANSI C73.20
Option American 230V NEMA §-15.F
A4 240V | 180V 10 250V IEC 83
154 UL 198.6
Switzerland
Option 220V 230V SEV
A5 A 180V to 250V EC 127

B All options listed come with a 1actory-instalied fuse with the following specifications: 5A,
250 V AGC!3AG Fast-blow (UL 198.6). The tuse holder used is AGC/IAG.

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

“Refetence Standards Abbreviations:

ANSI—A | Standards
AS—Standards Association of Avstralia
B5—Britiah Standards Institulion

CEE—H § C

IEC—Intermational Elecirotechnical Commiasion
NEMA—National Elecirical M 5 A
SEV—S§ vischer Elokir r Verein

UL—Underwriters Laboratories Inc.

1-6
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Power Cord

This instrument has a detachable three-wire power cord with a three-contact
plug for connection 1o both the power source and pratective ground. The power
cord is secured to the rear panel by a cord-set securing clamp. The protective
ground contact on the plug connects (through the power cord protective grounding
conductar) to the accessible 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.

Instrurnents are shipped with the required power cord as ordered by the
custamer. Information on the available power cords is presented in Table 1-1, and
part numbers are fisted in Section 7, Options and Accessories. Contact your
Tektronix representative or local Tektronix Field Office for additional power-
cord information.

Instrument Cooling

To prevent instrument damage from overheated components, adeguate 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 exbaust holes are free of
any obstruction to airflow, If overheating cccurs, a thermal cutout immediately
shuts down the scope with no atternpt to save waveforms or front-panel settings.
Pawer to the scope is disabled untit the thermal cutout cools down, at which time
the power-on sequence is repeated. The resulting 1oss of the last front-pangl and
waveform data causes the power-on self test to fail the CKSUM-NVRAM test
tnumber 6000 in the main EXTENDED DIAGNQOSTICS memu). 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 to
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 fully
functional. If no faults are encountered, the instrument will enter the Scope mode in
gither 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
Diagnostics meny. If the failure is in the range of 1000-5300 and the message
HARDWARE PROBLEM—SEE SERVICE MANUAL is disptayed with the menu,
refer the instrument to qualified service personnel. If the failure is in the 1000-5300
range, but RUN SELF CAL WHEN WARMED UP is displayed, you should execute
the SELF CAL procedure from the EXTENDED FUNCHONS menu after the
message NOT WARMED UF has disappeared from the SELF CAL menu. I failures
persist after the SELF CAL is run (2s 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 cause a non-fatal faiiure of the tests. The scope will
dispiay RUN SELF CAL WHEN WARMED UP to indicate that a SELF CAL should
be performed. If SELF CAL does not ciear the failure (HARDWARE PROBLEM—-

. SEE SERVICE MANUAL is displayed), the scope may still be usable for your
immediate measurement purposes. For example, if the problem area is in CH 2.
CH 1 may still be uged with full confidence of making accurate measurements,
Press the MENU OFF/EXTENDED FUNGTIONS bution to exit EXTENDED
DIAGNOSTICS and enter Scope mode.

NOTE

The SELF CAL procedure is detalled in Section 4 of this manual. Refer to
Appendix A of this manual for infarmation on the power-up tests and the
procedures to follow in the event of a failed power-up test.

A fatal fault in the operating system will cause the scope to abort. No displays
are possible, and the user is notified of an abort situation only by the flashing of
the Trigger LED indicators (if that is possible). Cyeiing the power off then back cn
may clear the problem, but a failure of this magnitude usually requires the scope to
be referred to a qualified service person for checkout and repairs, Persisient or
recurring fajures of the power-on or self<iagnostic tests shoulg be brought to the
attention of a qualified service person at the first opportunity. Consult your service
department, your local Tektronix Service Center, or nearest Tektronix
representative if further assistance s heeded.
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Power-Down

NOTE

POWER INTERRUPTION TO THE INSTRUMENT WHEN THE SELF.
CALIBRATION ROUTINE 1S EXECUTING  INVALIDATES THE
INSTRUMENT CALIBRATION CONSTANTS. Upon such an interruption, the
instrument sets an interngt flag denoting that SELF CAL was running at
shutdown, When power is re-gslablished. the scope wil display RUN SELF
CAL WHEN WARMED UP. When the NOT WARMELD UP message disap-
pears from the SELF CAL menu. the user MUST perform a SELF CAL to
escape the EXT DIAG menu (the + 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
service personnel.

For a normal 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 & 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-gown
sequence is not exacuted. The result is loss of stored calibration constants or last
front-panei control settings (or both) and a failure of the next power-on self-test
{6000-8400 range). If front panel, sequencer, or stored wavetorm information was
lost, the error will clear itself on the next power-down/power-up cycle. 'f calibration
constants were lost the instrument will display information indicating that
calibration is needed. If failures persist, refer the instrument to gquakfied service
personnel.

¥ power is momentarily interrupted, starbing the power-off sequence, but is
reestablished before the sequence completes, the scope wilt redo the power-on
procedure. If the scape is in the middle of a waveform acquisition when power
interruption occurs, the waveform data will not be saved, and the invalid waveform
data dispiay 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 materiai be saved in the
event it becomes necessary 1o reship the instrument using a commercial transport
carrier. |f 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 dimensicns.

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

3. Completely wrap the instrument with polyethylene sheeting or equivalent
1o 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 Tektronix Service Center and also 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 . . .

S CAUTION §
EIVV

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

1. Connect the scope to a suitable powser 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 controi). Now press the menu button that 1s under the INIT
PANEL label. {The five menu butions are located in the bezel below the CRT .}

2. Install cne of the two probes included with the scope to the CH 1 input BNC;
install the second probe to CH 2. Connect both probes tc the CALIBRATOR output
and hook the probe's ground ieads to scope ground {the Hanana plug fack under the
CALIBRATOR output can provide the ground if a suitable plug is inserted).

3. The scope can automatically set itself up for a usable display—press the button
labeled AUTO under the A and B SEC/DIV knot.

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.panel settings are effected that deliver a display for CH 1. Some
of these front-panel settings are displayed on-screen. The top line of inforrnation
indicates the following:

a. The CH 1 VOLTS/DIV setting
b. The SEC/DIV moda and setting
¢. The trigger level 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, 1o dispiay other
front-panel settings such as: CH 2 VOLTS/DIV, B SEC/DIV, etc.

NOTE

Auto Setup is a useful and versatile feature. Demonsirating its complete capa-
bilities requires an external signal generator and is, therelore, beyond the scope
of this introductory procedure. We will examine Aulo Setup more closely in
Sections 2 and 3.

B. Let’s learn about the vertical conirols and instrument
controf menus . ..

1. Press the front-panef 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 calfed up a new instrument meny. Many front-panel buttons cali up menus
which display the modes available for the user to select.

2. Press the menu button in the bezel under the CH1 {abel.

Note that one press of the button removes the underline from the CH1 menu label
and turns off the CH 1 display. A second press of the button restores the underiine 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 underiined 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 ling 2, Set the CH 1 VOLTS/DIV controd to 1 'V {2 positions
counterclockwise).

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

5. Turn on the MULT Vertical mode. Note that the ADD menu labe! is no longer
underfined while the MULT labei is. There are some features in the instrument that
cannct 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 muitiplies 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. Tumn off CH 2 and MULT. Press the menu button under YTIXY. The instrument
now leaves the YT mode, where acquired waveforms are plotted on the Y-axis against
Time on the X-axis, 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 menu. These
vertical modes are rot 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 vou selected MULT, because you could use ihe menu fo
g back to ADD.

When you switched the instrument from YT mode to XY mode, the underline in the
menu moved from YT to XY. This type of mode selection is different from the one you
used to turn on GH 1, CH 2, ADD, etc. Whan two modes are mutually exclusive, but
sne or the other must be on, the modes appear as one label over a singie button, and
the mode presently 1n 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 display.
Turn off CH 2 again.

8. Press the front-panel button under the CH 1 VOLT/DIV knob labeled
COUPLING/INVERT. Note that the coupling is set to DC. Push the
COUPLINGANVERT button again. Note that the underling moves to the right to GND
{ground setting). Push the button twice mare. The underling “wraps around,” first
turning on AC coupling, then returning to DT coupling (leave coupling set to pC).

This wrap-around feature for switching between different mode settings is a
shortcut method used for several instrument modes. For many menus, the first push
of the front-panel button selects the menu, while subsequent pushes sslect from two
or mare menu choices in sequence. Some examples are: COUPLING/INVERT,
BANDWIDTH. TRIGGER FOSITION, TRIGGER GOUPLING, and TRIGGER MODE.
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9. Press the front-pane! button labeled BANDWIDTH. Notice that you can limit the
bandwidth of the scope's vertical system to 20 MHz, 50 MHz, or FULL (150 MHz).

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

11. Switch SMOCTH ONIQFF in the displayed menu to ON. Notice the comers of
the square wave roll off. This is because SMOOTH ON causes a moving 5-sample-
point digital filter to be appiied 10 the waveform. SMOOTH is useful for eliminating
noise from non-repetitive waveforms that cannot be acguired in AVERAGE made.
Switch back to SMOOTH OFF.

Before we leave “vertical controls” let's look at the way the vertical positioning
controls work...

12. Use the CH 1 Verticat POSITION control 1o adjust the display vertically on
screen. Natice you can turn the control clockwise and counterclockwise far enough to
pasition the waveform about 2 divisions up and down before you encounter stops on
the control. Now gently rotate the control past one of the stops. The waveform now
moves up or down outside of the two-division area up or down on screen. Rotating
the control further past the stop increases the rate at which the waveform moves up
of down the screen. The maximum rate is reached at the second stop (a “hard™ stop).

VERTICAL POSITION is an exampie of 3 "positicn-rate” control. In the “position”
region, inside the first stops, it acts like most rotating controls: it adjusts the controlied
function by an amount directly proportionat to the amount of rotation, at a rate directly
proportional to the rate of ratation. But in the “rate” regions, between the “soft* and
‘hard” stops, it adjusts the controlied function at a rate directly proportional to the
amount of rotation. This allows the function to be adjusted more guickly. In a sense,
these contrals are “smart” controls. They respond according to the assumption that
small movements of the controil are for fine adjustments and large mavements for
coarse, HORIZONTAL POSITION and CURSOR/DELAY are also position-rate
cantrols.

13. Center tne wavetorm vertically on the screen.
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C. Let’s check out the HORIZONTAL controls 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 resulting CH 1 display should be centered, with a small *T" riding on top of
the square wave at mid-screen. i the T {indicating the trigger point on the waveform}
is not easily visible, limit the bandwidth to 20 MHz by pressing the BANDWIDTH
button twice. If the T still isn't evident, perform Steps a through e. Otherwise, go 1o
Step 3.

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

b. Press the menu button labeled SYSTEM (menu will change).
¢. Press the menu button labeled MISC {menu will change}.
d. Set TRIG T ON:OFF to ON.

e. Press the MENU OFF/EXTENDED FUNCTIONS front-pane! 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 wavetorm record over
20 divisions (as if it were “2X magnified” all the time). Reposition the T to
center screen.

4. Press the front-panel button labeled A INTEN in the horizontal controls section.
Nate that this button does not call up a new menu. {There are six buttons that are not
associated with menus: the athers are: A HORIZONTAL MODE, B HORIZONTAL
MODE, SLOPE. #NIT @ 50%, and A/B TRIG.)
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A INTEN enabies the B SEC/DIV switch and displays its setting below the A
SEC/RIV readout. (B HORIZONTAL MODE has the same effect.) You may have
noticed that the dispiayed wavetorm becarna 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.

5. Turn the SEC/DIV control clockwise three positions untit the B SEC/DIV setting
reads 100 us on screen. Note that the intensified zone shrank until it now only covers
apout 1 gycle of the waveform 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
harizontal divisions of the A display {2 divs/20 divs = 1/10}.

6. Press the front-panei button labeled HORIZONTAL MODE B to display the
intensified zone at the B acquisition rate. Note that the A display is now reptaced by a
B display; the 2-division intensified zone is expanded o 20 divisions. We can further
magnify the intensified zone by changing the 8 SEC/DIV setting to ingrease the B
acquisitian rate.

7. We can also pick the area on the A display we wish to magnify. Return the
HORIZONTAL MODE to A INTEN. Push the front-panel button [abeled DELAY TIME.
A new menu containing the detay time setting is now displayed. Rotate the front-paned
CURSQR/DELAY control clockwise. (This control is located between the CURSOR
and DELAY sections of the front panel.) The intensified zone now moves aiong the
waveform to the right of the T. Switch back to B Herizontal mode. Now when you
rofate the control the waveform moves on screen, since you are magnifying a different
part of the A waveform,

There are two time-deiayed zones available, as well as a delay-by-events function.
Section 2 explains these features in more detail, and Section 3 provides applications
under “‘Delay Timg Measurements and Applications”.

8. Return the HORIZONTAL MODE setting to A,

One thing to remember whan using the harizontal controls is that the SEC/DIV
control adjusts the B acquisition rate whenever the B SEC/DIV readout is on screen
fthat is, when the scope is in A INTEN or B HORIZONTAL MODE).
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D. Using the Trigger controls . . .

Trigger control settings for MODE, SOURCE, CPLG (coupling), and TRIG
POSITION are also selected from menus. The method 1s simiar to the one described
for vertical controls. The following procedure covers only a few aspects of the trigger
controls; see Section 2 for more information.

1. Push the front-pangl button iabeled MODE in the TRIGGER controis section.
Rotate the controi iabeled TRIGGER LEVEL to untrigger the display and notice the
unstable display on screen.

2. Select AUTQ LEVEL mode. Nete that the display automatically becomes
triggered. Now rotate the level conirol 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 leve! (peak-to-peak) range. The AUTO
LEVEL feature estabhishes a new frigger tevel when signal levels change (or the user
attempts to adjust the level outside the sighal range). This feature is handy when
making many consecutive measurements since you don't have to stop to adjust the
trigger level,

3. Push the front-parel button labelied A/B TRIG. Note that the menu changes
to the B TRIGGER MODE meny and that the B-Trigger leve! and sourge are
displayed in the second line of the readout. The TRIGGER LEVEL control now
adjusts the B-Trigger level for the B TRIG AFTER Celay mode (see “B-Trigger
Modes” in Section 5 for more information).

4. Press the front-panel button {abeled TRIGGER CPLG. Note that the B-
Trigger Coupling menu t$ displayed.

5. Press the front-panei button labeled 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 button 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 controls . . .
1, Press the front-panel button Jabeled STORAGE ACQUIRE.

2. Repeatedly push the menu button labeled ENVELOPE. Note the count displayed
above the ENVELOPE lzbel is increased with each push. Continue to push the button
until CONT (continuous) appears.

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

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

Althcugh you created the change that was captured by ENVELOPE mode when
you positicned the dispiay in Step 3, all changes in minimum and maximum amplitude
levels are captured in the same way.

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

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

5. Disconnect the CH 1 probe’s ground lead 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. Notce 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 “rolis 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 MQODE fo NORMAL to return to the “live” mode we used
during the other subsections of this srocedure. Reconnect the probe ground you
disconnected in Step 3.

8. Press the front-panel button labeled SAVE. The instrument stops acquiring and
“frenzes’ the display. Notice that although the waveform is saved, you ¢an still use the
CH 1 Vertical POSITION and Horizontal POSITION controis to moave the saved
waveform on screen.

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

a. Push the button labeled CH1T in the SAVEREF SOURCE menu (rmenu
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-panel 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,
dentify that waveform in the SAVEREF SOURCE menu; 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
Applications™ in Section 3.
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F. Let's make some measurements . . .

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

2. Press the button labeled FUNCTION in the CURSOR section of the front panel.
Select VOLTS from the CURSOR FUNCTION mend.

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

3. Rotate the CURSOR/FUNCTICN control. Note that the segmented cursor moves
up and down screen with that control. Align that cursor with the top of the sguare
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.

€. Increase the A SEC/DIV setting to 500 us,

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

8. Rotate the CURSOR/FUNCTION control 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 curser with the rising edge of one cycle of the square wave.

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

10. Read the time period of the bracketes sguare wave from the cursor readout
{approximately 2.000 ms).
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11. Change the menu tunction selected from TIME to 1/TIME. Check the frequency
readout {approximately 500 Hz).

These last few measurements ilustrate only a fraction of those possibte wsing the
cursors. “Special Applications” in Section 3 of this manual shows you how 1o use the
cuwrsors 10 make z variety of other measurements.

G. A word about HELP.

1. This scope can display on-screen information about the functions and cperations
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
menu button labeled HELP.

You have just invoked the HELP mode for the Instrument. in this mede, all front-
panel contrals (except POWER and the menu butions) cause the instrument to display
information about that control. Don't push any front-panel buttons yet; we'th try HELP
in a moment, but first:

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

4, When NMORE is no longer displayed in the menu, tollow the instruction, GO
AHEAD, TRY A CONTROL: MAKE MY DAY, and press a front panel button or
cantral.

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 screen of information, MORE
appears in the menu.

B. When you're through playing with HELP, press the EXIT button 1o return to
Scope mode. Since using HELP does not change the instrument's setup conditions,
you can use it any time you wish, axcept during interna: calibration or
diagnostic routines.
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Now that you're familiar with most of the tront-panel controls, you're ready to learn
1o make measurements 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 to use them.

If you want to use this instrument for a specific application, but aren’t sure how to
do it, check the Table of Contents for Section 3 to see if your particular need
is covered.
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This section is composed of two subsections. The first contains basic operating
information and techniquas that should be undersiood before you attempt to make
measurements with your instrument. The second consists of procedures designed to
quickly acquaint a first-time user with alt the aperating controls and most
menu selections.

Operating Considerations
Graticule

The graticule is internally marked on the faceplate of the CRT tc eliminate
paraliax-viewing error and to enable accurate measurements. The graticule is
marked with eight vertical and ten herizontal major divisions. Major divisions are

further divided into five subdivisions of 0.2 division each, markec along the center

vertical and horizontal graticule lines (see Figure 2-1). Percentage marks for rise-
time and fall-time measurements are ocated on the ieft side of the graticuie. The
vertical deflection factors and horizontal timing are calibrated to the graticule so
that accurate measurements may be made directly from the CRT.
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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 vanous methods proguce different degrees ot accuracy and
require different amounts of tme ang care.

Using the graticule markings 1o measure voltage or time produces the quickest.
but least accurate, results. To improve the accuracy of this method takes a lot of
time. because you must precisely positran the waveform on the graticule and
carefully count graticule divisions. Direct graticule measurements should be used
only where precision is of less imponance than speed.

Using the Curser 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 resuit is displayed as readout on the
CHT. Using the cursors avoids errors dus to dispiay gain and CRT trace non-
linearity and eliminates the inconvenience of counting and interpolating
graticuie markings.

The cursors alse offer flexhility in that they can be set up to rmeasure either the
difference between cursor positions or the difference between the cursor position
and an absolute reference point. namely ground for voitage 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 availabie for making
frequency measurements. You can also select the units of measurement 1o serve a
wide range of applications.

The Delay by Time and aTime features for the B HORIZONT AL moge are used
to make time-difference measurements that reguire the highest degree of accuracy
and/or involve delays beyond the on-screen limits of the TIME cursors. Time
measurements using the B Delayed trace take the most time to set up, but they
avoid introducing errors due to cursor misalignment at the measurement paint on
the waveforms.

Details of all the available cursor functions and units are provided in Section 5.
Comrofs, Connectors. and indicators. Use of the various cursor and B Delay
modes for making measurements is described in Section 3, Appiications.
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Acquiring Data

Baoth CH 1 and CH 2 input signals are acquired simultaneously at al! times,
whather the signal is being displayed or not; therefare, the user ¢an call up the
undisplayed channel signal after entering Save mode. Either channel signal may be
independently inverted during acquisition.

Wavelorms 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 vanations of the
waveshape, since minimum and maximum data-point valugs for gach sample
interval are displayed. AVG Storage mode gives & very clean display by averaging
out uncorrelated noise. The user can select the number of acquired waveforms to
be incorporated into the ENVELOPE or AVG display.

REPET mode may be used with any of the three acquisition modes to extend
the usable storage bandwidth to 150 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 reguired ta meet the
USE {Usetul Storage Bandwidth) for the SEC/DIV setting used and adequately *fill
in” the waveform for good display. When REPET is nut used, the Usefu! Storage
Bandwidth is 40 MHz, an¢ gigital interpolation is used to provide the waveform
data points between samples taken at the maximum sampling rate {for SEC/DIV
settings of 200 ns and faster).

A SAVE-ON-A feature enables the scope to compare the incoming signat
against a reference envelope waveform, If the signal falis cutside the reference
envelope, 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 ilustrate methods of using this feature, toth from the front panel
and the GFPIB.

Acquired waveforms are also saved when the user presses the front-panel
button iabeled SAVE. The scope immediately preserves the current CH 1 and CH 2
waveforms and ADD/MULT functions (whether they are displayed or not). All
cursor functions can be used to make measurements on the saved waveform
displays, and the SAVE wavelorms may be herizontally and vertically positioned
and expanded. Expansion of SAVEdD waveforms is nondestructive: it is done as a
display function only, so the original waveform may be returned by merely de-
expanding the display. Once saved, the waveforms may be transferred to a
SAVEREF memory where they may be preserved for extended periods of time.
Saved waveforms can be called up at any time for analysis or for use as reference
waveforms to campare with the five waveforms being acquired.
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Grounding

The most reliable signal measurements are made when the scope and the unit
under test are connected by a common reference (ground lead) in addition to the
single lead or probe. The ground lead of the probe provides the best grounding
method for signal interconnection and ensures the maximum amount of signal-lead
shiefding in the probe cable. A separate ground lead can also be connectad from
the unit under test to the oscillescope ground jack on the front panel using a
Danana-tip connector.

Signal Connections

Probes

Generally, probes offer the most convenient means of connecting an input
sighal to the instrument. Furthermore, they are shieided to prevent pickup of
electromagnetic interference. The standard 10X probes supplied with this
instrurment 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, unicaded condition. Alsp, 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 carefully at all times to
prevent damage. Dropping the probe. or striking it against & hard suriace, 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
cable by puliing it.

The standard-accessory probe is a compensated 10X voitage divider. Itis a
resistive voltage divider for low frequencies and a capagitive voltage divider for
high-frequency signal compaonents. Inductance introduced by long signal or
ground ieads may form a series-rasonant circuit. This resonant circuit affects
system bandwidth and can oscillate (ring) if driven by a signal 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 a common source of rneasurement
error. Because of variations in oscilloscope input characteristics, probe
compensation shouwld be checked and adjusted, if necessary, whenever a probe
is moved from one oscilloscope to another or between channeis of a
multichanne! oscilloscope. The probe compensation adjustment procedure 13
found in Section 4, Checks and Adjustments, 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 ar by any change in the probe attenuation facter. Table B-1 in
Appendix B of this manual shows the range of the VOLTS/DHV switch for all
available Tekironix coded probes. The Readout Volt/Div settings given in the
seclion of the table [abeled “Expanded” are obtained using firmware data
expansion routines to process waveforms acquired at the basic minimum
Volts/Div setting of 2 mV. These expanded settings are only available tor SAVE
and/or AVERAGE mode 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 charactearistics of an applied signal, only high-guality, low-lass
coaxial cables should be used. Coaxial cables must be terminated at both ends
in their characteristic impedance to prevent signal reflections within the cabile.
The built-in 50-Q termination tor the input of the scope should be used for
interconnection of 50- system signals to the scope. !f this is not possibie. then
use suitabie impedance-matching devices.
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input Precharging

Whan the input coupling is set to GND, the input signal is connected to grounc
through a precharging network consisting of the input-coupling capacitor in series
with a 1-MQ resistor. Since this aliows the input-coupiing capacitor to charge to the
average dc voltage ieve! of the input signal, it prevents large voltage transiants,
which can be generated when the input coupling is switched from GND to AC, from
reaching the amplifier input. This precharging network aiso protects external
circuits to the extent that it reduces the current levels drawn from the external
¢ircuitry during capacitor charging.

External Triggering

The A and the B trigger signals can be independently obtained from a variety of
sources. Samples of the CH 1, CH 2, and ADD waveforms are available as frigger
sources. Sometimes, however, you may need a trigger source different from the
one that corresponds to 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 external trigger input channels. While the vertical channeis can condition a
wide variety of signais to produce triggers ranging from millivoits o 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 2430A is an easy-to-use Digital Osciloscope that provides you
with an accurate and flexible waveform measurement and analysis tool. A
combination of front-panel controls and menu-driven selections provides fast and
convenient setup of the instrument oparating modes, Menu selections aliow access
to the many waveform acquisition and processing functions while maintaining an
uncluttered front panel.

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 tells you how the instrument controls are set up;
therefore, the rotating switches and contral knobs have no physical markings 1o
indicate the control setting. & key to the type of readout smformation dispiayed and
its location on the screen is illustrated in Figure 2-2.

Front-Panel Controls

The front-panel controls are divided into 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 & menu from which you must make a selection 10
change an instrument function (that is, VERTICAL MODE. CURSOR
selections, and mast of the TRIGGER selections)
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Figure 2-2. Readout display locations.

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

In some menus it is possible. for convenience, 10 cycle through the displayed
choices by repeatedly pressing the front-panel button that called up the menu.
For example, while the COUPLING control meny is displayed, you can seiect
among AC, DC, and GND simply by repeatediy pressing the appropriate
COUPLING/INVERT butian. The following familiarization procedures point out
how the various menu control buttons work.
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Familiarization Procedures

These procedures will acquaint you with the system menus and front-panel
function buttons. By foliowing the step-by-step instructions and performing the
simple exercises, you will see how the various controls affect the insirument. Once
you understand how the menus control the operating system, and you see how
quickly initial set-ups can be made, it shouid be easy to develop efficient techniques
for making specific measurements.

The detailed operation of each control and connector is described in Section 3,
Controls, Connectors, and Indicators. A complete list of the control menus is
included at the end of that section.

Getting a Display

1. With the scope connected 1o an appropriate power source, push the
FOWER button iIN {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 test
will be completed and the instrument will be ready for operation.

NOTE

if the instrument fails ils power-up self test, see “Start Up™ under
“Preparation For Use™ in Section 1. If the scope powers up in SAVE
mode (not acquiring} a message is displayed inslructing you to push
STORAGE ACQUIRE.

After the self test has finished, there may or may not be a visible display. This
depends on the front-panel settings in effect when the instrument was powered off,
because the same settings are reestablished when the instrurment is turned back
on. i the READQUT intensity has not been completely tumed down, you should
see some sort of readout display. If a display source (YERTICAL MODE]) is turned
on, and the DISPLAY intensity is not turned down, some wavetorm displays or
traces should be on screen. Whether or not there are wisible displays on screen,
perform the follfowing two steps:

2. Push STATUS/HELP to set the READOUT INTENSITY to 35%. This level
yields viewable readout and menu displays.

3. Push PRGM to display that menu, and push the menu button labeled INIT
PANFEL. This sets the front-panel to known default settings and yields a display
of the CH 1 source.

Remember {o use this two-step procedure (Steps 2 and 3} whenever you
wartt to get a visible display.
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NOTE

While INIT PANEL changes most front-panef conirols to predefined states,
certain conirols {such as those accessed via the EXTENDED FUNCTIONS
menus) are not aliowed to be changed. See Tabie B-15 in Appendix B for a
fist of the stales set up by INIT PANEL.

INIT PANEL can be used to quickly retum the instrument to known operating
conditions without searching the STATUS display or the menu selections to
deterrnine each front-paned control state. (This is usefu! when the front-panel
controls have been left in seidom-used settings.}

'f you want to readjust the intensity levels which were established by pushirig
STATUS and INIT, perform Steps 4-7; otherwise, go to the naxt procedure,
"Front-Panel Setup.”

4. Press the SELECT button to display the INTENSITY control menu. Figtjre
2-3 iliustrates the SELECT menu entries and the position of the Menu
Control buttons.

5. Press the READOUT menu button and use the INTENSITY control knob
to set the readout intensity to a viewable leve! without excessive brightness.
{Clockwise rotation of knob increases intensity.) The INTENSITY control is a
continuous-rotation pot with no end stops ta designate physical maximurm or
mimmum rotation. You decide by observation when you have reached maximum
or minimum intensity.

6. Now select GRATicule and adjust the illumination to the minimum (off)
level. GRAT controfs the edge lighting of the scribed CRT graticule markings for
dimiy lighted work areas and oscilloscope photography. The INTENS menu
selection is used 16 adjust the contrast between the normal frace and the
intensified zone in A INTEN displays. There's no need to adjust INTENS at this
time.

7. Press the DISP renu button and use the INTENSITY control to adjust
the waveform trace to a viewable level.
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Figure 2-3. SELECT menu and menu control buttons.

Front-Panel Setup

Assuming you performed Steps 1-3 of the previous procedure, you are now
ready to set up the remaining front-panel contrals for a basic operating mode.
Proceed as follows:

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

2. Now set up the front-pangl shown in the following list. {Some controls
may already be set correctly.) In general, the bold-face headings indicate the
area on the front-panel where you will find the listed controls, the feft column
lists the control, and the right coiumn gives its setting. Some cantrols call up a
menu. Aemember when using menus: to turn a function on. underling its men
label by pressing the bulton beneath it; to tum 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
CH1ang CH 2
COUPLINGANVERT
CH1, CH2 COUPLING
CH1, CH 2 INVERT
CH 1 POSITION

CH 2 POSITION

BANDWIDTH
SMOOTH ONIQFF

ON (underlined}
QFF
YT {toggling choice})

20 mv

AC

OFF

Set trace to 1.5 divisicns above
graticule centar.

Set trace to 1.5 divisions below
graticule center.

20 MHz
OFF

CH 1and CH 2 VARIABLE CAL

HORIZONTAL CONTROLS

MQDE
A SEC/DIV

500 us

B TRIGGER CONTROLS (Press A/B TRIG for B Trigger

SLOPE
MQODE
RUNS AFTER
EXT CLK
SCOURCE
CFLG
TRIG PGSITION
EXT CLK

+ (plus, indicated by front-panel LED)

ON

OFF

VERT {CH 1 is used}
AC

1.1’2

OFF

A TRIGGER CONTROLS (Press A/8 TRIG for A Trigger

SLOPE

MODE
SOURCE

CPLG

TRIG POSITION

2-12

+ (pius)

AUTO (already set in Step 1}
VERT (CH 1 is used}

AC

1/2
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CURSOR CONTROLS
FUNCTION All OFF (none underlined}

DELAY CONTROLS

EVENTS OFF
A TIME CFF

STORAGE CONTROLS

ACQUIRE
NORMAL ON
REPET OFF
SAVEON & OFF
DISPLAY REF Al 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 shouid get the EXT
FUNCT menu.

b. Press the bezel button under SYSTEM menu. En the new menu, press
the bezel button under INTERP, then set PREFLT ON!QFF to ON.

¢. Press the up arrow bezel button to returmn te the SYSTEM menu.
Press the bezet bution under MISG, 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 on the CH 1 and
CH 2 baseline traces} horizontally on the graticule using the Horizontal
POSITION controf.

5. Connect the two standard accessory 10X probes to the GH 1 and CH 2
Vertical [Input BNC connectors. The CH 1 and CH 2 VOLTS/DIV readouts
shouid now be 200 my.
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6. Connect the probe tips of both prebes to the CALIBRATOR output
connectors and the ground lead to scope ground. A two-division peak-to-peax
display of the CALIBRATOR cutput signal should now be seen in both
channels. The display may or may not be stable depending on the setting of the
A Trigger LEVEL controi.

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

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

c. Select AUTO LEVEL Trigger mode. Now the trigger level automatically
foliows trigger signal changes 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 4 basic front-panel display setup for viewing signals applied to
the CH 1 and CH 2 inputs. In the *Getting Acquainted™ procedure in Section 1. you
saw how Auto Setup was used to perform much the same function: that is, 1o get
the front-panel set up for a usable display. With Auto Setup, the instrument
autornatically executes rany of the steps you have just performed, illustrating the
power and convenience of this feature. We'll examine Aute Setup more closely
later in thus procedure.

Storing Front-Panel Setups

The AutcStep Sequencer function can be used to store single front-panel
settings under a label. Let's save the current setup for later use...

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

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

3. Create the label FP1 (front-panel 1} for your front-panel setup by using
the arrows under ROLL-CHARS as oullined in Steps a-G:

214 2430A Operators
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a. Select the first character for your label. Press the | or 1 to step
through the alphabet and digits 0-9. (There is a “blank space” character
between the digit 8 and fetter a.)

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

c. Repea! Step b 1o include up to 6 characters in your label. You can
retum to any character by continually pushing the cursor button, since it
reverses the selection order after the first or sixth character 1s selected.

4. Press the SAVE menu button to assign the completed tabel to the current
front-panel settings.

NOTE

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

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

6. The ACTIONS menu allows you to specify different functions 1o be
executed when the front panel is recalted. Since at this paint we onty want to
store our front-panei settings, just push the menu button SAVE SEQ.

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

The SELF CAL feature assures you that the most accurate measurements
possible are being made. Self Calibration should be performed after instrurment
warmup, whenever the ambient temperaturs changes by more than =5°C, and
immediately prior to making a series of measurements when the highest tevel of
ACCUracy is required.

NOTE

For about ten minutes after power-on (whether the Instrument is warm or
nat), the massage NOT WARMED UF is displayed in the CAL/DIAG menu.
This message warns you that the lemperature of the scope may not be
stabilized. The message can be ignored and the SELF CAL procedure
nibated at any time, but optimurn calibration resuffs are obtained after the
temperature is stabilized 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 1o turn off the menus, the second time to turn an the EXT FUNCT menu).

2. Press the CAL/DIAG menu hutton to display the
Calipration/Diagnostic menu.

3. Press the SELF CAL menu button to start the calibration; the message
"RUNNING" shaulg appear in the menu display. After a few seconds the self
caiibration is completed {"RUNNING" mesgsage leaves the display) and a PASS
message should be above the SELF CAL label. The scope is then ready to
return to its gperating state.

NOTE

If the self calibration faifs, the self-Giagnostic mode s entered. In this
event, push MENU OFF/EXTENDED FUNCTIONS twice and repeat
Step Z to rerun the self calkibration. If errors persist, the scope should be
referred 10 a quaiified service person. Any fatal test errors should aiso
have caused a lailure of the power-on seif test when the scope was first
turned on. See Appendix A for more information on the Self Test and
Seif Calibration features.

Depending on the test failed, the scope may function adeguately for the
measurements you neec 1o make. Press the MENU OFF/EXTENDED FUNCTIONS
button to exit the error display, andg check the scope operation to determine if it will
tunction far your purposes. In any event, the instrument showld be referred to a
qualified service parson at the first opportunity.
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4. Press MENU OFF/EXTENDED FUNCTIONS to turn off the
Calibration/Diagnostics menu, then push ACQUIRE to start the waveform
acquisitions again. Note the scope is returned to the setup you 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
OR SCreer.

Using the SEC/DIV Control and a Horizontal Graticule
Measurement

t. Turn the SEC/DIV control slowly clockwise through the setlings to
500 ns, then counterclockwise back to 500 us. See how the A SEC/DIV
readout changes and note the effects on the CALIBRATOR waveform.

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

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

a. Use the Horizontal POSITION control 1o 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. Multiply the number of divisions (andfor decima! fraction parts of a
division) by the SEG/DIV readout to calcuiate the CALIBRATOR signal
period. Frequency is calculated by taking the reciprocal of the period. Since
you set the SEC/DIV back to 500 s in Step 1, the periad should equal
approximataly 2 ms and the frequency, 500 Hz.
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Using CHT Controls and a Vertical Graticule
Measurement

1. Set the CH 1 VOLTS/DIV control clockwise to 50 mV, then switch slowly
through settings counterciockwise to 1 V. Note the effect on the VOLTS/DIV
readout and the waveform amplitude.

NOTE

Between 500 mV and 1 V per division, the attenuator swilch activates
with g clicking sound.

2. Set the CHT VOLTS/DIV control to 100 mV for & 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 divisions. The center
vartical graticule line is graduated in 0.2 division increments to help you
determine fractional parts of the major divisions,

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

4. Press CH 1 COUPLING/INVERT button {o display the CH 1 COUPLING
menu. Additional pushes of the button will rotate the input COUPLING
selections first 1o DC, then GND, then back to 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 readaut changes with each
COUPLING selection.

You can afso use the menu buttons o select any of the functions in the
COUPLING menu, inciuding the §0- termination and INVERT features.

NOTE

AC COUPLING and 50-12 input lermination are mutuafly exclusive; selecting
ong will desefect the ofher.
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5. Select 50-0 input termination for Channel 1. Cbserve that the COUPLING
switches fram AC tc DC and the Q symbol is displayed following the CH 1
VOLTS/DIV readout. (The signal display amplitude will drop 10 zero in 50-2
termination as the CALIBRATOR signal is dropped across the 10X high
impedance probe.)

6. Again select AC and observe that the 50-0 termination is turned off.

7. Press the CH 1 VARIABLE bulton to display the VARIABLE menu. Press
angd hold the ! menu button until the displayed peak-to-peak amplitude
decreases to about 1 division. Also note the symbol preceding the VOLTS/DIV
readout indicates when the CH 1 display is uncalibrated.

8. Press and hoid the T menu button to increase the display amplitude back
to about 1.5 divisions peak-to-peak.

9. Return to the calibrated VOLTS/DIV settings by pushing the CAL
meny button.

Using SAVE and DISPLAY REF Storage Modes

SAVE mode is normally entered in one of three ways: pushing the SAVE
Storage mode button, as a result of a SAVE ON A, or at the end of 2 SINGLE
SEQ acquisition.

SAVE Mode freezes any wavelorm acquisition in process and haolds the
waveform displayed for saving as a reference, making any type of measurements
needed, or outputting via the GPI8. SAVE mode may be entered using a command
via the GPIB.

Dispiayed along with the SAVEd waveform are a count of the number of
acquisitions made in the current process before SAVE was entered and a real-time
clock display. The time in HRS (hours] is the scope fun-time since the last COLD
START. (The two least-significant digits, right of the colon, indicate minutes.)
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Upon entering the SAVE Storage mode, the SAVEREF SOURCE control menu
is dispiayed. The menu permits the selection of any displayed VERTICAL MODE
signat 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 10 store the selected source.,

Besides storing selected VERTICAL MODE signais, the SAVEREF SOURCE
menu can be used 1o copy a stared REFerence waveform t¢ another memaory
location. If REF is selected for the source, a menu is displayed to allow one of the
four avaitable reference waveforms to be selected. Once the REF is selected as a
source, the SAVEREF DESTINATION menu appears as before for selection of the
REF destination into which the REF source is to 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 location and REF4 is the top. The
first push of STACK REF stores a singie-channel display first into BEF1, then
repeated pushes moves it to REF2, then REF3, then REF4, and finally off the
stack. Previously stored waveforms are pushed ahead toward the top of the stack
with each push. When maore than one waveform is being disptayed, a predefined
storage plan is used to place selected waveforms in certain reterence memory
locations. Basically, if CH 1. CH 2, and either ADD or MULT are displayed, pushing
STACK REF wilt store CH 1 in REF1, CH 2 in REF2, and the ADD or MULT
function in REF3 or REF4, See Table B-13 in Appendix B for the detated STACK
REF storage arrangement.

1. ¥ou should have a display of CH 1 centered on screen from the
previous procedure.

2. Press the SAVE Storage mode button. This freazes the waveform
acquisition ang displays the SAVEREF SOURCE menu.

3. In the SAVEREF SOURCE menu, push CH 1. The Channel 1 signal is
now seiected a5 the source of the reference waveform to be stored. and the
SAVEREF DESTINATION menu is displayed to select the SAVEREF memaory
location to store 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 selactions.

5 Now select REF as the source choice. The four reference locations are
now displayed s0 you ¢an chocse 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 wavatfarm into the REFJ reference memory.

7. To display the stored references, push the DISPLAY REF button. This
calis up a menu so you can choose the reference waveform for display. A
REFerence memory with na waveform stored in it will be labelied EMPTY. If the
empty memory is turned on for display, an invalid waveform is displayed. An
invalid waveform has vertical “fill” areas alternated with short trace segments,

B. 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
to the display.

NOTE

The fact that both waveforms are displayed can be deduced by noticing
that both REF1 and REF3 must be tumed off before the waveform disap-
pears from the display. Also, although REF waveforms cannot be posi-
tioned vertically, they can be horizomally positioned ingependently and in
unison, 4s we wil see.

9. Press the HORIZ POS REF meny button and set REF HPCS INDILOCK
to LOGK (if not already on). Rotate the horizontal position controf to
stmultaneously move all REF waveforms {whether displayed or not) with SAVEd
or *live” VERT MODE waveforms.

10. Set REF BPOS to IND to unlock the positioning. Press REF3P, then
rotate the Horizantal 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 displaved. One and only one REF is always selected,
as indicated by the underline. (f INDILOCK is set to LOCK, it doesn’t
matter which REF is selected since the REF waveforms are positioned in
uniison with each other and the VERT mode waveforms. whether
displayed or not,) The HORIZONTAL POSITION menu must be displayed
for the Horizontal FOSITION controf to position a reference wavetorm!
either independently or in Umison.
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11. Select REF1P 10 be positiones honzontally, ana position that reference
waveform using the Horizontal POSITION control.

Although we could use the DISPLAY REF menu and the ACQUIRE front-panel
button to turn off the REF waveforms and return to “tive” acquisition mode, let's
use the stored front panet we saved eartier i thrs 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
(FP1) of the sequence you created for the dual-channel setup.

Press RECALL to implement the selected setup.
Using Dual-Channel Displays

1. Press VERTICAL MODE ana select ADC. Three disptays should now be
present: CH 1, CH 2, and ADD. Qtserve that the CH 1 and CH 2 SAVEd
signals are digitally added together; it is not necessary to acquire a signal in
ADD Verticat mode to obtain the ADD disptay.

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

3. Use the CH 1 and CH 2 Vertical POSITION controls 1o observe that bath
controls position the ADD trace.

4. Press CH 1 COQUPLING/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 baselre {race.

5. Press the CH 2 COUPLING/INVERT pane buttan and turn CH 2 INVERT
CN. Observe that the ADD trace, the nverted CH 1 signal plus the inverted CH
2 signal. returns to four divisions in amplitude.

5. Press the Vertical MODE button and 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. inan 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 Verucal POSITION controf moves the display horizontally and the CH 2
Vertical POSITION control moves the display vertically. The Horizontat
POSITION control does not position the XY display, but it does control which
512 data points of the 1024 data point record are displayed.

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

Review of ENVELOPE and AVG (Average) ACQUIRE
Modes

It you performed the introductory procedure in Settion 1, this next exercise is a
review and you can skip ahead to "Using SINGLE SEQ Trigger Mode’
without missing information.

1. Press the ACQUIRE panel button. Next, press the ENVELGPE meny
button several times, ¢hanging the number above the tabel each time. {This is
how you vary the number of acquisitions that contribute to the ENVELGPE
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
ang minimum values for each sample point without resetting.

3. Use the CH 1 Vertical POSITION control knob to move the waveform up
angd down. Observe how the display grows vertically to approximate the effect
of amplitude changes and dc levei shifts in the incoming signal.

4. Now push the ACQUIAE 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 crange the menu setting to FULL. Press
ACQUIAE to return to that menu.

5. Select AV(G {Average) acquisition mode and verticatly reposition the trace
to center screen. Press and release the AVG menu button until the number 2
appears above the label.

7. Repeatedly press the AVG meny button, stepping through the range from
2 to 256. Notica that the displayed waveiorm becomes cleaner as the number
of averaged waveforms increases. This shows how Average acquisition mode
improves the signal-to-noise ratio of the displayed waveferm. (Table B-3 in
Appendix B gives the expected improvement ratio versus the number of
averages.) Return the AVG setiting 10 16,

8. Rotate the CH 1 Verticat POSITION control 2 smakl amount and observe
that averaging for the display starts over {2s seen by the increased noise).

NOTE

Any change in a front-panel controf that affects the waveform data beng
acquired causes the AVG acquisition sequence fo start over. Pressing
the ACQUIRE bulton aiso starts a new acquisilion sequence.

Using SINGLE SEQ Trigger Mode

With the SINGLE SEQuence mode, you can select an acauisition process that,
when completed, does not start again until you direct it 10. As the SINGLE SEQ
acquisition completes. the scope switches 10 the SAVE Storage mode 1o freeze the
waveform display. That wavefarm may then be saved for reterence, fransmitied to
a data collection device, or analyzed as required before you start another
acgursition, Let's use AVERAGE mode (ENVELOPE could aiso be used) to expiore
this feature...

1. Set the ACQUIRE Mode to AVERAGE 64,
2. Set the A TRIGGER MODE to SINGLE SEQ.

3. Waich the Trigger Status Ingicators (TRIG'D, READY. and ARM}. When
they stop flashing (or the TRIG'D} indicator lignt goes out, depending on the
SEGC/DIV setting) and the SAVE maode is entered, the single-sequence
acquisition of 64 averages is complete.
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4. Press ACQUIRE to restart the SINGLE SEQ, and again watch as the
Trigger Status Indicators flash (or TRIG'D light remains on sclidly) until the
single sequence has completed.

You could STORE this saved waveform, if needed as a reference, in SAVEREF
memory using the process you learned previously in the demonstration about
SAVE and DISPLAY REF modes.

Using the Cursors

Voits Cursors

Leave the display as set up from the SINGLE SEQ gemonstration 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 FUNCTIONSs? Let's review that pracedure and also look at
some other uses and modes for the CURSORs...

1. Press the CURSOR FUNCTION button, then select VOLTS 1o make
voltage measurements.

2. Press the CURSOR UNITS button to call up the UNITS menu and
select VOLTS for units. Set the aABS menu choice 10 A.

Delta made {a) provides two cursors for voltage difference measurements,
ABS cursor mode provides a single cursor, referenced to the ground-position
indicator.

3. Move CURSCOR/DELAY knob clockwise and counterclockwise.
Observe how the “active” (dashed line) cursor is positioned. Set the active
cursor to the top of the CALIBRATOR signal waveform.

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

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

6. Position the VOLTS cursor to the ground indicator (a small "+" at the
jeft edge of the screen) and observe that the readout is O voits when exactly
aligned with ground. Cursor measurements in ABS mode are taken reiative
to ground level.

7. Set the VOLTS cursor to the pasitive peak of the waveform to seg
that the readout is positive (above ground) and equal to about Y2 the total
amplitude of the square wave. Position the cursor to the negative peak.
Notice the readout is now negative (below ground} and has about the same
absolute value {as you would expect with an ac-coupled, square-wave
CALIBRATOR 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 iets you store the difference between the cursors for use as
a reference. You can then make ratiometric comparisons between the stored
value and other voltages measured with the cursors. Let's see how it's dene...

9. Press the NEW REF menu button. You have just saved the present
VOLTS cursor difference (approximately 460 mV} as the reference levet for
making percentage and dB 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 should now read 100%.

11. Move the active cursor to the vertical center of the waveform,
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Motice the readout changes to about 50%, indicating the cursors are
measuring about ¥z of the total amplitude of the CALIBRATCR signal which
was stored as a NEW REF. ¥ you position the curser 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. See "Cursor
Measurements” in Section 3 for more information on making ratiometric
maasurements.

V@T Cursors

These coupled cursors provide voltage readout for VOLTS cursors that are
confined within the amplitude extremes of the waveform. Each VOLT cursor
{one for ABS, two for A) reads the amplitude of the waveform at the pairt
where its coupled TIME cursor is positioned. Since you can’'t move the THIE
cursors horizontally off the waveform, measurements using these coupled
curscrs are limited to the waveform amplitude. As with the VOLTS FUNCTION,
alternative units of measurement are % and dB.

1. Set the CURSOR UNITS to VOLTS in the A cursor mode. Press
CURSOR FUNCTION and select ¥ (@T.

2. Rotate the CURSOR/DELAY control to move the active cursor pair
over several cycles of the waveform. Did you notice that the active
(segmented) vertical cursor moves to the amplitude level corresponding to
the placerment of the active horizontal cursar? 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
amplitude of the negative peak.

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

B. Press UNITS to display that menu. Push the NEW REF button, set the
CURSOR UNITS to ABS mode, and select 9% units for the measurement.
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7. Read the peak arnplitude as 2 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 AC input coupling, the percentage difference is a
measure of the nonsymmetry of the CALIBRATOR square wave. {The
difference is typically smakl.)

SLOPE Cursors

SLOPE cursors behave just fike V@T cursors. The readout is given in
VOLTS/SEC to indicate siew 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 delta
cursors are on at all times; therefore, the ALABS 1abel is omitied from the
SLOPE UNITS menu.

The CALIBRATOR signai is a poor signal source for displaying SLOPE
measurement unless the SAVE horizontal expansion is used. That s because
the CALIBRATOR signal frequency changes for different settings of the
SEC/DIV switch. The following procedure simulates 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. an the center
vertical graticule line.

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

4, The scope shouid still be in SAVE from the previous procedure.
Advance the SEC/DIV switch to 5 xs. This expands the display by a factor
of 100 times and produces a display with noticeatie rise time.

5. Position the SL.QPE cursors to bracket a linear partion of the leading
edge and check the SLOPE readout.
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6. Change the position of the SLOPE cursors 10 bracket a portion of the
waveform with a different slope and cbserve how the readout varies.

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

NOTE

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

TIME Cursors

TIME cursors enable rapid measuremant of period, pulse width, or time
difference in seconds. Alternative units, used for making ratiometric
measurements, are % (percent) and DEGREES. Choose % from the UNITS
menu 1O express your measurement as a percentage of the reference value;
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 left or right, as convenient).

NOTE

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

5. Bead the time of ane period of the CALIBRATQR signal.

6. Press NEW REF 1o set the reference value ta 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%.

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

8. Positicn the TIME cursers for 100% at the original measurement
points and select DEGREES units for the TIME cursors readout. Observe
that the readout switches to 360° {one complete periad = 380°) when the
cursors are correctly aligned.

10. Position the acfive 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 TIME cursors and switch to 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 Peint
Inchicator. Time is measured retative to that trigger point, and the time
readout i3 negative when the TIME cursor is postioned before (to the left
of}, and positive when positioned after (to the right of), the Trigger Paint.

1/TIME Cursors

When ycu select 1/TIME as the Cursor function, Hz replaces SEC in the
UNITS menu. You can now conveniently measure a signat's frequency because
the scope automatically performs the calculation 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
measurements, 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.”)
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2 Select 1/TIME sursors from the CURSOR FUNCTION menu,

Notice that when you selected the Cursor fuhction, you also calted up a
target menu for CH 1 and CH 2. Whenever more than gne 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 to
take into account the settings {(VOLTS/DIV, etc.) of the specified source.

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

3. Push CURSOR LINITS and set to Mz,

4. Pogition 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 RAEF tc replace the reference with the newly-measured
frequency. 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
CURSQHAS to define ane full peried 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 Features

DELAY by TIME

The Delay-by-Time function is used with the A INTEN and B Horizontal
modes. A INTEN mode is used 1o locate areas of interest within the
A waveform record for cioser examination using 8 Horizonta! mode. Using
A TIME delay mode, precise timing measuremenis can be made between two
points on a single channet (for putse width and rise-time measurements) or
betweean single points on different channeis {for propagation-detay
measurements).

Delay time may be set to many times the B SEC/DIV setting (2621.4 times
for most B SEC/DIV settings--see Section 6). This means that B Deiay
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 {o more time than the total A record length. 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 and hoid the
Cursor/Delay cantral fully counterclockwisa to set the deltay time to its
minmum setting, as showr in the DE_LAY TIME readout.

3. Select A INTEN Herizontal mode and turn the A and B SEC/DIV knob
clockwise until 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 far a visible
intensified zone on the trace.

5. Press the DELAY TIME button again to return the delay time readout
to the CRT.

6. Hold the Horizontal POSITION control couriterclockwise to position
the end of the wavelorm record to center screen.
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7. Turn and hold the Cursor/Delay control clockwise ta increase the
delay-time 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.

NOTE

if the intensified zone is not present on the A trace 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 point marker on the canter vertical graticule
line.

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 record
acquired at 50 ps/div.

11. Rotate the Cursor!Deday control to observe the effect on the position
of the delayed waveform.

12. The delay time readout is the amaunt of elapsed deiay from the
A Record Trigger to the B Record Trigger. Decrease the delay time
to minimum.

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

14. If necessary, press the TIME button to underlineg the A DELAY TIME
menu label and set the corresponding delay time to minimum.

15, Set the B SEG/DIV to 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 Hecord Trigger point.
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17. Switch to B Hotizontal mode, and use the Cursor/Delay control to
precisely align the two leading edges. (This is a fine adjustment, and you
may need to increase the intensity to make the leading edges visible. Also,
there will be a fittle trigger jitter.) You have now precisely measured the
»eriod of the CALIBRATOR square wave as indicated by the A DELAY
TIME readout.

18. Turn A TIME off. The DELAY TIME readout is the time elapsed from
the A Record Trigger to the B Record Trigger.

19. HoK the Cursor/Delay control clockwise until you reach 26.214 ms,
which is the maximum delay time at 10 us per division. (If A TIME were on,
it would be the maximum total delay of DELAY TIME plus A DELAY TIME))

20. Switch the B SEC/DIV setting to 5 xs. Observe that the DELAY
TIME readout is reduced to 13,107 ms, the maximum delay time possible for
S us per division,

NOTE

When dealing with long delays at a particular B SEC/DIV setting,
switching to the next faster 8 SEC/DIV setiing will cause the DELAY
TIME setting to be fimited 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 switching back to the
siower SEC/DIV sefting. Also, if A DELAY is on and the sum of the
DELAY TIME plus the A DELAY TIME reaches the maximum lirmit,
any further increase in the DELAY TIME setting causes the 4 DELAY
TIME setting to decrease fdown to zerp if the DELAY TIME is
ncreased o its maximum limit).

DELAY by EVENTS

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

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

2. Press A/B TRIG to display the B Trigger Level readout and sei the
LEVEL for 0 V. A level of 0 V with AC trigger coupling sets the levet in the
middle of the trigger signal and assures that triggering cocurs.
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3. Set the A SEC/DIV switch to 5Q us. This yields a high enough
CALISRATOR signal frequency so that you won't have to wait very long for
all the events to occur whern the EVENTS COUNT is high.

4 Press the DELAY EVENTS buttor and turn EVENTS ON.

5. Use the Cursor/Delay control to set the EVENTS COUNT to 1, if not
already there. The count will wrap around the end counts from minimum to
maximum of maximum to minimum if the contrel kneb is held in the rate
region for a moment after the end count has been reached.

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

6. increase the EVENTS COUNT number up about 1000 counts. Notice
that the update rate is slowed sfightly.

7. Increase the count to about 10,000 counts. Notice that now the
display takes several seconds to update. Notice also that the Trigger
READY Indicator can be seen slowly flashing; its rate indicates the length of
time between A acguisitions. 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
control hard 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
TRIG WAIT: EVENTS and that the EVENTS COUNT - 1. These messages
tell you that no events are occurring. Probable causes are: wrong trigger
lavel, wrong source, OF wrong coupling.

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 net usually
available with conventionali oscilloscopes. The Auto Setup feature is demonstrated
first, followed by two automatic measurement features. Finally, the AutoStep
Sequencer is demonstrated.

Remember how Auto Setup was used in "Getting Acquainted” to quickly get
you a usable display of the CALIBRATOR cutput? it tums out that the calibrator
isn't the best signal to use to explore Auto Setup and the other Extended Features
because the calibrator period and amplitude vary with the SEC/DIV setting. To
explore the Extended Features, you need to obtain the foilowing equipment;

Table 2-1
Equipment Required

Item

Requirements

Recommended

1. Calibration
“Generator

Capabie of outputting a square
wave signal with an amplitude
between 20 mV and 20 V. |1t
shouid also have a penod of

1 ms and a rise fime ionger
than 50 ns. but less than

70 us.

TEKTRONIX PG306

- Calibrabon Generatord

2. Coaxial Cable
Connectors: BNC

Impedance: 50 ¢, Length:
About 40 inches.

Tektronix Part No.
012-0057-00

3. Puaknput Coupler

Connects: BNC female to
dual-BNC male.

Tektronix Part Na.
D67-0525-01

BRgquires A TM 500-Series Power-Module Mainframe.

www.valuetronics.com
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Using Auto Setup

1. Recall the front-panet setting FP1. Seiect VERTICAL MODE and tumn
off CH 2.

2. Connect the Standard Output of the Calibration Generator to CH 1
and CH 2 inputs through a 50-0 cable and a dual-input coupler.

3. Set the generator's output to 5 V {the generator's frequency should
he 1 kHz).

4, Push the front-pane! button labeled AUTO to do an Auto Setup on the
input waveform for GH 1.

The scope displays the message AUTOSETUP WORKING: PLEASE WAIT
as it acquires information about the GH 1 waveform. Once it has characterized
the waveform sufficiently to allow vertical and horizontal scaling, the waveform
is sized to yield a usable display on-screen.

When Auto Setup is executed, it uses the mode selected in the Auto Setup
menu. When you did an Auto Setup in Step 4. the mode selected was VIEW,
which is designed to yield a display of 3 to 5 cycles over 10 divisions. This
gives a good overall display. (in case you're wondering, you selected VIEW
made when you reestablished the front-pang! setup in Step 1.} Let's ry some
other modes...

5. Push the bezel button labeled PERICDU. Note that the menu entry RES
HI:LO 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
displayed on screen. (PERIOD and VIEW atways trigger on 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
5 divisions on screen,

The RES H!ILO entry you noted determines how the scope sizes the
waveforms in the parameter-oriented modes [i.6.. all modes except VIEW). This
instrumant has a 20-division horizontal recard length. When resolution is set to
tow, the parameter associated with the mode (in this case, PERIOD) is sized for
best display over the 10 divisions on screen.
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&. Swiich RES HILILO to HI and do another Auto Setup.

Notice that the period of the waveform is now spread aver 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 to position the trace horizontally to
vigw the entire parameler. By spreading the parameter over more divisions,
more sample points are obtained for the parameter. This yields befter
RESolution of the waveform.

The other modes are PULSE and EDGE. The vertical and horizontat scaling
is similar for these modes. Briefly, in PULSE mode the scope does an Auto
Setup which displays a positive ar negative pulse. {The puise is defined as that
part of the rectangular waveform's cycle having the feast time duration). EDGE
mode yields a display of the rising or falling edge of the waveform depending on
the EDGE maode setting. The horizontal resoiution for both PULSE and EDGE
mode is getermined by the BES HIJLO setting the same as for PULSE. These
modes are covered in detail in Sections 3 and 5. Let's lcok at PULSE...

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

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

8. Switch RES {o LO and reexecute Auto Selup. Natice the reduced
horizontal scale (i.e. slower SEC/DIV setting).

8. Set the Auto Setup moede to PERIOD.
10. Push the VERTICAL MQODE 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 divisicns and displayed overlapped at the vertical center of the screen. (Adjust
vertical positioning slightly {0 see both waveforms )
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12. Set the Aute Setup made to VIEW and do another Auto Setup.

Notice that this time the waveforms are scaled for about 2 divisions with the
CH 1 waveform centered vertically around the graticule 2 divisions above
graticule center and the CH 2 wavetorm centered around the graticute line
2divisions 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, PERICD, or EDGE is selected, it's assumed that you are
more interested in comparing time differences between waveforms. Therefore,
the channels are displayed overlapped.

Before leaving Auto Setup, it's important to stress that various front-panel
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 availabie in the display 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-panet conditions you set up. Read the
description for control number 47, AUTO, in Section & and the applications for
AUTQ in Section 3. Once finished, you should be ready to use this convenient
feature in all s modes.

Using MEASURE

1. Recall FP1, the procedure stored earlier in this section. Turn 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
sguare wave displayed on screen.

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

You have just executed the Snapshot mede 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 an the front-
panel conditions set up. For instance, since we used Auto Setup n the VIEW
mode. several cycles of the waveform are displayed on screen. This means that
few sampie points were obtained for the high-frequency components of the
waveform. Those measurements relating to high-frequency compenents, such
as RISE and FALL (rise- and fall-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), TOF and BASE
{voltage 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 tims
comprises little of the 20-division acquisition, you shouid set up the scope to
display those parameters adequately. Let's do that now for the front edge of
the waveform...

4. Press AUTO 10 display its menu. When Auto Setup finishes executing,
set the mode to EDGE (_f ) and RES to HI. Now do the Auto Setup for
EDGE mode. Notice that in the resulting disptay the front corner 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 (o the front corner,

Note that some of the parameters have a string of *?" marks dispiayed
insteac of the parameter value. When the instrument cannot extract the
parameter, it so indicates by displaying the string. in this case, since we used
the EDGE mode to display the front comer of the waveform, the scope did not
acquire an entire cycle of the square wave and could not extract those
parameters pertaining 1o the period of the square wave.

8. Change the generator ovtput to 1 V and push the menu bution labeled
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 on, atso.
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8. Press AUTO to display its menu. Change the mode to VIEW and re-
execute Auto Setup.

3. Select the MEASURE menu. Set WINDOW OFF in the menu.
10. Push the menu button labeled 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 select a parameter,
CISPLAY in the MEASIIAE menu is automatically set to ON.) Selected
parameters will be displayed on screen and comtinually updated for subsequent
acquisitions. Let's select some paramgters. ..

11. One parameter in the matrix is underined (BI1STAL). Push the button
labeled ON in the menu. Note that the matrix menu is repiaced by a target
menu. Use it to select the waveform for which you want to see the
parameter disptayed. 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 value on screen, along with the chosen display source. (3t displays
a default display seurce until you choose one ) Note that the parameter
menu is also returned for further parameter selection.

Look at the parameter name you turned on in the parameler matrix. s still
underlined, but now there are two asterisks displayed, one on each side of the
parameter name. The asterisks indicate which parameters are on so 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 aliow you ta select any parameter in the
matrix. When you push an arrow hutton, the underling moves in the
direction indicated.

14. Use the arrow-labeled buttons to move the underline 1o PERIOD in
the ratrix. Note that, as the underline moves away from the parameter you
turned on, the parameter is no longer underlined: the underline sefects the
parameter, and the asterisks tell you when it's on.

15 When PERIOD is underlined, turn it 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
sefect CH 2 as the target.

17. Turn DISTAL off In the matrix and turn PK-PK {peak-to-peak voitage)
on. Select CH 1 as the target for PK-PK.

18. Increase the SEC/DIV setting 4 positions. Note that when the
acquisition rate allows less than a compiete period of a waveform to be
acquired, the message NEED 3 EDGES replaces the parameter value in the
readout. (Three transitions are needed to define a waveform cycte.) In
general, the scope displays an error message if it can't extract the specified
parameter.

19. Return the SEC/DIV back to 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 left on screen. In general, the scope displays
a warning message when it CAN exiract a parametar, but detects a
condition that makes the resuit quéstionable. A complete list of both error
and warning messages is found in Appendix C of this manual.

20. Turn off CH 2 and center CH 1 vertically on screen.
21. Press MEASURE and set WINDOW on in that menu.
22. Press CURSOR FUNCTION and tum on the TIME cursors.

23. Use the CURSOR/DELAY control to move the active curser toward
the inactive one. Note that when the cursors no longer bracket at least one
full cycle of the waveform, the message NEED 3 EDGES is displayed for the
PERIQD measurements. Note aiso that the PK-PK voltage changes to
approximately ¢ Vofts when the active cursor is superimposed on the
inactive cursor.

When you switched WINDOW an 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 ONIQFF to ON for the SETUP menu.

26. Move the active cursor so that the cursors bracket mora than one
waveform cygle.

Notice that two *X™'s appeared on screen. These are the markers you
turned on in Step 25, and they indicate the points on the waveform where
tima-related measurements are being made.

27. Note the METHOD selections in the SETUP menu. These selections
relate to the way the scope extracts waveforms.

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

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

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

30. Push MEASURE.

The screen now displays a synopsis of MEASURE and its associated
modes. The first bwo screens review some of the material you have already
tovered. {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 mode when finished.

The MEASURE feature is discussed in Section 5, Controls, Connectors, and
Indicators, and applications are found in Section 3. Also, in agdition to other
MEASURE-related information, Appendix C lists definitions of each parameter
and the methoos used for extracting those parameters,
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Using PRGM (AutoStep Sequencer)

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

1. Connect the STD AMPLITUDE QUTPUT of the generator to CH 1
thraugh a 50-02 coaxial cable. Set the generator output for & 5-V, 1-kHz
square wave.

We are going {0 assurne that this waveform needs to be characterized for
rise and fall 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
prasent on several instruments, s¢ we need tO make these measurements once
for each instrument.

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

3. Push the button PRGEM and select SAVE from the AUTOSTEP
SEQUENCER menu. Give the sequence a label {like TESTY) using the menu
displayed.

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

From the message on screen, you can see that this is where we 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 frant-panel settings now, but just proceed o the
ACTIONS menu. We will use Auto Setup later, in Step 2.

5. Push PRGM to move to the ACTIONS menu far Step 1.

You have now displayed the ACTIONS menu for the first step of your
seguence. Notice that the display indicates the flow of evenis by labeling the
beginning and end of the step and the events that occur between them. (The
ACTIONS menu is a kind of time line for the substeps that occur for each step).
Actions foliowed by < N> (off) are not executed when the step is recalied;
actions followed by <Y > (on} are executed. The LOAD STEP and
MEASUREMENT events cannct be set; therefore, they are not marked either ¥
or N. They are in the menu to show when they ocour relative to the actions that
can be set.
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Find the line under the Y or N follawing one of the actions. The arrow-
labeled 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 to underline the SELF-CAL action and
push Y!N to toggle 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 to exit the ACTIONS menu and store our first step.

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

8. Tha 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 DC. These menu changes will cause the scope to Auto Setup on
the DC-coupled sguare wave in CH 1, when you later include Auto Setup as
an action for this step.

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

10. Select MEAS TYPE from the menu and turn 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 o the ACTIONS menu.
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Note that the ACTIONS menu is left as you set it up for Step 1. This feature
allows you to just push NEXT STEP if you do not wish to change those
actions. In this case, however, you de not need to SELF-CALibrate or SELF-
TEST the scope again. Also, now that you have set up the scope 1o measure
the Top and Base levels of the wavetorm in Step 2, you probably need to
PAUSE so the user of your sequence ¢an record the measurements, take
photographs of the display, etc. This is also where we turn on the Auto Setup
action so it executes during the step in the mode verified in Step 9.

12. Set the SELF-CAL, SELF-TEST, and PROTECT actions off {N): set
PAUSE and Auto Setup on (). SET BELL on, alsg, to signal the user when
the measurements are ready 1o be recorded.

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

14. Execute Aute Setup to display that menu. Change the mode to
EDGE {_/ } and RES HiiLO to HI.

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

16. Push PRGM to proceed to the actions. Set REPEAT off, but leave
the BELL, PAUSE, and Auto Setup 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 displaying its rise time. This concludes Step 3 of the sequence.

17. Push NEXT STER 10 proceed to Step 4. Execute Auto Setup to
display that menu. Change the rmode to EDGE (—_}, and leave RES HIILO
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 recalied, the falling edge of the waveform wif be
displayad along with the fall-time parameter.
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When you proceed to the actions manu in the next procedure step, notice
the order of events. The front panet is ioaded and then the Auto Setup is
executed. Since you executed Auto Setup in the rising-edge mode when you
created Step 4, the front panel loaded for Step 4 displays the rising edge. You
changed EDGE from rising mode to failing mode affer you executed Auto Setup
in Step 4, 50 when Auto Setup executes as an acfion associated with Step 4,
the falling edge will be displayed.

19. Push PRGM to proceed to the actions. Again, leave the BELL,
PAUSE, and Auto Setup as for Step 3.

Thig completes the sequence; now let's store it
20. Push the menu button SAVE SEQ to save the sequencea.

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

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

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 flash 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 mode, and the TOP, BASE,
and PK-PK (Peak-to-Peak] voltage values are displayed using the MEASURE
feature. All these events carrespond 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
faliing edge of the waveform.
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Mote that the menu still displays the message PUSH PRGM TO CONTINUE,
even though we have airgady executed the last step of the sequence.
Remember when we set the REPEAT action on for sequence-Step 2?7 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 output to the 10-Volt setting.
25, Push PRGM to branch back to the REPEAT (Step 2).

At the beginning of this procedure we sakl we had 1o make our
measurements on several instruments. Here we just changed the amplitude
setting of our generator, but you could change devices under test, test points o
be measured, stc. as required. REPEAT is included in Step 2 instead of Step 1
50 the scope can run an inihalization routine (such as the SELF-CAL and
SELF-TEST) once when the sequence is recalled and then skip the routine by
looping through Steps 2-4 for successive measurements.

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

We could go on to display the rise and fall imes of the waveform, but let'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 o return to the main
AUTOSBTEP SEQUENCER menu.

If you want to change the label of your sequence. you must copy the
existing sequence, give it 4 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 1o copy.

29. Press COPY to continue.

30. Now create the new labei for your sequence as done in Step 3 of this
procedure, and press SAVE when finished.

2.48 2430A Operators

www.valuetronics.com



Operation

Note that the new label for your sequernce appears in the list of current
sequences. Now you can delete the old one:

31. Press EXIT to retum 1o the main AUTOSTEP SEQUENCER menu.

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

33. Press DELETE to remove the sequence.

When you press DELETE you should hear the bell and see the message
ERROR: PROTECTED. (Remembar, you turned on the PROTECT action in
Procedure-Step &.) The oniy way you can kil a protected sequence is 1o editit.
Here's a guick way to do that...

34. Push exit to return to the main menu and select EDIT.

45, Select the sequence you want to delete, using the usual method, and
press EDIT to display the first step of that menu. Notice that the message
.lisplayed includes the sequence label and step number, along with
intormation about how te change the front panel that was loaded for the
step. Note also the menu label DELETE TO BUFfer. Here, we don't want to
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. (PROYECT in any other step is ignored). When you deleted
the first step, you also deleted the actions, thereby removing pretection for
this sequence.

a7. Push EXIT to return to the main menu and select DELETE from
that menu,

38. Use the arrow-labeled buttons 1o select the sequence you have just
edited. Press DELETE. Note that the sequence label is removed from
the hist.
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There are ways 1o edit sequences besides merely deleting steps, but before
we look at them, let's create a simple sequence that helps keep frack 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. Press the Trigger MCODE button and turn AUTO on.
41. Create the label “ED 1" and save it as you did previously.

42 Turn off CH 2 and position the CH 1 trace to the graticule line 3
divisions above graticule center. Push PRGM {o advance to Step 1 actions.

43, Ffurn onh only the PAUSE action. Press NEXT STEP.

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

45 PAUSE should be the only action on. Press NEXT STEP.

46. Position the CH 1 trace to the graticule tine 1 division below graticule
center. Push PRGM to advance fo Step 3 actions.

47. PAUSE should be the only action on. Press NEXT STEP.

48. Position the CH 1 trace to the graticule line 3 divisions below
graticule center, Push PRGM to advance to Step 4 actions.

49, PAUSE shouid be the only action on. Save the sequence by pushing
SAVE SEQ.

Let's ook at the sequence...

50. Select RECALL from the man menu, then setect and recall the
sequence you just saved. Step 1 should now be displayed.

2.50 24304 Operators

www.valuetronics.com



Operation

51. Use PRGM to step through the sequence, noting that the vertical
position relates to the step number (most positive, Step 1, 2hd-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...
52. Select ED 1 from the kst of sequences, then press EDIT.

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

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

54. Keep PAUSE and tum on BELL.

You have now edited Step 1—both the front-panel setup {although you
didn't cnange anything) and the asseciated actions. (You also could have
continued withaut 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 quit the edit
session and save the revised sequence. In this case, however...

55, Press NEXT STEP to save the revised step and continue editing.
You are now at Step 2. Let's not edit this step now.
£6. Push the up-arrow button 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 buttons to select any step in the sequence you
want 10 edit.

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

59. Center the trace vertically on screen. Select VERTICAL MODE and
set YTIXY 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; ingtead, it displays WARNING: NO MCRE STEPS
TO EDIT.

H you had selected Step 2 for editing (rather than Step 4) and had then
pressed ADD, the new step wouid have become Step 3 and the remaining
steps in the original sequence would have been incremented by one. ADD puts
the new step after the step selected and pushes the following steps down as
a stack.

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

60. Press DELETE TO BUF to delete the step you just added. Use the
arrow-labeled buttons to move to Step 1.

61. Press ADD. When the menu changes, press LOAD BUFFER. Press
PRGM 1o get the actions menu and select NEXT STEP. Step 5 has now
been maoved to Step 2, and Steps 2-4 have become Steps 3-5. Using the
arrow buttons, go thraugh all the steps of the sequence So you can verify
the changes.

What if you want to add a step before Step 17 That also can be done. Mave
to Step 1 and add the new step. (You have already done this in procedure
Steps 59 and 60.)

62. Select Step 1 and push DELETE TO BUF.

63. Press ADD and, when the menu changes, LOAD BUFFER. Then
press PRGM followed by NEXT STEP o save what you have done.
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When you deleted Step 1, Step 2 moved to Step 1. When you added the
deieted Step 1, it was inserted after the pew Step 1

&4, Return to Step 1 and press DELETE TC BUF. This should restore
our sequence to its original 4 sleps.

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

85. Select Step 3 and press DELETE TO BUF.

5. 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 originat place in the sequence, but a copy of it remains in the butfer.

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

In general. to copy a step to ancther lacation: delete that step to the buffer,
then use ADD twice, once to put it back in its original location and once o put
it in its naw location.

This completes the Qperators Familiarization Procedures. Although most of
the controls and functions have been exercised in these procedures, not ALL
functions have been covered. As mentioned eartier, Section 5 describes in depth
the function of each control, connector, and indicator. Section 3 contains
applications for many 24304 features, and the Programmers Reference Guide
provides GPIB-reiated information. Also, a short familiarization procedure for
the Video Option, for those instruments equipped with this option, is.n
Section 7 of this manual.
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The Tektronix 24304 Digital Oscilloscope is an accurate and flexible measurement
system, When famitiar with the controls, indicators, operating considerations and
capabilities of the instrument, you can easily develop your own method for making any
particular measurerment, This section demonstrates and discusses some applications
for the various measuremant features this oscilloscope offers. You can build on this
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
horizontal display modes are also detailed. "Storage Applications™ describes the
various acquisition modes and their applications, as well as how those acquisitions
can be stored ang displayed. “Special Applications™ deals with methods for making
measurements using the highly accurate and versatile cursors. Finally, “Extended
Features” looks at applications for the Auto Setup, MEASURE, and AutoStep
Sequencer features.

The procedures for the various applications assume you are famiiiar with obtaimng
front paned setups. Some control settings may require menu setups not fully described.
In general, each procedure outlined assumes the Front Panel control settings in effect
after ar INIT PANEL is performed. All control and menu operations are explained in
Section 5, Controls, Connectors, and Indicators. Additionally, the *Getting Acguainted”
procedure in Section 1 and *Operators Familiarization™ in Section 2 wilt ftelp show the
first-time user how this scope operates.
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General Applications

This osciloscope has two channels {CH 1 and CH 2) available for signal input and
display. The two channels can be displayed alone or together. They ¢an be added or
multiplied algebraically and the results can be displayed alone or with other disptay
sourges. The following appitcations illustrate the method for graticule measurements
as well as some uses for the ADD and MULT Vertical modes.

Voltage Measurements

Peak-fo-Peak Voltage

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

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

2. Vertically position the wavetorm so that its negative peaks are aligned
with & horizontat graticula line. 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 caiculation for the waveform pictured in Figure 3-1:

Volis {p-p} = 4.8 div. »x 500 mV/div = 2.4 V

NOTE

The probe attenuation factor does not need to be taken into account
when computing voltage amplitudes. The VOLTS/DIV readout on screen
refiects the VOLTS/01V setting and the probe attenuation factor.
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Figure 3-1. Sine wave peak-to-peak voltage.

Instantaneous DC Voltage Level

Use the following procegure to make dc level measurements on signals:

1. Imput the signal inte CH 1 or CH 2 and trigger the display. Adjust the
SEC/DIV controf to display & few cycles of the waveform.

2. Adjust the appropriate VOLTS/DIV control for a setting that displays
the waveform and the Ground Reference Indicator on screen. The Ground
Reference Symbol is a small “+7 at the [eft edge of the screen.

NOTE

Do not adiust the VOLTS/OIV {Step £} or the Vertical POSITION (Step 3)
controfs to display the ground reference symbof gt the upper o lower
graticule extremes. The symbol is united o the gralicule area, so it will
not give a true indication when the ground reference is outside
the graticufe.
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3. Verticelly pasition the + indicator {0 @ horizontal graticule 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 measuresment point
and the +.

5. Calculate the dg voltage level using the following formula:
Voits {DC Level) = Number of Divisions x VOLTS/DIV Setting
Multiply the result by & —1 if the measurement point was below the +
for Step 4: otherwise, the result is positive {assuming the channel used has
not been inverted).
Example calculation for the dc level at peint B of Figure 3-2:

Volts (DC Level) = 1.8 div X 10 mV/idiv % (=1} — —18 mVv

ADD Mode Measurements

ADD Vertical mode can be used to add or subtract two waveforms. With the
two waveforms displayed, one in CH 1, the cther in CH 2, the ADD mode
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 signal 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 il you want to subtract one
wavetorm 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. instantansous DC voltage levels on a waveform.

NOTE

If either signal is much greater than three divisions, the added wavetorm
may extend vertically oulside the graticule area. I thal case, increase
both VOLTS/DIV controls to the setting thal resuits in 3 divisions or lgss
for each chaninel.

4. Set the VERTICAL MODE to ADD. (it's easier to see the added
waveform if you turn off CH 1 and CH 2. Use the Vertical POSITION
controls 1o position the waveform for measuring.

NOTE

The position of the ground refarence (baseline trace} for the ADD rmode
waveform is based on the aigebraic sum of the positions of the CH 1 and
CH 2 ground reference traces.

Positions above the cenler graticule line are positive values, positions
below the fine are negative. As an exampie, if reference for CH 1 is one
division above graticule center and the reference for CH 2 is 3 divisions
befow, the ADD mode ground referenice will be two divisions beiow grati-
cule center (+ 1 div + [~ 3] div = =2 divj.

5. Use the general methods outlined in the previous two procedures to
measure the peak-to-peak or de 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 Unwanted Signal Cancellation

The ability to add or subtract wavefcrms allows the following two usetul
applications. First, differential signals, such as the outputs of a paraphase
amplifier, can be measured differentially to efiminate any comrmon modg noise.
Follow the basic procedure for adding two signals. Invert one of the channels to
display the difference between the two added signals, while rejecting any
cormmon mode noise. If the exact amplitude of the added waveform 1s not
critical, adjust the VARIABLE gain of one of the channels for best noise
reduction. Figure 3-3 illustrates this method of notse reduction.

CH1 v ol i Zka [1.08v VEAT]
cHai_ iv | T
wABRL Vs P
[+] SIBNAL i) N o, R
IN CH 1 WITH ———m N :
COMMON-MODE NOISE | -
GIFFERENTIALLY -— |u4 )
ADDED SIGNAL tEARRY IRDRRNY IRRNRAREF NN
-1 SIGNAL + .
(INVERTED) . ' —
IN CH 2 WITH = ; ' 4
COMMON-MODE NOISE i N AR I
; Lo T
. CHZ COUPLIN B 50 0 | INVERT
LA | BC - GND  ONIOFF | DN!OFF
6528619

Figure 3-3. Cancellation of common-made noise for differential signais,

The second application is unwanted signal cancellation. In this case, the
signal to be measured is riding on z large signal, as when a large ac bum is
present. (See Figure 3-4.) Here, a source consisting of ONL Y the unwanted
signal is applied to one channet and the "composite” signa! to the other. Invert
the polarity of the unwanted signat and add the two channels, adjusting the
VOLTS/DIV contral and VARIABLE as necessary.

Use the foliowing procedure to cancel an unwanted component from
a signal:

1. Input the signal with the unwanted component to CH 1. Adjust the
SEC/DIV control to display a few cycles of the waveform.

36 2430A Operators

www.valuetronics.com



Applicalions

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 malch that of the
unwanted component in CH 1, if maximurm eliminalion is 6 be obtained.

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

4 Set the CH 2 VOLTS/DIV control 50 that the amplitude of the CH 2
signal is approximately equal ta that of the unwanted compaenent in the
CH 1 display.

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

6. Set the Vertical MODE to ADD. (CH 1 and CH 2 may be turned off tor
easier viewing of the added waveform}. Using the CHZ VARIABLE control
meny, adjust the ampiitude of the GH 2 display for maximum elimination of
the unwanted signal component from the CH 1 display.

7. Use the general methods cutlined in the previous procedures to
measure the peak-to-peak or dc leve! for the added wavefarm. The
VOLTSIDIV setting for the ADD mode is indicated by the readout.

Note that in the last procedure the signal applied to the CH 2 input was
inverted for the sole purpose of canceling that signal component from the ADD
mode waveform. In other words, we do not intend to measure the amplitude
which the CH 2 signal contributes 10 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
suich cases, the unwanted signal should always be applied via the CH 2 input,
because when the CH 2 VOLTS/DIV and VARIABLE contrals are adjusted for
best elimination of the unwanted signal, the CH 1 VOLTE/DIV readout and
VOLTS cursor measurements remain calibrated. In this way, a signat from
perhaps the 200-mV winding of a transformer can be scaked up to eliminate a2
2-¥ hum component. {Sea 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 efiminate 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 allows the
correct scale factor (that agreeing with CH 1} to be used when canceling
unwanted signal components. When the ADD mode is nof used for that
application. the ADD readout will not be correct. In such cases, the VOLTS/DIV
controts should be set 1o the same scale factor and the variables set to CAL
{calibrated} for accurate adding or subtracting of waveforms.

NOTE

If VOLTS, W@T, or SLOPE cursors are attached to ADD mode, they.
too, will match CH 1's vofts/div readout. Cursor use is covered fater in
this section.

MULT Mode Measuremenlis

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 mult:plied must be applied to CH 1 and CH 2 as when using
ADD mode.

In order to display the product of two waveforms at the same time that the
two component waveforms are displayed, the MULT function scales the display
to the sereen and supplies an appropriate V2/Div scale factor (displayed next to
the MUL designation on screen). This scale factor tor the MULT Vertical mode
is Getermined according to the following formuta:

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 % 2 V/Div X 2 V/Div = 20.48 VZDiv

NOTE

When using MULT Vertica! mode, it is usually desirable to adjust the
VOL TS/ controls of each channe! for a three- to five-division display.
These settings will normadly provide the best MULT dispiay for viewing
and measurement.
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To interpret MULT mode displays, remember that when vaiues on a
waveform are below the display channel's ground referance leve!, they are
treated as negative quantities. Therefore, with a 2-V peak-to-peak sine wave
signal applied to both CH 1 and CH 2, the MULT furiction wouid display a 1-v2
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 wavetorms because, in this example, when the negative values of the two
waveforms are multiplied together, a positive product is obtained and two
posttive cycles of the multiplied waveform are produced for every compiete
cycie of the CH 1 and CH 2 wavefarms.

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

Use the foliowing 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 £H 2 on.

3. Set the CH 1 VOLTS/DIV control to the setting required by the current
amplifier 1o calibrate the scope in amperes per divisicn. 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 & coaxial cable and the proper termination.

5. Comnect the current probe/amplifier combination to the cirguit under
test. {Consuit operator's instructions for the probe/amplifier combination.)

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

7. Set the CH 2 VOLTS/DIV control for an on-screen display. Adjust the
SEC/DIV control 10 display several cycles of the waveforms.
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8. Set the VERTICAL MODE menu to MULT. Adjust the CH 1 and CH 2
POSITION cantrols 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 scaie 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 a 1 mA/div scale factor is obtained. The CH 1
VOLTS/DIV control is set far 2 10 mV/div scale factor. Assuming the
correspending voltage waveform is input info CH 2, the resulting MULT
waveform scale factor muitiplier is:

Scale Factor Multiplier 1 mA/div - _
(Power Waveforms) ~— JOmv/div 0.1 Amp/Volt

10. Compute the scale factor by multiplying the displayed MULT scale
factor by the Scale Factor Multiplier. For the above example (a CH 2
VOLTS/DIV setting of 2 voits/div is assumed):

(Poﬁgfiﬁvgﬁg}gﬁms) — 01 A/V x 102 mV2/div = 10.2 mW/div

NOTE

The cursors can be used to measure the MULT mode waveform. (See
“‘Cursor Measurements™ in this seclion). With the cursors attached
the MULT waveform dispiay, miultiply the cursor measurernenit values
seen in the readout by the Scale Factor Multiplier obtained in Step 8
to obtain the actual values for power waveform dispiay.

11. Count the number of vertical divisions for the MULT waveform and
muitiply by the scale factor obtained in Step 10. The result is the peak-to-
peak power for the circuit under test. The AMS, peak, or mean values can
be computed by applying the appropriate formutas.
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TIME and FREQUENCY Measurements—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 farmuta:

Time Duration = Horizontal Div Counted x SEC/DIV Setting

If the time duration measured is for a single cycle of a periodic waveform, the
frequency can be determined by the formuta:

Frequency = ] :
€q y Twme Duration

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

1. Digpiay the square wave to be measured in CH 1 or CH 2, and trigger on
the positive {4} siope. Set the input coupling to DC.

2. Set the VOLTS/DIV contro! 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 0% reference line and the top of the square wave is alighed
with the 100% reference line.

4. Set the SEC/DIV control to 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 50 that the 10% point on the
waveform intersects a vertical graticule line near the left side of the screen. (See
point A of Figure 3-5).
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6. Count the number of horizontal divisions, including fractional divisions,
between the 10% and 90% amplitude levels on the waveform. (See points A
and B of Figure 3-5.) To determine the rise time, use the following general
formuia for time duration measurements:

Time Duration — Horizontal Div Counted X SEC/DIV Setbng

EXAMPLE: Figure 3-5 gives the SEC/DIV control setting as 5 s 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 formiula yields

Rise Time = 2.2 div % 5 ps/div = 11 ps

CHi > 1GmVl K Sps 39 8hV7 VEAT
I . | . | Ve
g0x 3 S ‘@ll\/\_—ﬁ

N

10: = : . ': . '
REFERENCE LINE - A _ _ - : 5

. i f
RAEPET SAVE ONA
ONIDEE  ON{QFF

ACOUIRE| 255
NDRMAL| ENVELOPE

E286.21

Figure 3-5. Rise time of a square wave (time duration).
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Delay Time Measurements and Applications

The B-Acquisition system, coupled with DELAY TIME and A DELAY TIME,
pravides 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 to be magnified are selected using A INTEN
mede. Second, the DELAY by TIME feature allows the user to delay the start of
the B acquisition in relation to the start of the A acquisition by a specified amount.
Third, the TRIG AFTER (Delay} mode allows the user to disable the B-Trigger
system for & specified time delay after the start of the A acquisition. These features
are examined below.

DELAY TIME Mode As A Magnifier

The A INTEN selection for Horizontal made fets 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 MCDE to B. The selected region will now be
displayed at the B-acguisition rate, so if you set the B SEC/DIV ‘o a faster
acquisition rate than the A SEC/DIV, the intensified portion of the A acquisition
wil be magnified accerding fo this formula:

ification = A SEC/DIV settin
Magnification 5 DIV setting

When using the A INTEN mode for this application, the B-Trigger made
should be set to RUNS AFTER (Delay). For this mode, the intensified zone
indicates when the B acquisition will occur relative to the A acquisition. It also
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, it
occurs, will frigger a B acquisition.

Use the following procedure for magnification using delayed
acquisition modes:

1. Display the test waveform in one of the channels. Set the VOLTS/DIv
contral for five vertical divisions of display,

2. Set the A SEC/OIV control 1o display one or maere waveform cycles.
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3 Sat the Horizontat mode to A INTEN and the B TRIG mede to BUNS
AFTER (Delay).

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

NOTE

If increasing the intensity for INTENS does not result in a visible
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 dispiayed waveiorm.

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 Horizontal made to B. The intensified portion of the
display will appear at the SEC/DIV setting of the B time base. (See
Figure 3-6b).

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

ASEC/DIVsetting . 10us _ oy

Magnification =
agnification = &-E & MV seting 500 s

NOTE

The magnified zone will be 20 divisions long when displayed in B
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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Other Delay Applications

In the previous procedure, you positioned the intensified zone by delaying
the B system's acquisition relative to the A systemn’s acquisition. The DELAY
TIME readout displayed a time 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 is forced at the end of the Delay time.

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

The minimum and maximuem Delay times that can be set depend on the B
SEC/DIV setting and the B-Trigger mode. For RUNS AFTER B-Trigger mode,
you can set minimum delays to 0.04 times the B SEC/DIV setting. For TRIGS
AFTER mode. the minimum delay settable is 0.04 times the B SEC/DIV setting
at B SEC/DIV settings of 1 us and slower; at settings faster than 1 ps the
minimum delay is 20 ns.

For the RUNS AFTER B-Trigger mode, the maximum obtainable delay at
any SEC/DIV setting is either 2,621.4 times the B SEC/DIV setting or 1 3107
g, whichever is greater. For the B TRIG AFTER trigger mode, the maximum
delay is 2,621.4 times the B SEC/DIV setting far B SEC/DIV settings of 1 ¢35
and siower, and 1.3107 ms for settings faster than 1us.

Given the maximurh delay times available, the B acquisition can be delayed
beyond the end of the A acquisition. Since, for such Delay time settings, the
B acquisition occurs after the A acquisition completes, the 2430A won't display
the intensified zone. The B-Horizontal mode will, however, display the delayed
B acquisition allowing you to view events that occur long after the events
displayed for the A acquisition have passed.

The same maximum delay times are available for the TRIG AFTER mode as
for the RUNS AFTER mode. After first setling up the B-Trigger controls and the
Delay time, display the waveform in B Horizontal mode. With B-Trigger mode in
RUNS AFTER, you can search for the event you want to display by gradually
increasing the Delay time. You can then switch the B-Trigger made to
TRIG AFTER.

NOTE

See “General Information lor Delayed Acguisition Usage,” at the end of
this sub-section, for limitations end cautions regarding use of the DELAY
TIME and 4 DELAY TIME.
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A Delay Time and Frequency Measurements

The 54 DELAY TIME feature allows a second delay to be specified between the
B acquisition and a second 8 acquisition. Specifically, the A DELLAY TIME readout
indicates the following:

a. When the B-Trigger mode is set to ARUNS AFTER (Delay}. the A DELAY
TIME readout indicates the exact time between when the Record Trigger for the
first B acquisition is forced and when the Record Trigger for the second B
acquisition is forced. Thus the time from the A-Record Trigger to the second
B-Recard Trigger is the sum of the DELAY TIME and the & DELAY TIME.

b. When the B-Trigger mode is set ta TRIG AFTER (Delay), the 4 DELAY
TIME readout indicates the minimum time between the first B-Record Trigger
and the second B-Record Trigger. In other words, at the end of Delay time, the
B Trigger system is enabled. Then, when it receives a valid triggering event, the
B-Record Trigger accurs for the first B acquisition. After the first B-record
occurs, the A Delay time must expire before the B Trigger System is again
enabled. The next valid B-Trigger event produces the 8-Record Trigger for the
second B acquisition. 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 Delay to the next
valid B Trigger.

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

1. Perforrn 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 4 TIME on.
The DELAY TIME front-panel button wili now toggle the Cursor/Delay knob
between controlling DELAY TIME and controliing A DELAY TIME.
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3. With both DELAY TIME and & DELAY TIME set to minimum, two
overlapping zones, about two divisions long, shoutd be displayed at the Record
Trigger indicater (T) on the waveform.

4. Select DELAY TIME and use the Cursor/Delay conirol knch to position
both the main delay and the A delay intensified zones to the first
refarence point.

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

§. Set the Horizontal mode to B. Adjust the A DELAY TIME to superimpose
the two reference points. Adjust the DELAY TIME andior Horizontal POSITION
as required 1o view the dispiayed references. (See Figure 3-7h.)

The A DELAY TIME readout indicates the time difference between the
oceurrence of the two reference events when the two events are superimposed.

Table 3-1
Delay Displays versus Vertical MODE

VERTICAL Main Delay A Delay
MODE Arquisition : Acquisition
CH 1 (onty) CH 1 CH 1
CH 2 {only) CH2 | cH2
CH1andCH 2 CH 1 CH 2
ADD or MULT funcd func

3Either ADD or MULT.
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Figure 3-7 (a and b). A DELAY TIME used to measure the period of a

square wave.
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As shown during the last procedure, the two B-defayed acguisitions 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 defay B acquisitions are obtained and displayed for the various VERTICAL

MODE settings.
CHA v a & 2dss [1.05 v YEAT
cH2 v 0 g 50qns
: ADD Gy i
sl ; Y
TH 1 @ DELAY TIME—=3 N _
i ; : F n :
ADD @ DELAY & T - T il
A DELAY TIME T ¥ |
. . : |
+ - :
CH 2 8 & DELAY TIME—~d o 1 III
| DELAY_TIME = 04.30x8 Cod aTENE
© AQECAY TIME = 997605 | ON:DFF |
§286.24

Figure 3-8. Delay and i Delay acquisitions as displayed for CH1, CH2, and
ADD (or MULT} VERTICAL MODE.

Delay by Events Measuremenis

The DELAY by EVENTS mode makes it possible to create a delay between
the normail A-tnggerng event and the A acquisition. The defay, 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 displays
the A acquisition.

To set the number of B Triggers for the delay. press the EVENTS front-
panei button and turn the Cursor/Delay knob. The readout at the battom of the
scraen shows the EVENTS COUNT.

Sei 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 exiernal source
selecticns available via that menu. Note that if the External Clock featurs is
turned on in the B TRIGGER MQDE menu, the A- and B-acquisition ratas wil
be set by the repetition rate of the EVENTS {B Trigger} source signal,
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When the A acquisition 1s delayved by B events, all the DELAY by TIME
features are still available for displaying the B acquisttion, Just remember that
the B acquisition, like the A acquisition, is already delayed from the normal
A triggering event by B events. You can use A INTEN, DELAY TIME, and
A DELAY TIME to defay the B acguisition(s) from the detayed A acquisition
as usual.

Use the following procedure 1o delay the A acquisition by B-trigger events:

1. Input the signal which will provide the trigger to start the events
counting into CH 1 or CH 2.

2. input the signal which will provide the triggers to be counted into the
desires source {CH 1, CH 2, EXT1, or EXT2).

3. Set the A TRIGGER SOURCE to the channel selected for Step 1 and
trigger the display.

4. Set the B TRIGGER SQURCE ta the source selected in Step 2.

5. Set B TRIGGER MODE to TRIG AFTER and set the HORIZONTAL
MODE to B.

8. Set B TRIGGER CPLG and LEVEL control for a triggered display.

7. Return the HORIZONTAL MODE to A and the B TRIGGER MOCDE to
RUNS AFTER.

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

9. Use the Cursor/Delay control knob to set the EVENTS COUNT 1o the
desired number of events. The resultant display will be delayed from the
Normal A Trigger {event) by that number.

The A-Record Trigger (T} is the event around which the A acguisition 15
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.
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General information for Delay Acquisition Usage

1. TRHGGER POSITION. Whett 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 generat, set the A and B
TRIGGER POSITION 1o 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 exceed the maximum delay range for the B
SEG/DIV setting. The maximum delay {and best detay resolution) depends
on the B SEC/DIV setting, the B Trigger Mode setting. and whether REPET
is ON or OFF. (See Table B-10, Appendix B, for a listing of both resolution
and maximum delay for all B SEC/DIV settings ) In general, the maximum
delay availabie decreases as the B-acqguisition rate is increased. 1f you
increase the B SEC/DIV so that the maximum delay at the new setting is
less than the sum of the Delay times you specified at the old setting, the
Detay times will be reduced to the limit for the new setting. To reestablish
the old setting, you must return to the siower B SEC/DIV setting and
raadjus? the Delay time(s). Note that the maximumn time delay allowed does
not affect the amount of time delay available for the DELAY by EVENTS
function.

EXAMPLE: If B SEC/DIV is set fo 10 us. the maximurn attowed delay time is
0.04 % 65538 x 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 ks, the maximum allowed time is 0.04 = 85536 x 5 ps = 13.107 ms.
The event is no longer displayed; return the 8 SEC/DIV to 1Q 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 & DELAY TIME mode for measuring time delay, the cursor
measurements are more accurate than the graticule type measurements described
in the "General Appiications™ sub-section. It is aiso quicker 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, SL.OPE, 1/TIME). Repeatedly pressing a bezel button toggles the
cursors on and off.

Voltage Measurements

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

Two cursor modes are availatle for amplitude measurement—a and ABS
{absolute}. For the & mode, two cursors are displayed, and the readout
indicates the difference between their voltage levels. The ABS mode displays
only ane cursor, and the readout indicates its voltage level with respect to the
display ground reference.

The hase units for amplitude displays are volts. In addition, two special unit
types are available (percentage and decibels) for special measurement
applications. Use of the base and special units is illustrated in the procedures
that follow.
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Delta Voltage Measurements

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

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

2. Push the CURSOR FUNCTION button to display the CURSOR
FUNCTION menu.

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

NOTE

If there is only ong active display source, the cursors will automat-
cally be attached lo that display source and the ATTACH CURS0ORS
TO: menu will not appear.

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

5. Press the CURSCOR UNITS button. Select VOLTS units and set
ALABS to A

6. Use the GursoriDelay contral knob tc 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 ievel.

The cursor readout gives the difference between the two levels in volts,
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Figure 3-9, Measuring a 3.5-Y sine-wave signal using VOL.TS cursors.

Ratio Between Two Voltages

The special units (% and dE) allow you to make ratiometric measurements,
{Ratimetric measuraments compare two quantities and express the resuits as
the ratic of one to the other.} First you make a measurement and store its value
as a reference. Then, when you measure the comparison signal, the readout
gives you the ratio of the comparison signal to the refarence in terms of percent
or decibels.

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

1. Display the reference signatin CH 1 and the comparison signal
in CH 2.

2. Attach VOLTS cursors to the reference signal (CGH 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 Step §).

3. Press NEW REF in the CURSCR UNITS menu. Note that the curser
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-1o-peak
amplitude of the CH 2 signal as a percent of the peak-to-peak amplitude of
the CH 1signal.

NOTE

if the comparison waveform does not have the same VOLTS/DIV set-
ting as the reference waveform, then you must press the CURSOR
FUNCTION button twice to getl the ATTACH CURSORS TO: mepu
and selact the comparson-signal source.

5. If CH 2 does not have the same VOLTS/DIV setting as CH 1, press
the CURSOR FUNCTION hutton twice to display the ATTACH CURSQORS
TO: menu and select CH 2. {See Figure 3-10b.) The cursor readout now
gives the ratio between the comparison signal and the reference signal
in percent.

The same procedure would yield results in dB idecibels) if you had selected
dB rather than % in the CURSOR UNITS menu {Step 2). In fact, if you wish,
you ¢an 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.

328 24304 Operators

www.valuetronics.com



Applications

Yau can make ratiomelric measurements among signats from several
different display sources; for example, signals displayed in CH 2, REF 1, etc.
can be compared to any reference you choose, and you can establish a new
reference whenever you wish. You can also use % and dB units 1o campare
measurements made on the same signal; for exarnple, 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 outiinec:

a. tJse cursors 10 make the reference measurernant.
h. Store the reference measurement.

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

d. Measure the comparison signal {again. with cursors).

Absolute Voltage Cursor Measurements

Use the foliowing procedure to perform ground-referenced measurements on
displayed wavelorms;

1. Perform Steps 1 through 4 of the *Delta Voltage Measurements”
procedure.

2. Press the CURSORS UNITS button, Select VOLTS units and set the
ATABS menu choice to ABS.

3. Use the Cursor/Delay control knob {0 align the cursor with the desired
level 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. Voltage measurement of a step on a stair-case signal using the
VOLTS cursor function int the ABS mode.

You can also use absolute voltage cursers to make ratiometric
fneasurements. The method is similar 1o the one described in "Ratio Between
Two Voltages.” For example, you might want 1o compare the naise level on a
pulse train during off times to the pulse level during on times. You would store
the ampiitude 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, Or use a comparison
signal whose display source has a different verticat deflection than the
reference, remember to re-attach the cursors when you measure the
comparison signal.

Time and Frequency Measurements

Cursors increase the accuracy of time measurements, too. An internal
crystai-controlled clock circuit determines the accuracy of the time cursors,
which is specified as 0.0015% over two divisions. Since 0.0015% of two
divisions is less than a ten-thousandth 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 wili be within approximately 1% of the
Cursor accuracy.
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The same two cursor modes used for amplitude measurements, A and ABS,
are available for time measurements. For the 4 cursor mode, the cursor readout
indicates the elapsed time between the two cursors. For the ABS mode, the
readout indicates the time between the single cursor and the Record Trigger
paint, around which the acquisition is displayed. For both modes, the cursor{s)
are automatically attached to the A-acguisition rate for the A and A INTEN
Horizontal modes and o the B-acquisition rate for the & Horizontal mode.

The cursors can also be attached tc saved signals stored in Reference
memory. This aliows you to make time measurements on thase 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 4 TIME mode is ON and more than one
“live™ display source (CH 1, ADD, etc} is displayed.

The base unit for tme measurements is seconds. The speciat unit types are
percent and degrees. The foilowing procedures illustrate how to use both base
and special units.

A Time Cursor Measurements

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

1. Obtain 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 atready underscered. If more than one display
source is presently selected (CH 1 and ADD, lor example)} the ATTACH
CURSCORS TO: menu will appear.
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NOTE

it is not necessary 1o attach the TIME or 1/TIME cursors to a Vertical
Mode (CH 1, ADD, etc. ] fgnore the ATTACH CURSOR TO: menu for
TMME and 1/TIME cursor use, except when saved reference
waveforms are displayed. It reference waveforms are gisplayed, the
ATTACH CURSOR MENU TO: menu will dispiay those sources
Tor selection.

4. Push the CURSORS UNITS button, Select SEC units and set 4:ABS
to A,

5. Use the Cursor/Delay control knob to align the cursors with the two
desired reference points on the displayed waveform. Push the CURSCR
SELECT button to toggle between the two cursors, (The cursor with the
most dots is active.)

§. 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
1/TIME. If the two reference points 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 ang b). Time measurements using TIME Cursor function and modes.
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Ratio Between Two Time Periods

As with VOLTS cursors, TIME {or 1/TIME) cursors can be used to measure
ratios between guantities, in this case two time periods. The special units used
can be either percent or degrees. For iilustration, the following procedure
measures the duty cycle of a periodic rectangular puise.

1. Perform Steps 1 through 3 of the *4A Time Cursor Measurements”
procedure,

2. Set the SEC/DIV to display one or twa cycles of the pulse.

3. Press the CURSORS UNITS button. Select % units and set the
S 1ABS choice to A

4. Adjust the cursors, as in Step 5 of the A Time Cursor Measurements
procedure, to bracket one cycle of the rectangular puise. (See Figure 3-12a.)

§. Press the NEW REF menu button to establish one ¢ycle of the pulse
as the 100% reference for the cursors. Note that 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 3-12D.)

7. Read the ratio of the presently bracketed time period to the time
period established as a reference in Step 5. For Figure 3-12b the ratio was:

Time Puise Duration % 100 = 50%

Duty Cydle = A Fies Period ”

The general formula for ratic time comparisons is:

Present Cursor Time Period
=) Ty = ]
Readout (%) = <t Reterence Time Period ~ |
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Note that ratiomatric measurements car be made between signals in
different display sources. For example, the 100% 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 SAVEd 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 wilt be 360°
instead of 100% {as in Step & 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 Measurements

As previously mentioned, the absolute mode is available for TIME cursor
measurements. Only one cursor is displayed; the other cursor can be
considered to be permanently placed at the Record Trigger position of the
displayed acquisition. Al absofute 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 abysolute time cursar
measurements:

1. Perfarm Steps 1 through 4 of the A Time Cursor Measurements™
procedure, setting A1ABS 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 10 measure. Adjust the SEG/DIV as
required,

3. Use the Cursar/Delay control knob ta 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 occurs
before () or after (+) the ARecord 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 ¢oupled 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 (Volts at Time} and SLOPE cursors, the vertical position of coupled
YOLTS 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 cursor
coupled to the TIME cursor is also aligned with that peak. The second TIME
cursor is set 1o the time when the amplitude is halfway up the positive slope,
between the negative and positive peaks. Again, the coupled VOLTS cursor
corresponds 1o that voltage level.

For V@T cursor type, both A and ABS cursor modes are available. The
operation of the two modes is the same as cutlined for VOLTS cursors earlier
in this section. The cursor readout indicates the voltage difference between the
two coupled VOLTS cursors for A cursor rmode; it indicates the difference
between the single, coupled VOLTS cursor 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 to their two TIME cursors). When the CURSOR
UNITS selection is SLOPE, the readout value is expressed in Vis and is
determined by;

Readout _ voltage Difference between VOLTS Cursors
{V/s) Trme Difference 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 to measure.

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

3. Sefect V@T if it is not already underscored in the menu. If more than
one display source is presently selected (CH 1 and ADD, for example) the
ATTACH CUURSORS TO: menu will be displayed. Press the menu butten to
attach the cursors to the appropriate sourcea.
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NCGTE
if only one display source is selected, the cursors will automaticatly be
attached to that display sowrce, and the ATTACH CURSCORS TO:
menu will not appear.

4. Prass the CURSORS UNITS bution and set VOLTS on. Set 4/ABS to
the desired mode.

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

NOTE

When using cursors in a coupled mode, note that the aclive eursor is
segmented for the VOLTS cursor and contains the most dots for the
TIME cursor.

6. Read the voltage directly from the readout.

It ABS mode was selected in Step 4 of the previous procedure, the value
displayed is the voltage with respect to ground. If A mode was selected, the
value is the difference in voltage between the coupled cursors. In both cases,
the voltage measured is at the point on the display determined by the coupled
TIME cursor(s). See Figure 3-15 (a 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 measurgments on triangle-wave signals.
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V@T TIME CURSOR PLACEMENT. The V({@T cursors can be used to
provide high-accuracy frequency or periad measurements for periodic
wavetorms. 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. Perform Steps 1 through 4 of the “V@T MEASUREMENTS”
procedure, setting 3:ABS to A (delta) mode in Step 4.

2. Align tha cursors to bracket just one cycle of the periodic waveform.

3. Fine-adjust the position of one of the TIME cursors untd the VOLTS
cursors are supenmposed and the cursor readout indicates 0.0 V. (See
Figure 3-16a.) You can set the ACQUIRE mode to AVG if noise makes #
hard t¢ get a 0.0-V reading.

4. Press the CURSOR FUNCTICN button ang select the TIME cursors.
The readout now indicates the time period for one cycle of the waveform.
Seiect the 1/TIME cursors. The readout now indicates the frequency in Hz.
{See Figure 3-16b.)

Siope Measurements

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

1. Perform Steps 1 through 3 of the *V(@T MEASUREMENTS"
procedurg, selecting SLOPE in Step 3.

2. Press the CURSOR UNITS button and select SLOPE.
3. Position the TIME cursors to bracket the siope you want to measure.

4. The cursor readout indicafes the average slope in Vs between the two
points. {See Figure 3-17).
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Figure 3-16 {a and b). High resolution 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 ratiometric measurements obtained using
the same general method outlined in the "Ratio Between Two Voltages™
procedure. Take care to attach the cursar(s) to the proper display source {CH 1,
ADD. REF1, etc.).

When you use special units to compare two slopes, steeper slopes result in
higher value readings, lesser slopes in lower readings. If a 2-V/ms slope is
established as the 100% reference and a 4-V/ms slope is compared 1o it, the
readout vall indicate 200% as a ratio. If the same slopes 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 —6 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.
{Since one of the trigger sources selected corresponds to the A Trigger system
and the other to the B Trigger systemn, each source can be setup independently
for Trigger Level, Slope, and Coupling.) 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 AB Trigger is selected.

For an individual source to be true, the following conditions must be met:

a. If TRIGGER SLOPE is set to 4+ {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 level of the
triggering signat 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 oceur, the following conditions must be met:

a. Both A and B sources must be true as defined by items a and b,
abave.

. There must be a transition through the level set by the TRIGGER
LEVEL control for at feast one of the two trigger sources.

c. The transition must be in the same direction (+ of ~) as established
by the TRIGGER SL.OPE setting for the source.
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The AB Trigger source should be used when you want to view events that
occur, or should occur, only when two other events coincide. An example
involving microprocessor accesses 1o RAM follows.

Typical microprocessor systems use the CS (Chip Select) and WE (Write
Enable) inputs to write data to a particular 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 ta 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 signais (CS and
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 individual data lines via a probe connected to one of the vertical inputs.

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/THV control for an on-screen display.

3. Apply ane of the trigger-source signats to one of the unusext 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
sources s0 the verticat input channel(s} will be available for viewing the
signal(s) to be monitored.}

5. Enter the A TRIGGER SOURCE menu and set A'B'WOHRD 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 COUPLING and select the desired coupling mode.
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9. Use the TRIGGER LEVEL controi knob to set the required triggering
level as shown in the readout, and press the SLOPE button to choose
positive {~) or negative (—) slope.

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

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

12. The scope is now $&t up to trigger on a composite of both sources,
and it wilt acquire data if the proper triggering conditions are met for hoth
the A- and the B-Trigger source. Push A/8 TRIG to switch between A- and
B.Trigger Systems as desired. Change the previcusly established triggering
criteria as needed to develop the proper trigger conditions.
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Storage Applications

This subsection discusses the various acquisition modes. It also covers the SAVE
and SAVE ON A features that are used to store acquisitions and the DISPLAY REF
and other functions that contro! how stored acquisitions are displayed.

Acquire Modes

This instrument has three main acquisition modes-—NORMAL, AVG (Average)
and ENVELOPE. Two other moades, 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 Mode

The NORMAL acquisition mode results in waveform displays most fike those
obtained with analog oscilioscopes. Changes in the waveform are quickly seen
as newly acquired waveform data replaces earlier wavefarm data in the display.
“Operators Familiarization” in Section 2 of this marnual details the control setup
required to make NORMAL mode acquisitions. Use this mode when features
characteristic 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 signai-to-noise ratio, as compared with a
NORMAL signai acquisition, based on the number of acquisitions that are
averaged. Table 3-2 shows the Signal-to-Noise Improvement Ratic (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 2.75 8.8
16 3.84 1.7
a2 534 14.6
64 7.51 17.5
128 10.6 20.5

256 | 49 234

Several factors should be considered when using AVG maode.

1. If you change certain controls or menu selections during the series of
acquisitions specified for the averaging sequence. the scope aborts the
averaging sequence without completing any acquisitions not yet taken. [t then
starts a new averaging sequence. These are ihe controls that abon the
seguence:

HORIZONTAL or VERTICAL MODE.

CH 1 or CH 2 VOLTS/DIV, VERTIGAL POSITION, or COUPLING.
BANDWIDTH menu settings (including SMOOTH).

A and B SEC/DIV.

TRIGGER MODE, COUPLING, SOURCE, POSITION or SLOPE; or
INIT@50%.

MENU OFF/EXTENDED FUNCTIONS.
DELAY TIME {when in B HORIZONTAL MODE) or DELAY EVENTS.
DISPLAY REF 1-4.
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2. It may tzke an extended period of time to average a signa! that has a low
frequency or a low repetition rate because, for such a signal, each acquisition
takes fonger. As an example, f you specify 256 acquisitions when the SEC/DIV
15 set to 5 3, 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
maode is discussed [ater in this subsection.) If the scope is in AVG maode when
you select ROLL, the acquisition mode autamatically switches from AVG to
NORMAL. If the scope is in ROLL mode when you select AVG, the A-Trigger
mode automatically switches from ROLL to NORMAL.

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

5. You should use NORMAL acquisition mode to set up proper display
ampiitude, timing. and triggering. You should also use NORMAL Trigger mode
for signals with & low repetition rate so you can be sure that all averaged
acquisitions are the result of the desired trigger event, AUTO and AUTO LEVEL
Trigger modes can force Record Triggers, allowing uncorralated acquisitions 1o
be averaged.
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Figure 3-18. Eflect of signal averaging on a noisy square wave.
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ENVELOPE Mode

The ENVELOPE acquisition mode is a repetitive process. As the scope
makes the number of acquisitions you have specified. it accumulates a mimmum
and a maximum value for each data point and displays the resulting waveform
envelope. If 2 newly acquired vaiue falls between the currently stored mimimurm
and maximum values, then it is discarded. Otherwise, it replaces the
appropriate stored value,

One typical use for the enveiope mode is to monitor a signal line for some
point of interest. For example, ! you are interested in a trigger-related amplitude
change or switching transient, the envelope mode can be used to capiure such
an event. You would typically set up the trigger and other control settings to
allow disptay of the event. Then, if you set the number of acquisitions for the
envelope sequence to CONT, the scope would proceed to acquire continuously,
accumulating the minimum and maximum values for each data peint and
displaying the envelope. so your constant attention would not be reguired.

Several tactors should be censidered when using ENVELOPE mode:

1. You can soecify 1, 2, 4, 8, 16, 32, 64, 128, 256, or CONT {continuous}
as the nurmber of acquisitions required per envelope sequence.

2. in ENVELOPE mode. as in AVG, the acquisition sequence will abort
and start over when certain controls or menu selectons 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. Whean ENVELQPE mode is used with ROLL acquisition mode, the
number of acquisitions specified for the envelope sequence is irrelevant. For
ROLL mede, the nurmber of acquisitions in a2 sequence is always ong, due to
the way this mode acquires and displays data. (See ROLL mode later in this
subsection.} ENVELOPE mode is usefut with ROLL mode, however, due 10
the faster sampiing rate ENVELOQOPE mode provides. {The faster sampling
rate allows shert duration events down to 2 ns in width to be captured
and dispiayed.)

4, It is usupally easier to set up the proper display amplitude, timing, and
triggering in NORMAL acquisition mode, especially if you specify many
acquisitions per envelope sequence. Using NORMAL, you aveid capturing
the minimum and maximum data points caused by manipulation of the front-
panel controls.
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ROLL Mode

in ROLL mode, the scope displays newly acquired data points in a
continuous stream. Each newly acquired data point appears at the right side of
the screen, causing previously acquired data points to “rofi” toward the left side
of the screen. The effect is simifar 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 1o display. At the SEC/DIV
settings required by slowly changing signals with low-repetition rates, the time
ketween 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 displayed
as described above, you can see the events of interest as thay happen. You
can also save them on screen or stere them in a REF memory.

Consider the following factors when using ROLL mode:

1. To enter ROLL mode, you select AUTO Trigger modsa and set the
A SEC/CIV to 180 ms or slower, When the acquisition rate is between
100 ms per division and 5 s per division, ROLL automatically replaces AUTQ
in the A TRIGGER MODE menu.

2. ROLL moede is only available in A Horizontal mode., 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 autc-triggered) acquisitions.

3. ROLL trigger mode and AVG acquisition mode cannot be used at the
same time. If you seiect AVG when the scope is in ROLL, the A-Trigger
made autornatically switches to NORMAL. Likewise, if you select ROLL
when the scope is in AVG, the acquisition mode automaticaliy switches
to NORMAL,

4. Although the waveform record is 20 divisions long, the scope displays
only 14 divisions at a time. In ROLL mode, it's a good idea to adjust the
Horizontal FOSITION control to display the fast 10 divisions; then, not only
will you sea changing waveform parameters sooner, but when you vary
controf settings that affect the display, you will see the results right away.
'f, on the other hand, you were ooking at the left-rost 10 divisions when
you changed the Vertical position, you would have to wait as long as
50 seconds (at & sidivision) to see the effect on the dispiay.
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REPET Mode

REFPET {repetitive} mode extends the usabile vertical bandwidth, 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 interpolate
between sample points when the acquisition rate is faster than S00 ns/division.
in REPET mode, however, the scope randomly samples many successive
acquisitions. For repetitive waveforms, equivalent-tme sampling acquires points
that would otherwise have tc be interpolated, thereby extending the maximum
bandwidth to 150 MHz for such waveforms. When REPET is ON in the
ACQUIRE menu, the scope automatically uses equivalent-time sampling at
SEC/DIV settings of 200 ns and faster.

SAVE Storage Mode

SAVE allows you to “freeze” the display on screen. You can then expand
the saved waveform by up tc three VOLTS/DIV settings for 2 10X vertical
expansion, 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 foliowing procedurg to save
waveforms an screen:

1. Display the desired waveforms in CH 1 and/or CH 2 and select the
desired VERTICAL MODE(s).

2. Push the STORAGE SAVE button to save the displayed waveforms.

3. Expand the saved waveform vertically by changing the VOLTS/OIV of
the displayed channel to the next most sensitive setting.

EXAMPLE: A 0.5-V sine-wave is displayed in CH 1 with the VOLTS/DIV
cantrol set to 1 V when STORAGE SAVE is pressed. Changing the CH 1
VOLTS/DIV contral yields the results shown in Table 3-3.
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Table 3-3
Vertical Expansion Factors

VOLTSIDIV Amplitude Expansion
Setting {Divigions} Factor
LAY 0.5 1
500 mv 1.0 2

200 mv 25
100 mwv 50 10
NOTE

To add or muitiply saved waveforms that were acquired in
Envelope mode, you must turn on ADD or MULT mode before
entering SAVE mode. If you select ADD or MULT after saving
CH 1 and CH 2 waveforms, and Envelope is already tumed on, an
invalid waveform is displayed. You can add or miuitiply waveforms
after saving if Average or Normal acquisition mode is sefected;
however, switching the mode Io Envelope replaces the
ADD/MULT waveform with an invalid ane.

To expand the saved display of any 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 nol be correct, See the
discussion under “Unwanted Signal and Noise Canceliation” 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
setting to a faster acquisition rate. (See NOTE below).

EXAMPLE: A 10-kHz sine wave is displayed in CH 1 with the SEC/DIV
contred set to 1 ms when STORAGE SAVE is pressed. Changing the
SECDIV control yields the resuits shown in Table 3-4.
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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 ps 1 per 10 div 100
NOTE

If you save g waveform in either A or B Horizontal mode, you should use
the same mode when you expand it horizontally. However, if you save a
waveform in A INTEN Horizontal mode, you should change to A Horizon-
tal mode before you expand i,

When you press SAVE, in addition 10 saving the waveforms, the scope displays
the SAVEREF SQURCE menu and & message showing how many acguisitions
have oceurred. The menu lets you store saved waveforms for later reference, while
the message tells you how many acquisitions were made since the acquisition
sequence started and before SAVE was entered. Changing any of the controls that
restart an Average or Envelope sequence {see discussion on Average earlier in this
section)}, or changing the acquisition mode itself, restarts the count. When using
ENVELOPE or AVG. the count tells you how maryy times the waveforms was
enveloped or averaged before the save occurred.
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SAVEREF SOURCE and DISPLAY REF

The SAVEREF SOURCE menu includes all the Vertical mode settings that
were in effect when you pressed SAVE. It enables you to designate, by
selecting the appropriate display source(s) from this menu, which waveformis)
you want to store.

Two other selections are also avaiiable as sources, namely REF and STACK
REF. Choasing REF causes the SAVEREF SQURCE-REF sub-menu to be
dispiayed, aliowing the use of any of the REF memories as a source. (This
feature enables you to copy waveforms from one REF memory to ancther.)
Selecting STACK REF causes the displayed waveforms o be saved in AEF
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 anc that waveforms stored in certain REF locations are “pushed” to
new REF locations.

Use the fallowing procedure to store waveforms in and display waveforms
from REF memory iocations:

1. Perform Steps 1 and 2 of the *SAVE Storage Mode™ procedure.
Perform Steps 3 and 4 of that procedure if you want 1o store 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 waveform before storing it; you won't be able to
pasition it later, when it's being displayed 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 Tabie B-13; otherwise, the SAVEREF
DESTINATION menu is displayed. Press the menu button corresponding to
the REF location where you want {0 store the waveform,

The dispiayed waveform is now stored in the REF memory specified. To
display the stored waveform perform the following steps:

5. Press DISPLAY REF to display that menu.

6. Press the menu butten corresponding to the REF location in which the
waveform is stored (the location chosen in Step 4). The stored REF
wavetorm is now displayed at the same vertical position as the
source waveform.
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NOTE

if the source waveform is stift on screen, either in the “live” or
SAVE moage, and it has not been repositioned since it was stored,
you wif have to move it lo see the DISPLAY REF waveform.

7. Press HORIZ POS REF to display the HORIZONTAL POSITION
menu; then set REF HPQS to IND {independent).

8. To horizontally position one of the displayed REF wavetorms,
press the menu bution that selects it and turn the Horizontal POQSITION
xnob.

9. Press the DISPLAY REF bution to return to that menu, The
Horizontal POSITHON control now positions “hive" and SAVEd
waveform(s), but not stored waveform(s) displayed from REF memories.

10. Recall the HORIZ POS REF menu and set LOCK on again. Now
Harizontal POSITION simultaneously positions all waveforms, whether
*live,” SAVEY, or stored.

Several factors shoutd be considered when storing and displaying
SAVEd waveforms:

1. Since you cannot change the vertical position of a waveform
displayed from REF memory, it is important to position either 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 refationship to other stored
waveforms. You can re-astablish phase relationships either manually by
aligning the Trigger Point Indicators or automaticatly 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.
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SAVE ON 4 Mode.

When SAVE ON 4 is turned on, the scope automatically saves the acquired
signal if it has ampilitude 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 signal source {CH 1,

CH 2, etc.) is displayed with the correct REF {REF 1. REFZ2, etc.) envelope, the
instrument compares the “live’ acquisition 1o the stored referenca. (See

Table B-14 in Appendix B to learn how the signal source displays and REF
memory envelopes must be paired for SAVE ON A comparisons). Then, if a
value of the live waveform in the signal source falls outside the envelope in the
REF memory, the scope enters SAVE mode.

You can develop envelope waveforms for uge with SAVE ON & gither from
the front panel or by means of the GPIB (General Purpose Interface Bus).
These will be discussed in order...

FROM THE FRONT PANEL. In the menu called up by the ACQUIRE button,
select ENVELOPE and set it to CONTinuous. If your concern is 1o detect an
out-of-limit de error of a signal, you don't need a sample of the actual
waveform. Instead, you can create & comparisan envelope by vertically
positioning a baseline trace to the desired positive and negative limits. (For
example, positioning the baseline trace two divisions above graticule center,
and then 2 divisions below, creates a four-division envelope around graticule
center.t When this envelope is properly stored and displayed from REF, and
SAVE ON A mode is turned on, the acquired waveform will be saved on screen
if it makes any excursion cutside the envelope.

If, or the other hand, you are also concerned with limiting phase and
frequency shifts, you will need a sample waveform that canforms 1o the ideal
signal, and you will have to create both horizantal 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. Skightly 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
befare, by positioning the waveform vertically around the signal baseline. Then
save the waveform, store it in the correct REF memary tor making the live
waveform comparison, and display it from REF. Leave the scope n
B Horizontal made to acquire the live waveforms and make the SAVE ON a
companson. (See Figure 3-18)}.
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The following procedurs creates a comparison envelope for a 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 £%. You should use this procedure as a guide for developing your
own envelopes for other types of waveforms,

1. Input the sguare wave into the desired channel with YOLTS/DIV set
to 1 V.

2. Set the A SEC/DIV contrel 1o 1 ms and select B Horizonta! MODE.

3. Set the B SEC/DIV control to 200 us and B TRIG MODE to RUNS
AFTER (Delay}.

4. Position the displayed waveform at the required vertical position on
screen. (Remernter, when it is stored as a REF wavelorm it cannot be
positioned vertically).

5. Push the DELAY by TIME button, and set A TIME ON.OFF to OFF,

§. Set the DELAY TIME readout to & value that alfows the waveform to
be paositioned several horizonta!l divisions in both directions.

7. Push ACQUIRE and select the ENVELOPE mode. Set the number of
acquisitions to CONT.

8. Push DELAY by TIME and note the DELAY TIME readout value.

4. Carefully rotate the Cursor/Deiay control knob clockwise until the
readout indicates 2.0480 ms more than the value noted in Step 8. (Because
the delay time resolution at 200 us per division is 8 gs, you cannot get to
exactly the 0.0500 ms that would represent a 5% change.) Note that the
envelope increases Y division to the left of the waveform.

10. Vertically position the square wave up 1/4 division, then down 1/2 to
hegin creating the *1/4 {0.25 V) division vertical envelope.

11. Rotate the Cursor/Delay control knab counterclockwise until the
readout indicates 0.0480 ms less than the vaiue noted in Step 8. Note that
the envelope increases 1/4 division to the right of the wawveform,
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12. Position the waveform up 1/2 division (it was left at the —1/4
position in Step 10} to compiete the envelope waveform. (See Figure 3-19a.}

13. Return the DELAY TIME setting to the same value as nated in
Step 8.

14, Push STORAGE SAVE and save the envelope waveform in the
proper REF memary 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 seiected in Step 14

17. Center the waveform to 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 to
generate the waveform and control the GPIB interface of the scope, the
procedure given here is marely an outline of a general maethod 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 can develop methods for entering comparison REF
waveforms via the GPIB.

1. Create an envelops waveform in B Horizontal mode using the Vertical
POSITION controls and the CURSOR/DELAY control knob {as described in
“FROM THE FRONT PANEL") to define the rough iimits of the envelope to be
used for comparison.

2. Use WFMpre? to get the envelope wavelorm preamble portion of the
message, letting the scope do the work for you.

3. Acquire the envelope waveform using CURVE? to obtain the waveform
data pownts. The programmer must have set up arrays to receive and hold the
curve and preamble data.
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4. Adjust any of the 512 envelope data point MAX-MIN pairs stored in
the waveform data array as necessary to create the comparison lirmits
wanted. Fast rising edges need seme horizontal width to widen the envelope
for jitter. How this is done depends on what you want your comparison
envelope 10 Jook like, and the exact manner in which it is done must be left
to the programmer.

§. 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
two's complemant format (RIBINary).

6. Set DATa TARget in which 1o store the reference memory. Remember
that wavetorms are compared against designated reference memories. (See
Tabie B-14 in Appendix B for the correct destination tc make a comparison.}

7. Send the waveform preamble string using WFMpre foliowed by the
captured preamble data as the arguments.

8. Send the envelope waveform data 1o the scope using the CL/Rve
command followed by the waveform data.

HUSING THE SAVE ON A IN ROLL ACQUIRE MODE. When using the SAVE
ON A feature in the ROLL ACQUIAE moxde, only develop the vertical de-grror
limit waveform. Since & ROLL mode display is an untriggered, “chart- recarder”
type display (see ROLL Mode earlier in this subsection), the ROLL mode “live”
waveform cannot stay within any horizontal window established by the
comparison envelope reference. Therefore the SAVE ON A feature, when used
with ROLL mode, is probably most useful for monitoring power supplies for
out-ofl-window de levels or for out-of- window peak levels on ac waveforms.

NOTE

The “glitch catching” ability of the 2430A can be used with SAVE ON
4 in ROLL mode. Leave the 2430A in ENVELOPE ACQUIRE mode
when swilching to ROLL mode after creating the vertical reference
emvelope wavelorm. Giifehes as shart as 2 nanoseconds can be cap-
tured as specified for Envelope Mode Fulse Response in Tabie 6-1 of
Section 6 in this manual
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Extended Features Applications

This instrument has three features that can be used separatety or in tandem to
extend its usefulness as a test and measurement tool as compared with conventional
oscilloscopes. These features are Auto Setup. Measure, and the AutoStep Seqguencer
{which is accessed with the PRGM front-panel button).

Tha Auto Setup feature forces a front-panel setup that yields a triggered, viewable
display based on the signals present at the GH 1 and CH 2 input connectors. The
Auto Setup menu fets the user direct the scope to optimize the display for the
parameter of greatest interest. VIEW mode displays several cycles of the signal.
PERIOD, PULSE, or EDGE (leading or faling) are also available. HI RESolution gives
the best measurement resolution over the 2D-civision horizontal and the 10.24-division
vertical acquisition windows. LO RES tailors the display to the screen for best viewing.

Measure is a dual-mode, parameter-extraction feature. Executing the SNAPSHOT
mode causes the scope to extract as many of the 20 available parameters as possible
{depending on the user-specified front-panel settings). It is called SNAPSHQT because
the scope uses anly 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
resulting in a constant updating of the displayed parameter values. The wavetorm
must be characterized before the parameters can be extracted. For both the
SNAPSHOT and continuous-update Measure modes, the user can select the method
{algerithm) of waveform characterization and can set the waveform levels (proximat,
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 phatograph the display, printing or plotting certain measurements or
waveforms. ete. Also, you can program the scope to automatically loop through this
sequence of front-pane! setups and actions. Taken together. these features allow
users doing repetitive measurements to write routines that will greatly reduce the time
ang effort needed 1o get the job done.
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Auto Setup

“Quick and Dirty” Display of a Signal

VIEW is tha 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. Inpud the signal to CH 1 or CH 2, turn on ony that channel in the
VERTICAL MODE menu, and press AUTQ.

2. If 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 it there is no DC offset,
or within the top or bottom 4 divisions with offset.

NOTE

fReferences to vertical sizing should be interpreted as targe! values
when they pertain to Aute Setup modes. For instance, in Step 2 the
scape attempls to target (chaose) @ VOLTS/DIV sefting that displays
4 divisions vertically on screen. The acltual setting chosen may vield
more or less than 4 divisions, depending on the amplitude of the sig-
ral and the available VOLTS/DIV settings. Different Auto Setup
modes use different larget values, but the concept rernains the same.

3. If VIEW is not underiined, select it in the Auto Setup menu and press
AUTO agaln to obtain the results described in Step 2.

“Quick and Dirty” Displays of Parameters

Auto Setup can also optimize the display for one of three parameters:
penod, pulse, or edge (rising or falling). Single-channel viewing of parameters is
just as easy as when using VIEW mode. Here's what you do:

1. tnput the signal to CH 1 or CH 2, set Vertical MODE accordingty, and
press AUTO.

2. Select the desired parameter in the AUTCSETUP menu and set AES
HITLO to LG {LO is best for viewing waveform parameters.)

3. Press AUTO to re-execute Auto Setup using the mode and resolution
specified in Step 2.
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The pararmeters will be dispiayed as follows:

a. PERIOD: For the LO RES setting, at least one cycle is dispiayed on
screen. and the waveform is vertically scaled and positioned to fit within the
center three divisions. For Hi RES, at least one cycle is displayed in the
20-division horizontal record and the waveform is vertically scaled and
positioned to fit within the center five vertical divisions. For both LO and HI
RES settings, the trigger position is set to 1/32 for best assurance that the
whaoie period is acquired. The trigger slope. which is positive by default, can
be changed by pressing the SLOPE button.

b. PULSE: For LO RES settings, the pulse (defined for rectangular
wavetorms as the portion of the cycle having the narrowest pulse width) is
displayed on screen, while for Hl RES. the pulse is displayed within the
20-division horizental record. Vertical scaling and trigger position are the
same as for PERIQD. Trigger slope is set 10 display the leading edge of the
selected pulse.

¢. 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 HI RES, the
riseffall time is located within the center 9 divisions. Vertical scaling is the
same as for PERICD.
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Dual-Channel Aufo Setup Displays

This procedure is for using Auto Setup when signals are applied to both
CH 1 and CH 2.

NOTE

With signals in both channels, Autc Setup aiways uses the signalf in CH ¢
to trigger the acguisition and set the horizontal scale.

1. Input one signal into CH 1, the other into CH 2,
2. Belect both CH 1 and CH 2 in the VERTICAL MODE menu.

3. Press AUTO, and when Auto Setup finishes executing, select the
mode and resolution you want.

4. Press AUTO again to execute Auto Setup using the mode and
resotution you set in Step 3.

The display delivered by Auto Setup depends on the mode selected from the
menu and the refation of the CH 2 signal to the CH 1 signal. Triggering and
horizontal scaling are determined by the CH 1 signai based on the criteria that
were explained in the previous two appiications procedures, so the CH 2
display will be stable only if it's time-related to CH 1.

The verticai scale is independent for the two channels, but differs according
10 the Auto Setup mede chosen. For VIEW mode, each display (including de
cffset) is scaled to fit within two vertical divisions. The ground reference is
positioned two divisions above graticule center for CH 1 and two divisions
below graticule center for CH 2. This scheme separates the two displays for
best viewing to convey dc information. In the remaining modes, the vertical
scaling depends on the RES sefting and the dec offset (as explained in
consideration 6, below]. For LO RES, the ac components in both channels are
scaled to approximately 3 divisions around 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 Setup

1. Auto Setup cannot be used to display waveforms saved in REF
memaory.

2. Auto 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 fit within the center 5 vertical divisions in VIEW mode,
since such sizing requires a greater VOLTS/DIV setting than the maximum
of 6 V. Likewise, there are limitations for trigger sensitivity, maximum and
minimum acquisition rate, bandwidth, etc. The user must determine those
limitations based on the specifications listed in Section 6.

3. Auto Setup cannot be used to reliably display signals which could not
be triggered in AUTOLEVEL mode. This means the sighal must be =5 mv
and =50 Hz. If the selected Auto Setup mode dictates horizontal sizing that
results in a 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 trgger source and determines the horizontal
scaling; in MULT mode, the CH 1 signal does the same. These rules apply
aeven if the CH 1 and CH 2 sources are not displayed. The position of the
ADD or MULT disptay is the algebraic sum of the base levels for CH 1 and
CH 2 as determined by the Auto Setup mode used. The vertical scale of the
ADD or MULT display is deterrmined 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 Appiications” in this section for more informaticn.)
Again, the CH 1 and CH 2 sources do not have {0 be turned on to affect the
position and scale of the ADD/MULT display.

5. Auto Setup makes certain changes to the front-panal when it
executes. In general, it makes the minimum changes needed to display the
sighai.

a. The front-panel is set up for an acquisition using the A Horizontal
made and A Trigger. All Cursor and Delay modes are tumned 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 left as previously set.
INVERT is set to OFF for both channels.
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c. Trigger COUPLING is set to DC and Trigger SOURCE is set to
VERT. The actual scurce used for the VERT source setting depends on
the Vertical MODE setting. (See Tabile 5-1 in Section 5.)

d. A complete list of the front-panel settings affected by execution of
Auto Setup can be found in Table B-18, Appendix B.

6. VIEW mode always scales the entire waveform, both ac component
and de offset. But the dc offset can affect the vertical sizing of the wavetorm
in the other modes of Auto Setup, t0o. This happens when the dc offset
exceeds the vertical channel's =10 division position range. To determine the
veriical detlection factor in PERICD, PULSE, or EDGE mode, the instrument
first finds the VOLTS/DIV setting needed to properly scale the ag
component of the signal. If the signal's dc offset is less than ten divisions at
the VOLT/DIV setting tound, the instrument can handle the offset using it's
position range. Therefore, it sizes the waveform as previously described. If
the dc¢ offset is greater than fen divisions, the instrument uses the VIEW
mode method to size the entire display (ac plus dc offset).

7. Vaiues given for both vertical and horizontal sizing in all Auto Setup
modes should be considered target values. The scope chooses the
deflection factor and acquisition rate that bring the display as close to the
target values as possible. [n general. LO RES settings limit the scales to
keep the display on screen, while H! RES settings limit the scales to keep
the display within the vertical and horizontal acquisition windows. The target
values are as previously indicated,

8. The executior 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.
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MEASURE

SNAPSHOT, A Quick Measurement of Waveform Parameters

1. Input the waveform for measurement to CH 1 or CH 2.

2. Obtain a triggered display of the waveform parameters to be
measured.

3. Push MEASURE to display the menu.

4. Select SETUP to display the SETUP menu.

5. Select the METHOD the instrument is to use to determine the TOP
and BASE of the waveform. The following settings are recommended:

+ Use MIN/MAX when measuring waveforms that have fairly constant
siopes except at the positive and negative peaks, such as sine waves,
triangle waves, and ramps.

« Use HIST (histogram) when measuring waveforms that make relatively
rapid transitions to longer-duration leveis, such as square waves,
rectangle waves, and puises,

» Use 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 wavelorm. If that is the
case, use the following procedure to set the levels.

a. Select CURSOR in the METHOD menu.

f. 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 ATABS to A,
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d. Set the active cursor to the level you want for TOP. (See Note)

€. Press Cursor SELECT to enable the alternate cursor and set it

to the level you want for BASE. (See Note.)

NOTE

The scope usas the most positive cursor to determine the TOP
and the most negative cursor to determine the BASE, once
they are set lo the desired levels. Also, if the TOP and BASE
levels established by the cursors are oulside the peak-to-peak
ampiitude of the waveform, error messages will be returned for
time-related measurements, such as RISE, FALL, PER, elc.
The error messages are in the form of written messages when
the Continuous-Update method for Measure is used and a
series of "?" marks when SNAPSHOT is used.

The CLURSOR method sets the TOF and BASE for alf
waveforms displayed. Since you set TOP and BASE to levels
on a particular waveform, they will tikely be incorrect for
waveforms displayed in other sources (CH 1, REF 1, ete.), and
may cause error messages for any time-related measuremenis
displayed for these waveforms. Hislogram and MIN/MAX
methods establish the TOP and BASE for each waveform
source independently; therefore, are more suitable for use on
multiple waveform displays.

f. Push MEASURE to recall that rmmenu and select SETUP to return
to the METHOD menu.

g. Push LEVEL. if you want to change the Time Reterence Points
(distal, proximal, mesial and mesial2). The rules for setting the
lavals foilow;

3-68

The proximal level must be the least-paositive level set on the
waveform,.

The gistal level must be the most-positive set on the waveform.

The mesial levels must be more positive than the proximal level
and more negative than the distal level.

Levels established outside the peak-to-peak amplitude of the
wavefarm or out of the order specified in Steps a-¢ can result in
error messages for some waveform measurements. (See

Appendix C.}
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LEVEL is like CURSOR in that you change the levels for the Time Reference
Pgints when you have considered the waveform and the measurement to be
made and determined more desirable ievets than the defaults. When set in
percent, the defaults are 10%, 30%, 50%, and 50% for PROXIMAL, DISTAL,
MESIAL, and MESIALZ, respectively. When set in voits, the defaults are defauit
TTL levels of 400 mv, 240 V, 1.30 V, and 1,30 V, respectively.

Once you change the levels, the instrument remembers them until you
change them again. Dong an INIT PANEL from the PRGM menu quickly
reastablishes the default levels, but you must re-set up the instrument for
rmaking your measurement(s). You can change the levels to new or default
settings using the following procedure:

a. Push the menu button corresponding to the level {distal, proximal, etc.)
you want to change.

b. Select % or VOLTs units using the toggle-menu button iabeied
%1 VOLT.

c. Observing the criteria in Step 7, use the Cursor/Delay knob to change
the value above the selected Time Reference Point to the ‘evel you want.

If you select % as the unit and you have not used CURSOR methed to set
TOP and BASE, settings for the Time Reference Points are relative to, and
confined within the peak-to-peak amplitudes of every waveform displayed.
{Setting DISTAL to 10% sets it to 10% of the peak-to-peak amplitude above
the BASE for every waveform.) Thierefore, as you measure different waveforms,
Time Refersnce Points will be set to the same relative levels and appropriate
results returned.

NOTE

Strictly speaking, the scape uses the difference between the TOF and
the BASE to calculate the levels for the Time Relerence Foints. There-
fore, TOP or BASE settings using the CURSCOR method can cause error
messages unless vou keep the TOP and BASE fevels on the waveform
you want to measure. See above note for CURSOR.
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if you select YOLT as the unit, settings are relative to the ground reference
tevets and NOT confined within the ampiitudes of every waveform. {Setting
DISTAL to 100 mV sets the distal levet up 100 mV from the ground reference
ievel for every waveform displayed.} Therefore, using VOLT as the level vnit,
you can set Time Reference Points outside the 0-100% leveis on the waveform
you are going to measure now, or set levels inside that waveform but outside
another waveform you select 1o measure later. Such settings can cause error
messages for some measurements. Make sure the voltage levels you set as
Time Reference Points are within the peak-to-peak amplitude of the wavetorm
being measured.

d. Repeat Steps a-c until you have adjusted all the levels you want to
change. Press MEASURE to return 1o that menu.

8. Select SNAPSHOT. If more than one source is displayed a target menu
appears; if s0, select the target (CH1, CH2, etc.) for the waveform you want
to measura.

interpreting the Display

The display that resuits from selecting SNAPSHOT and its target consists
primarily of a fist of 20 parameters with their measurermnent values. In addition. it
shows the targeted display source, the methed used ta determing TOP and
BASE, the levels set for DISTAL, MESIAL, and PROXIMAL, and two menu
selections that let you take anather “snapshot™ or return 1o the main
Megsure meny.

Sometimes SNAPSHOT can't complete accurate measurements for all 20 of
the pararmneters. 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
SEG/DIV setting is too fast to acquire all three edges {transitions) needed 1o
define one waveform cycle, SNAPSHOT can't extract the parameter PER
{perind). In this case, the display shows a string of guestion marks (*??77") in
place of the measurement value.

CASE 2 SNAPSHOT is able to extract the parameter, but for some reason
the measurament obtained is suspect. For example, if 2 waveform with a rise
time of 100 ns is displayed at 5 us per division, SNAPSHQOT can extract the
rise time and measure it. The accuracy, however, is in doubt because the value
determined (with 50 samples per division} is based on only one sample point
being obtained over the entire rise time:

100 ns

Bs % 50 samples = 1 sample point
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In this case, the cisplay shows the measurement value, but puts a single
guestion 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 horizontat 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 guestion mark in frant of it, but
still is lese accurate than you want. Before accepting a value, you should
always consider such things as how many samples wera obtained for the
parametar. In general, you should set up the instrument to display the
parameters you are most interested in over as much of the 20-givisian
horizontal record and the vertical window as possibie,

Assuming that the waveform is repetitive, you can see the error messages
associated with Case 1 and Case 2 by displaying the parameter in question in
Continugus-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.

Characterization of the Leading Edge of a Puise

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 adeguately using a single front-panei setup.

This application assumes that you want to measure rise time, overshoot,
undershoot, and peak-to-peak amplitude of & positive-going pulse. Since
undershoot occurs right before, and overshoot occurs right after the positive-
going edge on the waveform, we should be abie to display all three parameters
with adequate resolution. Other parameters, such as fall tima. might not be
obtained, so they are ignored for this SNAPSHOT. Since a pulse is assumed,
and steady-stase values for the pulse cught to be obtained before and after the
transition, peak-to-peak voltage will also be considered a valid parameter, n
spite of the fact that less than one cycle of the waveform may be acguired.

2. Set up the front panet to display the charactenstics with good vertical
and horizontal resolution.
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Since we want 1o look at the front comers of our pulse, let's use the EDGE
mode of Auto Setup to display the leading edge of the waveform:

a. Input the pulse into the desired channel and set Vertical MODE 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 HL.

c. Ae-execute Auto Setup.

You should be abie to tell from the display whether you will get good
measurement results for the parameters of interest. As an example, Figure 3-20
shows the results from executing the praviously described Auto Setup. The rise
time is displayed over most of the ten on-screen divisions and the steady-state
levels can be seen by repositioning horizontally,

| EH1 50amV A 204ns [1.97 vV VERT

fo //T :

SRR NS,

o 3 EOSE * AES
. _VIEW 'PEAIOD | PWRSE. A\ . HINLO

5286-47

Figure 3-20. Auto Setup for EDGE {rising).
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3. Press MEASURE, and setect SETUP if you want to specify the
METHOD for determining TOF 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 return to the previous setting when finished.)

3ince you are measuring a pulse and are interested in undershoot and
overshoot, which can’t be extracted using MIN/MAX method, you should select
HIST, You should leave the PROXIMAL and DISTAL Time Reference Points &t
default values to measure rise time at the standard levels of 10% and 90%.
respectively. L.eave MES!AL and MESIALZ at default levels, also; they are not a
consideration here singe we are not interested in the SNAPSHOT values
relating to TIME and/or DELAY.

4. Returh to the main MEASURE menu. Press SNAPSHOT to execute.

The parameters are displayed with their valves. 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. SNAPSROT of a puise’s rise time.
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In the figure, those parameter values we wanted to 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 guestion-mark string since only
one edge (the rising edge) of the waveform was acquired. Note aiso that the
RM$ value has the guestion mark replacing the *=". The RMS calculation is
normally performed over the first valid period of the waveform that is found.
Since no valid period is currently present, RMS is calculated over the full
1024-point waveform. The “?7 indicates to the user that this has occurred.

The other values in the display could he 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 tevels 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 considered the mean between the two levels since a whoie
cycle was not acquired and the duty cycle could not be taken into account
when detarmining the mean.

Parameter Measurements Using the Continuous-Update Mode

An inportant point t¢ remember about SNAPSHOQT is that the parameters
are extracted for ong 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 he displayed at one time. Linlike SNAPSHOT, these parameters
are regularly updated as successive acquisitions are triggered. Using the
Continuous-Update mode is very similar to using SNAPSHOT mode, as these
application procedures Hllustrate.

iUse the fallowing procedure to display 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 Steg 3. tum WINDOW ON or OFF as desired.
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WINDOW, when on, forces the parameters 1o be 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 gisplaying the SETUP menu in Step 4. set MARK ON or OFF as
desired before proceeding to the next stzap.

MARK, when on, will 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 outlined in Steps 1-6 of “SNAFSHOT, A
Quick Measurement of Waveform Parameters™ when setting up the front-panel
for parameter extraction, setting the {evels determining Time Reference Points,
and setting the METHOD for TOP and BASE determination.

2. Press MEASURE to retum to the main menu,

3. Push MEAS TYPE to dispiay the menu that specifies the parameters
1o be displayed.

4. Use the three arrow-labeled buttons to seiect the first parameter you
want o dispiay.

A parameter is selected by underlining . Use the button labeled “=" to move
the underline left-to-right and down the parameter matrix as one would read a
paragraph. Use the button labeled *~-" to reverse the direction. Use the button
labeled | to move down any individua! column in the matrix.

5. Once the desired parameter is underfined, push ON in the menu to
turn that parameter on. When on. the parameter will be bracketed with
asterisks (**7). (See Figure 3-22. The parameters PK-PK and PERICD are
on: RISE is setected but presently turned off }

6. If shere 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 1o be extracted.
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Figure 3-22. Continuous-Update mode for MEASURE,

The source, the parameter, and its value are now displayed n the upper-
right quadrant of the screen. The parameter value is regularly updated and will
change if the waveform varies.

7. Repeat Steps 4-6 of this procedure to select up to four parameters tor
display. To turn off parameters perform Steps 4-6, but press OFF in the
menu instead of ON for Step 6.
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Delay Measurements Belween Signals

Often a measurement of the delay between a gated signat and the gating
signal is desired. The following procedure Hlustrates some such measurements
using the DELAY parameter for the Continuous-Update Measure mode. it also
ilustrates the WINDOW and MARK features. Use this procedure as a general
indicator of the things you should consider when using Measure in the
Caontinuous-Update mode.

1. Make sure al! the parameters you wish to characterize can be
dispiayed 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 relatvely shert-duration, pesitive pulse. An example of how you
might determine the setup is iflustrated in the next step.

2. Set up the front panel to display the characteristics with good vertical
and horizontat resotution.

Since the delay between the edges of our puise is unknown, let's use the
VIEW mede of Auto Setup to take a look at both waveforms:

a. Input the gating square wave into CH 1 and the resuttant pulse
waveform into CH 2. Set Vertical MODE to CH 1 and CH 2. Set up the input
couphng as desired.

b. Press AUTO to get the menu. If not already in VIEW mode, wait until
Auto Setup finishes executing. Then select VIEW and press AUTO again.

The display obtained should indicate how further 10 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 so long
after the rising edge of the gate, you could use the present display for making
the measurements, (If the edges were closer and coutd be displayed within the
20-division honzonta! window. you might re-execute in EDGE mode.} Howaver,
since the gate is in CH 1 (and therefore determines the hotizontal scaie), let's
re-execute Auto Setup in the HI RES PERIOD mode to obtain increased
resolution for our delay measurements. Figure 3-24 illustrates the waveforms
after execution in the PERIOD mode. in addition, the vertical attenuation was
decreased, acquisition rate increased, the Trigger SLOPE changed to *-", and
the vertical position adjusted for best viewing.
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NOTE

The iast execution of Auto Setup Hustrates another way it can be
used. You execute VIEW mode to get an overalf jook at the waveform
and choose another Auto Setup mode that cught to get a display
close to that required for the measurement. After executing that
mode, onfy minimum front-pane! adiustment is needed fo “fine-tune”
the sefup for your measurement. Figure 3-24 ilustrates the resuft of
this process.
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Figure 3-23. Dual-channel Auto Setup in VIEW mode,

3. Press MEASURE. If necessary, select 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.)
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Since we are working with rectangular waveforms, HIST (histogram) is the
proper METHOD to select here. Also, since we are measuring transition times
on the edges, we probably need not be concerned with the placernent of the
PROXIMAL and DISTAL levels; the default values are fine. The MESIAL and
MESIALZ levels are important since they are the Time Reference Points
hetween which DELAY is measured (see Appendix C}. However, since the
transitions are relatively fast compared to the overall delay to be measured, the
default setting of 0% 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
particutar amplitude fevel.

4, Return to the main MEASURE menu. Push MEAS TYPE to display the
pararneter matrix.

5. Select DELAY and turn it ON.

8. 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 it the parameter indicates the delay is measured FROM CH 110 CH 2.
Also note the MARKs that were turned on earlier. These marks indicate that the
maasuremeant is from the falling edge of the gate to the rising edge of the puise.
1t the MESIAL level had been changed in Step 3. the mark would be adjusted
up or down on the edge accordingly. The same is true for the MESIALZ level on
the rising edge of the delayed puise.
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LOCATING THE MEASUREMENT ON TARGET WAVEFORMS. You may
wonder how the instrument decides where to put the marks, i.e., where to make
the measurement in the 20-division regcord. Often the user determines where the
measurements are made by setting up the scope so that only the characteristic
corresponding to the parameters of interest is displayed. Far example, the
procedure used to characterize a rising edge of a puise 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 recerd car be used to extract a
specified time-related parameter, the scope uses the area that occurs first in the
record of the targeted display source. Thus, if 10 cycles of a sine wave are
acguired, the scope uses the first cycle 1o determine the PERICD, FREQuency,
[YUTY cycle, etc. If the parameter extracted is ampfitude-reiated, the entire
20-division waveform record is used.

NOTE

An exception for amplitude-related parameters is AMS, which is normally
defined as being measured over one cycle. This instrument calculates
AMS using the first cyefe it finds in the waveform record.

MEASUREMENT LOCATION FOR DELAY. The DELAY parameter is a
spegial case because there are always two target sources—the one the delay is
FROWM and the one the delay is TO. DELAY is defined as the time at the
MESIALZ crossing minus the time at the MESIAL crossing. The MESIAL
crossing always ocours 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 MESIALZ crossing. The computed difference
i$ positive for delays where the MESIALZ edge occurs after the MESIAL edge
in the record; otherwise it is nagative.

Figure 3-25 ilustrates the importance of the front-panel setup in determining
the edges used for DELAY measurements. The waveforms marked REF1 and
REF2 are the CH 1 ang CH 2 waveforms previously shown in Figure 3-24. In
Figure 3-25, the front panel was readjusted to display the CH 1 and CH 2
wavefgrms at a different horizontal and vertical scale ard 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 versions 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 but is
abtomatically set by Auto Setup PERIOD and PULSE modes), while the live
waveforms have a trigger position of 1/2. (Note the difference in trigger position
for the live and REF wavetorms.)
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Examine the readout for DELAY. The Measure function has been used to
display the DELAY from REF1 to REF2. Since REF1 and REF2 are merely
saved and displayed versions of the CH 1 and CH 2 waveforms shown 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 tha 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), since the change in trigger position made these two
adges the earliest ones acquired. The CH1-CHZ DELAY is now based on
these two edges and is negative since the first edge tound belongs 1o the
CH 2 waveform.
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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 WINDQW function lets
you teii the scope where on the waveform o make its measurements. Let's
continue our procedure with an example:

7. Verfy 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 Cursars. 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 butten 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 repositioned.) Examine the CH 1 and CH 2
waveforms in Figure 3-25 and compare them with Figure 3-26. 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 waveiorm’s mark is on
the edge immediately to the right of the lefl-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
wo edges on alternate waveform records over the entire 20-division record.

CHL. 8V AL 100ks 414mv  VERT
[ 2 A N T R
; L i Y272 G0us . WINDOW]
LEFT-MDST 1 o Lo 3R72.00us . WINDOW,
CURSOR ——— CH1:~>CH2:DELA!’ 202.,0045 ;
LUCATES i To | o
MARK ON T~ i i
FADM TARGET o1 ;
+. T i : + :"' FAFF-+ T = P b T |-1|-: HIGHT_MQST
! H R N A L.~ CURSOA
oy : | I T LOCATES
il ) : I » MARK DN
i i : fr 1 TO TARGET
. IT 4
,,i,....!.... ¥ !
ATTACH CURASDRS TO: = :
fot [owe | 2 |
G2A6.53

Figure 3-26. Controlling measurement location with WINDOW mode.
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To WINDOW measurements using the TIME Cursors, remember the
following rules:

DELAY MEASUREMENTS: The delay (in WINDOW mode) is always
measured from left to right, 50 you must target the FROM and TO sources
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 TO source where you want the
measurement to end. Both edges will be between the cursors.

TIME-RELATED MEASUREMENTS: in general, the measurement is made
on the first suitable area between the cursors: DUTY, FREQ. and PERIOD
require 3 edges; WIDTH requires 2 edges; RISE and FALL reguire 1 edge.
Normaity, the scope measures rise and fall time between the proximal and distal
levels on the waveform. However, if you move the window inside those two
levels, the instrument either establishes new settings within the windowed area,
far levels set in percent, or displays a LEVEL LIMIT error, for levels set in volis.

AMPLITUDE-RELATED MEASUREMENTS: The measurement of an
amplitude parameter such as PK-PK, MESIAL, MEAN, efc. is made over the
entire portion of the waveform that lies between the TIME cursors, using the
TOPR, BASE, and MIN/MAX levels found within that area.

NOTE

AMS extractions use the entire bracketed area also, aflowing AMS
measurements of base-ling noise and cormplex waveforms.
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AUTOSTEP SEQUENCER (PRGM)

Storage of a Single Front-Panel Setup

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 AUTOSTER
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-
pang! setup as owtlined here in Steps a-d:

a. Select the first character for your label. Press the | or 1 1o step
through the alphabet and digits 0-9. There is a “blank space”™ character
between the digit 9 and Jetter A.

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

¢. Repeat Step b to include up to B characters in your labet. You can
return to any character by continualiy pushing the curser button, since it
reverses direction when in the position or the first or sixth character.

4. Press the menu button labeted SAVE when your label is compiete.

NOTE

You can create labels with as few as one characiter and can Jeave any
character position (1-8} biank. Simply push SAVE when the labelis as
you want it.

5. When you press SAVE, the scope displays @ message that shows
your chosen label and tells you to set up the controls, Set the instrument
front-panel controls as desired.
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in general, a stored front-panel setup can include all front-pane! settings
except those that are accessed via the MENU CFFHEXTENDED FUNCTIONS
button and those that call up status-type menus (SNAPSHOT, STATUS, GPIB
STATUS, TRIG STATUS, and HELP).

§. Push PRGM to display the ACTIONS menu. The ACTIONS menu
aliows you to specify certain functions that you want to execute when the
front-panel setup is recalied.

Although you can include ACTIONS when you store a single front-panel
setup, you are maore fikely to use them when you store a sequence of several
front-panef setups.

Storage of a Sequence of Front-Panel Setups

1. Create a labe! by doing the following:
a. Push PAGM to display the main SEQUENCE menu.
b. Select SAVE from the menu.

¢. Create a 1-6 character name using the arrow keys as before, of leave
the default name unchanged as desired.

d. Press SAVE to label the sequence you are about t¢ create.

2. Create a series of front-pane! setups and associated ACTIONS that will
accomgptish your test or measurement task:

a. Set up the front-panel for your measurement task,

3-86 2430A QOperators

www.valuetronics.com



Applications

b. Press PRGM to get the ACTIONS menu and use the arrow-labeled
and Y:N-labeled puttons to turn on the actions associated with this front-
panel setup. This is what the actions do:

PAUSE makes the sequence stop until you teli it to continue. This
allows you to make measurements, take photographs, ete.

BELL sounds a tone when the step is complete.

AUTOSETUP automatically sets up the front-panel. Be aware that
this occurs after the front panel is loaded, and will change the
setup.

REPEAT tells the sequence to continue to the end, then toop hack
fo this step. If REPEAT is turned on in more than one step of a
sequence, only the last one will be used.

SELF-CAL andfor SELF-TEST execute those internal routines
before the front panel is lvaded and measurements are made.
Typically these actions are included in an initiatization step at the
beginning of the sequence.

PROTECT prevents accidental removal of the sequence. It is only
effective if set in the first sequence step. See “Using PRGM” in the
“QOperators Familiarization™ {Section 2} for information on removing
protecied sequences.

PRINT/PLOT outputs information as defined by the fourth-level
DEVICES menu (under MODE in the OUTPUT SETUP menu). See
QOUTPUT in Section 5 for more information about this menu. See
the Programmers Reference Guide for more information about
using this instrument in a GPIB/Controlier environment.

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.

c. When you have specified the ACTIONS, push NEXT STEP in the
menu to create the next step. Set up each successive sequence step as
cutlined 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.
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Using a Sequence

1. Select and initiate the sequence you want to run as follows:
a. Press PRGM to display the main AUTOSTEP SEQUENCER menu.
b. Select RECALL from the manu.

¢. Use the arrow Keys 1o select the desired sequence, and prass
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, yse the STEP command; from the rear panel, provide the faliing edge of
a TTL pulse into the SEQUENCE N input BNC.

5. Repeat Steps 2-4 until the end of the sequence.

. Then, it REPEAT is turned on in one of the sieps of this sequence,
change the input connections as required (install a new device to be tested,
adjust test equipment. etc.).

7. Push PRGM to loop back to the step that containg REPEAT and continue
to perform Steps 3-8 as needed. If REPEAT is not included in the sequence, the
last step will exit to the main AUTQSTEP SEQUENCER menu.

B. If you want to discontinue a sequence, press EXIT in the menu when the
sequence is paused. If a sequence is running, you can abort the sequence by
pressing PAGM,
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Interaction of Sequencer with Acquisitions Modes

When you recall a sequence, consider the acquisition mode and SEC/DIV
setting 2ach sequence step invokes. Depending on the SEC/DIV setting, some
modes, such as Envelope and Average, may reguire considerable time to
complete an acquisition sequence, and, therefore. the sequence step.

Consider a step that sets the SEC/DIV to & seconds and ACQUIRE MQDE
to AVG, 256 acquisitions. With 20 divisions per acquisition. the total time to
complete an acquisition sequence is 20 div's x 5 sec/div X 256, which is
about 7 hours! if you're unaware that the sequence includes such a step, you
might think the sequence is "hung up.” Be aware of the SEC/DIV setting and
the number of acquisitions specified for steps using Envelope and Average
modes.

Other scope modes can delay or prevent the complation of a sequence step.
For SAVE ON DELTA mode. the sequence step does not complete until an
out-of-limit data peint is acquired and SAVE mode entered. ROLL mode
{entered when in AUTO Trigger Mode at SEC/DIV settings stower than 50 ms)
ignores triggers and continuously acquires; therefore, this mode never
completes an acquisition sequence and must be manually forced to the next
step in a sequence. Also, the SINGLE SEQuence and NORMAL settings for
Trigger Mode wilt prevent a step from completing if & trigger isn't received to
start the acguisition sequence.

MULTIPLE MODES. Seguence steps that set muitiple modes are a special
case. If the trigger mode is set to Single-Sequence AND Save-On-Delta, for
exampie, the scope completes the step when the single sequence is acquired
OR when a data paint is acquired that is outside the reference envelope. Say
the acquisition mode is AVG 256 and SAVE-ON-DELTA is on. If no data points
are outside the reference envelope, 256 acguisitions will ocour, completing the
singie-sequence of 256 averaging acquisitions, and the sequence step
completes. On the other hand, any data point acquired during the 256
acquisition that's outside the reference envelope forces a Save-On-Delta and
completes the step.

FORCING STEP COMPLETION. To force a sequence to move to the next
step before the acquisition sequence completes, press ACQUIRE. Pressing
ACQUIRE always ends the present acquisition sequence and restaris another
sequence. This action compietas the step. Adjusting any other control that
restarts the acquisition sequence {SEC/DIV, VOLTS/DIV, 50% TRIG INIT, etc.)
also forces the step to complete. Changing these control settings using GPIB
commands, or sending “RUN SAVE" or “RUN ACQ" from the GFIB, also
completes the step.
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When the step completes, the instrument moves to the next step in the
sequence (or ends the sequence if at the last step) unless FAUSE is turned
on as an action for that step. If the step is paused (message is displayed),
push PRGM as usual to advance to the next step {send the STEP command
it operating via GPIB).

To end the sequence, push PRGM (or send the HALT command from
GPIB). As just explained, if you push PRGM for a paused step, the
sequencer maves to the next step. However, pressing PRGM for a step
that's waiting for an acquisition sequence to complete stops the sequence.
{The function is the same when the sequencer is executing sleps in a long
sequence without pausing; pressing PRGM stops the sequence.)
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Checks and Adjustments

introduction

To verify the operation and basic accuracy of your instrument before making
measurements, perform the following checks and adjustment procedures. If further
adjustments are required, refer the instrument o a gualified service person.

Refer to “Preparation for Use™ in Section 1 before proceeding with these
instructions. It explaing how to prepare the instrumant for its initial start-up before
applying power.

Verity that the POWER switch is OFF {i.e.. in the out position, with the green
indicator switched o black). Then plug the power cord inte an appropriate ac-
power-source outlet supplying the correct nominal voltage. {Check the LINE
VOLTAGE SELECTOR switch).

If, during the performance of these procedures, you notice an improper
indication or instrument malfunction, refar the instrument to a qualified
Service person,

If you are not familiar with the operation of the front-panel controls, you may
wish to review Section 2, Operation, before beginning the checks and adjustments.
The following procedure is written to be followed in sequential steps and is short
enough that it 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 butten, and allow the instrument to warm up. The NOT WARMED UP
message stays displayed 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 cleared from the display.
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3. Press the INIT PANEL menu button. This sets the front-panel controls to
predefined states. Basically, the resulting setup i$ a singlechannel, auto-levet
triggered display mode, with none of the special features turned on. The
complete INIT PANEL setup is given in Table B-15 of Appendix B.

4. Perform the SELF CAL procedure. {A demonstration procedure of SELF
CAL is given in *Operator's Famiiarization,” Section 2, and a detailed
description of the built-in calibration and diagnostics is given in Appendix A of
this manual.)

5. When SELF CAL is finished, turn off the EXTENDED FUNCTIONS menu
and press the ACQUIRE button to obtain a baseline trace; then press the
SAVE button.

6. Press the Trigger MODE button and turn AUTO on,

Trace Rotation Adjustment

1. Check that the baseline trace 15 parallel with the horizontal graticule lines.

NOTE

Normafly, the resulting baseline trace will be paraliel to the center hor-
jzomal graticule fine, and the TRACE ROTATION adjustment will not be

negded.

2. If the baseline trace is not parallel to the center horizontal graticule line,
use a small straight-blade screwdriver or atignment toal 10 adjust the TRACE
ROTATION pot for proper alignment of the trace.

Focus and Astigmatism Adjustment
1. Press the STATUS/HELP bution.

2. Use the INTENSITY contral knob to reduce the intensity of the readout
characters to a lower level. (Pressing STATUS/HELP automatically increases
the READOUT intensity to 35%, as indicated in the display.)

3. Check the display for good focus over the entire graticule area.
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4. If the display is nat in good focus, adjust the FOCUS pot for the
best focus over the entire graticule area.

NOTE

if the ASTIG adjustment is afready set properly, all portions of the
gispiay wilf come into sharpest focus at the same adjustment posi-
tion of the FOCUS pot.

5. If focusing is not uniform, altemately adjust the ASTIG and FOCUS
pots (a small amount at a time) for the best-defined display over the
entire graticule area.

Vertical Gain Check

1. Press the Cursor FUNCTION button and setect VOLTS cursors,

2. Align the active cursor (dashed line) with the third hornizontai graticule line
up from the center.

3. Press SELECT and align the other cursor (now active) with the third
horizontal graticule line below center, for a six-division difference between the
V?LTS cursors.

4. Check that the VOLTS readout is 600 mV =6 mV (524 mV to 608 mV).

Horizontal Gain Check
1. Select TIME cursors.

2. Align the active cursor (the one with most dots) with the third verticai
graticule line left of the center.

4. Press SELECT and align the other cursor with the third vertical graticule
fine to the right of center, for a six-division difierence between the TIME
CUrsors.

4, Check that the TIME readout is 6.0000 ms +0.06 ms (5.84 ms to
6.06 mg).

5. Turn the cursors off by pressing the TIME menu button.
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Probe Low-Frequency Compensation

Misadjustment of probe compensation is a possible source of measurement
error. The attenuator probes are equipped with compensation adjustrments. To
ensure the best measurernent accuracy, always check probe compensation before
making measurements,

1. Connect the two supphed 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 front-panel setup by 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 my.
6. Set the SEC/DIV to 500 us.

7. Press ACQUIRE and use the CH 1 Vertical POSITION control to center
the four-givision CALIBRATOR square wave in the graticule area.

B. Check the square-wave signal for overshoot and rolioff. (See Figure 4-1).
If necessary, use a small-bladed screwdriver to adjust the low-frequency
compensation for a square front eorner an the square wave.

S. Press the Vertical MQDE button and press the CH2 menu button to turn
on CH 2 in the display. Then, press the CH1 menu button to turn off that
channel.

10. Change the CH 2 VOLTS/DIV setting to 100 mV and vertically center the
CALIBRATOR signal.

11. Repeat Step 7 for the second probe on the CH 2 BNC input connector.
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NOTE

Aefer to the instruction manual supphed with the probe for more detailed
information about the probes and adjustrnent procedure.

i :
CORRECT FLAT : . : R N MR = E—

OVER COMPENSATED
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Figure 4-1. Probe fow-frequency compensation.
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Controls, Connectors, and Indicalors

This sectron is the primary reference for instrument function. it 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 famitiarization
precedures 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 controi,
connector, or indicator,

NOTE

The MELP fesiure displays operating information about most front-pane!
controls. You may wish {0 read this on-screen information &5 a preview, or as a
suppiemmernt to the material that follows. HELP is described at the beginning of
*Extended Features” in this section.

CRT Display, Menu Buttons and Power

Refer to Figure 5-1 for location of Items 1 through 10.

@ Menu Buftons

Select from the menu displayed along the bottorn of the CRT. Mounted in
the bezel under the CRT, their operation is programmable by the scope
and depends on the function being controlted. For example, a button may:

= Turn en a function. {in some cases it simultaneously turns off an
incompatible function: for exampile, selecting ADD automatwcally
deselects MULT. and vice versa.)

« Toggle between two modes or states.

« Increment a counter {as with ENVELOPE and AVG).

= Call up a lower-lgvel menu.

Underscored menu labels indicate functions or modes that are turned an.
Table 5-2 at the end of this section lists all front-panel caontrot menus.
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Figure 5-1. POWER, DISPLAY controls, and MENU buttons.
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@ SELECT Button

Displays the INTENSITY menu. The menu lets you direct the INTENSITY
knob to control READQOUT, DISPay, INTENSIfied zone, or GRATIcule
flumination. One of these functions is always on, with its menu label
undetiined. You can turn on any of the four by pressing the associated
bezel button, or you can toggle betwean DISP and READQUT by
repeatedly pressing the SELECT tutton.

VECTORS ONIOFF toggles between vector (iing) and dot waveform
disptays 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 graticuie illumination as determined by the
underscored function in the SELECT menu. It works whether or not the
menu is displayed.

@ STATUS/HELP Button

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 inctudes the VOLTS/DIV for each Vertical made, Horizontal
mode, Acquisition mode. A and B Trigger Source, A and B Trigger Level,
Trigger Status, the wavetorms selected for display, etc. The readout
intensity is boosted to 35%. If necessary, {0 ensure a visible status list,
and the INTENSITY contrel is tempaorarily directed to the readout.

In the status bst, alt enabled functions are underlined. {See Figure 5-2.) The
INTENSITY settings arg snown as a percent of the total range so you can
tell if the display intensity is 100 low to see.

To remove the STATUS menu from the screen and return any waveforms
previously displayed, either press MENU OFF to return the waveform

display with nc menu, or STATUS/HELP o return the waveforms aiong
with the menu displayed when you first pressed STATUS/HELF.

NOTE

The STATUS/HELP menu alsc gives access to the HELP fealure
which is covered under "Extended Features” in this section.
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@ FOCUS Adjustment

Optimizes the focus of the display. This is a screwdriver agjustment that
reguires iittle atlention after the initiat setting. An avto-focusing circuit
tracks any intensity changes during normal operation of the instrument and
Keeps the display focusead.

@ TRACE ROTATION Adjustment

Aligns the CRT trace with the horizontal graticuie lines. Cnce this
screwdriver adjustment is set, it requires only occasional reagjustment
during normal operation of the instrument.

(7) ASTIG Adjustment

Used in conjunction with the FOCUS adjustment to optimize the focus -
over the entire CRT. Once set, this screwdnver adjustrnent requires little
attention during norrmal operation of the instrument.

MENU OFF/EXTENDED FUNCTIONS Button

Tums off the displayed menu if one is displayed. If a menu is not
displayed, the EXTENDED FUNCTIONS menu is turned on for access to
special features, such as calibration and diagnestic routines and system
configuration tunctions (inciuding the TEKSECURE Erase Memory function
for removing proprigtary information from scope memory). See Appendix A
for operation of the Extended Functions.

NOTE

When MENL OFF turns off a displayed menu, it also resats the hardware to
match the soft front-panel settings, reinitializes any acguisitions in progress,
and erases and rewrites the CRT {which elimuinates any messages written viz
the GPIB).
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Figure 5-2. STATUS readoul display.
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@ POWER ON/OFF Switch

‘Turns nstrument 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 off. The instrument powers up either with the same front-
panel setup it had when it was last tumed off, or with the predetermined
INIT setup shown in Table B-15 in Appenchx B, depending an whether
PWR ON is set to LAST or INIT in the EXTENDED FUNCTIONS menu.

CRT

Produces the visible wavelarm and readout displays. The CRT display
area is B0 mm vertically by 100 mm horizontally. Internally-etched graticule
lines eliminate parallax viewing error between the {race and the graticule
lines. Percentage points for measuring rise time are at the ieft edge of
the graticlile.

Vertical Controls

Refer to Figure 5-3 for locations of items 11 through 20.
(1) CH 1 and CH 2 BNC Input

Connect external signals to the Channel 1 and Channel 2 vertical
attenuators. The signal applied to CH 1 or X supplies the horizontal
deflection for XY displays. Probe-encoding contact rings on the GH 1 and
CH 2 BNC connectors enable the scale-factor-switching circuit to
recognize attenuation-coded probes and change the VOLTS/DIV readout
to reflect the aftenuation factors of such probes,

@ VERTICAL MODE Button

Calls up the VERTICAL MODE menu. The ¥YTIXY button toggles the
display made between Y-axis versus Time and Y-axis versus X-axis. Each
of the other butions toggles its associated mode on and off,

ADD and MULT are mutually exclusive functions. Turning on one turns off
the other. Aiso, ADD and MULT cannot be turned on selected when XY is
selected. Turming on XY mode turns off ADD or MULT and removes those
choices from the VERTICAL MODE menu.

5-6 2430A QOperators

www.valuetronics.com



Controfs, Connectors, and Indicators

CH1

Toggles the display of the signai in Channel 1 on and off.

CH2

Toggles the display of the signaf in Channel 2 on and off.

ADD

Digitally adds the Channel 1 and Channel 2 waveform data. The ADD
waveform can be displayed even it CH 1 and CH 2 are not, since both
channels are digitized regardiess of whether they are selected. When
saving an ADD waveform in ENVELCPE Acquire mode. the ADD
wavelorm must be displayed before entering SAVE mode; turning on
ADD after entering SAVE displays an “invalid” wavetorm. (The invalid
waveform consists of sections of *fil” pattern that extend from top 10
bottom of the screen. These sections are alternated horizontally with
short trace segments.) If the Acquire mode is NORMAL or AVG, ABD
can be turned before or after SAVE mode is entered. For more
information on use of ADD with ENVELOPE, see ENVELOPE
description for ACQUIRE button in this section.

Waveforms are added in terms of divisions, without consideration for
the vertical scaie factors. If a two-dwvision signal in Channel 1 and a
three-division signal in Channel 2 are in phase, the ADD waveform will
be five divisions no matter what the VOLTS/DIV settings for CH 1
and CH 2.

The ADD waveform always has the same vertical scate as Channel 1.
Hence, the CH 1 VOLTS/DIV setting can be used to make calibrated
VOLTS cursor measuremants at the same time the CH 2 VARIABLE
control is being used to null interfering signais in the ADD waveform. If
CH 1 is uncalibrated, however, both the ADD and the CH 1 VOLTS/DIV
readouts will display the uncal symboi (z=). and VOLTS cursor
measurements on these waveforms will be expressed in divisions.

MULT

Digitally multipiies the Gharnel 1 and Channel ? waveforms. As for
ADD mode. an ENVELOPE mode MULT display must be turned on
belore entering SAVE mode or an invalid wavefarm is displayed. See
ENVELOPE description for the AGQUIRE button in this section.

MULT mode makes it possible to display a power waveforn and make
instantaneous power measurements. The readout for the MULT
waveform has units of voits squared, since the scope cannot ascertan
the correct scale factor of the current waveform withoul knowing the
scale factor of the current probe (or the resistance value of the

test setup).
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5-8

When two B-bit-digitized signals are muitiplied, the result can be
expressed in 16 bits, which increases the dynamic range 258 times.
Therefore, to ensure that the entire MULT waveform can be displayed
in the x5.12 divisions available, it must be comprassed back to 8 hits
(with a resulting ioss of resolution). Also, because its vertica values
must be divided by 5.12 o bring the MULT waveform back on screen,
the VOLTS2DIV scale factor is multiptied by 5.12, For example, if two
Square waves, each stepping positive from 0 volts {ground) are to be
muitiplied, & 2 V square wave could be displayed in CH 1 as a
4-gdivisicn peak-to-paak signal at 500 mv per division and g 12 v
square wave as a B-division p-p signal at 2 V per division in CH 2.
Wher the waveforms are muiltiplied, the product of the negative peaks,
both zero volts. is a @ v hegative peak for the MULT waveform. The
product of the positive peaks, 2 and 12 volts respectively, is 24 voits:
therefore, the resultant multiplied waveform is a square wave stepping
positive from ground 1o 24 voits. The SCOpe determines the scale
factor, in this case 5.12 v2 per division, by Mmultiplying the product of
the CH 1 and CH 2 vOLT/DIV settings by 5.12. i scales the MULT
waveform accordingly, resufting in about a 4.7-division square

wave display,

The zero value of a waveform is its ground reference when de-coupied,
or its average value when ac-coupled. Any signal level balow the zero
value is treated as negative. The zero value for the MULT waveform is
the sum of the Channei 1 and Channel 2 Vertical FOSITION settings,
where positions above centsr screen are positive and those below
Genter screen are negative,

YT XY

Switches between a Y-axis versus time (YT mode] or the X-axis YErsus
Y-axis (XY mode) representation of the dispiayed signal. In XY mode,
the signal applied to the CH 1 input supplies the horizontai deflection,
and the signal applied to the CH 2 input supplies the vertical deflection,
with 512 sample points dispiayed from each channei. {The horizontai
position control selects which §12-point block is selected from CH 2 for
the ¥ deflection. See "Horzontal Position Controt Knob” i this
section).

Channel 1 vs Channel 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 caibrated vertical deflection settings. These range from 2 mv
per division to 5 V per division in 8 1-2-5 segquence of 11 steps. The
controls are continuous-rotation detent switches with no end stops. The
VOLTS/DIV switch settings are displayed in the CRT readout. That
readout also changes automatically to reflect the attenuation factors of
coded probes connected to the vertical inputs.

tn 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 uV, and
200 uV. If the VOLTS/DIV control is turned to a setting less sensitive than
the one at which the saved waveform was acguired, it will not affect the
waveform display. but the readout will change to reflect the scale factor
that will be used for the next acquisition when ACQUIRE is pressed.

in AVERAGE mode, extra resolution makes the three additional scale
factors available for live waveforms as well as saved wavefarms. If AVG
maode is turned off when one of these scale factors is in effect, fthe
VOLTS/DIV setting changes to 2 mV.

NOTE

When averaging with a weighting factor of 32 averages or greater,
the finite-precision, fixed-point arithmetic used to compute the
weghted oifference beiween sampled data points truncales the
answer. The loss of decimal piaces in the result biases it foward
discrete digitizing levels. This phenomenon may be seen in the
averaged display under low-ngise conditions when small-arpfitude
waveforms (either Wve or saved) are expanded verfically. It is
especially avident with a weighting factor of 256,

CH 1 and CH 2 COUPLING/ INVERT Buttons

Call up & eoupling menu. Besides the AC, DC, and GND choices for input
coupling. the menu incudes 50 & ONLCFF for input termination, and
INVERT CNIQFF for inversion of the signal. AC couplng and 50 ¢
termination are mutually exclusive: If AC coupling is in effect when 50 Qis
switched ON, the coupling automatically switches to DC. Likewise, if 50 O
is ON when AL is selected. 50 0 automatically switches to OFF,

Repeatedly pressing the COUPLING/INVERT bution cytles through the
three iInput-couptng choices when 50 2 termmation is OFF. or toggles
petween DC ang GND when 59 1 is ON,
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AC

Capacitively couples the input signal to the vertical atteruator, blocking
its dc component. When AC coupling is selected. 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 limit is 10 Hz or less
when using either a 31X probe or a properly terminated coaxial cabie; it
is 1 Hz or less using a compensated 10X probe.

oc

Couples all frequency components of the input signal to the vertical
attenuator. If 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) voitage display. The input impedance is 1 M7 to
ground through the input-coupling capacitor. (Precharging the capacitor
keeps the trace from shifting suddenly ¥ the coupling is switched to
AC.) Selecting GND coupling automatically disconnects the 50 0
termination.

50 0

Terminates the input of the vertical attenuator with 50 © to ground.
When 50 1 is ON, the input coupling must be DC: all frequency
components of the signal are passed to the vertical attenaator. Also,
the front-panel microprocessor monitors the signal power applied to the
vertical input connector. If the power exceeds a safe operating lavel,
the overloaded channel automatically switches its input coupling to
GND, and the COUPLING menu and 50 §§ OVERLOAD message
appear. Therefore, the user should not set 50 0 ON if the circuit under
test might be damaged by the loss of termination. The overload
message remains dispiayad in the COUPLING menu until a new
coupiing is successfully chosen or the menu is turned off.

When instrument power is turned OFF, the 50-Q input termination is
automatically switched out. This protects the termination resistor from
unmonitored overloading.

INVERT

nverts the polarity of the signal being acquired by the associated
channgl. Both Channel 1 and Channel 2 may be inverted. The INVERT
function does not invert a signal aher going 10 SAVE mode.

5-10 2430A Operators

www.valuetronics.com



Controls, Connectors, and indicators

@ CH 1 and CH 2 VARIABLE Buttons

Call up the VARIABLE VOLTS/DIV function menu for the associated
channel. The menu provides controls for continuousty variable uncalibrated
vertical deflection factors between the calibrated settings of the
VOLTS/DIV switches.

/. Buttons

Vary the vertical attenuation factor. The lower imit is the calibrated
VOLTS/DIV setting, and the upper limit is at least 2.5 timas that value.

Pressing the « menu button decreases the display amplitude by
increasing the attenuation factor: pressing the 7 menu: button increases
the display amplitude by decreasing the attenuation factor. Halding
either button down causes the attenuation to change continuousty untif
gither the maximum or minvimum variable attenuation mit is reachet.

CAL

Remaves all variable attenuation, and returns to the calibrated
VOLTS/DIV setting.

In SAVE mode, changing the variable-gain controls does not affect the

d'splay, but when the mode is switched to ACQUIRE, the new
variatle-gain setting takes effect.

BANDWIDTH Button

Calts up a menu that gives the user a choice of three acquisition system
bandwidths: 20 MiHz, 50 MRz, and Full.

NOTE

Bandwidths greater than 40 MHz can only be oblained when REFET
is ON. (See the description for REPET ON!OFF under “Storage
Systern ACQUIRE ™ in this section.)

The first press of the BANDWIODTH button calls up the rnenu; additiona)
presses cycle through the bandwidth selections in the following manner:

20 MHz ~ 50 MHz - FULL - 20 MHz.

FULL BANDWIDTH represents a bandwidth =150 MHz wnen REPET
15 ON.
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In ali acquisition modes, the BANDWIDTH menu dispiays the SR (Sample
Rate}; in all modes except ENVELOPE, the USE {Useful Storage
Bandwidth) and USR {Useful Storage Rise Time] are also displayed. For
SR, the number given is the sample rate for the SEC/DIV setting in effect.
If the SEC/DIV rate is set faster than 500 ns, SR displays either the
maximum avaitable sample rate of 100 MS5/s (megasamplas/second) if
REPET mode is turned off, or *“EQUIV, TIME™ if REPET is on. If the
external clock is set on in the B Trigger mode menu, *EXT. CLK" is
displayed.

The readouts for USB and USR give the maximum frequency and the
fastest rise time the scope can acquire with goad results. USB and USH
depend on the current BANDWIDTH, SEC/DIV, and REPET ON!OFF
settings. With REPET OFF, USB is either the selected bandwidth or the
sample rate divided by 2.5, whichever is less, and USR is either 0.35
divided by the selected bandwidth or 1.6 times the sample interval,
whichever is greater. Thus, the maximum USB is 40 MHz and the
minimum USA is 16 ns. With REPET ON and the SEC/DIV set to 200 ns
or faster, random sampling occurs. In this case USE equals the selected
bandwidth and USH equals 0.35 divided by the selected bangdwidth, for a
maximum USE of 150 MHz and a minimum USR of 2.4 ns. '

NOTE

The bandwidth menu is also used to turn the SMOQOTH function on or
off for normal and average mode acquisitions. See the description for
“SMOOTH ON!OFF" under ‘Storage System ACQUIRE™ in
this section.

@ CH 1t and CH 2 VERTICAL POSITION Controls

Change the vertical position of the associated channel signal display.
Clockwise rotation of the knob moves the trace up; counterclockwise
rotation moves the trace down. Waveforms that are vertically positioned
off the screen may be iccated 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 to the on-screen waveforms, but
they cannot be maved off screen.

tn XY display mode, the CH 1 FOSITION control moves the display
horizontally, with clockwise rotation moving it to the right. The CH 2
POSITION control moves the display vertically. XY displays may be moved
horizontzlly to the exireme 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 contrcl produces linear positioning.
Ratating a control into the spring-loaded region produces rate positioning
of the display. The farther a knob is rotated toward the end-stop, the
faster the positioning rate. Releasing the kneb returns the control to the
linear region of the pot.
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Cursors

The scope provides cursors for making parametric waveform measurements.
Veltage, time, frequency, slope, 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) ar the difference between a single cursor and a fixed reference (absclute
measurement made).

The CURSOR/DELAY knob is shared with the DELAY by TIME, DELAY by
EVENTS, and measurement LEVEL functions. {Refer to *CURSOR/DELAY Control
Knaob." Item 30.) Wher. one of the CURSOR buttons is pressed (FUNCTION,
UMITS, or SELECT), the knob is directed to mave the cursors.

In YT mode, the Cursar SELECT button toggles the two A (defta) cursors
between active and fixed. Switching to ABS (absolute) cursor mode removes the
fixed cursor from the display, and the SELECT button then has no effect on the
remamir\g active cursor,

When in XY mode and TIME or 1/TIME cursors ae active, 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 button 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 betweer 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 mere than one
cursor FUNCTION can be active at a time, and the active choice, if any. is
underlined in the menu. A curser function can be deactivated either by
pressing the menu button below the underlined label. ar by selecting a
difierent function. Units for the cursor measurement are selected by using
the UNITS menu. (See Item 19
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Figure 5-3. Yertical controls and connectors.
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VOLTS

Calls up, or cancels, the VOLTS cursor dispay. (See Figure 5.4.)
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Figure 5-4. Typical cursor displays.

YT MQDE: A VOLTS cursor is a honzantal ine extending compietely
across the screen. The A (delia) cursor moce displays two VOLTS
cursars. The active cursor is a dashed ling; the fixed cursor is solid.
The cursor readout, which is never negative, gives the voltage between
the two cursors. The ABS (absolute) cursor mode displays oniy the
active VOLTS cursor. The readout gives the voltage from the ground
referance to the cursor; it is positive when the cursor is above ground,
and negalive when below.
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XY MODE: A VOLTS cursor may be either a horizontal or a vertical
line. The & mode displays two pairs of VOLTS cursors: one pair of
vertica: lines that measure voltage along the x-axis and one pair of
horizontal lines that measure voltage along the y-axis. When the active
cursor (& dashed line) 1s a vertical line, the readout gives the voitage
between it and the other verticat cursor based onthe CH 1 or X
VOLTS/OIV setting; when it's a horizontal line, the readout gives the
voltage between the horizontal cursors based onthe CHZ2 or ¥
VOLTS/DIV setting.

The ABS mode displays two volts cursors. One is a horizantal line and
measures the voltage along the x-axis from the ground reference to
itself based on the CHY or X VOLTS/DIV setting; the other is a vertical
line that measures the voltage along the y-axis from the ground
reference to itself based on the CH 2 or Y setting. As before, the active
cursor is dashed. For Y-axis voltages, the readout gives positive
voltages when the active cursor is positioned above the ground
reference and negative when positioned below the ground reference.
For X-axis voltages, the readout is positive if positioned to the right
and negative if positioned to the ieft of ground reference.

TIME
Calls up, or cancels, the TIME cursor display. {See Figure 5-4.)

YT 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 with the active cursor having twice as many dots as the
fixed cursor. The readout gives the time interval between the two
cursars. The ABS cursor mode displays only the active cursor. The
reagout gives the time interval from the record trigger {(marked by a
small T on the wavefarm) to the curscr; it is positive when the cursor is
to the right of {or after} the record trigger and negative when the cursor
is to the left of {or before) the record trigger. If either the record-trigger
rarker or a TIME cursor is located at the very edge of the graticule
araa, its correct time position on the waveform may actually be

off screen. {The record-trigger marker must be turned on or off via an
Extanded Functions submenu to be seen; see Appendix A.)

XY MODE: A TIME cursor is the vertical element of a smail + attached
to the waveiorm. The A cursor mode displays two TIME cursors, The
active and fixed cursors look exactly alike. The readout gives the time
interval between the cursors. The ABS cursor mode displays only one
TIME cursor. The readout gives the time interval from the record trigger
1o the cursor; it is positive when the cursor is to the right of the trigger
and negative when the cursar is to the left in the YT display mode. In
XY display mode, the record-trigger marker and time cursors are
positionad to the X versus Y voltage levels at the time they oceour.
Since time is not plotted, the sign, positive or negative, of the readout
is @ better indicator of where the time cursor is positioned refative to
the record trigger.
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varT
Calls up, or cancels, the V@T cursor display. (See Figure 5-4.)

YT MODE: A V(@T-coupled curser consists of a VOLTS cursor coupled
ta a TIME cursor so that the VOLTS cursor always intersects the
waveform at the peint determined by the TIME cursor. if the TIME
cursor 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 ciffer from its displayed time position.

The A cursor mode displays two V@T-coupled cursors. The active
coupled cursor is made up of the active VOLTS cursor (dashed ling)
and the active TIME cursor {twice as man dots). The readout gives the
voltage between the two VOLTS elements of the two V@T coupied-
cursors. The A-mode V@T coupled-cursors can be used to set up an
accurate measurement of period or frequency: position the TIME
alemenis on consecutive positive {or negative) edges of the wavetorm
50 the VOLTS efements exactly coincide and the readout is 0.0 V; then
switch to TIME in the CURSOR FUNCTION menu for a cursor reagout
of peried, or to 1/TIME for a readout of freguency.

The ABS mode displays only the active V@T cursor. The readout gives
the voitage from ground to the VOLTS element; it 15 positive when the
VOLTS element 15 above ground, and niegative when beiow.

XY MODE: A V@T cursor consists of a pair of coupled VOLTS
cursors, one horizontal and one vertical Either the horizontai or the
vertical element can 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 jor
AEF2) 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 horizantal
component o* the XY display.

The X cursor mode displays two V@T cursors. When the active
elermnent (a dashed line, the other three elements are solid} is a vertical
cursor, the readout gives the voltage between the active cursor and the
ather vertical cursor bases on the CH 1 or X VOLTS/DIV setting (or the
setting at which REF 1 was acgurred }. When the active elementis a
honzontal curser, the readout give the vellage betweaen the active
cursor and the other horizontal cursor based onthe CH2 or Y
VOLT/DIV setting {or the setting at which REF 2 was acquired ).

The ABS mode disptays only one V@T cursor. The readout gives the
vottage from the ground reference to the active element. it is positive
when tha active alement is above or 1o the right of ground. and
negative when beiow or to the left.
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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 cursaor display
looks exactly like the A-mode V@T cursor display, except the readout
has units of volts pe- second since it gives the voltage between the
VOLTS cursors divided by the time between the TIME cursors {AV +
AT). When one of the time elements is located at the very eoge of the
graticule area, the warning message EDGE? is dispiayed to tell the user
that its actual time position may differ from its displayed time position.
S1.OPE measurements require twa pairs of cursors, so there is no ABS
mode and that choice is omitted frorn the SLOPE UNITS menu.

XY MODE: The SLOPE cursors consist of two coupled pairs of VOLTS
cursers. Each pair contains a horizontal element and & vertical glement.
The SLOPE cursor display looks exactly like the A-mode VT cursor
display. except the readout has units of volts per volt since it gives the
voltage between the horizontal elements divided by the voltage
between the vertical elements (AY + AX). Equivaiently, this is the CHZ
{or REF2) voltage difference divided by the CH1 {or REF1] voltage
difference. As in YT mode, there is no ABS mode.

1/ TIME
Calls up, or cancels, the 1/TIME cursor display. (See Figure 5-4.)

The 1/TIME cursors are exactly like the TIME cursors in every respect,
except the readout has the units of hertz. On a periodic signat, when
the cursors are positioned 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
(see V{@'T description).

Second-level ATTACH CURSORS TO Menu

Automaticaily appears when a cursor FUNCTION is chosen while more
than ene waveform is displayed. The menu lists the sources of all
displayed waveforms so the user can specify 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, aven when only ohe waveform is displayed. This allows the
user to verify or redesignate the cursor attachment without selecting a
different cursor type.
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UNITS Button

Calls up the cursor UNITS menu for the type of cursor selected in the
CURSQR FUNCTION menu. If no eursor function is selected, it calis up
the UNITS menu for VOLTS (or v@T) cursors. Each cursor UNITS menu
provides a choice between absolute units (VOLTS, SEC, SLOPE, or Hz)
and ratiometric units (% and dB or DEGREES). Ratiometric measurements
require a reference for comparison. The user can set the reference: first
adjust the cursors to a predetermined positional difference representing an
absolute reference or position the cursars on a 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 absolute value of
the reference appears above the 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 voltage reference becomes invalid
because of switching between variable and calibrated VOLTS/DIV
conditions, a UNITS? warning message is displayed.

ATABS

Toggies betwean delta and absolute cursor modes. This selection iz not
displayed in the UNITS menu for SLOPE cursors.

In A (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 betwesn
the cursor and the record trigger point. The (ast selected cursor in deita
mode remains as the active cursor in zbsolute mode.

SELECT Button

Selects the active A-mode cursor or cursor element. in YT mode, the
SELECT button toggies 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. Tne CURSOR/DELAY knob controls the
position of the active cursor except when the DELAY by TIME, DELAY by
EVENTS, or MEASURE/SETUPILEVEL menu is displayed; then, to restore
cursor positioning to the CURSOR/DELAY knob, the user must press the
MENL OFF button, or select ancther menu,
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External Interface

Refer to Figure 5-5 for location of items 21 through 24.
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Figure 5-5, External interface.
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@ EXT TRIG 1 and EXT TRIG 2 BNC

Input cornectors 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 signat into a 50-2 de-coupled load, or an 8-mA p-p square-
wave current sighal inta a zero-ohm load for an A SEC/DIV setting of

1 ms. The CALIBRATOR awuput signal is useful for verifying the accuracy
of the sweep, the delays, and the vertical deflection; for checking the
accuracy of current probes; and for compensating voltage probes. The
correct A SEC/DIV setting tor 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 signal
repetition rates at each A SEC/DIV setting.) The CALIBRATOR signal

amplitude at 5 MHz will be at least 50% of the signal amplitude at 500 Hz
{when A SEC/DIV is 1 ms).

@ Auxiliary Ground Jack

A banana-piug jack that provides an auxiliary signal ground for use when
connecting the equipment under test to the osciloscope,
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General Purpose Interface Bus

The GPIB provides complete two-way digital communication between the scope
and a GPIB controller. A special application of the GPIB enables hard copies to be
made on certain plotters that use HPGL (Hewleti-Packard Graphics Language®)
such as the Tektronix HC-100 Color Plotter, or the Hewlett-Packard HP 2225A
ThinkJet® Printer. (See the DEVICES paragraph under GUTPUT/SETUP/MODE in
this section.)

The oscilloscope can be instructed 1o output waveforms via the GPIB either
locally from the front-panel or remotely trom a GPIB controlier. (See the
Programmers Reference Guide for information about operating the GPIB from a
controiler.) The first-level CUTPUT menu offers choices that enabie the user to:
check the GPIB status. set up the GPiB; configure the debugging mode; and send
an SRO to the controller, print or plot 8 waveform, or send an AutoStep seguence
to other instruments on the bus.

GPIB STATUS Indicators

indicate GPIB activity, The indicators are located ahove the CRT bezel and
are labeled LOCK, SRQ, and ADDR.

LOCK

Turns on when the instrument is in the local-lockout state so that
changes 1o the front-panel control settings are ignored. This condition
exists as a result of the scope’s LOCK command, or the universal LLO
command that is sent when the controlier needs uninterruptible control.
The lockout condition is turned off at power-on, and the instrument
defaults to user control. The lockout condition is also in effect during
various other functions of the scope including PRINT, SENDPRGM,
and SELF CAL,

SRQ

Turns on when the instrument is requesting service from the controller.
It wirns off when the controller reads the status byte sent by the scope
during a poll 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 (Tatker-
ADdressed State), or LADS (Listencr-ADdressed State). H the

nstrument ig in either Tak-Only or Listen-Only mode, the ADDR LED is
always Iit.
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OUTPUT Button

Calls up the QUTPUT menu containing STATUS, SETUP. DEBUG, and
gither TRANSMIT, PLOT/PRINT. or SENDPRGM. Each of the first three
choices produces at ieast a second-level menu, with the SETUP selection
leading to four additional layers— including another SETUP.

STATUS
Displays the GPIB parameter settings of interest to a system user.
SETUP

Calis up a second-level menu to define operation of the GFIB. The
menu entrigs 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.}

MODE

Calls up a third-level menu: T/ONLY, LYONLY, T/L, DEVICES, and
OFF BUS.

T/ONLY

Turns on the Talk-Only mode and presents a fourth-level menu
for specifying the format of cutgoing messages.

In T/ONLY mode the scope is always addressed to talk, so this
mode is for data output, and a listen-only device (such as a tape
or disk storage system) receives the transmitied wavetorm 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 cne of the two operating modes of the Tektronix
HGC-100 Color Plotter. {See the HC-100 manual far further
information.)

The formatting choices are: SEND CURVYE ONLY —only
waveform-data bytes are sent; SEND CURVE W/WFMPRE—all
preambile information is sent prior to the waveform-data bytes;
and SEND FRGM—the scope can send AuvtaStep sequences 10
another 24304, 2432 ar 24304 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 & GPIB
controlier 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 WAVHrmM? query asks for the entire
waveform message.
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L/ONLY

Furns 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 frant-panel settings, or it
can be generated by specific commands given to the scope via
the GPIB controlier.

L/ONLY is glso the mode in which the scope can receive an
AutoStep sequence from another 24304, 2432, or 2430A. (See
the Programmers Reference Guide for more information.)

TIL

Turns on the Talk-Listen mode, which is the normal configuration
for full two-way GPIB communication. In this mode, the scope
can be completely controlled by a system controller.

DEVICES

Turns on a mode similar to T/ONLY for sending waveform data
to a plotter or printer. Selecting DEVICES also calls up a fourth-
levet meny for identifying the type of output device that's being
used and tor setting up the format of the cutput. The plotter or
printer must be set to Listen Only, and it should be the oniy
device (other than the scope) on the bus.

HPGL PLOTTER

Sets up the GPIB to send waveform data to one of various
plottars, such as the Tektronix HC100 Coior Plotter™, the
Hewlett-Packard 7470A Graphics Plotter, or the Hewlett-
Packard HFP 7475A Graphics Piotter, that use HPGL
{Hewlett-Packard Graphics Language®).

THINKJET PRINTER

Sets up the GPIB to send waveforrn data to a Hewlett-
Packard HP 22254 ThinkJetE Printer.

SETUP

Calls up a fifth-level menu used 1o select format parameters
for the plotted or printed output. The user can specify
whether readout, graticule. and waveform information is
included. The menu choices are: SETTINGS ONIOFF, TEXT
QONIOFF, GRAT ONIQFF, WFM ONTOFF, and PGSIZE
USiA4.
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SETTINGS ON.OFF

Turns GN gr OFF the top three iines of the screen where
the front-panel settings and menu choices for the scope
are displayed.

TEXT ONiOFF

Turns ON or OFF the middle ten lines of the screen where
acditional textual information is displayed. The bottom
three lines are only printed if they contain user-created
massages/menus sent in via the GPIB under the direction
of a controller.

GRAT ONICFF

Turns ON or OFF the graticule lines. When OFF, the
graticule is not shown on the plot or print,

WFM ON:OFF

Tums ON or OFF the waveformis).

PGSIZE US A4

Selects the papert sizg. US is for 8.5" » 117 paper, and
Ad is for the European standard paper.

NOTE

When HPGL PLOTTER ar THINKJET PRINTER is
chosen in the DEVICES rmenu, PLOT or PRINT
replaces TAANSMIT in the first-levef QUTPUT menu.
To initiate the plot or print, press the front-panel
QUTRUT tutton; then press the PLOT or PRINT
menu button.

OFF BUS
Isolates the scope from the GPIB so they cannot communicate

and removes the TRANSMIT entry from the first-level OUTPUT
menL.

TERM
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/EQl—asserts camiage 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 wavelforms or listen to commands
over the bus. The 1 and | buttans 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
he encoded. If the whole waveform (1024 data poims) i 10 be sent,
the choices are: ACSI; RP—positive-integer binary format; and
RI—twag's complement binary format. For partial wavefarms, only
the two binary formais 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 expects to receive
waveform data in two's-complement format (RiBinary).

DEBUG

Calls up the menu used to control the debugging function of the GPIS.
DEBUG mede is an important aid to a programmer when tracking
down probiems in a new system program or when hand.entering
command strings via the controller keyboard.

DEBUG ON.OFF

Turns DERUG made ON or OFF.

BUS!SCOPE

Tells the instrument whether to monitor afl GPIB traffic or just its
own messages. If set to BUS, all messages sent over the GPIB wili
be displayed on the screen. {The scope must be in Listen-Only
mode before it can be set to BUS.) (f set to SCOPE, only
communication between the scope and the controller, along with
any appropriate error messages, will be displayed. When the scope
receives a command string it dees 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 at the end of
the string. The characters disptayed are from the scope's character
set; the Programmer’'s Reference Guide has charts that show how
to map them to an ASCI set.
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INIOUT

Specifies which messages the scope displays when SCOPE is
selected. When set i [N, only incoming messages are displayed.
when set 1o QUT, both incoming and outgoing communications are
digplayed. The outgoing messages. which are responses to queries,
are underlined.

NOTE

When using the SLOW and FAUSE features, it may be neces-
sary 1o lengthen or disabte the timeout period of the controiler
to keep from exceading it.

SLOW

Slows the character update rate on screen. An extra wait is
observed on the message terminator.

PAUSE

Halts the character update on screen.

TRANSMIT

Sends an SRQ (service request) to the controller. The fallowing
sequence of events is typical of what occurs after TRANSMIT sends
the SRQ:

1. The controlier receives the SRQ and identifies its source.

2. The controller sets the DATA SCURCE pointer 1o indicate
which waveformis} it wants sent.

3. It next issues either a WAVIrM? guery (wants both
waveform preambie and data) or a CURVe? guery {wants
just data).

4. The contoller releases the bus. and the scope transmits
the waveformis}.

TRANSMIT is removed from the OUTPUT menu when the
scope has been set to OFF BUS in the MODE menu under
CUTPUT SETUP.
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PLOT/PRINT

Initiates the output of waveform data to the seiected plotter or printer,
when DEVICES is selected under MCDE in the OUTPUT SETUP
menu, the TRANSMIT label in the QUTPUT menu changes to either
PLOT or PRINT. depending on the type of device chosen. While
plotting or printing a waveform, the front-panel contrals (except
ABORT—see below) are locked out, and the scope is in SAVE mode. If
the scope s in SAVE ON & mode, the switch to SAVE for an out-of-
imit signal automatically causes an output to the printer. When the
output is finished, the scope sends a page €ject to the printer and
resumes its SAVE ON A mode acquisition.

SENDPRGM
Sends a stored AutoStep seguence 1o other scopes on the bus.

When SEND PRGM is selected (in the menu called up by pressing
CUTPUT foflowed by SETUP, MODE, and T/ONLY), the TRANSMIT
labei in the QUTPUT menu changes to SENDPRGM. The user can then
select a sequence from the RECALL menu under the AUTOSTEP
SEQUENCER menu (see 49--PRGM) and send it to any other
2430A's, 2432's andior 2430A’s on the GPIDB that are set to Listen-
Only by pressing the SENDFRGM putton in the main QUTPUT menu.
As when plotting or printing, the front-panel is locked out during
transmission. {For further information on sending AutoStep sequences,
see the Programmers Reference Guide.)

ABORT

Ends the {ransmission in progress.

The TRANSMIT/PLOT/PRINT/SENDPRGM labe! 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 EQI (end-ocr-identity) to
the receiver 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 ta release the instrument when it is locked in
SAVE maode after sending an SRQ to a controlier 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 Conirols

Refer 10 Figure 5-6 for locations of items 25 through 30.

@ A AND B SEC/DIV Switch

Selects armong 28 calibrated A or B SEC/DIV settings trom 5 5 through

5 ns. The sampling rate varies with the SEC/DIV selting to produce

50 data points per division of waveform dispiay (or 25 min-max pairs in
ENVELQPE 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 interpolation to determine intermediate points
for single {non-repetitive) event capture or, if the waveform is pericdic, use
random sampling (REPET mode must be turned on} ta 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 enfering SAVE,

In SAVE mode, if the SEC/OIV control is turned to faster settings. it ¢an
expand the waveform horizontally up to 100X. If the SEC/DIV control is
turned to a slower setting than the one at which the saved waveform was
acquired. it will not affect the waveform display, but the readout will
change to show the time per division for the next acguisition.

MODE Buttons

Select the Horizontal display mode. Selecting A Horizontal made directs
the SEC/DIV control to change the A SEC/DIV setting: selectng either
A INTEN or B directs the SEC/DIV control 1o change the B SEC/DIV
setting. (See Itern 28—DELAY by TIME for assignment of delays to
waveforms.)

NOTE
A saved waveform must be honzomtally expanded in the same
Horizontal mode with which it was acquired. Do not change the
Horizontal MODE aftar entering SAVE.
A Button

Selects the & Horizontal mode, Waveforms are acquired at the
A SEC/DIV setting.
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A INTEN 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 porttion of the trace that can 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, & TIME
ONIOFF 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 occur if the Horizontal MQDE is switched to 8.

B Butten

Selects the B Horizontal mode and changes the acquisition rate to that
specified by the 8 SEC/DIV setting.

@ HORIZONTAL POSITION Control Knob

Changes the horizontal position of signals displayed in YT mode.
Clockwise ratation 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 linear positioning. Rotating the control inte 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 knaob returns the control to the linear region of the pot.

The Horizontal POSITION control does not atfect 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 1s 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 buttons to assign the
Horizontat POSITION control to the corresponding reference waveform:
then, while in the HORIZONTAL POSITION menu, the POSITION knab
controls the horizontal position of only the REFX waveform (whether it is
displayed or not),

The HORIZONTAL POSITION menu must be displayed and REF HPOS
set to IND for the POSITION control o move REF waveforms
independently of ather reference and live waveforms. Setting REF POS to
LOCK returns all REF waveforms to their original position and causes the
Horizontal POSITION knob to move all saved, REF, and live wavetorms 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
illustration of the delaying processes for the separate and combined
delay features.)

DELAY by TIME Button

Calts 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
knrob can be used to set the delay time.

4 TIME ONIOFF

Toggles between a single delay-time display (2 TIME OFF) and a dual
delay-time display. With & TIME ON, the main delay time s referenced
to the A Record Trigger, and the second (delta) delay is referenced to
the main delay. When the DELAY TIME menu is already displayed,
additional presses of the TIME front-panel button aiternately direct the
CURSORDELAY knoh to adjust DELAY TIME or & DELAY TIME, as
indicated by the underiine in the menu readout.

The maximum delay and best delay resolution depends on the
B-Trigger mode setting and the B SEC/DIV setting. For RUNS AFTER
B-Trigger mode. the maximum defay is either 0.04 x 85536 x B
SEC/DIV setting or 1.3107 ms, whichever is greater, at all B SEC/DIV
settings. For TRIG AFTER mode, the maximum delay is 0.04 x 65536 x
B SEC/DIV setting for B SEC/DIV settings 1 us and slower; it is 1.3107
ms for settings 500 ns and faster.

NOTE

in 4 TIME mode, [ e.. the sum of the delay timas cannot
excead e maximum delay allowed for the B SEC/DIV set-
ting. When the limit 15 reached, if the main delay is increased,
the delta delgy witl be commensurately decreased unti the
main delay reaches the maximum and the defta delay is zero.
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Best delay resolution for RUNS AFTER B-Trigger mode is 0.04 x B
SEC/DIV setting for all B SEC/DIV settings. For TRIG AFTER mode,
best resolution is 0.04 x B SEC/DIV setting at settings of 1 x5 and
slower; at 500 ns and faster it is 20 ns. (See Table B-10, Appendix B,
for a listing of both resolution and maximum delay for all B SEC/DIV

settings.)

NOTE

When the B SEC/DIV selting is increased. it is sometimes possibie
to reach an acquisition rate whose maximum defay s less than the
total of the previously-set delay times. in this case, the delay times
are automaticafly decreased fo comply with the new maximum-—
first the A delay, then, if necessary, the main delay. If the
B SEC/DIV is then changed back lo a slower setling, the deiay
times stay the samea; they do NOT revert 1o their original vaiues.
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Figure 5-86, Horizantal and delay controls.
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When in 8 Horizontal mode with & TIME ON, if only a single channel is
displayed, both the main delay and the delta deiay occur on that
channel. A singte waveform with two delays is usefu! for measuring
pulse width and period.  both CH 1 and CH 2 are displayed, the main
defay 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 on the
ADD ar MULT waveform. With .5 TIME off, all waveforms displayed i
8 Horizontal mode are delayed by the main DELAY TIME setting.

NOTE

In AVG ({averagel mods, the waveform determined by the
A DELAY TIME is not acquired or displayed, but all the DELAY by
TIME comtrols remmain functional and can be used for setting the
delta-delay time that will be seen when AVG is turned ofl. It an
atternpt is made to dispiay an averaged defta-delay-time waveform
in either A INTEN or B Horizontal mode, the message NO 4
DELAY IN AVG appears in both the ACQUIRE and the DELAY
TIME menus.

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
CURSOR/DELAY knob can be used to set the events count.

EVENTS ON.OFF

Toggtes the DELAY by EVENTS function on and off. When EVENTS ts
ON, the A Record Trigger (i.e. the waveform acguisition) is delayed
from the normal A Trigger event until after the specified number of

B Trigger events. The maximum events court is 65,536 with &
resolution of 1. The 8 Trigger SOURCE, COUPLING, SLOPE, and
LEVEL controls are used ‘o condition the events trigger signal.

NOTE

i DELAY by EVENTS is on and the B Trigger conditions are not
being met, na events occur and the A acquisition apoears to be
improperly triggered. If this occurs, a check of the instrument
STATUS dispiay will show that the Trigger status is TRIG WAIT:
EVENTS. {See Figure 5-2.)
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CURSOR/DELAY Control Knab

Sets 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 its center region and a fast response in s
spring-loaded region. The farther the knob is rotated toward its end-stop,
the taster 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 sither
DELAY TIME or A DELAY THME as indicated by the underiing 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 follow
the A Trigger before the A Record Trigger (RTRIG) occurs. When the
LEVEL menu for the MEASURE feature is displayed, the knob sets the
chosen 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 dispiayed, the knab defaults to CURSORS: it then controls
the position of the active cursor, which is chosen by pressing the

SELECT button.

Trigger Controls

Refer te Figure 5-7 for location of items 31 through 46.

@ A/B TRIG Button

Seiects 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 toggies the displayed
trigger-control menu, the assignment of the SLOPE and LEVEL controls,
and the SLOPE indicator LEDs between the A-Trigger system and the
B-Trigger system.

@ SOURCE Button

Calis up one of the menus to select the trigger source for either the A- or
the B-Trigger system, The A TRIGGER SOURCE menu inctudes two
selections, LINE and A*B, which are not offered in the B TRIG

SOURCE menu.
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VERT

Sefects the trigger source from amaong 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
displayed alone, or when only CH 2 and MULT are displayed, VERT
selects CH £ as the trigger source. In all other cases, VERT selects
CH 1 as the trigger source.

CHAN 132

Selects either the CH 1 or the CH 2 input signal as the trigger source.
Tne first press of the CHAN 112 button selects CH 1; each subsequent
press toggles the source between Channel 1 and Channel 2. While
CHAN 112 is selected, pressing the SOURCE button also toggles the
trigger source between Channel 1 and Channel 2.

EXT

When in the A TRIGGER SQURCE menu, calls up the A EXT meru tg
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 gamns of bath
external-trigger channeis. This menu can be toggled to the B TRIG
SOUACE menu by pushing the A/B TRIG front-pane! button. When in
the B TRIG SOURCE menu. the button labeled EXT calls up the B EXT
menu to select the external-trigger source for the B-Trigger systern 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 Xj or of five (EXT X.+5). The EXT X =5 seiection reduces
the amplitude cf large external-trigger signals. The attenuation choices
for each source are mutually exclusive; selection of one turns off

the other.

NOTE

The gaing sef 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 setling in the other menu
as wetl
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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 triggering is not available for
the B-Trnigger system, and the selection is omitted from the B TRIG
SOURCE manu.

A*BIWORD

Selects either the fogical AND of the A-Trigger and the B-Trigger, or the
16-bit Word Recognizer Probe as the trigger source.

The A*B selection is avaitable only in the A TRIGGER SCURCE menu.
it requires that the triggering conditions (SCURCE, 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
prass of the A‘BIWORD button selects A*B as the ingger source. If
the Word Becognizer Probe is attached, a subsequent press of the
menu button toggles the selected trigger source to WORD, and a 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 VIDEOQ coupling is in effect, it switches to DOC 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 VIDEDQ coupling

is selected.

WORD trigger source reguires that an optional Word Recognizer probe
be attached to the WORD RECOG INPUT connector on the rear panel
of the scope.  Attampting to select WORD as a source without the
probe attached, or disconnecting the probe {(while in ACQUIRE mode)
after WORD is selected, will ring the warning bell, display the message
WORD PROBE FALLT, and return the scope to the previously-selected
trigger source. If the probe becomes disconnected while in SAVE
mode, the Dell and message do not cccur until ACQUIRE mode

is entered.

Setup of the Ward Recognizer Probe for selecting a trigger word is
described in Section 7, Options and Accessornes.

5-36 2430A Operators

www.valuetronics.com



Controis, Connectors, and Indicators

@ CPLG Bution

Calls up the menu for coupling the trigger signat to the A- and B-Trigger
circuits as directed by the A/B TRIG switch.

pC

Couples all frequency camponents of the trigger signal to the trigger
circuitry. DC coupling is useful for mast signals, but it is especially
useful for providing a stable display of signals with low frequencies or
low repetition rates.

AC

Attenuates trigger signal frequency components below 60 Hz and
blocks the de component of the signal. AC coupling is useful for
viewing ac waveforms having large dc offsets.

VIDEO (Video Option 05)

Activates the Video Option trigger citcuitry. (See Section 7, Options
and Accessories, for pperating the Video Option.) With the Video
Option installed, the A COUPLING menu makes room for the VIDEO
selection by combining DC and AT over one menu button {DCIACY,
which then toggies between them. VIDEQ is not a choice in the

8 COUPLING menu.

NOISE REJECT

Couples all freguency components of the trigger signat to the trigger
Gircuitry, but increases the peak-to-peak signat amplitude required to
produce a trigger event. NOISE REJECT coupling is usetul for

improving trigger stability on signals accompanied by low-level noise,

HF REJECT

Attenuates trigger signal frequency components above 50 kHz. This
coupling method is useful for producing stable triggering on the low-
frequency components of complex waveforms by rejecting high-
frequency interterence from the trigger signal.

LF REJECT

Attenuates trigger signal frequency components below 50 kHz and
blocks the de component of the signal. LF REJECT coupling is useful
fer 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 gither 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 deterrnine 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
amplitude decreases to below the trigger level setting. or if the Trigger
LEVEL control is adjusted outside the peak levels on the trigger signal,
the ALITO LEVEL trigger acquisition sequence is automatically
petformed to reset the trigger level. An AUTO LEVEL cycle can also be
farced by selecting AUTO LEVEL again atter it has already been
selected or by pushing INIT @ 50%. {See Itern 36.)

AUTO/ROLL

Free-runs the acquisition in the absence of a triggering signal by forcing
an auto-trigger. The triggering level changes only when the LEVEL
control knob is adjusted 1o a new setting. At SEC!DIV settings of

100 ms or slower, AUTQ changes to the ROLL function.

in ROLL mode, the display is updated a data point at a time, scroking
from right ta left across the screen. Although triggar signals are
ignored, a Trigger Point Indicator (T) is displayed 1o identify the
reference pomnt for absolute TIME cursor measurements, and to define
the waveform windcow that is captured for SAVE ON A-—which, in
ROLL mode, is especially effective to monitor changes in the de levet of
& power supply voltage.

When in ROLL mode: there is no DELAY by EVENTS because triggers
are ignored; if A INTEN or B Horizontal made is selected, triggering
switches to AUTO; if AVG acquisition mode is selected, triggering
switches 10 NORMAL (and conversety, when acquiring in AVG, if ROLL
is selected the acquisition mode switches to NORMAL), and
ENVELOPE acquisitions are based on a single record, regardless 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
coupiing of the selected trigger SOURCE channel is set to GND (as
when it is necessary to acquire a ground reference level). The scope
auto-triggers for the GND sething fo allow the user to position the
paseline 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 GND 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. M SINGLE SEQ is not the desired Trigger mode for the
next acquisition to be made, select the new Trigger mode before
pressing ACQUIRE. If a different acguisition mode is required while in
SINGLE SEQ. it may be necessary to temporarily select ancther
Trigger mode while making the change; during a rapid storage
sequence. there won't be time to change acquisition modes before the
sequence ends and the scope enters SAVE mode,

An acquisition is a single ARMED-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
friggered acquisitions required to complete a single sequence depends
on the acquisition mode selected and the requirements of that mode.
For instance, if the scope is set tc NORMAL acquisition mode and the
Horizontai 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, 50 two acguisitions are
required to complets a single sequence. i the acquisition mode is now
switched to ENVELOPE and the number of acguisitions set to 32. the
scope must make 64 acquisitions 1o 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 *HREPET ON/OFF™ in this
section for detais. )

When a single sequence is camplete, the scope updates the dispiay
and enters the SAVE mode. After the initial single sequence that is
performed when the SINGLE SEQ Trigger mode menu button is
pressed, subsequent single-sequence acquisitions must be staried
erther by pressing the ACQUIRE front-panel bution or by command via
tne GPIB.
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B Trigger Modes

RUNS AFTER

Forces the B Record Trigger to ocouwr immediately after the preset
delay time, starting at the normat A Record Trigger event, has glapsed.
The RUNS AFTER Trigger mode allows continuous, smooth detay
positioning of the display for making delay time measurements. The
basic delay time (main gelay} is set by the CURSOR/DELAY knob when
the system is in the DELAY by TIME mode. If A TIME mode is turned
on, there are two delays, the main defay and the delta delay, for making
time difference measurements. The DELAY by TIME button alternately
directs the CURSOR/DELAY knob to cantrol the main delay time and
the delta delay time. The B Trigger SOURCE, COUPLING, LEVEL, and
SLOPE controfs have no effect on B triggering in RUNS AFTER mode.

TRIG AFTER

Permits the B Record Trigger to occur only when triggered after the
oreset delay time has elapsed. Since the B acquisitions are
synchronized with the B Trigger signal, the delayed waveform
display is stable even with jittering signals. In A INTEN displays, the
start of the intensified zone is the point when B triggering is
enabled. not necessarity whare the B Record wilt occur. All the

B Trigger controls are functional for selecting and conditicning the
signal used as the B Trigger in TRIG AFTER Mode.

EXT CLK ON:CFF

Disables the calibrated internai time base and uses an external
signal as the sample clock when Ol. The external clock signal is
cenditioned by the B Trigger circuitry and must meet the triggering
requirements determined by the B Trigger controls before triggering
can occur. The maximum usable externat clock signal frequency is
100 MHz. and the minimum is 1 MHz.

When using the external clock, the A ard B SEC/DIV switch {see
ltemn 25) has no effect on the time-base setting, and, while both A
and B acguisitions are pessible, the ratio between A and B cannot
be changed because the external clock frequency determines the
acquisition rate far both. Also, the delay-time readouts are in terms
of externa! ¢clock events when either A INTEN or B Horizontal mode
is sefected. If DELAY by EVENTS and external clocking are both
on, the same signal is the trigger source for both functions.
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When CH1. CH2, or VERT 1s the trigger source, the range to which trigger
level can be set is limited to = 18 divisions x VOLT/DIV setting for the
source selected. When EXT 1 or EXT 2 lrigger source is selected, the
range 15 =900 mV for EXT+1 and =4.5 V for EXT +5, when X1 probes
are used to connect the trigger signal to external input. (Like the CH1 and
CH2 inputs, the EXT inputs recognize propertly coded probes with
attenuation factors of X10, X300, and X1000, When such probes are used,
the trigger level range is multiplied by the probe attenuation factor and the
trigger level readout reflects the multiplied range.} When LINE is selected,
the range is =360 V.

It the trigger level is adjusted past either peak of the current trigger signat
whife the A Trigger is in AUTO LEVEL mode, a new trigger ievel will be
calculated and set to about the midpoint of the trigger signal.

With the Video Option enabled, the LEVEL/FIELD LINE # control sets the
specific line number that wilt trigger a video signal acquisition (FIELD1 or
FIELD2 triggering). {(See the “Video Option” information in Section 7 for
operation of this control with the Video Opticn.)

TRIG STATUS Button

Displays a readout of the present A and B Trigger control settings for
MODE, SOURCE, CPLG, and TRIG POSITICN. An underline below the A
or B, which can be toggled by the A/B TRIG button. designates the Trigger
system whose controls are currently active. If A*B is selected. 1t is included
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 menu for programming the optional Word Recognize”
Probe to produce a trigger on a specified parallel TTL cata word. (See
“Word Recognizer Prabe” in Section 7 for setting up the data word to
be recognized.)

The output of the Word Recognizer Probe can be selected as the trigger
source for the A-Trigger andior the B-Trigger system. it is also routed to
the rear-panel BNC connector labeled WORD TRIG QUT for use in
triggering an external device. A trigger signal appears at this cannector
each time a word match occurs, but if the selected trigger word occurs too
often in a data stream, the holdoff time of the scope may prevent some
matches from being accepted as trigger signals.

24304 Operators 5.43

www.valuetronics.com



Controls, Cannectors, and indicators

Storage System

Refer to Figure 5-7 for the location of ltems 44 through 46,

ACQUIRE Button

Calls up the meny for selecting the acquisition mode.

NOTE

The number above the ENVELOPE or A VG menu-bution label tells
fiow many single acquisitions are needed for 4 sequence in that
mode. This number can be changed by repeatedlty pressing the
coresponding button. Each single press of the button doubles the
aumber untit the maximum fimit is reached {CONT for ENVELOFPE
and 256 for AVG), then the number wraps around o the mmnimum
imit (1 for ENVELOPE and 2 for A VG

NORMAL

Selects a continuous acquisition and display mode that produces a live
display similar to that of a conventional scope.

ENVELGPE

Causes the scope to “envelope” data in both channets using software
or hardware enveloping techniques. This results in a display of the
amount of change to a waveform {its envelope} over a selected number
‘of acquisitions; the maxirmum and minimum value is saved and
displayed for each data point. (Actually, two consecutive data points
are saved and displayed as a min-max sampie pair}l. The scope uses
one of two methods ot enveioping to capture the maximum and
minimum values, or paaks, depending on the acquisition rate and
whether REPET acquisition mode is turned on. At SEC/DIV settings of
500 ns and slower when REPET is off and at all SEC/DIV settings
when REPET is on, fast-analog peak detectors are switched into the
signal path invoking hardware enveloping. These fast peak detectors
capture short term amplitude varialions, or glitches, as orief as 2 ns—
independent of the sample rate set by the SEC/DIV setting! When
REPET mode is on and the SEC/DIV setting is faster than 500 ns, the
peak detectors o not operate and software enveloping is turned on.
When software peak detection oceurs, the glitch capture ability is
fimited by the sample rate set by the SEC/DIV switch.
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The scope makes the number of acquisitions specified in the ACQUIRE
menu to complete the envelope sequence. As it acquires each min-max
sample pair, it compares the data values cbtained with the
corresponding data values saved from one of the previous acquisitions
in the sequence. If a2 data value from the newly acquired sample pair
exceeds a data value previously saved, the new data value replaces the
old in acquisition memory, if it doesn’t exceed the ¢ld value, the old
value remains saved. This ensures that, for a given sample pair siored
in memary, the data valuss are the minimum and maximum cbtained for
that pair in the present, or any previous acquisition in the envelope
sequence and results in a continuously updated “envelope” dispiay.

The number of waveform acguisitions that accumulate in an envelope
display before a reset occurs can be set to 1, 2, 4, 8, 16, 32, 64, 128.
256, or CONT {continuous). f CONT is selected, the ENVELOPE
acquisitions restart only when a control setting that aftects the data
being acquired is changed, or when the ACQUIRE button is pressed. A
¢hange 1o Vertical POSITION or DELAY TIME does not reset the
envelope seguence. The SMOOTH ONIOFF function is ignored for
ENVELOQOPE. {See "SMOOTH" in this section.)

ENVELQPE interacts differently with ADD and MULT Vertical modes
than do AVG and NORMAL. When ADD or MULT are turned on for
AVE or NORMAL, the scope does a digital addition or multiplication of
the CH 1 and CH 2 waveforms. in ENVELOPE mode, however, the
scope doesn’t merely add or multiply the CH 1 and CH 2 envelopes;
rather, it first adds or multipties the CH 1 and CH 2 waveforms and
then performs the enveloping process on the computed waveform.
Amplitude shifts in opposite channels must occur at the same time
during the same acquisition to be summed into the ADD envelope;
shifts occurring at the same time relative to the record trigger but
during different acquisiticns are not summed together into the ADD
envelope.

Assume the scope is performing an enveioping sequerce with a 0-V dc
level input in to CH 1 and CH 2. If the CH 1 dc¢ level shifts {assume
zero transition time) to +1 V during the first acquisition, but CH 2
stays at 0 ¥, the ADD envelope captures the +1-V shiff and forms a
0-V min: -+ 1-¥ max ADD envelope. If the CH 1 level returns to zero and
during a subsequent acquisition CH 1 shifts to + 1 V, the ADD
envelope remains unchanged since the sum of the wavelorms is still
+1 V¥ (the sum of the CH 1 and CH 2 envelopes is 42 V). If sometime
during the acquisition sequence, both CH 1 and CH 2 shiftto + 1V,
the max ADD envelope shifts to 0-¥ min/ + 2-V max. This max value
remains captured ungl the sum of the CH 1 and CH 2 waveforms
axceeds the value or the envelops sequence ends.
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Since an Envelope mode ADD/MULT waveiorm is formed by
cumulatively enveloping the sum/product of the CH 1 and CH 2
waveforms, it must be displayed before entering SAVE mode;
otherwise, no ADDMULT waveform exists to be displayed. Switching
to ADD or MULT or between ADD and MULT while in SAVE displays
an invaligd waveform. Press ACQUIRE to envelope the ADD/MULT
waveform and then return to SAVE.

AVG (average)

Causes the instrument 10 average the set number of successive
acquisitions. updating the display each time, The fideity of noisy
signals is improved with every average (the display is updated with
each new acquisition taken) 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 button, 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 extra vertical resclution obtained in AVG mode permits “lve”
vertical expansion to three additional VOLTS/DIV settings: 1 mVy,
500 .V, and 200 gV {with 1X attenuation of the input signal). When
AVG mede is turned off, VOLTS/DIV settings in this range revert
to 2 mv.

NOTE

When the number of acquisitions in an average sequence is set to
32 or greater, the numencal result 1s truncated by the finite-
precision, fixed-point arithmetic that is used o compute the
weighted difference between sample points. The loss of decimal
places biases the resuft foward discrete digitizing levels. This
phenomenon can be seen in the dispiay under low-noise
conditions when vertically expanding a small-amplitude averaged
waveform (either “live” or SAVEd), especially when AVG 1s set
to 256.
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This instrument uses two different types of averaging: "Stable
Averaging” and *Exponential Averaging. " Stable Averaging is much hike
conventional averaging, wherein corresponding data points—
accumulated during the user-specified number of acquisitions—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
“correction” term; this is then added to the previous cumulative
average to get the new cumulative average. In equation form:

AN
S, =S5,y + >

where

S, = value to be displayed for present
acquisition {cumulative average).

S, _y = value of previcus cumulative average for
this sample point.

n = number of present acquisition.
3, = value of sample taken by present acquisition.

an = 8§, — 8,_,, discrepancy between present
sample and previous cumulative average.

k = integer such that 2k—1.on=2k,

NOTE

in computing the values for disptay, 2 is used as the givisor of the
correction term, instead of n, because it saves processing fime.

As the number of acquisitiors increases, the size of 2X also increases.
Thus the first acquisition has the greatest impact on the display, and
succeeding acquisitions have less effect as the value of the correction
term decreases. The impact or “weight” given each sample falls o
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 changec by adjusting & control such as POSITION,
VOLTS/DIV, SEC/DIV, etc., a new acguisition sequence is started.
Stable Averaging ensures that such changes show up immediately by
putting the greatest weight on the first acquisition n the sequence.
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Exponential Averaging uses the same formula as Stable Averaging,
except that the divisor of the ¢orrection term is a constant. All samples
are therefore given the same weight, no matter how many acquisitions
have been taken. When the instrument has complated 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 final value of
2% as the constant divisor of the correction term,

The Stable and Expaonential methods both have an advantage over
conventional averaging. They maodify the average with each acquisition
and continuously update the display, whereas conventional averaging
accumulates ail the user-specified acquisitions before it displays
anything. With conventional averaging, it would take more than 25
seconds to display the result of 256 averages at 50 ms per division.

The user should be aware that when Exponertial Averaging is in effect,
it may reguire a significant period of time to completely reproduce
changes in signai 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.

Table 5-1 gives, as an example, the timas required to reproduce
exponantially-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 if the waveform is vertically expanded by 10.)

Table 5-1

Approximate Exponentiai-Averaging Time Constants at 10 Hz

AVG.

NO. 130% {8 Bits} 100% (11.3 Bits)

2 900 ms 125

4 21s 30s

8 463 6.4s

16 86s 132s

a3z 18.6s 269s

684 396s 54.0s

128 79.5s 1086 s

256 1583 s 217.8s
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REPET ON OFF (Repetitive)

When ON, repetitive sampling for NORMAL, ENVELOFPE, and AVG
mode acguisitions is enabled. At SEC/DIV settings of 500 ns and
faster, the time 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 their 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
sampling {also called equivalent-time sampling) of the incoming signal,
extending the bandwidth of the instrument to 150 MHz for repetitive
signals.

NOTE

The intarpolation that occurs with REPET OFF is different for
ENVELOPE mods. For NORMAL and AVERAGE, the scope uses
a sine-interpolation algorithm to calculate data points between
sample intervals. In ENVELOPE mode, the scope wses an algo-
rithm that repficates the sampled Jdata values a number of times
determined by the expansion factor.

Each REPET acquisition produces approximately 10 to 409 randomly-
sampled display peints. For AUTO LEVEL, AUTO, and NORMAL Trigger
modes, the scope continues to take successive acquisitions until a
predetermined number of data peints are acquired. (At least enough points
are taken to meet the Useful Storage Bandwidth of 150 MHz.) Any
remaining points needed to fill the waveform record are determined by
interpolating between the acgquired points. (By interpolating the remaining
points certain features, such as Auto Setup. can execute without waiting for
these remaining points to be obtained.) These interpclated points are
replaced by randomly-acquired data points as they becomea available from
successive acquisitions. {Table B-4 gives the number of acquisitions taken
before interpofation begins.)

NOTE

When REFET is used with ENVELOPE mode, the 10 to 409 sam-
ple points are stared as min-max pairs, each pair comprising two
consecutive sampie points in the same acquisition. It is these pairs
that are successively peak detected in software io form the
envelope display.
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REPET OGN affects the number of acquisitions needed to complete a
sequence in SINGLE SEQ Trigger mode. In NORMAL acquisiticn mode,
the single sequence is complete when at least the number of data
points needed 10 meet Useful Storage Bandwidth of 150 MHz have
been acquired. {This is the predetermined number of points after which
remaining points are temporarily interpolated for non-singie sequence
Trigger modes—~see Table B-4). In AVG mode, the single seguence is
complete when 50% of the points have been averaged the user-
specified number of times. In ENVELOPE made, the criteria for
completng a single-sequence in ENVELOFE mode are the same as for
other ENVELOPE REPET acquisitions. {See below.) If N=CONT for
ENVELQFE mode, the envelope sequence never ends; thergfore, the
single seouence never completes and the scope never enters SAVE
mode, (See “SINGLE SEQ™ under “A Trigger Mode™ for more
information on single sequence.)

REPET ON atso affects the number of acquisitions needed to complete
an ENVELOPE acquisition sequence. | the number of acquisitions
specified is 1, the scope makes enough acquisitions to meet Useful
Storage Bandwidth requirements before erasing the waveform. The
number of acquisitions required depends on the SEC/DIV setting. {At
5 nstdiv, 10 samples are min-maxed into, or compared against, 10
min-max pairs with each acquisition; at 10 ns, 20 sampies are min-
maxed into 20 min-max pairs, etc.} If the number specified (N} is
greater than 1 but less than CONTinucus, 50% of the 1024 points
comptising the 512 min-max pairs must have been enveloped N times,
hefore the envelope sequence is complete. {In this case, the scope will
interpolate peints termporarily when Useful Storage Bandwidth
requiremerts are met as previously described; however, it will continue
to make acquisitions, and replace those points, until the requisite
number of min-max pairs are enveloped.) If N=CONT, the envelope
sequence never ends.

SAVEON A

Controls the Save-on-Delta mode. When ON, ana the ACQUIAE mode
is NORMAL or ENVELOPE, the scope compares each incoming
waveform to a stored enveiope wavefarm and enters the SAVE mode if
any part of the incoming waveform goes outside the fimits set by the
reference envelope. If waveforms are acquired using AVG (average)
mode, the scope waits until the number of acquisitions specified in the
ACQUIRE menu oceur before comparing the cumulative-averaged
waveform with the reference envelope. Once the requisite number of
acquisitions are acquired. subsequent acquisitions are averaged in and,
if the resultant cumulative waveform exceeds the reference envelope,
SAVE mode is entered.
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The reference envelope is generated from the front-panel by selecting
CONTIrupus ENVELOPE and using the vertical POSITION and DELAY
by TIME controls 1o set the limits of the comparison. The reference is
then saved in the correct REF memory. A mare accurate compariscn
envelope can be generated by sending it into the desired REF memory
via the GPIB. Both methods are described in Section 3. Applications.

Any of four vertical modes, CH 1, CH2, and ADD or MULT can be
compared against a reference waveform, hut that reference waveiorm
must be stored in the correct reference memory and then displayed
trom that memory on screen. For instance if CH 1 is on and DELTA
Time is off, the CH 1 reference must be stored REF 1 and REF 1 and
must be turned on in the DISPLAY REF menu. The various possible
comtinations of vertical modes require that the reference waveforms be
stored in particuiar REF memories; if 2 wrong REF is displayed or f no
REF 1s displayed. SAVE on A is igrored. See Table B-14 in Appendix B
to determine which vertical mode will be compared with which REF
mernary for the d:fferent verical mode combinations possible.

Upon entering SAVE mede, 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 to their
corresponding data points in the reference waveform; the unfilled data
points are ignored in the comparison.

It is possible to datermine the time required for the SAVE ON A to
occur by using the power-on time since the last cold start. This time is
displayed as HHHH: MM HRS (Hours:Minutes)n the SAVE menu,
Record the time before starting the acguisitior; 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 bas occurred, SAVE
ON A 15 turned off 50 the user can return to the ACQUIRE meru
without another SAVE immediately taking place

SMOOTH ONIOFF

Turns ON or OFF the SMOOTH function, which is found in the meru
callad up Dy the front-panel BANDWIDTH button. When SMOOTH is
turned ON, a five-sample-point, movirg-average algorithm is applied to
every sample point. Each digitized sample is averaged with the four
previous sample values before B is displayed. The result is an overall
smoathing of the waveform. The SMOOTH function only operates in
AVG and NORMAL acquisition modes; if SMOOTH is turned on in
ENVELGPE mode, it is ignored.
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(45) SAVE Button

Stops an acquisition in progress and freezes the display when pressed.
SAVE mode is atso entered when the input waveform exceeds the
reference envelope in SAVE ON A 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. If front-panel contral 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 10 select waveforms from the save dispiay for
storage in the REF memaries.

Saved waveforms can be measured using the cursor functions. They can
also be 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 contrals. The Channel 1 and
Channgl 2 saved waveforms can be added or multiplied if they were
acguired in NORMAL Acguire mode; the saved ADD/MULT display is
obtained by calculating the CH 1 ang CH 2 data. SMOOTHing can be
turned on or Off.

NOTE

While in SAVE mode, waveforms can be horizontally expanded up
to 100X by turning the SEC/DIV knob 1o a faster setting, but they
cannot be contracted to a SEC/DIV setting siower than the one at
which they were acquired. Nevertheless, the SEC/DIV cantrol can
e adjusted throughout iis entire range; its readoul sfiows fhe
acquisition rate that will be in effect the next time the ACQUARE
button is pressed.

This menu contains all the display sources (CH 1, CH 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 BEF memory.
REF is also offered as a sowce, even if no REF waveform is displayec.
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 to another.
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When a TIME is used with B Horizontal mode, two delayed
acquisitions are acquired for the CH 1. CH 2, and ADD/MULT sources.
Whether or not both detays appear in a single source depends on the
particular combination of sources selected in the Vertical mode menu;
however, when seiecting any of these sources from the SAVEREF
SOURCE menu and TIME and B mode are BOTH on, the submenu
DELAY1—DELAYZ is displayed sc the desired waveform can be
selected for saving.

Reference memaries 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 memary 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 are lost. (See Table B-13 in Appendix B for the storage
canfiguration when STACK REF is used for saving wavelorms in
reference memory.}

SAVEREF DESTINATION

This menu is calied up when a source is selected in the SAVEREF
SOURCE menu. It is used to store the chosen waveform in one of the
reference memory tocations (REF1, REF2, REF3, or REF4). Pressing
the menu button under one of these choices copies the waveform from
the previcusly selected SAVEREF SQURCE into the chosen memory
Incation and returns to the SAVEREF SOURCE menu. permitting the
user 1o store additional reference wavetorms by making new SQURCE
and DESTINATION selections.

A stored reference waveform can be displayed by using the DISPLAY
REF menu. {(See )temn 46, "DISPLAY REF.")

DISPLAY REF Button

Calis up the menu for selecting the stored waveform or waveforms (REFT.
REFZ, REF3, and:or REF4) for display. Repeatedly pressing the
apprepriate menu button alternately turns on and off the display from that
reference memory.
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If EMPTY appears above a DISPLAY REF menu chaice, 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 label disappears from above that
REF chaoice.

The HORIZ POS REF selection calis up a menu that enables the
Horzontal POSITION control to move the four reference waveforms
individualiy—when REF HPOS is set to INDependent and the
appropriate REF location is selected. Pressing the DISPLAY REF
button retums the original DISPLAY REF menu.

In X¥ mode, the DISPLAY REF menu offers only one choice—XYREF,
for which REF1 is the horizontal component and REF2 is the vertical.
The associated menu button turns the display on and off. If either REF 1
or REF2 is empty, XYREF will be marked EMPTY, siso. Pressing the
STACK REF tutton 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 aiso he
entered individually in the REF1 and REF2 memories via the SAVEREF
SQURCE and DESTINATION menus, and arbitrary waveforms can be
transietred o these REF memeries via the GPIB. In either case, there
can be no guarantee of the actual phase relationship between the
wavetorms being compared; the XY phase difference seen on screen
indicates only the phase difference of the displayed data. not that of the
acguired data.
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Extended Features

HELP

Disptays operating information about the front-panef controls. To
enter HELP mode, first press the front-panel button fabeled
STATUS/HELP to call up the STATUS menu; then press the mernu
button labeled HELP, All displayed waveforms, cursors, and
readouts are temporarily shut off and replaced by an introduction to
HELP mode that explains how to proceed:

HELP MODE IS ON

PUSH THE FRONT PANEL BUTTONS CR TURN THE KNOBS
TO CALL UP SCREENS OF INFORMATION ABOUT THE
CONTROLS (THE SCOPE SETUF WILL NOT CHANGE WHILE
IN HELP MODE},

IF THE WORD -MORE- APPEARS ON THE BOTTOM LINE (AS
IN THIS S8CREEN), PUSH THE BEZEL BUTTON BELOW
-MORE- TO DISPLAY FURTHER INFCRMATION ABOUT THE
CONTROL.

PUSH THE BEZEL BUTTCON BELOW THE EXIT LABEL TO
RETURN TO SCOPE GFPERATION.

-MORE- EXIT

As explaingd by this introduction, information about each control is
obtained by manipulating the desired control. Note also that
additicnal irtroductory information is obtained by pressing the menu
button labeled -MQRE- and that EXIT must be pressed to return to
normal operation. {Operating gny other controt or button, except for
POWER. FOCUS, ASTIG, and TRACE ROTATION. displays
operating information associateg with that control, and the function
associated with the control 1s not implemented. )
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Each HELP screen deseribes the function/action of the button the
user selected. If the control normally calls up a menu, the
description of that menu appears next. i the HELP screen requrres
mcre than 15 lines. pressing the MORE menu button {beze! button
1} displays the next screenful of infarmation.

This is the first screen displayed in HELP made when the ACQUIRE
button is pressed:

PUSH THIS BUTTON TO BEGIN ACQUIRING WAVEFORMS
< SEE TRIGGER MODE>= AND CALL UP THE ACQUISITION
MODE MENU,

NORMAL: SELECT 'LIVE' ACQUISITION MQDE. ENVELOPE:
CREATE WAVEFORM ENVELOPE BY SAVING MIN/MAX
WAVEFORM POINTS DURING EACH SAMPLE INTERVAL
FOR GLITCH CAPTURE AND ALIAS DETECTION. <REPET
AFFECTS OFERATION AT SEC/DIVS OF 200ns/DIV AND
FASTER: SEE MANUAL.> SUCCESSIVE PUSHES
INCREMENT THE CQUNT WHICH SETS THE NUMBER OF
ACQUISITIONS BETWEEN WAVEFORM RESETS. 2ns GLITCH
CAPTURE 1S IN EFFECT FOR SWEEP SPEEDS 500ns/Div
AND SLOWER.

-MORE- EXIT

AUTO

Caills up the AUTOSETUP menu and executes the Auto Setup function,
which automatically makes a triggered acquisition and displays it according
to the modes selected in the menu. If a new mode is selected from the
menu, the naxt press of the AUTO button executes Auto Setup using the
new mode. (When an optiohal accessory probe PE137 is connected to &
front- panel input, pressing the IDENT button input exacutes the Auto
Setup function if AUTO SETUP is selected in the AUTO PROBE menu. it
does not, however, display the Auto Setup menu. See SYSTEM submenu
in Appendix A for more information.)

Auto Setup determines and sets the vertical and horizontal scales for the
display based on the ampiitude and frequency of the input signal, and the

currently active selections in the AUTOSETUP, VERTICAL MODE, and
CH1/CHZ COUPLING menus.
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For Auto Setup to work, there must be a signal in the selected channel
that is triggerable in AUTOLEVEL mode—i.e., it must be at least 5§ Hz
and 0.3 divisions at the most sensitive vertica! scale factor {which is a
function of the probe).

In general, Auto Setup does not change VERTICAL MODE menu
selections except: if no vertical mode is selected, Auto Setup turns on
CH1: and if XY is selected, Auto Setup changes it to YT. (Then, if CH1
vs CHZ was selecied in XY mode, Auto Setup turns on both CH1 and
CH2 when it switches to YT mode; otherwise, it turns on only CH1 in
YT.) Similarly, Auto Setup preserves most INVERT/COUPLING menu
selections except: it changes GND 1o DC, and INVERT ON to OFF.,

Auta Setup turns off all cursor functions—with the one exception of
TIME cursors when WINDOW is ON in the MEASURE menu—and all
delay functions. Finally, regardiess 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 relationship between
Vertical mode and VERT Trigger source.)

NOTE

Vafues given when describing vertical and horizontal sizing are
larget vaives only. The number of divisions and cycies to which
a waveform /s actually scaled depends on the avaiable
VOLTS/DIV and SEC/DIV seftings and the amplitude and
frequency of the waveform as well as on the Auto Setup
mode sefected.
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Figure 5-8. AUTQ, PRGM, and MEASURE buttons.

VIEW

Sets up the display for best averall viewing. The vertical scaie is
determined by the peak vaiue of the waveform, including any dc
offsel. If one channel is selected, its ground reference is positioned
to the center graticule, and the displayed acquisition is scated 1o fit
vertically within about = 3 divisions of ground. i two channels are
selgcted. 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 about = 1.5 divisions of
their respective grounds.

If the ADD or MULT waveform is selected, its vertical scale and
position are determined by the CH 1 and CH 2 scales and positions.
accarding to the usual rules. (See ADD and MULT under Iterm 12}
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The horizontal 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 to 1/2, and the trigger
SLOPE to positive (+).

NOTE

For de-coupled waveforms in PERIOD, PULSE, and EDGE
modes, Auto Setup selects a vertical scale factor that
optinizes the display of the signal's ac component. However, i
the dc offsel cannot be compensated within the + 10 division
position range at that setting—that is, if the ratio of the total
signal amplitude to the optimum vertical scaie /s greater than
ten—a larger VOLTS/DIV setting must be used. Auto Setup
then scales the waveform according to the rules for VIEW
mode and attempts to rigger on the ac component. (If one
waveform is scaled using VIEW mode rufes, alf waveforms are
scaled using the rules.} If successfid, it proceeds to set the hor-
izomntal scale based on the VERT lrigger source and the Auto
Setup mode. in this situation, befter rasoiution of the ac com-
ponent can be obtained with ac coupling. In any case, the RES
HIILO selection determinas the target values (in divisions) for
both veriical and horizontal sizing. (See RES HIILO,)

PERIOD

Scales the waveform to optimize the display of one period
according to the RES M1 LD selection. The trigger POSITION is sat
to 1/32, and the trigger SLOPE is set to (+).

PULSE

Scales the waveform to optimize the display of the minimum pulse
width according to the RES HIILO selection. The trigger POSITION
is set to 1/32, and the trigger SLOFE is set to the polarity of the
leading edge of the selected pulse,

EDGE (Higing)
Scales the waveform to ophmize the display of its rising edge
according to the RES HELO selection. The trigger POSITION is set

to 1/2, and the trigger SLOPE is set 1o (=) to display the rising
edge.
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EDGE (Falling)

Scales the waveform to optimize the display of its faling edge
according to the RES HHLO selection. The trigger POSITION is set
tc 1:2, and the trigger SLCPE is set to () to display the faling
atige.

RES HIILO

Selects the resolution that Auto 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 divisons of record lengtk:,

RES HI'LD does not affect VIiEW maode and is removed from the
menu wher VIEW is selected. For PULSE, PERIOD, and EDGE
modes, the RES HItLO salection influgnces both vertical and
horizontal scaling. The vertical scales and the positions of the CH 1
angd CH 2 waveforms are arrived at independently {(except in ADD
moge] and the two waveforms are treated the same way. regarcless
of whether they are displayed separately or together. The horizantal
scale is always determined by applying the criteria for the selected
mode to the trigger-source waveform (VERT).

Vertically, the RES HI selection atternpts to center the ac
component at a VOLTS/DIV setting that confings the signal to
about : 3 divisions around the center graticule. Horizontally, the
scale is selected o display the chosen parameter within the entire
20 divisions of the waveform record. For EDGE mode. horizontal
scaling keeps the proximal (10%) and distal (80%) points within

9 divisions of gach other.

Vertically. the RES LO selection attempts to center the ac
component at 8 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 parameater within the first
10 civisions of the waveform recerd. For EDGE mode, horizontal
scaling keeps the proximal {10%) and distal (90%) points within

2 divisions of each other,

For ADD displays, CH1 is scaled and positioned according ta the
previousty stated rules, and CHZ is given the same scales as CH1
and is centered vertically. The ADD display then has the same
veriical and horizontal scales as both CH1 and CH2, and its ground
reference is the algebraic sum of the CH1 and CH2 grounds.

Far MULT displays, CH1 and CH2 are scaled independently
according to the rules. The MULT display then has a vertical scate
factor of 5,12 x (CH1 Vertical Scale Factor) x [CH2 Vertical Scale
Factor) in VOLTS4DIV. s horizontal scale tactor is the same as
for CH 1 and CH 2.
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. MEASURE Button

Accesses the Waveform Parameter Extraction feature, which aliows the
user to specity 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 acguisition,
and displays the resuit. The Continuous-Update method dynamically
extracts up to 4 different parameters, based on successive acquisition
sequences, and updates the measuremants approximately every

1/3 second (except at very slow acquisition rates).

Pressing the front-panel button labeled MEASURE displays a first-level
menu that gives access to the two parameter extraction functions via the
SNAPSHOT and MEAS TYPE menu buttons. This menu aiso includes
SETUP, DISPLAY ONIOFF, and WINDOW ONIOFF. These menu entries
and their sub-menus, if 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 te extracted.

The second-fevel TARGET menu kists all of the displayed signal sources
{CH1, CH2, ADD or MULT, and REF]. Selecting one of these signai
sources gives a “snapshot” of the parameters for the corresponding
waveform. (See "Snapshot Readout.”) in B Horizontal mode with

A TIME OM, both delays can ocour 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 defay occurs on

CH 1 and the delta delay on CH 2, sc no thirdavel target menu is
needed.} If more than one REF waveform is displayed and REF is
chosen in the second-level TARGET menu, a gifferent third-level
TARGET menu appears that consists of all displayed REF sources. In
both cases, selecting the target from the third-level menu gives the
snapshot of the parametars for the targeted signal source. An example
of the SNAPSHOT readout follows.
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Snapshot Readout:

SNAPSHOT OF CHX USING XXCXXXXX METHOD:

DIS= 435V TOP == 5.1 V WID =20.3.5
MES - 2,12 V BASE= 2.00mV DUTY=50%
PRX=-1.23mV MEAN= 232V FREQ =24 6kHz
MAX-- 515V OVRS= 2.0% PER =40.645
MID= 247 V UNDS— 1.0% RISE=28.4n%
MIN=-21.4mV RMS-- 265V FALL =18.3nS
P.P =536V AREA =47.5nVs

DIST=20.0% MES=:50.0% PROX-10.0%
AGAIN PRINT/PLOT -

Pressing the AGAIN menu button takes another snapshot
measurement. Pressing the up-arrow button returns the scope to the
MEASURE menu.

PRINT or PLOT: This menu selection will be disptayed if DEVICES is
selected in the third-level meru for MODE in the OUTPUT SETUP
meny, (For more information, see ltem 24-0UTPUT SETUP or Table 5-
2, SETUP menus, OUTPUT in this section.}

MEAS TYPE

The Continuous-Update parameter extraction function is accessed by
pressing the MEAS TYPE menu button in the MEASURE menu. This
calls up the parameter selection menu:

DISTAL MESIAL PROX MAX MID
MIN PK-PK TOP BASE MEAN
OVRSHT UNDRSHT RMS AREA WIDTH
DuTY FREG PERIOD RISE  FALL
DELAY

- - , ON  OFF

A parameter 15 selected by pressing the ON rmenu button when the
name of the desired parameter is underfined. The arrow buttons move
the underline arcund the matnx, “wrapping around” at the end of a row
or columr. The name of a selected parameter 15 bracketed with twe
Jngderined asterisks. Prassing the OFF button when a selected
scarameter is underhned turns that parameter OFF and removes the
dnderlined gsterisks.
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If more than one waveform is displayed, pressing the ON button
calls up a third-level TARGET menu listing all displayed signal
sources. If A DELAY is ON, selecting a waveform that contains bath
delays calls up a fourth-level TARGET menu for choosing DELAY1
or DELAYZ for parameter extraction. Selecting REF as the target
calls up a different fourth-level TARGET menu for choosing the
desired REF waveform for parameter extraction. In any case,
pressing the button that finally identifies the source for parameter
extraction produces & readout of the parameter and returns the
second-level 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
deiays are measured FROM the mesial crossing of one waveform
TO the corresponding mesial crossing of another, DELAY
measurements require two signal sources. Therefore, there are two
third-level target menus—DELAY FROM TARGET and DELAY TO
TARGET—both listing all displayed signal sources. As with the
other parameters, there are fourth-level menus, if needed, for
seiecting DELAY1 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 menu 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 praduces the readout of the parameter and returns
the parameter-selection menu to the screen.

i the same parameter is being measured on more than one
waveform, pressing the OFF button when that parameter is
underlined in the parameter-selection menu cafls up a third-level
menu. The user then selects the target source containing the
waveltorm that the parameter is to be turned off for; pressing the
menu button for that source turns off the appropriate readout and
returns the parameter-selection menu to the screen.

For further information on measurernents, see Appendix C.

5-64 2430A Operators

www.valuetronics.com



Controls, Connectors, and Indicators

SETUP

Pressing the menu button labeled SETUP in the MEASURE menu
causes this second-level menu te be displayed:

------ METHOD -ee---- MARK
MIN/MAX HIST CURSOR LEVEL ON:OFF

The SETUP menu is used to establish criteria for the extraction of
parameters by either the SNAPSHOT or Continuous-Update
method. The three selections urnder METHOD allow the user to
choose the method for determining the TOP and BASE of the
waveform. An underline indicates the active method.

MIN/MAX

The absolute maximum (pasitive peak) of the targeted waveform
is used as the TOP, 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 1o determine the TOP and BASE in the following manner:

1. Form a histegram of levels ang find the mid-point of
their range.

2. Divide the histogram into halves.

3. Find the level bracket in the upper halt that containg the
most points, and use its value for the TOP. Find the
level bracket in the lower half that contains the most
points, and use its value for the BASE.

4, If two level brackets have equal numbers of points, use
the larger (more positive) value when determining the
TOP, and the smaller (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 YOLTS 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 tevels on the waveform and the units in which
they are to ba expressed:

DISTAL; MESIAL; PROXIMAL

Direct the CURSOR/DELAY knoty to adjust the tevel for the
selected crossing type. The level is expressed as a percent of
the total BASE-to-TOP amplitude of the waveform, or as an
absolute voltage with reference to ground. (See “Level
Caleulations™ in Appendix C for more information.)

MESIALZ

Directs the CURSOR/DELAY knob to adjust the level for the
second mesial crossing. This crossing 15 only used when
DELAY is chosen as one of the parameters to be measured
in Continuous-Update mode. DELAY is measured FRON the
mesial crossing of one waveform TO the mesial crossing of a
second waveform. Since the waveforms can have different
amplitudes, it is sometimes usefui 10 be able to specify a
different mesial level, MESIALZ, for the second waveform.

There are certain limiting conditions for setting these zrossing
levels, They must all be greater than or equal to the BASE
level and less than or equal to the TOP. Aiso, DISTAL must
be greater than or equal to MESIAL and MESIAL must be
greater than or equal to PROXIMAL. Hf they are not alt set
properiy in ralation to 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 results in SNAPSHOT mode.

» displaying an error message in place of the measurement
in Continuous-LUipdate mode. “LEVEL LIMIT?" indicates
that DISTAL is greater than TOP or PROXIMAL is less
than BASE: “LEVEL ORDER?" indicates that MESIAL 1s
either less than PROXIMAL or greater than DISTAL. If
both emors exist, the LEVEL ORDER? message
takes precedence.
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NOTE

The ampfitude reference fevels displayed in the LEVEL
menu have greater resolution than the values in the
SNAPSHOT or Continuous-Update readouts. The
resofution for the readouts is limited to 1/25 of
VOLT/DIV setting for the waveform the parameter is
extracted from. For instance at a 100 mv/DIV setting,
the resolution of the readouts is 4 mv, but the menu fev-
eis can be adiusted in 0.1 % or .1 mv increments,
depending on the setting for %7VOLT. The readouts will
round settings between resoiution levels—up for set-
tings at or above midway, and down for settings below
midway befween resolution levels.

Since the readouts use the rounded-off values, a setling
in the LEVEL menu can wiolale the lmiting conditions
without generating an error message if the rounding off
Process corects the error.

% IVOLT

Sets the unit of measurement for each crossing level.
Repeatedly pressing the menu button toggles the unit of the
underined 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 level can be set from 0 to 100% of the difference
pbetween the TOP and BASE of & waveform, while the
voltage level can be set from —999 to +999 Volts, +998 v,
regardless of the amplitude of the wavetorm, Therefore,
uniike % units, VOLT units allow levels to be set outside the
amplitude limits of the waveform; and therefore, they can
cause level order errors—if improperly set.
When INIT PANEL (in the PRGM menu) is executed.
% VOLT is set to % and the levels are set as follows:

DISTAL 80%

MESIAL 50%

PROXIMAL 10%

MESIALZ  50%
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Executing INIT PANEL also sets the levels for VOLT units, If
INIT PANEL is executed and % {VOLT is set to VOLT in the
MEASure SETUP LEVEL menu, the INIT leveis are displaye
as follows: :

DISTAL 240V
MESIAL 130 v
PROXIMAL 400 mv

MESIALZ 130V

Returning to the SETUP menu requires use of the first-level
MEASURE menu. (Press the MEASURE front-pane! button )

MARK ON.OFF

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 display
the marks, time-ralated parameters must be selected in the MEAS
TYPE menu and DISPLAY must be set ON in the MEASURE menu
as well as MARK set ON in the SETUP menu.

DISPLAY ON OFF

Toggies the readout ON and OFF for the parametric measurements
made in Continucus-Update mode. Turning on a parameter in the
MEAS TYPE menu aiso turns DISPLAY ON in the MEASURE
menu. When ON, the readout is continuously updated with the
measurement results from successive acquisitions (or acquisition
sequences). When OFF there is no readout of parametric
measurements; in fact, no parameters are calcufated,

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 o be
extracted. When WINDOW is ON, the scope begins at the left TIME
cursor and searches the waveform record until it finds data that is
agequate for extracting the user-specified parameter, or until 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 ---- INIT
SAVE RECALL DELETE EDIT PANEL

This menu is used to create and store a sequence of steps that
includes front-panel setups, parametric measurements, cutput
functions. ete. and to run, erase, or modify such a sequence. Each step
in the sequence can have certain associated “actions”™ such as
REPEAT (which allows for looping). SELF-CAL, SELF-TEST, and
PAUSE. {See the section on the SET STER ACTIONS menu lor 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-
volatile memory. A readout in the menu shows the percentage of
memory stil availabile.

Pressing the INIT PANEL button sets almast all the front-panel
functions to default vaiues. {(See Table B-15, Appendix B. for a list of
those settings.}

Dperatien

The AutoStep Sequencer can be operated from tha 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 [N input. When each step
ends, it prduces an “Operation Complete” signal that can be detected via
the GPIB or the rear-panel STEP COMPLETE cutput. and when the
sequence ends, it produces an additional Operation Camplete signal that
can pe detected via the GFIB or the rear-pansl SEQUENCE QUT 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
1 H <> SAVE EXIT

The name of the sequence can contain up to six alphanumeric
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
CURSCR menu button moves the underline cursor back and forth in
the name field immediately to the right of *“NAME..” The two menu
buttons under ROLL-CHARS rotate the underiined character through
0-9 angd A-Z. (There is a space ¢haracter between @ 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 first-level AUTOSTEP SEQUENCER menu.

Pressing the SAVE button calls up this message:

SETUP CONTROLS, PUSH PRGM TO CONTINUE
SEQUENCE <name> STEP<-num:> MEMORY < % =

NOTE

At this point alf front-pane! controls, except the PRGM button.
function normalfy. Some buttons {e.q., MEAS TYPE) calt up menus
that erase the SETUP CONTROLS message. but the message
remains in effect—whether visible or not—unti! you press PRGM.
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Now is the time toc make all necessary adjustments for the current step
of the sequence, remembering to specify any Auto Setup or Cutput
modes and any Cortinuous-Update parameters to be measured. When
the setup 15 complete and the parameter{s) specified, press the FRGM
front-panel button to call up the SET STEP ACTIONS menu:

SEQUENCE < name: STEP <num:> MEMORY - % =

BEGIN STEP e

REPEAT =Nz :

SELF-CAL < N> PRINT/PLOT N>
SELF-TEST <N=: BELL <N=>
LOAD PANEL : SRQ <N
AUTOSETUP <Nz ; PAUSE <N
MEASUREMENTS : PROTECT <N

: : END STEP
-- SET STEP ACTIONS -- NEXT SAVE
1 ! YN STEP SEQ

This menu shows a list of all possible actions for each step of the
sequence, arranged in the order they wilf 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

underime cursor among the settable actions, and the YIN button
toggles the selected action on and off. NEXT STER increments the step
number and recalls the SETUP CONTROLS message for programming
the next step of the sequerce. SAVE SEQ stores the finished sequence
in nan-volatile memary and recalls the AUTQOSTEP SEQUENCER menu
{including the additional SEQUENCE SAVED message).
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BEGIN Step 1

Step 2

AEPEAT Steft 3 -—-—

Step 4

END Step 5

6286-40

Figure 5-9. Event order for sequences.

Following are explanations of the sarious achons:

REFEAT

Creates an infinite loop by returning to the current step when the last
step of the sequence is finished. (See Figure 5-9.) If REPEAT is
included in more than cne step, only the last ccourrence is used. To
abort & continuously-running sequence, press the PRGM button; the
sequence aborts and the AUTOSTEP SEQUENCER meny is returned.
It & current step includes PAUSE, pushing PRGM will pause the
sequence at the end of the current step; press the menu button {abeied
EXIT to ABORT the sequence (press EXIT again to return to the AUTO
SEQUENCER menu); press PRGM to resume the paused sequence.
(You can also resume & paused sequence by pressing the IDENT
button of an optional P§137 probe connected to a front-panel input of
the scope-if the AUTO PROBE menu is set to STEP SEQ. See
SYSTEM submenu description in Appendix A.)

SELF-CAL

Performs the Self Calibration routine prior to loading the instrument
setup. If the instrument faiis to calibrate, the sequence terminates and
the EXTENDED DIAGNOSTICS menu appears.
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SELF-TEST

Performs the Self Diagnostics routine prior to loading the instrument
setup. {f the instrument fails the diagnostics routing, the sequence
terminates and the EXTENDED DIAGNOSTICS menu appears.

LOAD PANEL

Establishes the front-panel settings, the Auto Setup and Qutput 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-panet settings loaded by the

previous action, {See Table B-16 in Appendix B for settings affected.)

PRINT/PLOT

Sends out acquired waveforms and other data for the current siep over
the GPIB. The user must properly configure the scope thraugh the
OUTPUT SETUP menu for the type of comimunication 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 cperator when the step is
finished. The bell must be enabled via the EXTENDED
FUNCTIONS menu.

SRO

Transmits an Operation Complete signal over the GPIB at the end of
each step and an additional cne at the end of the sequence.
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PAUSE

Stops the sequence at the end of the currant step and waits for a
command to advance. To initiate the next step, either press the PRGM
button, issue a STEP command over the GPIB, or apply a TTL HI to
LO transition at the rear-panel SEQUENCE IN input. To terminate a
paused sequence, either 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 will be ignored.
PROTECT can be defeated by deleting the first step of the sequence or
by editing thai step to turn the PROTECT action off.

EXAMPLE: The typical application that follows illustrates the procedure
that shotitd be followed in creating an AutoStep sequence. it ponts out
certain special considerations that are explained in the following NOTE.

NOTE

When creating a sequence that requires an Auto Setup. communi-
cation with other devices, or Contintous-Update measurements,
the required modes and parameters must be selected before
enlering the SET STEP ACTIONS menu. (See itern 47—AUTO,
ftem 23—CUTPUT, and ltem 48—MEASURE for information on
setting 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
SECUENCER menis.
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STEP
NO.

1 (BEGIN STEP)

(LOOP 10

{END STEP)

2430A Operators

FRONT-PANEL
SETUP

Press PRGM, then INIT PANEL.
Press PRGM. then SAVE.
Create name and press SAVE.
Press PRGM and set actions:

Press AUTO and select VIEW.
Press OUTPUT and set up for
printing of waveforms.

Press PRGM and set actions:

Press AUTC and select _/ .

Press MEASURE, then MEAS TYPE.
Set AISE 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.

www.valuetronics.com

ACTIONS
()

SELF-CAL
SELF-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 sequernce first pertorms the Self Calibration and Self
Diagnostics routines, and ther initializes the instrument to the INIT
PANEL settings. Next it repeatedly executes the actions in the LOOP
TO through END STEP block. In each step, Autc 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 tme are also printed or
piotted (in Steps 3 and 4, respectively). At the end of the last step
{Step 4). the sequence stops and rings the bell 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

Caits up the menu ta run a selected sequence:

eveu SELECT -
1 . RECALL EXIT

The names of all existing seguences, with the current selection
underlined, are listed in columns above the menu. The arrow-iabeled
menu buttons move the underline up and down through the fist. To run
the undertined sequence, press the RECALL menu buttan. (It is also
possible to"start the sequence via the GPIB of through the rear-panel
SEQUENCE IN input.) Pressing EXIT returns to the first-ievel
AUTOSTEP SEQUENGER menu without running the sequence. While
running, a seguence can be terminated by pressing the PRGM button
or by a GPIB HALT command.

DELETE
Calis up the menu to delete a selected sequence:

-~ SELECT ----
: ; DELETE EXIT

The names of all existing sequences, with the current selection
urderlined. are fisted in columns above the menu. The arrow-labeled
menk Huttons move the underlineg up and down through the dist. To
delete the underined sequence. press the DELETE menu button.
Prassirg EXIT recalls the first-level AUTOSTEP SEQUENCER menu.
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NOTE

White a sequence is being deleted, the message RECLAIMING
FREED MEMQORY... appears on the screen, and front-panel
controls are focked out. TURNING OFF THE INSTRUMENT
WHILE IT IS RECLAIMING MEMORY CAN RESULT IN THE
1LOSS OF STORED SEQUENCES.

EDIT

Calls up the menu to madify a seiected sequence:

weee SELECT --o-
1 1 EDIT  COPY  EXIT

The names of all existing sequences, with the current selection
ungeriined, are iisted in columns above the menu. The arrow-labelec
manu buttons move the underline up and down through the list. To
modify the underlined 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 AUTOSTER SEQUENCER menu.
press the EXIT menu buiton.

EDIT

Calls up a third-level menu for selecting the step(s) to be modified:

SETUP CONTROLS, PUSH PRGM TO CONTINUE
SEQUENCE < name > STEP < num> MEMORY <% >
SELECT STEP DELETE

1 ! TO BUF ADD EXIT

This menu containg the same message that was called up by
pressing the SAVE button in the second-level SAVE menu when
¢reating the sequence. The arrow-labeled menu buttons mave
forward and backward through the steps of the sequence, and the
message shows the number of the current step. ¥ the down-arrow
button is pressed on the last step of the sequence, the message
WARNING: NO MORE STEPS TO EDIT will appear. To modify the
current step, proceed exactly as when creating the sequence: adjust
the front-panel controis as desired: press PAGM to call up the SET
STEP ACTIONS meny; reprogram the actions if desired; then press
either NEXT STEP to continue editing or SAVE SEQ to stop editing
and store the modified sequence.
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DELETE TO BUF

Deletes the current step from the sequence and stores itin a
nuffer. The step remains in the bufier until either it is overwritten
by pressing DELETE TQ 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 grase 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 until they are
changed. Press the LOAD BUFFER button to replace the current
front-panel setup and actons with thase currently in the step
huffer. Otherwise, set up the front-panel and actions as
previously described for creating 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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Rear Panel

Refer to Figure 5-10 for location of Items 50 through 60.

E286-10

Figure 5-10, Rear-panel controls and connectors.,

GPIB Connector

Provides a port for the IEEE-488 data bus. The electrical and physicat
arrangement of the 24-pin connector conforms to the IEEE General
Purpose Interface Bus Standard. Refer to Figure 5-11 for an fllustration cf
the connector and pin assignments.

@ Detachable-Power-Cord Receptacle

Provides contacts for connecting the instrument to the appropriate ac
voltage source via a detachable power cord.
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@ LINE VOLTAGE SELECTOR Switch

Selects 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
S0V to 132 V. When set to 230 v, the instrument cperates trom an ac-
power source in the range of 180 V10 250 V.

@ Fuse Holder

Contains the primary fuse for the ac-power source.

SEQUENCE IN, SEQUENCE OUT, and STEP COMPLETE

These TTL-compatibie outputs are used with the sequencer for the
following purposes:

SEQUENCE IN: A Hl to LO transition at this input restans the seguence
after a pause.

SEQUENCE QUT: A HI to LO transition on this putput signals the end of a
sequence. While a sequence is in pregress this output is high.

STEP COMPLETE: A HI to LO transition on this output signats the end of
a step in a sequence. While a step 15 in progress this output is high.

See ltem 49—PRGM 1n this section for more iInformation on the AutoStep
Sequencer.

@ RECORD TRIGGER OUTPUT Connector

Provides a negative-true TTL-compatible record tngger 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 & negative-true TTL-compatible A-Trigger signal for application to
external instrument systems.

@ CH 2 SIGNAL OUTPUT Connector

Provides an output signal that is representative of the Charnnel 2 input
signal. The output amplitude into a 5081 load is approximately 10 m¥ per
division of input signal.

WORD RECOG OUTPUT Connector

Provides a negative-true, TTL-compatibie Word-Trigger signal for use with
external test equipment. (See Section 7. Options.)

P6407 WORD RECOG INPUT Cannector

Frovides a dedicated control signal port for programming the optional
Word Recognizer Probe and obtaining the word trigger output for use as
the A andfor B trigger signal source. (See tem 32—SOURCE and Item
43-—SET WORD.)

PROBE POWER Connectors (Option 11)

Provides output power {or optional Tektronix gctive probes,
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SHIELD SHU NDAC DAV DI0d (W02

iFC Edl oo

1

LOGIC GHD GND GND piog  pigs
GND 10 ] 3

(2056-011 E2BE-11

Figure 5-11. GPIB-connector pin arrangement.

Systern 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-panel 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. Tabie 5-2 is a reference listing ot 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: hsplay, Vertical, Cursor, Delay, Storage, A and B Trigger, Word
Recogrizer. Output, and Setup.
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Table 5-2
Control Menus and Dispiays

CRT BDisplay Menus

SELECT
INTENSITY VECTORS
READOUT DIsP INTENS GRAT ONIOFF
STATUS/HELP

Presents an instrument status display and increases the readout intensity o §5%
to ensuire visibility. {See Figure 5-2.) The HELP function can also be enabled from
this menu.

MENU GFF/EXTENDED FUNCTIONS

Tums off any menu being displayed or, i none is on, calis up the
EXTENDED FUNCTIONS mebhu. (See Appendix A for Extended Functions
Calibration and Diagnostics menti)

EXT FUNCT
SYSTEM SPECIAL CALADIAG

Second-level menu for SYSTEM.
EXT FUNCT
PANEL MISC INTERFP VIDEO OFT 1
Third-ievel menu for PANEL.

-~-TEKSECURE---
PWR ON ERASE
LAST | INIT MEMORY 1

Fourth-level menu for ERASE MEMORY
WARNING:WFM AND PRGM MEMORY WILL BE ERASED.

ERASE ABORT

Third-leve! menu tor MISC.

AOLL

BELL TRIGT AUTO MENUS
ON | OFF DON|OFF PRCBE ON|OFF 1
Fourth-level menu for AUTO PROBE.
SELECT PROBE IDENTIFY FUNCTION
AUTO STEP SAVE/
SETUP PRGM INIT@50 ACQUIRE T
Third-level menu for INTERR
INTERPOLATION INTENS
—————— MODE---- REALS PREFLT

LINEAR SINX/X ON|OFF ON | OFF 1
Third-level menu for VIDEOQ OPT

TV 3YS CNT RST

M|NON/M BOTH|FA1 1
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Table 5-2 {cont}

Second-level menu for SPECIAL. Use of these functions {or the
functions in submenus to CCD SIDES, CCD AW, & FORCE DAC)
will cause the instrument to need compiete calibration before
rormal operation. Selectons & submenus may be internally disabled.

WARNING; SERVICE ONLY-—SEE MANUAL (if enabled)
BISABLED—SEE MANUAL (if disabled)

COLD olaln) cco CAL PATH FORCE
START SIDES  ADJ ONIOFF DAC

VERTICAL Control Menus

VERTICAL MODE

in YT Mode
VERTICAL MODE
CH1 CH2 ADD MULT YTIXY
In XY Mode
VEATICAL MODE
CH1 vs CH2 YTIXY
VARIABLE
CH1 VARIABLE
CAL L -
CH2Z VARIABLE
CAL l P
COUPLING/INVERT
CH1 COUPLING 500 INVERT
AC oC GND ONIOFF ONIOFF
CHZ2 COUPLING 500 INVERT
AC oC GND ONIOFF ONIOFF
BANDWIOTH
USB =xxxxHz USR=xxxx s SH=xxxx samples/sec
----- —~BANDWIDTH—————— SMOOTH
20MHz 50MHz FULL ONIOFF

The number xxxx depends on the Acquigition made, the SEC/DIV setting.
and the bandwidth selected.

SH=EXT CLOCK
e BANDWIDTH——— SMOQOTH
20MHz 5QMHz FULL ONIOFF

ff B TRIG mode is set to External Clock.
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Table 5-2 {cont)

CURSOR Control Menus

FUNCTION
CURSOR FUNCTION
VOLTS TIME  V@T SLOPE 1/TIME

Second-level ATTACH CURSORAS menu.

In ¥T Mode.

ATTACH CURSORS TO:

No A& delay

CH1 CH2 {func} REFn
A defay-—CH1 on

CH1 CH1A ffunc} {funcia REFn
A delay—CH1 and CHZ on

CH1 CH24 {func) {funcia REFn

Function is either ADD or MULT—they are mutuaily exclusive. Pressing
REF rolls through the displayed reference waveforms. Only waveforms
called up for display are included in the ATTACH CURSORS menu.

In XY Mode.
ATTACH CURSORS TO:
CH1 vs CH2 XYREF

UNITS in VOLTS or V@T
UNITS VOLTS CURS REF =xxxxxxV

VOLTS % dB NEW REF AABS
in TIME
UNITS TIME CURS REF=xxxxxx s
SEC % DEGREES NEW REF AABS
ir SLOPE
UNITS  SLOPE CURS REF =xxxxxxV/s
SLOFE % dB NEW REF
in UTIME
UNITS TIME CURS REF=xxxxxX s
Hz % DEGREES NEW REF ATABS
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Table 5-2 {cont}

DELAY Control Menus

DELAY by TIME (with ATIME QFF)

DELAY TIME = xxxxxx & ATIME
OMIOFF
{with ATIME ON)
DELAY TIME = xxxxxx s ATIME
ADELAY TIME = xxxxxx s ONIOFF

The DELAY by TIME button fs pressed to switch the effect of the
CURSOR/DELAY 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 ON!OFF

Events count may be chenged using the CURSQR/DELAY knob.

STORAGE Control Menus

ACQUIRE
ACQUIRE nan nm REPET SAVE ON &
NORMAL ENVELOPE AVG ONIOFF ONIQFF

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-~r.—-.
CH1 CH2 {function) REF STACK REF

Second-level menu displayed after SAFEREF SOURCE texcept REF or STACK
REF) is sefectad.

—-—SAVEREF DESTINATION----- SAVEREF
REF? REF2 REF3  REF4 SOURCE

Secend-level menu if in A (delta) DELAY by TIME,

SAVEREF SOURCE - (channel)
DELAY 1 DELAY 2

Second-level menu if REF is selected.

SAVEREF SCURCE - REF SAVEREF
REF1 REFZ REF3 REF4 SOURCE
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Table 5-2 {cont}

STORAGE (E_mpl Menus {cont}

DISPLAY REF in ¥T Mode.

DISPLAY REF HORIZ
REF1 REF2 REF3 REF4 POS REF
In XY Mode
HORIZ
XYREF POS REF

Second-level menu displayed when HORIZ POS REF in YT Mode is called.

........ HORIZONTAL POSITION «mmmm- REF HPGS
REFiF  REF2P REF3P REF4P INDILOCK

Second-level menu displayed when HORIZ POS REF in XY Mode is called.

e HORIZONTAL POSITION —e- REF HPOS
XYREFP IND:LOCK

A TRIGGER Cantrol Menus

TRIGGER MODE

A TRIGGER MODE
AUTO SINGLE
LEVEL AUTO  NORMAL SEQ

AUTO switches to ROLL at 100 ms/div and slower.

TRIGGER SOURCE

A TRIGGER SOURCE

VERT CHAN
CH? 12 EXT LINE ATBIWORD

CH2
ADD

Second-Level menu for EXT.

A EXT
SQURCE —ee-Aoand B EXT GAIN-mme
1: EXT1 EXT 15 EXTZ2 EXT2:5
24304 Operators 5.87

www.valuetronics.com



Conirols, Connectors, and Indicators

Table 5-2 {cont)

A TRIGGER Control Menus (cant)

TRIGGER CPLG
Without the Video option.

A COUPLING REJECT —— e
DC AC NOISE HF LF
With the Video option installed.
A COUPLING s REJECT - ——
DCIAC VIDEQ NOISE HF LF
SET VIDEO (Video Option only)
A VIDEQ COUPLING CLAMP
FIELD1 FIELDZ ALT TV LINE ONIGFF

FIELD2 and ALT are displayed only when the Video Option has an
interiaced video signal applied, CLAMP remains ON even if TV COUPLING

is not selected.

TRIG PCSITION
A TRIGGER POSITION

1/8 1/4 1/2 34 78
B TRIGGER Control Menus
TRIGGER MODE
B TRIG BUNS TRIG EXT CLK
AFTER AFTER ONIOFF

TRIGGER SOURCE
in B RUNS AFTER Delay Mode.

8 TRIG SOURCE
EXT CLOCK SOURCE
EVENTS SOURCE

EVENTS, EXT CLK SOURCE
VERT CHAN
CH1 1.2 EXT
CHZ
ADD

{with EXT CLK)
{with DELAY by EVENTS)
{with both)

WORD

5-B8
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Table 5-2 {cont)

In B TRIG AFTER Detay Mode.

B TRIG SOUACE

B. EXT CLK SOURCE

B, EVENTS SOQURCE

B. EXT CLK. EVNT SOURCE

VERT CHAN

CH1 1:2 EXT
CH2

ADD

{with EXT CLK}
(with DELAY by EVENTS)
{with both}

WORD

Second-level menu for EXT.

B EXT
SOURCE e A and B EXT GAIN cmoeeeee.
12 EXT1 EXT1+5 EXT2 EXT2+5

TRIGGER CPLG

In B RUNS AFTER Delay Mode.

B COUPLING

EXT CLK CPLG
EVENTS COUPLING
EVENTS, EXT CLK

Dc AC NOISE

{with EXT CLOCK)
{with DELAY by EVENTS)
{with both)

-—REJECT—
HF LF

In B TR!G AFTER Delay Mode.

B COUPLING
B, EXT CLK CPLG
B, EVENTS CPLG

{with EXT CLOCK]
fwith DELAY by EVENTS}

B, CLK. EVENTS {with both)
———REJECT —
Dc AC NOISE HF LF
TRIG POSITION
B TRIGGER FOSITION
18 1/4 112 3/4 7i8

EXTERNAL Frigger and Trigger Status Menus

TRIG STATUS
TRIG STATUS
MGODE SOURCE CPLG TRIG POS
A {Setup conditions for the A Trigger controls.)
B (Setup conditions for the B Trigger controls.)
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Table 5-2 (cont)

WORD RECOGNIZER Contro) Menus

SET WORD
RADIX wmanees CLOCK SET
OCTIHEX i =\ ASYNC BITS
Second-level menu for SET BITS.
In Hexadecimal:
TRIG WORD:
CLK="  779% XX XXXX XXXX KXXX XXXX
1 0 X - -
In Qctal:
TRIG WORD:
CLK= "~ 777797 x X XxX XAX XXX XMX XXX
1 o] X "

"Depends on the CLOCK setting in the first-level menu for SET WORD.

SETUP MENUS

AUTO

EDGE
VIEW PERIOD PULSE i

RES HIZLQO does not appear when VIEW is selected.

RES
HILO

PRGM {AutoStep Sequencer)

MEMORY nn%
— AUTOSTEP SEQUENGER — INIT

SAVE RECALL DELETE EDIT PANEL
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Table 5-2 (cont)

SETUP MENUS (cont)

Second-ievel menu for SAVE.
USE ARROW KEYS TO CHANGE NAME:

ROLL-CHARS CURSCR

1 < SAVE EXIT

Instruction message displayed after pushing SAVE. (This message is
displayed any time the user is expected to set up the front-panet

controls),

SETUP CONTROLS, PUSH PRGM TO CONTINUE
SEQUENCE «name> STEP <numz MEMQORY =%

Third-level menu kr SAVE. This menu is displayed after pushing PRGM

according to the instruction message.

SEQUENCE <namez STEP «num>= MEMORY < %>

BEGIN STEP .
REPEAT N> :
SELF-CAL <N : PRINT/PLOT =Nz
SELF-TEST <N BELL <Nz
LOAD PANEL : SRQ <M=
AUTOSETUPR <N PAUSE <Nz
MEASUREMENTS PROTECT <N
: END STEP
SET STERP ACTIONS
NEXT SAVE
T ! YN STEP SEQ
Second-level menu for RECALL.
1st Labeled Sequence
2nd Labeted Seguence
nth Labeled Sequence
- SELECT —-
1 i REGALL eX|T
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Table 5-2 (cont)

SETUP MENUS {cant)

Second-level menu for DELETE.

tst Labeied Sequence
2ngd Labeled Sequence

nth Labeled Sequence

—- SELECT -
t 1 DELETE EXIT

Secornd-leve! manu for EDIT.

1st Labeled Sequence
2nd Labeied Sequence

nth Labeled Sequance

w SELECT -
; I EDIT  COPY  EXIT

Third-level menu for EDIT.

SELECT STEP DELETE
1 . TO BUF ADD EXIT
Fourth-level menu for ARD.
LOAD
BUFFER EXIT

Thirg-level meny for COPY.
LUSE ARROW KEYS TO CHANGE NAME:
ROLL-CHARS CURSOR

T i < SAVE EXIT
MEASURE
MEAS SETUP DISPLAY  WINDOW
SNAPSHOT TYPE ONIOFF ONIOFF

Second-level menu tor SNAPSHOT when more than one source is displayed.

TARGET:
CHA1 CH2 ADDMULT REF
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Table 5-2 {(cont)

SETUP MENUS (cont)

Display that resuits from pressing SNAPSHOT when only one source
is displayed, or selecting a waveform in the TARGET menu.

SNAPSHOT READQUT:
SNAPSHOT OF CHx USING MIN/MAX METHOD:

DiIS= 435V TOP =501V WID =203,5
MES= 212V BASE= 2.00mV DUTY =50%
PRX=—1.23mV MEAN=232 V FREQ=24.6kH
MAX= 513V OVRS = 2.0% FPER =408u5
MID= 247 V UNDS= 1.0% RISE=28.4n3
MIN= -21.4amV RMS= 265V FALL=18.3nS
pP-P =536V AREA=47 5nVs
DIST=90.0% MES - 50.0% PROX =10.0%
AGAIN PRINT/ T :
PLOT

AGAIN: Extracts a new set of parameters.

. Returns the scope to the MEASURE menu.

PRINT or PLOT: This menu selection will be displayed if DEVICES is
selected in the third-level menu for MODE in the OUTPUT SETUP menu.
(For more informaltion, see the OUTPFUT menu sefection listed last in
this table.)

Second-level menu for MEAS TYPE.

The Continugus-Update parameter extraction function is executed by
selecting up to four parameters for display from a parameter matrix.
Pushing the menu button labeled MEAS TYPE calls up the parameter
selection menw:

DISTAL MESIAL PROX RMAX MID
MIN PK-PK TOP BASE MEAN
OVRSHT UNDRSHT RMS AREA WIDTH
DUTY FREGQ PERIOD RISE FALL
DELAY
- - 1 ON OFF
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Table 5-2 {cont)

SETUP MENUS (cont)

Third-level TARGET menu for MEAS TYPE when maore than one source
15 displayed and DELAY is not selected in the parameter matrix.
{Selection of DELAY as the parameter to be exiracted calis up

different tird-level TARGET menus.)

TARGET
CH1 CH2 ADD/MULT REF

Fourth-level menu for MEAS TYPE when REF is seected in the TARGET menu.

TARGET
REF1? REF2 REF3 REF4

Third-level menu for MEAS TYPE whan mare than one source is
dispiayed and DELAY is selected in the parameter matrix.

DELAY FROM
TARGET
CH1 CH2 ADD/MULT REF

Faurth-level menu for MEAS TYPE when CH1, CH2, or ADD/MULT

is selected in the DELAY FROM TARGET menu. (The scope must

be in B Horizontal mode with & TIME an. This mend does not

appear if CHY or CHZ is selected in the DELAY FROM TARGET menu
when both CH1 and CH2 are displayed.)

DELAY FROM
TARGET
DELAYY DELAYZ

Fourth-level menu for MEAS TYPE when REF is selected
iy the DELAY FROM TARGET menu.

DELAY FROM
TARGET
REF1 REF2 REF3 REF4

Third-level menu for MEAS TYPE when md;'e than one source is
displayed and a selection is made in the DELAY FROM TARGET menu.

DELAY TC
TARGET
CH1 CH2 ADDYMULT REF
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Table 5-2 {cont}

SETUP MENUS {cont)

Fourth-level menu for MEAS TYPE when CH1, CHZ2. or ADD/MULT
15 sefected in the DELAY TO TARGET menu. (The scope must

be in B Horizontal mode with A THME on when DELAY is

selected in the parameter matrix. This menu does not appear

it CH1 or CH2 is selected in the DELAY TQO TARGET menu when
both CH1 and CH2 are displayed.)

DELAY TO
TARGET
DELAY1 DELAYZ

Fourth-devel menu for MEAS TYPE when REF is selecied
in the DELAY TO TARGET menu.

DELAY TO
TARGET
AEF REF2 REF3 REF4

Second-ievel menu for SETUP.

METHOD MARK
MIN/MAX HIST CURSOR LEVEL ONIOFF

This menu is used to select the criteria for extracting LEVEL,
Prassing the meanu button labeled LEVEL displays a third-level menu for
specifying the DISTAL. MESIAL, and PROXIMAL levels on the waveform.

Third-levet menu for LEVEL.
ADJUST LEVELS WITH CURSOR/DELAY KNOB

nn% nn% nn%a nn%a
DISTAL MESIAL PROXIMAL MESIALZ % VOLT
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Table 5-2 {cont)

SETUP MENUS (cont)

QUTPUT
STATUS SETUP DEBUG TRANSMIT/PLOT/PRINT

STATUS calls up a display of most GPIB parameters that
might interest a system user.

TRANSMIT/PLOT/PRINT) switches to ABORT when the function is active.
TRANSMIT/(FPLOT/PRINT} is off in LIONLY and OFF BUS modes.

SecondJevel menu for SETUP,

QUTPUT SETUP
MODE TERM ADDR ENCDG

Third-level menu for MODE.,
T/ONLY  L/ONLY TIL DEVICES OFF BUS

Selecting L/ONLY or QFF BUS turns off the TRANSMITHPLOT/PRINT) choice
in the QUTPUT menu,

Fourth-ievel DEVICES meny.

HPGL THINKJET
PLOTTER PRINTER SETUP

Selecting HPGL PLOTTER ar THINKJET PRINTER changes
TRANSMIT in the OUTPUT menu to PLOT or PRINT, respectively.

Fifth-tevel SETUR menu.

SETTINGS  TEXT GRAT WFM PGSIZE
ON:IOFF ONOFF ONICFF CONIOFF  US A4

Fourth-level T/ONLY menu.

-- SEND CURVE
ONLY  W/WFMPRE SEND PRGM
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Table 5-2 (cont)

SETUP MENUS (cont}

CUTPUT {cont}
Third-level TERM menu.

EQI LF/EQ

Third-tevel ADDR menu.
GPIB ADDRESS = nn

Third-tevel ENCDG menu.

- WHOLE WFMS -.-  PARTIAL WFMS
ASCH AP Rl RP 2]

Rl encoding is two's-compiement format. RP 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 comectly.

Second-level DEBUG menu.

DEBUG - MONITOR - -SCREEN UPDATE-
ONIOFF BUS!SCOPE INIQUT  SLOW PAUSE
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Performance Characteristics

Introduction

The TEKTRONIX 24304 Digital Oscilloscope is a portable. dual-channel instrument
with & maximum digitizing rate of 100 Megasamples per second. The scope i capable
of simultaneous acquisition of Channel 1 and Channei 2 input signals. It has a reai-
time useful storage bandwidth of 40 MHz for single-event acquisitions, and an
equivaient-time bandwidth of 150 MHz when repetitive wavefortns are acquired in
REPET mode. Since the instrument acquires both channels simultaneousty, the XY
display is available to full bandwidth. Options include a Word Recognizer Probe, Video
signal triggering. Probe Power. and Rackmounting.

The instrument 15 microprocessor controlied 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 aliow the
user to select the operating mode, are displayed at the bottorn of the screen.

The user decides what operation and mode setup is needed to make the desired
measuremeant and then selects the proper functions using 2 combination of front-panel
buttons and displayed menus.

Five menu buttons. mounted on the CRT bezel, are used to make selections from
the menu entries displayed. The top lina of the menu display usually contains the menu
titie, and the bottom fine labels the buttons with their associated functions. Pressing a
hezel 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, Controfs, 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 2mV to 5 v
per division in a 1-2-5 sequence of 11 steps. Coded probes having attenuation
factars of 1X, 10X, 100X, and 1000X are available. With a 1000X probe, the
minimum sensitivity is extended to 5,000 V per division; with a2 1X probe in SAVE
or AVERAGE expanded mode, the maximum sensitivity is extended to 200 uv
per division.

VOLTS/DIV readouts are automatically switched to display & correct scale
factor when properly coded probes are attached. Each channe! can be separately
inverted. ADD and MULT are display functions provided by the protessor 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 gither XY or YT displays.

Horizontal System

Horizontal display modes of A, A INTEN, and B Delayed are avaitable. The time
base has 28 calibrated SEC/DiV settings in a 1-2.5 sequence from 5 ns per
division to 5 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
display to be delayed by a selected number of B-Trigger events. In the case of
DELAY by EVENTS, the B-Trigger SOURCE, COUPLING, SLOPE, and LEVEL
controls define the nature of the signal needed to produce the 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 setecting and
processing a signal used for triggering the acquisition system. The conventional
features of SOURCE selection, Trigger LEVEL control, Trigger SLOPE, Trigger
MODE, and CFLG (coupling) include enhancements not normally found in 2
conventional oscilloscope.

The SOURCE selections for triggering A Horizontal Made acquisitions are
VERT, CHT or CH2, EXTT or EXT2, LINE, and AB or WORD (18-bit data word
recognition). These sources for trigger signals provide a wide range of applications
involving speciahzed triggering requirements. Excapt 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 selected input CPLG {coupling)
mode. The coupling mode selections are AC, DC, HF REF, LF REJ, and NOISE
REJ. A Trigger LEVEL ¢ontrol is used to set the amplitude (with CRT readout) at
which triggering occurs, and SLOPE control determines on which slope of the
triggering signal (plus or minus) the acquisition is triggered.

Trigger MODE choices are AUTO LEVEL, AUTO, NORM, and SINGLE SEQ
(single sequence). for the A and A INTENSsified Modes, and Triggerable After Delay
and Runs After Delay, for the B Mode. AUTQO LEVEL sets the level automatically
for triggering on the applied trigger signal. AUTO MODE forces an auto trigger if a
trigger signal is either not received or not within the limits needed to produce a
triggering event. When triggering conditions are met, a normal triggered display
results. 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.

NORM {normal) Trigger MODE requires that all triggering requirements be met
before an acquisition will take place (no forced triggers occur}. SINGLE SEQ (single
seguence) MODE is a variation of the conventional single-shiot displays found on
many oscilloscopes. In SINGLE SEQ, a single complete acquisition is done an 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 i1s discussed in
Section 5, Controls, Connectors, and Indicators.

The user can choose the trigger point within the acquired waveform record by
selecting the amount of pretrigger data displayed. The trigger location in the record
is chosen by selecting from among five pretrigger lengths beginning at one-eighth
of the record length and increasing to seven-gighths of the record length. A Record
Trigger position is independertly selectable for both A and B acquisitians.
Additional trigger positions in the record are selectable via the GPIB commands.
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Cursor Measurements

TIME and VOLTS cursers are provided for making parametric measurements
on the displayed waveforms. Time may be measured either between the curser
positiohs {A) or between a selected cursor and the trigger point of an acquired
waveform (ABSclute). 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
either the voltage difference hetween the cursor positions or the absoiute voitage
position of a selected cursor with respect to ground. The volts measurement
readouts may be scaled in units of volts, 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 V@T may be volts, percent, or
dB; SLOPE may have units of slope (VOLTS/SEC), percent (VOLTS/VOLT), or dB.

Waveform Acquisition

Waveforms may be acquired in NORMAL. ENVELOPE, or AVG (Average)
acquisition modes,; the mode chosen depends on the measurement reguirements.
'NORMAL mede continuously acquires and displays successive aoquisitions
producing a “live” waveform dispiay similar to that seen with an anaiog
oscllloscope. AVG (averaging) made averages successive acquisitions of a
waveform resulting in an improved signal-to-noise ratic of the displayed waveform.
Low-amplitude signals masked by noise become easily visible for making
measurements and analysis by averaging from 2 to 256 acquisitions for removing
uncorrelated noise. ENVELOPE mode saves the maximum and minimum data-point
values over a selected number of acquisitions from 1 to 256 plus CONT
{continuous). The display presents a visual image of the amount of change
{envelope) that occurs to a waveshape 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
carn capture single-event pulses as narrow as 2 ns at the slowest SEC/DIV setting
of & seconds per division.
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For all three acquisition modes, equivalent-time sampling extends the Useful
Storage Bandwidth to 150 MHz if the signal is repetitive and REPET mode is
turned on. At 200 ns/DIV and faster, randomly-acquired data points {or samples)
taken from successive acquisitions of a periodic signal are used 1o fill the complete
record (1024 data points) of the signal waveform display. Depending on the
SEC/DIV setting, as faw as 10 data points {at 5 ns/DIV} or as many as 409 data
points (at 200 ns/DIV} may be obtained on each triggered acquisition. Sampling ot
successive acquisitions continues until a predetermined number of data points are
acquired and any remaining points in the record are determined by interpoiating
between the acquired points. {The predetermined number includes at least enough
data point to meet the Useful Storage Bandwidth of 150 MHz specified for REPET
mode.) These interpolated points are replaced by randomly-acquired data points as
they become available from successive acquisitions.

Horizontally, the record length of acquired waveforms s 1024 data points (512
max{min pairs in ENVELOPE mode}, of which 500 make up 2 one-screen display
(50 data points per division for 10 divisions}. The entire record may be viewed by
using the Horizontal POSITION control to pesition any portion of the record within
the viewing area.

Data Storage and Proprietary Information Removal

Acquired waveforms can be saved in any of four nanvolatile REF waveform
memaories. Any or all of the stored reference waveforms can be displayed for
comparison with the waveforms currently being acguired. The user can designate
the source and destination of waveforms to be stored by assigning either channe! 1
or channel 2 (or the sum or product of the two channels) to any REF memory, or
by maoving a stored reference waveform from one REF memory to another.
Reference waveforms can also be written into a REF memory location via
the GPIB.

TEKSECURE

The TEKSECURE Erase Memory feature of this instrument can destroy any
proprietary information that may be stored in nonvolatile memory. When an
ERASE MEMORY is perforrrad, either from its front-panel menu or via the
GPIB, the following stored data is deleted: all waveforms saved in reference
memories, all AutoStep sequences saved in sequencer memory, the present
front-panel setup, and any waveforms saved on screen. To further ensure that
no proprietary data remains stored, Erase Memory also clears al remaining NV
RAM memory except those locations storing calibration constants, calibration
status/results, and data for the real-time clock. The instrument then performs 2
Selt Test and changes the current front-panel settings to the same default
setup as is obtained when an INIT front panel is performed. A# saved
waveforms, seguences, and the present front-panef setup are irretrievably lost.
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As a standard feature, the scope is fully controllable and capable of sending
and receiving waveforms via the GPIS. This makes it ideal for use in a production
or research and devefopment envircnment that calls for automated measurements
or repetitive data taking. Self- calibration and self-giagnostic features, which are
built into the scope to aid in fault detection and servicing, are also accessible via
commands sent from the GPIB controlier.

Another standard feature is the DEVICES setting for GPIB control. This feature
aliows the user to output waveforms (and other on-screen information) trom the
front panel to many of the printers and plofiers that use HPZ Graphics Language,
providing a way to obtain hard copies of acquired waveforms without putting the
scope into a system controlier environment.

Extended Fealures

Several other features of this instrument make it more usable. namely, the
HELP, Auto Setup, MEASURE, and AutoStep Sequencer features.

HEL®: The HELP function can be used to display operational information
about any front-panel control. When HELP mode is in effect. maniputating
almost any front-panet contrel causes the scope to display information about
that controd. When HELP is first invoked, an introduction o HELP is displayed
on screen.

Aute Setup: The Auto Setup function is used to automatically setup the
scope for a viewable disptay based on the characteristics of the input signat.
The user can choose the waveform feature (front-edge, peried, ete.) for which
Auto Setup will optimize the display using the menu called up when Autc Setup
is executed.

MEASURE: MEASURE automatically extracts parameters from the input
signal. in the SNAPSHQT mode, 20 different waveform parameters are
extracted and disptayed for a single acquisition. In the continuous- extraction
mode, up to four parameters are extracted continuously as the instrument

continues to acquire.
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AutoStep Sequencer (PRGM): With AutoStep, the usér can save single
front-panel setups or sequences of setups and specify associated flow control
and Input/Output actions for fater recall. If MEASURE andior QUTPUT are
saved as part of these setups they can be used for automatic parameter
extraction and data printout. Depending on complexity, 100 to B0O front-panel
setups can be stored in ane or More sequUENces.

The complete descriptions of these four features are found in Section 5.
Controls, Connectors, and Indicators. See Section 3, Apphications. for examples of
applications for Auto Setup, MEASURE, and AutoStep.

Standard Accessories

The following itemns are standard accessories shipped with the instrument:

2 Probe packages

1 Snap-lock accessories pouch

1 Zip-lock accessories pouch

1 Operatars manual

1 Programmer's Reference Guide
1 Users Reterence Guide

i Fuse

1 Power cord (installed)

1 Blue plastic CRT fitter (installed)
1 Clear plastic CRT filter
1 Front-panel cover
For part numbars and further information about standard accessories and a list
of the optional accessories, refer to Section 7, Qptions and Accessories. For

additional information on accessoties and ordering assistance, contact your
Tekironix representative or iocal Tektronix Field Office.
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Performance Conditions

The foliowing electrical characteristics given in Tab'e 6-1 apply when the scope has
been calibrated at an ambient temperature between +20°C and +30°C, has had a
warmup period of at feast 20 minutes, and is operating at an ambient temperature
between —15°C and + 55°C {unless otherwise noted}.

ltemns listed in the "Performance Requirements™ column are verifiable qualitative or
quantitative 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 Hli, Class 3, Style D equipment,
with the humidity and temperature requirements defined in paragraphs 3.9.2.2. 3.9.2.3,
and 3.9.2.4 The rackmounted scope meets the vibration and shock reguirements of
MIL-T-28800C for Type ili. Class 5, Style D equipment when mounted using the
rackmourt rear-support kit supplied with both the 18 Option and the Rackmount
Conversion kit.

Mechanica! characteristics of the scope are listed in Tabie 6-3.

Video Option characteristics are given in Table 8-4.

Recommended Adjustments Schedule

For optimum performance to specification, the internal SELF CAL shouid
be done:

1. If the operating temperature is changed by more than 5°C since the last
SELF CAL was performed.

2. Immediately before making measurements requiring the highest degree of
acouracy.
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Table 6-1

Electrical Characteristics

Characteristics

Performance Requiremeants

ACQUISITION SYSTE

M—CHANNEL 1 AND CHANNEL 2

Resolution

8 bits.

Digplayed vertically with 25 digitization ievels
{DL3) per div, 10.24 divisions dynamic range.

Record Length

1024 samples.

Displayed horizontally with 50 samples/per
division, 20.48-division trace iength.

Sample Rate 10 samples/sec to 100 megasamples per
second (5 sec/DIV to 500 ns/DIV).
Sensitivity
Range 80 uV per DL to0 0.2 Volts per DLin a 1-2-5
sequence of 11 steps (2 mV/DIVio 5 VIDIV).
ACCUFACY
Normal Within £{2% + 1 DL) at any YOLTS/DIV
and setting for a signal 1 kHz or less contained
Average within +75 DLs {+ 3 divisions) of center when a
Modes SELF CAL has been performed within = 15°C

of the operating temperature. Measured on a 4
or & division signal with VOLTS or v@T
cursors: UNITS set to delta volts,

Envelope Mode

Add 1% to Normal Mode specifications.

Variable Range

Continuously variable between VOLTS/DIV
settings. Extends sensitivity to 0.5 v per DL or

greater, 12.5 V per division or greater.

8 »DL” is the abbreviation for “digitization level.” A DL is the smallest voltage level change

that can be resolved by the internat 8-

bit A-D Converter, with the input scaled 19 the

YOLTS/DIV setting of the channel used. Expressed as 2 voltage, a DL is equal to 1/25 ofa

division times the VOLTS/BIY setting.
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Table 6-1 (cont}

Characteristics i Perlormance Requirements

ACQUISITION SYSTEM—CHANNEL 1 AND CHANNEL 2 (cont)

Bandwidth Bandwidth is measured with a leveied, low
distortion, 50-( source, sing-wave generator,
terminated in 50 £2. 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-to-GR {017-0520-00) termination
adapter.

Bandwidth with external termination is checked
using a BNC 50-{i feed through terminator

{011-0049-01).
—3 dB Bandwidth Oc 10 150 MHz.
Single Event Useful Storage
Bandwidth
Normal or Average Mode:; De to 40 MHz {calculated useful storage
REPET and SMOOTH oft; bandwidth-—USHE.

SEC/DIV at 0.5 us or faster.

USB = F.jsamEle freq max)b

25
AC Coupled Lower --3 dB Foint
1X Probe 10 Hz or less.
10X Probe | 1 Hz or less.
Step Response; Repet and Average
ON; Average Set to 16
Rise Time 2.3 ns or less (calculated)

T (i 350
0 0S) = B My

bSample freg. max. (3 100 MHz.
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Table 6-1 {cont)

Characteristics

Performance Requirements

ACGUISITION SYSTEM--CHANNEL 1 AND CHANNEL 2 (cont)

Envelope Mode Fulse Response
with Repet off or SEC/DIV at 0.5 s
or slower.

Minimum Single Pulse Width tor
50% or Greater amplitude
Capture at B5% or Greater
Confidence

2 ns.

Minimum Single Pulse Widih for
Guaranteed 50% cr Greater
Amplilude Capture.

4 ns.

Minimum Single Pulse Width for
Guaranteed 80% or Greater
Amplitude Capture.

8 ns.

Channel |soiation

100:1 or greater attlenuation of the
deselected channel at 100 MHz; 50:1 or
greater attenuation at 150 MHz, for a
10-division input signal from 5 mv/div
1o 500 mv/div; 50:1 or greater atlenua-
tion at 100 MHz for 2 mv/div; with equal
V/div settings on both channels.

Acquired Channel 2 Signal Delay with =250 ps.
Respect to Channel 1 Signal at Full
Bandwidth.
input R and C (1 M&Y)
Resistance 1 M0 £ 05%
In each attenuater, the input resistance of
all VOLTS/Div positions is matched to
within 0.8%.
Capacitance 15pF 4= 2 pF

in each attenuator, the ir:put'
capacitance of all VOLTS/DIV positions
is matched to within 0.5 pE
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Table &-1 {cont)

Characteristics

Performance Requiremeants

ACQUISITION SYSTEM—CHANNEL 1 AND CHANNEL 2 {cont)

input R {50 M

Resistance

50 ¢ +1%.

VSWR (DG to 150 MHz)

1.3:1 or better.

Maximum input Voltage

5 V rms; 0.5 W sec for any one-second interval
for instantaneous voltages from 5V 1o 50 V.

Maximum Input Voltages

'nput Coupling set to DC, AC, or
GMD

400 V (de + peak ac); 800 V p-p ac at 10 kHz
or less.

Common Mode Rejection Ratic
(CMRR); ADD Mode With Either
Channel Inverted

At least 10:1 at S0 MHz for common-mode
signals of 10 divisicns of less with VARIABLE
VOLTS/DIV adjusted far best CMRR at 50 kHz.

POSITION
Range

=(2.3 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
centar.

Low-Frequency Linearity

3 DL= or less compression or expansion of &
two-division, center- screen signal when
positioned anywhere within the acquisition
window.

20 MHz Bandwadth Limiter
~3 dB Bandwidth

13 MHz to 24 MHz.

50 MHz Bandwidth Limiter
— 3 dB Bandwidth

40 MHz to 55 MHz,

Rise Time 8.3 ns to 8.7 ns.
With a five-division, fast-rise step {rise time ¢of
300 ps or less) using 50 9 DC input coupling
and VOLTS/DIV setting of 10 mV.
§-12 2430A Operators
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Table 6-1 (cont}

Characteristics

Performance Reguirements

TRIGGERING—A and B

Minimum Amplitude and frequency
for AUTO LEVEL Trigger and for
triggering an Auto Setup

= 5 my at = 50 Hz.

Minirnum P-P Signal Amplitude for
Stable Triggering from Channel 1,
Channel 2, or ADD®

A Trigger
DC Coupled

0.35 division from DC 1o 50 MHz, increasing to
1.0 division at 150 MBz; 1.5 divistons at
150 MHz in ADD mode.

NOISE REJ Coupled

1.2 divisions ar less from DC to 50 MHz,
increasing 1o 3 divisions at 150MHz; 45
divisions at 150 MHz in ADD mode.

AC Coupled

0.35 division from 80 Hz to 50 MHz; increasing
to 1.0 division at 150 MHz, 1.5 divisions at
150 MHz in ADD mode. Attenuates signals
below 60 Hz.

HF REJ Coupled

0.50 division from DC to 30 kHz. Attenuates
signais abave 30 kiHz.

LF REJ Coupled

0.50 division from 80 kHz to 50 MHz increasing

| to 1.0 division at 150 MHz; 1.5 divisions at

150 MHz in ADD mode. Attenuates signal
below 80 kHz.

B Trigger

Multiply all A Trigger specifications by 2.

A'B Selected

Multiply all A Trigger specifications by 2.

A atable 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 wavelorm, and the
display must not “rol” across the screen on successive acquisitions. The TRIG'D LED
stays constantly lit when the SEC/DIV setting is 2 ms o tastaer, but may flash when the

SEC/DIV setting is 10 m3 or slower.
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Performance Characterislics

Table 6-1 {cont)

Characteristics

Performance Requirements

TRIGGERING—A AND B (cont)

Minimum P-P Signal Amplitude for
Stable Triggering from EXT TRIG
or EXT TRIG 2 Source®

A Trigger
Ext Gain = 1

DC Coupled 17.5 mV from DC to 50 MHz, increasing to
50 mY at 150 MHz.

NOISE REJ Coupled 60 mV or tess from DC to 50 MHz; increasing
to 150 mY at 150 MHz .

AC Coupled 17.5 mV from 60 Hz to 50 MHz, increasing tc
50 mV at 150 MHz. Attenuates signals below
60 Hz.

HF REJ Coupled 25 my from DC to 30 kHz.

LF REJ Coupled

25 mV from 80 kHz to 50 MHz; increasing to
50 mV at 150 MHz.

Ext Gain = +5 Amplitudes are five times those specified for Ext
- Gain = 1.
B Trigger tultiply ait A Trigger amplitude specifications by
twa.
A'B Selected ‘ Muhiply all A Trigger amplitude specifications by

i wo.

€A stable trigger is one that results in & uniform, regular display triggered on the selected
slope. The trigger peint must nel 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/DNV setting is 2 ms or faster, but may flash when the

SEC/BIV ssetlting is 10 ms or slower.
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Performance Characteristics

Table 6-1 (cont}

Characteristics

Performance Requirements

TRIGGE

RING A and B {cont}

Maximum P-P Signal Hejected by
NOISE REJ Coupling within the
Vertical Bandwidth

Channel 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

1 MQ 2 1%,

Capacitance

15 pF =3 pF.

Maximum input Voltage

400 V {dc + pesk ac) B0Q V p-p ac at 10 kHz
or less.

LEVEL Control Range

Channel 1 or Channel 2 Source

=18 divs x VOLTS/DIV setting.

EXT TRIG 1 or EXT TRIG 2
Source

EXT GAIN

+ 0.8 volts.

EXT GAIN

It

+4.5 volts.

24304 Operators

6-15

www.valuetronics.com
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Table 6-1 {cont}

Characteristics

Performance Requirements

TRIGGERING A and B {cont)

LEVEL Readout Accuracy {for
triggering signals 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 } VOLTS/DIV setting) + 0.5 mV
+ (0.5 mV X probe attenuation factorj].

—15°C to +-55°C
(excluding +15°C to
+35°C)

Add (1.5 mV X probe attenoation) to +15°C to

: +35°C specification.

NOISE REJ Coupled

Add +{0.6 division x VOLTS/DIV setting) to
OC 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 signal +
10 mV - (0.5 mV x probe attenuation factor)].

NQISE RE! Coupled

Add =30 mV to DC Coupied specificaticns.

EXT GAIN = =5
DC Coupled

Within =[3% of setting + 4% of p-p signal +
50 mV + (0.5 mV x probe attenuation factor)).

NOISE REJ Coupled

Add = 150 mV to DC Coupled specifications.

8-16
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Performance Characteristics

Table -1 {co

nt}

Characteristics ;

Performance Requiraments

TRIGGERING—A AND B (cont)

Yariable A Trigger Holdoff A SEC/DIV MIN HO MAX HO
3ns
10 ns
20 ns 2-4 us 9-15 us
50 ns
100 ns
200 ns
800 ns 510 s
1 us 10-20 us
2 us 2040 us 100-150 us
5 s 50100 us
10 us 0.1-0.2ms
20 us 0.2.04 ms 1-1.5 ms
50 us 051.0ms
100 us 1-2ms
200 ps 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 02-045s 09-15s
50 ms 5108
100 ms 125
200 ms 245
500 s
158 3-10s 9-15 8
2s
Ss
24304 Operators 6-17
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Performance Characteristics

Table 6-1 {cont)

Characteristics Performance Requirements

TRIGGERING—A AND B (cont)

SLOPE Selection Conforms to trigger-source waveform and ac-
power source waveform.

Trigger Position Jitter (p-p!

SEC/BIV 0.5 us per Division or
Greater

A and B Triggered Sweeps 0.04 x SEC/DIV setting.

B RUNS AFTER Delay 0.0B x SEC/DIV setting.
SEC/DWV 0.2 us per Division or | (0.04 x SECIOIV setting) + 200 ps.
Less

Checked at 5 ns/DIV in ENVELOPE ACQUIRE
mode with REPET ON using a 5-division step
having less or equal to 1 ns rise time.

TIME BASE
Sample Rate Accuracy
Average = 0.0015%.
External Clock
Repetition Rate
Minimum 1 MHz.
Maximum 100 MHz.
Events Count 1 to 65,536.

Events Maximum Repetition Rate 100 MHz.
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Perfarmance Charactenistics

Table 6-1 {cont}

Characteristics

Performance Aequirements

TIME BASE (cont}

Signal Levels Required for EXT
Ciock or EVENTS

Channel 1 or Channel 2
SOURCE

DC Coupled

0.7 division from DC to 50 MHz; increasing to
2.0 division at 100 MHz; 3.0 divisions at
100 MHz in ADD mode,

NOISE REJ Coupled

i 2.4 divisions or less from DC to 50 MHz;
- increasing to 6.0 divisions at 100 MHz;

9.0 divisions at 100 MHz iniDD mode.

AC Coupled

0.7 division trom 60 Hz to 50 MHz; increasing
10 2.0 divisions at 100 MHz; 3.0 civisions at
100 MHz in ADD mode. Attenuates signals
beiow 60 Hz.

HF REJ Couplec

1.0 divisions from DC to 30 KHz, Atlenuates
signals above 30 kHz,

LF REJ Coupled

1.0 division from 80 kHz to 50 MHz; increasing
to 2.0 divisions at 100 MHz; 3.0 divisions at
100 MHz in ADD mode. Attenuates signais
below 80 kHz.

EXT TRIG 1 or EXT TRIG 2 Source

Ext Gain = 1
DC Coupled

35 mv from DC to 50 MHz; increasing to
100 mV at 100 MHz.

NOISE REJ Coupled

i 120 mV or tess from DC to 50 MHz; increasing

to 300 mv at 100 MHz.

AC Coupled

35 m¥ from 60 Hz to 50 MHz; increasing to

! 100 mV at 100 MHz. Attenuales signals below

60 Hz.

HF REJ Coupled

50 mv from DC to 30 kHz.

LF REJ Coupled

50 mV from 80 kHz to 50 MHz; increasing o
100 mv at 100 MH2.

Ext Gain = +5

Amplitudes are five times those specified for Ext
Gain = 1.

2430A Operators
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Performance Characteristics

Table 6-1 (cont)

Characteristics Performance Requirements

TIME BASE (cont)

Delay Time Range

B RUNS AFTER DELAY {0.04 X B SEC/DIV) to (B5536 X 0.04 X B
SEC/DIV) or 1.3107 ms, whichever is greater.

B TRIGGERABLE AFTER DELAY)
SEC/DV 500 ns and faster 20 ns t0 1.3107 ms.

SEC/DIV 1 45 and slower {0.04 X B SEC/DIV) to (65536 X 0.04 X B
SEC/DIV).

Delay Time Resolution

B RUNS AFTER DELAY (0.04 X B SEC/DIV).

B TRIGGERABLE AFTER DELAY)]
SEC/DIV 500 ns and fastar 20 ns.

SEC/DIV 1 u5 and slower {0.04 X B SEC/DIV).

Del_ay Time Accuracy Same as the sample rate accuracy.
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Performance Characteristics

Tabie -1 (cont)

Characteristics

Performance Requirements

NONV

CLATILE MEMORY

Front-Panel Setting, Waveform
Data, Seguencer, and Calibration
Data Retention Time

Greater than 3 years.

Proprietory Data Aemoval from
Memory

Executing a TEKSECURE Erase Memory
irretrievably deletes alf saved wavaforms (on
screen ar in Reference memories), all frant-panel
setlings. and all sequences stored in Sequencer
memeory. To further assure that no proprietary
data remains stored, Erase Memory also ciears
all rermaining NV RAM, except those lecations
storing catibration constants, calibration
status/results, and data for the real-time clock.
The instrument is left with a default fronl-panet
setup {the same one invoked by deing an INIT
front panel).

Battery {For instruments with Serial
Numbers B029399 & Below)

3.6 Volt. 1.6 Amp Hour, Lithiurn Thionyl
Chioride; Manufacturer EAGLE PICHER, Type
LYC16P/P, TEK Part Number 146-0062-00; UL
Listed. (See Warning below.)

WARNING

To avoid personal injury, obsarve proper
procedures for handfing and disposal of fithium
batteries. Impropsr handiing may cause fire,
explosion, or severe burns. Don'l recharge.
crush, disassemnble, heat the batlery above
212°F (100°C), incinerate, or expose contents
of the battery to water. Dispose of battery in
accordance with focal. state, and national
reguiations. Typically, smalf quantities (less than

! 20) can ba safely dispased of with ordinary

_ garbage i a sanitary landfifl. Larger quantities
must be sent by surface transport to a
hazardous waste disposal facility. The batteries
should be individually packaged fo prevent
shorting and packed in a sturdy container that
is clearly labeled *Lithiurm Batteries— D0 NOT
OFEN."

2430A Operators
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Performance Characteristics

Table 6-1 {(cont)

Characteristics Performance Requirements
SIGNAL OUTPUTS
CALIBRATOR CALIBRATOR output amplitudes at 5 MHz are

Voltage {with A SEC/DIV switch
setto 1 ms)

at least 50% of ocutput amplitudes at 1 ms
SEC/DIV setting.

1 M Load 04V =1%.
50 0 Load 0.2V +1.5%.
Current (short circuit [cad with A] 8 mA +1.5%.
SEC/DIV switch set to 1 ms)
Accouracy +0.0015%. _ o
Symmetry Duration of high portion of cutput cycle is 50%

of output period + (lesser of 500 ns or 25% of
period).

CH 2 SIGNAL QUTPUT

Dutput Voltage 20 mV per division =10% into 1 M2,
10 mV/DIVision +10% into 50 €.
Offset +£10 mV into 50 (2, when dc balance has been

performed within +5°C of the cperating
temperature.

--3 dB Bandwidth

OC ta greater than 50 MHz.

A TRIGGER, RECORD TRIGGER,
and WORD RECOGNIZER CQutput

Logic Polarity

Negative true. HI 1o LO transition indicates the
trigger coourred.

Output Voltage Bt
Load of 400 pA or iess

25V1io35V.

50-2 Load to Ground

0.45 V or greater.

Qutput Voitage LO
Load of 4 mA or less

0.5 V or less.

50-2 Load to Ground

0.15 V or |less,

6-22
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Table 6-1 {cont)

Chatacteristics

Performance Reqguirements

SIGNAL QUTPUTS (cont)

SEQUENCE QUT, SEQUENCE
COMPLETE Cutputs

Logic Polarity

Negative true. Hi to LO transition indicates the
event occurred.

Output Voltage Hi
Load of 400 A of less

25V1I035V.

50-0 Load to Ground

¢ 0.45 ¥ or greater.

Output Voitage LO
Load of 4 mA or lgss

0.5 V or less.

50-0 Load to Ground

0.15 V or less.

SEQUENCE N Input
Logic Polarity

Negative true. HI 1o LO transition restaris a
paused SequUence.

High-Level Input Current

20 pA maximuem at Vin = 27 V.

Low-Level input Current

— .4 mA maximurn at Vin = 0.4 V.

High-Level Input Voltage

. 2.0 V minimum.

Low-level Input Voltage

0.8 ¥ maximum.

Absolute Maximum Ratings

Vin max

+7.0V.

Vin min

-08V.

24304 Operators
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Performance Characteristics

Table 6-1 {cont)

Characteristics J Performance Requirements
DISPLAY
Graticule 80 mm X 100 mm {B x 10 div).
Phesphaor P31.
Nominal Accelerating Potential 16 kV.
Waveform and Cursor Display,
Vertical

Resolution, Electrical One part in 1024 (10 bit). Calibrated for 100
peints per division.

Gain Accuracy Graticule indication of voltage cursor difference
is within 1% of CRT cursor readout value,
measured over center six divisions.

Centering, Vectors OFF Within = 0.1 division.

Offset with Vectors ON Less than 0.05 division.
Linearity Less than 0.1 division difference between

graticuie indication and CRT curser readout
when active VOLTS cursor is positioned
anywhere on screen and inactive curser is at
center screen,

Vector Response

NORMAL Mode
Step Aberration + 4%, —4%, 4% p-n.
Fidl Edges of filled regions match reference lines

within + 0.1 division.

ENVELCPE Mode

Fili Less than t% change in p-p amplitude of z &
division, filled ENVELOPE waveform when
switching vectors ON and OFF.
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Characteristics

Table 6-1 {cont)

Performance Requirements

DISPLAY (cont)

Waveform and Cursor Dsplay,
Horizontal
Resolution, Electrical

QOre part in 1024 (10 bit}. Calibrated for 100
points per division.

Gain Accuracy

Graticule indication at time cursor difference is
within 1% of CRT cursor readout value,
measured over center B divisions.

Centering. Vectors OFF
Oftset with Vectors ON

Withir * Q.1 division.
Less than 0.05 division.

Linearity

Less than 0.1 division difference between
graticule indication and CRT cursar readout
wrign active time cursor is positioned anywhere
along center horizontal graticule line and
inactive cursor is at center screen.

AC POWER SOURCE

Scurce Voitage
Nominal Ranges
115 V

B0Vt 132V.

230 V

180 V to 250 V.

Source Frequency

48 Hz to 440 Hz,

Fuse Rating

i 3 A 250V, AGCI3AG. Fast Blow; or 4 A,

250 ¥V, 5 » 20 mm Time-Lag (T).
Each fuse type requires a different fuse cap.

Power Consumption
Typical (standard instrurment)

160 watts (250 VA}L

Maximum (fully-optioned
instrument}

200 watts (300 VA).

Primary Grounding®

Type test 0.1 @ maximum. Routine test to check
grounding gontinuity between chassis ground
and protective earth ground.d

dRoutine teat is with ROD-L/EPA Electronic Model 160AV Hi-Pot Tester. This tests bath the
Primary Circuit Dielectric Withsiand and Primary Grounding in one operation. Contact
Tektronix Product Satety prior to using any other piece of equipment to perform these

tests.

2430A Operatars
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Performance Characteristics

Table 6-2

Environmental Characteristics

Characteristics Performance Requirements
STANDARD INSTRUMENT
The gscilloscope meets the environmental
requirements of MIL-T-28800C for Type ili,
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.
Temperature
Operating -15°C to +55°C,
Nonoperating (storage) . —62°Cto +85°C,
Altitude
Operating Tao 15,000 feet (4500 rneters). Maximum

operating temperature decreased 1°C for each
1000 feet (300 meters) above 5300 feet {1500
meters).

Nonoperating (storage)

To 50,000 feet {15,000 rmeters).

Hummidity
Operating and Storage

Stored at 95% relative humidity for five cycles
{120 hours) from 30°C to 80°C, with operation
performance checks at 30°C and 55°C.

Vibration
Operating

15 minutes along each of three axes at a total
displacement of 0.025 inch {0.64 mm}p-p (4 g
at 55 Hz), with frequency varied from 10 Hz to
55 Hz in one-minute sweeps. Hold 10 minutes
at each major reschance. or if none exist, hold
10 minutes at 55 Hz {75 minutes total test time).

Shock
Qperating and Nonoperating

50-g, haff-sine, 11-ms duration, three shocks on
each face, for a total of 18 shocks.
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Table &-2 {cont)

Characteristics

Performance Regquirements

STANDARD INSTRUMENT (cont)

Transit Drop {not in shipping
package;

12-inch (300-mm) drop on each corner and each
face {exceeds MIL-T-28800C, paragraphs
3952and 45542)

Bench Handling
Cabiret Ot and Cabinet Off

MIL-STD-810C, Method 516.2, Procedure v
{MIL-T-28800C, paragraph 45.54.3).

Topple {Cabinet Instalied)
Operating

Set on rear feet and allow 10 topple over onto
each of four adjacent faces (Tektronix Standard
062-2858-00}.

Packaged Transportation

Drop Meets the limits of the Nationa Safe Transit
Assn., test procedure 1A-B-2; 10 drops of
36 inches (914 mm) (Tektronix Standard
062-2858-00).

Vibration Meets the limits of the Natonal Safe Transit

Assn., test procedure 1A-8-1,; excursion of
1 inch {25.4 rmm) p-p at 4.63 Hz (1.1 g} for
i 30 minutes (Tektronix Standard 062-2858-00).

EMi (Electromagnetic interference)

Meets MIL-T-28800C; MIL-STD-4618, part 4

(CE-03 and CS-02), part 5 (C5-06 and RS5-02},
and part 7 (C5-01, RE-02. and R3-03—limited
to 1 GHz); VDE 8871, Category B: Part 15 of
FCC Rules and Regulations, Subpart J, Class

A and Tektronix Standard 062-2866-00.

Eiectrostatic Discharge
Susceptibility

Meets Taktronix Standard 062-2862-00. The
instrinent will not change contral states with
aischarges of less than 10 kV.

X-Ray Radiation

Meets requirements of Tektronix Standard
" 0B2-1860-00.

24304 Operators
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Table 6-2 {cont)}

Characteristics

Pertormance Requirements

RACKMOUNTED INSTRUMENT

Environmental Requirements (cont)

Listed characteristics for vibration and shack
indicate those environments in which the
rackmounted instrument meets or exceeds the
requirements of MIL-T-28800C with respect to
Type i, Class 5, Style D equipment with the
rackmounting rear-suppart kit instalied. Refer to
the Standard instrument Environmental
Specification for the remaining performance
requiremenis. Instruments will be capable of
meeting or exceeding the requirements of
Tektronix Standard 062-2853-00, class 5.

Temperature {operating) —15°C to +55°C, ambient temperature
measured at the instrument’s air inlet. Fan
exhaust temperature should not exceed
+65°C.

Vibration 15 minutes aiong each of three major axes at a

total displacement of 0.015 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
no major resonance is present. hold 10 minutes
at 55 Hz {75 minutes total test time).

Shack {(operating and noncperating)

30-g, hali-sine, 11-ms duration, three shacks
per axis in each direction, for a total of 18
shocks.
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Table -3

Mechanical Characteristics

Characteristics

Deseription

STANDARD INSTRUMENT

Weight

whh Front Cover, Accessories,
and Accessories Pouch

12.B kg (28.1 bs).

Withaut Front Cover,
Accessories, and Accessories
Pouch

10.9 kg (23.9 ibs),

Domestic Shipping Weight

164 kg (38 Ibs).

Overall Dimensions
Height

With Feet and Accessories
Pouch

; See Figure 6-1 for a dimensional drawing.

190 mm {7.48 in).

Without Accessories Pouch

160 mm {6.3 in).

Width (with handle}

330 mm {13.0 in).

Depth

With Front Cover

479 mm (18.86 in).

With Hangle Extended

550 mm (21.65 in}.

Coeling Forced air circulation; no air filter.

Firish Tek Blue vinyl-ctad material on alurmninurm
cabinet.

Construction Aluminum-alloy/plastic composite chassis

{spot-molded). Plastic-taminate front panel.
Glass-lammate circuit boards.

2430A Operators
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Table 6-3 (cont)

Characteristics

Descripticn

RACKMOUNTING

Rackmounting Conversion Kit

Weight

4.0 kg (8.8 Ibs).

Domestic Shipping Weight

6.3 kg {13.8 Ibs}.

Height - 178 mm {7 in).
Width 483 mm ({19 in).
Depth 419 mm {16.5 in).

Rear Support Kit

Weight

. 0.68 kg (1.5 Ibs}.

OPTION 1R

Rackmounted Instrument
{Option 1R)

15.8 kg (34.9 bs).

Weig_l'!t_

Domestic Shipping Weight

18.1 kg (39.9 Ibs).

Height 178 mm (7 in}.
Width 483 mm {19 in).
Depth 419 mm {i6.5 in}.
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Table 6-4

Video Option 05 (TV Trigger} Electrical Characteristics

Characteristics

] Ferformance Requirements

VERTICAL—CHANNEL 1 AND CHANNEL 2

Frequency Response
Full Bandwidth
50 kHz to 5 MHz

Within =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 my
and 0.2 V per division with VARIABLE
VOLTS/OV set to CAL. Five-division, 50-xHz
reference signals from a 50-0 system. With
exterpal 50-4 termination on a 1-Mil input

20 MHz Bandwidth Limit
50 kHz t0 5 kHz

Within —1%, —4%.

Square Wave Flatness
Field Rate
5 mv/DIV ta 20 myDIV

+1%, 1% p-p at 80 Hz with input signal of
0.1 v.

50 mviDIV

+ 1%, 1% p-p at 60 Hz with input signal of
1.0V

With tast-rise step (rise time 1 ns or less), 1-M@
de input coupling, an external 50-12 termination,
and VARIABLE YOLTS/OIV set to CAL.
Exclude the first 20 ns following the step
transition and exclude the first 30 ns when

20 MHz BW LIMIT is set.

Lire Rate
5 mViDIV to 20 mviDIV

| + 1%, 1% p-p at 15 kHz with nput signa of

50 mv/DIV

+ 1%, 1% p-p at 1% kHz with input signal of
1.0V,

2430A Operators
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Tabte 6-4 {cont)

Characteristics Performance Requirements

VERTICAL—CHANNEL 1 AND CHANNEL 2 (cont)

TV (Back-Porch) Clamp (CH 2 oniy) |
60 Hz Attenuation 18 dB or greater.

' For VOLTS/DHIV switch settings between 5 mV
: and 0.2 V with VARIABLE VOLTS/DIV set to
' CAL. Six-divisign reference signal.

Back-Porch Reference within = 1.0 div of ground reference.
TRIGGERING
Sync Separation Stable video rejection and syne separation from

sync-positive of sync-negative composite video,
525 to 1280 lines, 50 Hz or 80 Hz, interlaced or
noninterlaced systems.

Trigger Modes
A Horizontal Mode All Lines:

Field 1, ssiected line {1 to n),
Field 2, selected line (1 to n),
Ait fields, selected line (1 to n).

n is equal to or iess than the number of fines in
the frame and less than or equal to 1280.

B Horizontal Mode Delayed by time,
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Table 6-4 (cont)

Characteristics Performance Requirements

TRIGGERING (cont)

Minimum input Signal Ampiitude for |
Stable Triggering

Channel 1 and Charnel 2

Composite Video ‘ 2 divisions.

Composite Sync 1 0.6 division,

Peak signal amplitude within 18 divisions of
i input grourdi reference.

EXT TRIG 1 or EXT TRIG 2

EXT GAIN =1
Composite Video 60 mv
Composite Sync 30 mv

Peak signal amplitude within = 0.8 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.
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Table 6-5
Video Option 05 {TV Trigger) Environmental Characteristics

Characteristics Performance Requirements
Environmental Requirements Same as the standard scope Digital
Oscilloscope.
Tabie 6-&
Video Option 05 (TV Trigger) Mechanical Characteristics
Characteristics Performance Aequirements
Weight Same as the standarg scope Digital
Oscilioscape.
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Qptions and Accessories

Options and Accessories

Options Descriptions

This section contains a general description of the options avaifabie for the
2430A Digtal Storage Oscilioscope when the manua! was published. The options are:

Cptions A1.A5 International Power Cords
Option 1R Rackmountirg

Cption 03 Word Recognizer Probe
Option 05 Video Option

COption 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 kst of suggested optiohal actessories,
each identified by part number, is included at the rear of this section.

Additional information about instrument options. option availability, anc other
accessoties can be abtained from the cumrent Tek Froducts catalog, or by comacting
your local Tektronix Field Qffice ¢r representative.
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Options and Accessories

Options A 1-A5—international Power Cords

Instruments are shipped with the detachabie power-cord configuration ordered
by the customer. Descriptive information about the intemational power-cord
options is provided in Section 1, "Preparation for Lise". The following list identifies
the Tektronix option number for the available power cords.

Universal Euro

Power corg (2.5 m)  OPTION Aj

UK
Power card (2.5 m)  OPTION A2

Australian
Power cord {2.5 m) OFTION A3

North American
Power cord (25 m)  OPTION A4

Switzerland
Power cord (2.5 m) OPTION AB

Option 1R—Rackmounting

When this instrument is ordered with Option 1R, it is shipped in a configuration
that makes it easy to install in & 19-inch-wide equipment rack. An optional
rackmounting kit may be ordered to convert the standard instrument to a
rackmounted instrument. Instailation 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 all 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 1o gain front access to the rear-panel
ENC 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 panel. Although the user must supply any additional cables and
connectors needed for through-panel access, the necessary items can be ordered
from Tektronix, inc.
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Option 03— Word Recognizer Probe

The Word Recognizer Probe is avaiiable as an option or can be ordered as an
optional accessery. in ether case, it is used to trigger the instrument on a user-
selected paraliel TTL data word. The Probe recognizes 2 ward having 16 bits pius
a 17th qualifier bit. Each bit can be 0, 1, or X (don't care}. Ether recognition can be
synchronous with the rising or the falling edge of an external clock signal, or it can
be asynchronous.

The standard 24304 Digital Oscilloscope inciudes the hardware and firmware
needed for using the Word Recognizer Probe. [T your instrument was purchased
without Optior 03, it is only necessary to purchase the Word Recognizer Probe as
an optional accessory. | your instrument was purchased with Optior 03, the Word
Recognizer Probe was included.

Option 05-—Video Option

Option 05 aids in examining composite video signals. With the Video Option
installed, g basic instrument functions remain the same, but sorme menus areé
changed. These changes are shown in Table 5.2, “Contro! Menus and Displays™ in
Section 5, Controls, Connectars, and Indicators. Features of this optien include a
syng separator, back-porch clamp cireuitry, TV trigger cougling modes, and
agjustrnent for closer tolerance on the 20-MHz BANDWIDTH LIMIT. This option
permits the user 1o 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 ostilloscope probes.
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Option Operating Information

Video Options

Introduction

This instrument, with the Video Trigger {Option 05) instalied, contains
additional hardware and software components to simpiify the triggering and
viewing of video signals. All standard instrument operating contrals and
teatures remain unchanged. The Video Option is fully contreliable via the GPIB.
GPIB commands for the Video Opticn are given in the Programmers
Reference Guide.

Features of this opticn include a sync separator, back-porch ciamnp circuitry.
TV trigger coupling modes, and adjustment for closer tolerance on the 20-MHz
bandwitdth limit. This option perrnits the user to trigger on a specific line nurnber
within a TV fiei¢ and provides sync polatity switching for either sync-negative or
syne-positive composite video signais.

Both system-M and nonsystern-M operation are available, providing
compatibiity with most U.S. television signal line-numbering formats. Stable
video rejection and sync separation is cbtained from the sync-positive o sync-
negative, interlaced or non-intertaced scan, composite video signals having 525
to 1280 horizontat [ines per frame and 50- or 60-Hz feld rates.

Video QOption Accessories
in addition to the standard accessories supplied with the 2430A, the

following accessories are provided when Option 05 is installed in the
instrument:

1 CCIR Graticule, Tektronix Fart Nurnber 378-0198.04
1 NTSC Graticule, Tektronix Part Number 378-0188-05

Video Option Specifications
The electrical characteristics of the Video Option are listed in Tabie 84 in

Section 6 of this manual. All other etectrical, environmental, and mechanical
charactenstics are the same as for the standard instrument.
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General Operation

Seiecting VIDEQ in the A TRIGGER COUPLING menu enables the sync
separator circuitry of the Video Option. Pressing the front-panel button fabelted
SET VIDED calts up the control menu for setting up the operating mode of the
Videa Option.

CLAMP (CHANNEL 2 ONLY). The Channel 2 back-porch clamp circuit 1s
used to stabiiize TV waveform displays by removing unwanted hum or tilt from
displayed waveforms. With the CLAMP function on, the back-porch level of the
video signal displayed on CH 2 will be held near ground kevel. Clamp circuit
operation will be unpredictable if the Channel 2 signal is not a composite video
or compasite sync signal or if the scope is not being triggered with video
sync signals.

It the back-porch clamp is enabled without a video sync signal applied to the
sync separator, the CH 2 trace may drift verticalty, which is normal. When the
back-porch clamp is tumed off, regular operation is restored.

When any front-panel change is made while back-porch ciamp is enabled,
the display may jump vertically. However, the back-porch clamp circuit will
return the back-porch level to its previous position.

FIELD TRIGGERING. Either FIELD 1 or FIELD 2 in intertaced video signals
may be selected for triggering. ALT (alternate field triggering) causes the
tnggering to aternate between the two fields.

With field triggering selected (Field 1 only for ‘noninteriaced” video signals),
1he A TRIGGER LEVEL/FIELD LINE # knob is used 1o select a specific line
within the field or which to trigger. Line numbers may be selected from 1 to the
raximum number of lines per frame in the video signal being viewed. The
acquisition will trigger an the chosen horizontal line sync pulse after ail haldofs
kave been satisfied. In an interlaced TV signal, Field 1 has one more line than
Field 2; however, the last line in Field 1 is not accessible when altemate {ALTY
field triggering is selected becavse the line counter counts only to the highest
¢commoen line number.
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SYSTEM SELECTION. System-M or nonsystem-i operation is selected
using the SYSTEM menu under EXTENDED FUNCTIONS, In system-M
operation, line counting begins three lines betore the field sync; in nonsystem-M
operation, fing counting starts just after the field sync.

SYNC POLARITY. Sync polarity is selected with the A Trigger
SLOPE/SYNC front-panel button. When VIDEO Coupling is selected, the
SLOPE/SYNC selector button controls the signal potarity applied to the Syn¢
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
sync and negative-going piciure inforrnation, the SLOPE/SYNG is setto +
{plus). For composite-video signal input with negative-going sync. the SLOPE s
set to — (minug). The INVERT feature of the Vettical inputs has ne effect on the
polarity of the trigger signa to the Video Opticn sync separator.

Setting Up the Video Option

Pressing the SET VIDEO front-panel button calls up the foltowing menu.
{See Section 5, Item 37.)

A VIDEQ COUPLING cLamP
FIELD1 FIELDZ ALT TV LINE ON!OFF

FIELD: Acquisition is triggered on a selected kne during Field 1 of the
input video signal. The line number and field indicator {TVF1) are
displayed in place of the normal A-Trigger Levei and Source
readout.

FIELD2: Acquisition is triggered on a selected line in Field 2 of the input
video signal. When Field 2 is the selected fieid, TvF2 is the
displayed indicator in front of the ine number readout. An ingut
signal must be interfaced 1o activate and display FIELD 2 in the
SET TV menii.
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NOTE

The Video Option circuitry does not detect the color-burst phase or
Bruch Sequence color burst blanking information. In a four-fieid Fal
Sequence with Bruch Sequence color burst blanking, Fields 1 and 3 wil
be displayed when Field 1 s selected (odd Felts), and Fields 2 and 4 wilf
be dispiaved when Figld 2 is selected (even figids}). On noninteriaced scan
systems the TV circuitry detects the start of feld information only.

ALT: Acguisition is alternatety triggered on a selected line
during beth fields of an interlaced video signat. With
altemnate field triggenng selected, the indicator in front of
the line number readout is TVFLD.

When B Horizontal mode is selected with A TIME ON,
one figle of a singte channel video signal will be
disptayed at the main delay and the other field will be
displayed at the main delay plus the deita delay. If CH 1
and CH 2 are both on, the CH 1 signal will be one field
at the main deizy and the CH 2 signal will be the other
field at the main defay plus the delta delay. If the delta
delay is adjusted for zero delay time, a line-by-line
comparison between the two fields rnay be done using
the FIELD LINE # control knob to move through the
two fields in unison.

TV LINE: Selects any line within either field for triggering the
oscilloscope when the Video Opticn is enabled (TV
CPLG on). An acguisition will be triggered by the first
line-sync pulse encountered after all holdoffs have been
satisfied. The indication for TV LINE triggering selected
is TVLN without a line number readout being displayed.

CLAMP ON!OFF: Controls the Channel 2 back-porch clamp feature. The
clamp circuit holds the video signal back-porch level 1o &
constant dc leve! (the vertical position of the ground
indicator) and eliminates vertical drift, hum, and tilt from
the display. A stabte display is provided despits changes
in signal amplitugde and iuminance 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 until
CLAMF is set to OFF.
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Setting a Line Number

When the Video Option is on, the A TRIGGER LEVEL/FIELD LINE # knob is
used for selecting a specific horizontal fine within 2 field. For line nurmber
selection within a specific field, the field and line numbers are displayed in the
upper-right comer of the CRT screen in place of the normat A-Trigger
Level readout.

Rotating the LEVEL/FELD 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 bution is pressed to select B-Trigger operation.)

When the user attempts to select lines beyond the maximum or minimum
fine number available in the selected field, the action taken depends on the user
selection for CNT RST BOTH!F1 {Count Reset Both or F1). If set to BOTH,
and ALT (altemate field coupling) is not selected in the A VIDEO COUPLING
menu, attempting to turn the control past the first or last line number in the fieid
selects the last or first number {respectively) of the opposite field. in these
cases, the underseored FIELD choice in the SET VIDEO control menu and the
frelg-number {TVF1 or TVF2) readout preceding the line number readout glso
switch 1o reflect the comrect field.

If CNT RST is set 1o F1 (again, ALT not selected), the instrurment treats the
two fields as one large field. with the maximum line number available equaling
the sumn of field 1 and field 2. When the maximum line number of field 1 is
encountered, the ine readout will increment that naumber by 1 when ling 1 of
fiold 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
iine one selects 625; one more than 825, ling 1). Again. the menu and field-
number readout indicate the field selected.

If ALT is selected, the setection for CNT BST doesn't matter. The instrument
aiternates between fields for tnggering successive acquisitions, using the same
line count for both fields. Further rotation of the control past the maximum or
minimum fine nrumber only resets the ine count to the beginning (ine 1) or the
end. (The end is the maximum line count common to both fields—for CCIRA
System M, it is line 262 in field 2.)

The user selects the setting for CNT RST by using 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/Nonsystem-M Selection

The foilowing procedure is used 1o select a particular protoco! using the
EXTENDED FUNCTIONS menu.

1. Press the MENU OFF/EXTENDED FUNCTIONS front-panel button
twice. (See Figure 5-1 and item 8 in Section 8, Controfs, Connectors, and
Indicators. The first press tumns off any menus being displayed and the
second calls up the EXTENDED FUNCTIONS menw.

2. Press SYSTEM to call up the selection menu for the system extended
functions. Press VIDEQ OPT to select that menu.

3 uUnger TV SYS, use the menu button to toggle between M and NON-M
as desired. (The selected protocol is underlined.}

Selecting an incarrect protocct for a given TV signal will not aftect the ability
to trigger on that signat. It will, however, cause the specific line number within
the field to be inaccurate. When system-M is selecteq, the line count begins
three lines before the field-sync pulse is encountered. When nonsystemn-M is
selected, the line count beqins coincident with the field-sync pulse.

Special Measurements

OVERSCANNED DISPLAYS. For varicus video measurements, it may be
desirable to expand the video waveform vertically beyond the fimits of the
screen. Under these circumstances. the trigger amplifiers or the sync separator
circuitry may be overicaded, blocking out sync pulses at the point of large
signal transitions o lasing sync pulses attogether. Therefore, to avoid overioad
problems, use the other vertical channet or one of the external trigger inputs
(EXT1 or EXT2) to supply a constant amplitude trigger signal to the Video
Option while the observations are being made on the expanded waveform.

AF INTERFERENCE. Operation near some FM and TV transmitters may
impress chjectionable amounts of rf signai energy on the input signal, even
when coaxial cables are used to make the signal connections. Using the
o3-MHz BANDWIDTH tirnit feature will usually eliminate such interference from
the disptay, but it does not limit the signal reaching the Video Option circuitry.
Where the rf energy nterferes with the TV triggering operation, external filters
will be reguires to limit the bandwicth of the trigger signal. In such cases, itis
recommended that one of the external trigger inputs {EXT1 or EXTZ2) be used
supply the trigger signal, using the required extemnal bandwidth imiters and
attenuators 10 obtain the necessary trigger amplitudes.
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Identifying Fields, Frames, and Lines in 525/60 and 625/50
TV Systems

NTSC (CCIR SYSTEM M). Field 1 is defined as the fieid whose first
equalizing pulse is one full H interval (63.5 ps) from the preceding horizontal
sync putse. The Figld 1 picture starts with a full §ine of video, and its lines are
numoered 1 through 263, starting with the leading edge of the first equalizing
pulse. The first regular horizontal sync puise after the second equalizing
interval is the start of tine 10

Field 2 starts with an equalizing puise a half-ling interval from the preceding
harizortal sync puise. The Field 2 picture starts with a haf fine of video and #S
ines are numbered 1 through 262, starting with the jeading edge of the second
equalizing puise. After the second equalizing interval, the first full iine is jine 9,

CCIR SYSTEM B AND SIMILAR 625/50 SYSTEMS. Except for PAL
systems, identification of parts of the picture in most 625-ine, 50-Hz field-rate
systems relies primarily on continuous line numbering rather than on field-and-
line identification.

The CCIH frame starts with the first {wide} vertical sync pulse following a
field which ends with a hatf-ine of vigeo. The first line after the second
equalizing interval is line 6; the first picture fine 1s line 23 (half-ine of video). The
first fietgt of the frame contains lines 1 through the first half of line 313, and the
sicture ends with & full line of video {ine 310},

The second field of the frame commences with the leading edge of the first
fwide) vertica! sync pulse {middie of line 313) and runs thirough line 625 (end of
equalizing interval). The first full line after the equalizing interval is ine 318; the
picture starts on line 336 {full ling).

Tre 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.
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In the four-field PAL sequence with Bruct Sequence color-burst blanking,
the fields are identified as follows:

Field 1: Field that follows a field ending m a hali-line of video,
when preceding field has coior burst on the last tull line.
Field 1 lines are 1 through 312 and hatf of line 313
Color burst starts on hne 7 of Field 1; a halHine of video
appears oh ltne 23.

Field 2: Field that follows a field ending in a full line which does
not carry color burst. Field 2 lines are the last haif of line
313 through line 625. Color burst starts on fine 319 (one
line without burst following the last equalizing pulse]; 2
full line of video appears at line 336.

Field 3. Field that follows a field ending in a half ine when
precading field has no color burst on its last full ling.
Field 3 lines are 1 through the first hatf of line 313. Burst
starts on line & {immediately following the last equalizing
putse); a hali-lime of videc appears on line 23.

Field 4: Field that follows 2 field ending in a full ine camying
color burst. Field 4 lines are the second half of line 313
through line §25. Color burst for Field 4 starts on line
320 (twe full lines without burst follow the last equajizing
pulse): video starts with a full fine on line 336.

Basic Applications

This instrument, with the TV Option installed. is an accurate and flexible
measurement system for displaying and analyzing video information. After
becoming familiar with the ¢controls, inclicators, operating considerations, and
capabilities of the instrument, perform the foliowing procedures to become
familiar with the functions for making TY-elated measurements.

Verity that the POWER switch is OFF (push bution 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 instrumertt ¢controls to obtain & baseline trace as foliows:

Trigger
TRIG POS (A and B) Y
MODE AUTO
SOURCE CHzZ
COUPLING ™
SET TV
FIELD 1 Selected
CLAMP ON
LEVEL/FIELD LINE # 1
SLOPE/SYNC —~ (minus)
HOLBPOFF Off (no Holdoff indicator disgphayed)

Storage Mode

ACQUARE ENVELOPE {1 acquisition)
Horizontat

MODE A

SEC/OIV 2ms

POSITION Center trigger-point indicator
Vertical

CH 2 POSITION Center baseline trace

MODE CHz

CH 2 VOLTS/DIV 500 mv

CH 2 COUPLING GND

Extended Functions System
TV SYS M
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c. Adjust the DISPLAY and READOUT intensity for the desired brightness of
the frace and readout.

d. Apply a composite video signal (with color-burst signal and negative-going
sync) to the CH 2 input connector using & coaxial catle with the proper
terminations for impedance matching.

€. Set CH 2 input coupling to DC; observe the field-rate signal enveiope,

f. Press SET TV to display the Video Option menu.

g. Rotate the LEVEL/FIELD LINE # knab counterclockwise into the end region
of Field 2. Observe that the field number indicator switches to TVF2 and that
FIELDZ2 becomes the underscored field choicg in the control menu.

h. Rotate the FIELD LINE # knob clockwise through the entire Field 1 display
and set tha line number for line one of Field 2.

i. Switch the A SEC/DIV setling to 50 us and set the ACQUIRE mode
to NORMAL.

i Observe that line number 1 is in the vertical blanking region prior to the
vertical sync pulse.

k. Set the line number for line 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/DV 500 ns
A TRIGGER SQURCE EXT1
EXT GAIN EXT1/5
CH 2 VOLTS/DIV 100 mv
Harizontal MODE B
DELAY by TIME ON
DELTA TIME OFF
DELAY TIME Minimum
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r, Adjust the DELAY TIME to cbserve the color-burst signal (approximately
4 10 5 us delay from RTRIG)

0. Press CURSOR FUNCTION and select VOL TS cursors. Measure the paak-
to-peak voltage of the color-burst reference signal.

p. Press the SAVE front-panel button.
q. Save the color-burst signal in REF4.
r. Expand the SAVEC display by switching the B SEC/DIV setting to 100 ns.

s. Measure the frequency of one cycle of the color-burst signal. A simple way to
do this is; press the Cursor FUNCTION butten and select V@T cursors; set the
exact time by adjusting them so the TIME cursors are one period apart while the
VOLTS cursors overtap at 0 V, then press 1/TIME to measure the frequency.

1. Set the Horizontat MODE to A and press the ACQUIRE button.

u. Press DISPLAY REF and press REF4 to recall the previously
stored waveform.

v. Set the SEC/DIV control fack to 500 ns and compare the SAVEd wavetorm
with the REF4 waveform dispiay.

w. Switch the Horizontal Mode to A andg press the ACQUIRE button to restart
the waveform acquisition.

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 circuit to be
functional, the instrument must be triggered on a composite video or composite
sync signal.

The tollowing procedure demonstrates the appearance of a video signal with
CLAMP gither ON or OFF.

NOTE

When enabting the back-porch clamp (CLAMP ON), leave the rear-pane!
CH 2 515G OUT connector unterminated (open) fo preserve wavetorm fidefity
of video signals applied to the CH 2 Vertical Input connector.
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2. Connect a composite video signal (negative-going sync) along with an
overriding ac signal of 80 or 120 Hz (simulating power-supply hum) to the CH 2
input connector.

b, Set tha A SEC/DIV to 5 ms.

c. Set VOLTS/OW to obtain a display amplitude of at ieast 2 divisions.

d. Press the front-panel Trigger CPLG {coupling) button and select TV from
the A TRIGGER COUPLING meanu.

e. Press SET TV panet button, and select FIELD 1 or FIELD 2 triggering:
then press the CLAMP OFF menu button.

t. Select the ENVELOPE acquisition mode and observe the presence of ac
tilt ar 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 sliminated. (See Figure 7-1.)
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Figure 7-1. Composite video signal with and without TV clamping.
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Word Recognizer Probe Options

The Word Recognizer Probe is used to trigger on a selected paraile! TTL data
word. The following text is general operating information.

Etectrical connection from the Word Recognizer Probe to the scope is via the
rear-panei connector labeled P6407 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 SQURCE 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 WORR front-panet bution is pressed).

Attempting to select WORD as a trigger source or Lo 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 trigger
s0Urce remains as previously selected. The same error message will appear if the
Word Recognizer Probe is disconnected after WORD is selected while the scope s
acquiring. Disconnecting the probe will not be detected while the scope is in SAVE
mode; however, any attempt to change the programmed word with the probe
removed will result in a WORD PROBE FAULT.

A word length of 18 bits, plus a 17th qualifier bit. can be recognized. Each bit is
selectable to 0. 1, or X {don't care). Word recognition may be either synchronous
with an external clock signal (rising or faling edge} or asynchronous {ignoring
clock signals).

The word-recognizer trigger signal is routed to the rear-panel BNG connector
labeled WORD TRIG OUT for use as a trigger signal to external devices. A trigger
signal will appear at the WORD TRIG QUT connector each time a word match
occurs; however, the holdoff ime of the scope may prevent it from accepting each
trigger if the selected word appears too often in the data stream.
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Word Probe Setup

The front-panel button labeied SET WORD calls up the menu for setting up
the Word Recognizer Probe operation. The RADIX choice lels you dispiay the
selected word in either octal or hexadecimal form. Under the CLOCK in the
menu, you can sefect either the rising-edge of clock, falling-edge of clock, or
ASYNChronous {ignore clock) for determining when a data match will produce
an output trigger.

Pressing the SET BITS menu button calls up the TRIG WORD menu for
setting the word to be recognized. The trigger word is displayed in binary form
{for ease in setting the individual bits) and in either octal (six digits) or
hexadecimal (four digits) as selected under the RADIX choice ({for ease in user
identification of the trigger waord). Digits containing don’t care bits (X} in the
binary waord display are shown in the octal or hex representation as a
guestion mark (7).

The binary trigger-ward bits are selected for setting by using the direction-
arrow menu buttons to position the underline beneath the bit to be set. Onge
the underiine is positioned as desired, that bit may be set by pressing a 1, 0, or
X menu button. ARter a bit is set, the curser automatically advances to the next
bit as directed by the last arrow-button chaoice. The bit selection and arrow
buttons are repeating; they continue their function and rctate through the brts
as long as they are held down. Using the repeating feature, all the word bits {(or
any portion of the bits} may be set 10 one, zero, or X. The specific bits for
change may then be selected one at a time by pressing the arrow keys as
necassary to position the underline, and then pressing the correct bit
button once.
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Basic Application

The following procedure is a general guide 1o Word Recognizer operation:

1. 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 B-15 and the qualifier bit appear on the other. Be sure 1o connect
at least one of the GND terminals to a good signal ground in the system, as
close to the trigger source as possible.

2. Use A/B TRIG front-panel button 1o select the desired
Triggering system.

3. Press TRIGGER SOQURCE to display that menu.

4, 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.}

5. Press the SET WORD front-panet bution to display the WORD
RECOGNIZER setup menu. Set the menu as desired to select DCTai or
HEX RADIX. rising edge symbol (_{ }, faling edge symbal {—,_ ), or
ASYNCHRONOUS [ne clock) as desired.

6. Press the SET BITS menu button to display the TRIG WORD menu.
{Repeatedly pressing SET WORD also toggies between the SETUP and the
TRIG WORD menus.)

7. Use the menu buttons to set the trigger word:

a. Use the arrow-labeled buttons in the menu to move the undertine
1o 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 underling autornatically steps 1 bit at a time in
the direction of the last arrow pressed.)

¢. Aepeat Steps 2 and b untit all bits are set as desired. Note that the
menu also displays the word in OCT ar HEX (depending on the RADIX
previcusly selecied}.

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 P6133

1 Accessory Pouch, Snap 016-0692-00
1 Accessory Pouch, Ziploc 016-0537-00
1 Cperators Manual 070-6286-02
1 Users Reference Guide 070-6339-00
1 Programmers Reference Guide 070-6338-00
1 GPIB Pocket Guide 070-8604-00
1 Fuse, 5 A, 250 V, AGC/3AG 159.0014-00
1 CRT Filter, Blue Plastic {installed} 378-0199-03
1 CRT Filter. Clear Plastic 378-0208-00
1 Front Cover 200-3199-01

Rackmounting Accessories

The following accessories are available to rackmount the instrument, if it was
not purchased as 2 1R option,

PART NUMBER

Rackmounting conversion kit 016-0825-01
Rackmounting rear-support kit {for
use with the rackmounted instruments) 016-06G96-00
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Optional Accessories

The following opticnal accessories are recommended for uge with the 2430A
Digita! Cscilloscope.

NOTE

The P5137 probe is required to use the AUTO PROBE feature described in
Appendix A, See that appendix for more information.

PART NUMEER
Service manual 070-6330-00
Probe. 10X, 1.3 Meter, with Accessories P6137
Word Recognizer probe 010-6407-01
Color Piotter HC100
Oscilloscope cameras C-5C, Option 2

C7?, Qption 03, Option 30
SCOPE-MOQOBILE cart K212, K213

Carrying strap 346-0199-00
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Extended Functions

The information in this section describes and defines the performance of the
EXTENOED FUNCTIONS. There are two types of EXTENDED FUNCTIONS that
operators can use: SYSTEM and CAL/DIAG, A third type, SPECIAL, is for servicing
onfy 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.
Contrel menus for the internal calibration 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. Galibration
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 button, the message DISABLED—SEE MANUAL is displayed. If the
functions are not disabled, the SPECIAL button cails up the display WARNING:
SERVICE ONLY-—SEE MANUAL with the choices COLD START. CCD SIDES, CCD
ADJ, CAL PATH ONIQFF and FORCE DAC. All five choices are special service
functions that should not be cailed up by operatorsiusers. COLD START eliminates &l
the previous calibration constants. After a COLD START, a partial recaiibration is
required to return the instrument to its previous state. CCD SIDES, CAL PATH
ONIOFF and FORCE DAC are special diagnostic tools which service technicians can
use to change the vaiue of selected constants when troubleshooting the
internal gircitry.

SYSTEM Functions

Pushing SYSTEM displays the SYSTEM menu. Each button in this menu calls up a
submenu for specifying settings for certain seldom-changed functions. This menu alsg
allows access to the menu for erasing proprietary information from the scope’s
memory {see Proprietary information Removal, below).

PANEL

PANEL calls up a submenu containng two menu choices: POWER ON
LAST!INIT and ERASE MEMORY. POWER ON LASTHNIT is for specifying how
the front-panel controls are set up at power-on. When the button is toggled to
select LAST, the control settings in effect at power-off are reestablished at power-
on. When toggled to INIT, a factory setup of initialized front-panel settings is
established at power-on.
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in general, powering up in INIT produces a simple setup with GH 1 only
displayed and all special functions (such as Delay by Events, Cursors, and
Envelope or Average acquisition) tumed off. (The complete list of cantrols and
states of the INIT feature is found in Table B-15 of Appendix B). The button
labeied INIT PANEL in the AutoStep Sequencer menu {accessed via the PRGM
front-panel button) produces exactly the same front-panel setup as when the
instrument is powered an with POWER ON set 1o INIT.

PROPRIETARY INFORMATION REMOVAL. Pressing TEXSECURE ERASE
MEMORY calls up another submenu which is used to erase any waveforms saved
on screen or stored in REFerence Memories 1-4, all sequences stored in the
AutoStep Sequencer memory, and any other information stored in volatile and
nonvolatile memory, except numerical constants and similar information stored to
maintain instrument calipration. This feature allows easy removal of confidential
waveform data and sequences.

Pushing ERASE erases the memories/sequences, rung a SELF TEST, and sets
the front panel to the same settings as obtained when INIT PANEL is pressed in
the AutoStep Sequancer menu, A status menu indicating whether the erasure was
successful is displayed. Be aware that all saved waveforms, sequences, and the
present front-panef setup will be lost. ABORT allows the user to return fo the
PANEL menu without executing ERASE. (This feature can also be run via the
GPIB; see the INIT command in the Frogrammers Reference Guide for more
information.)

If the memory was successfully erased. the status ERASED appears
immaeadiately foliowing the TEKSECURE ERASE MEMORY STATUS caption. In
addition. the status ERASED appears after each of the captions for the individual
blocks of RAM memory. If ane or more of these blacks are not successiully
erased, the status FAILED wil appear next to that block{s}, as well as after the
TEKSECURE ERASE MEMORY STATUS caption. if an Erase Memory fails,
access the TEKSECURE ERASE MEMORY menu and execute another erase
memary. If the status is not ERASED, refer the instrument to qualified service
personnel for repair.

Failure of the SELF TEST that runs when Erase Memory is executed—even for
reasons nat related to internal RAM memory blocks—causes the Extended
Diagnostics menu to be displayed, rather than the TEKSECURE Status menu,
Push the MENU OFFEXTENDED FUNCTIOQNS button once to force display of the
TEKSECURE Status menu. If the Erase Memory was successful, the status of the
menu should be ERASED as described above; if not, access the TEKSECURE
ERASE MEMORY menu and execute anather Erase Memory. i necessary, use the
MENU OFF/EXTENDED FUNCTIONS button fo foree the display of the
TEKSECURE Status menu, and if the status is not ERASED, refer the instrument
to qualified service personnel for repair.
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NOTE

Once the Erase Memory status is determined, the faflure that resulted in the
SELF TEST faiture should be serviced. Run the Self Calibration, followed by the
Self Diagnostics procedure. (Bath are described later in this appendix.} It both
are not successiul, refer the instrument to qualified service persornel,

A performance-check procedure for confirming from the front panel that
TEKSECURE has successfully executed is found in Section 4 of the 2430A Senvice
Manual.

MISC

MISC calls up a submenu far selecting miscellaneous function settngs. The rmenu
choices are BELL ON|OFFE TRIG T ON|OFF AUTO PROBE, and
ROLL MENUS ON|OFF. The up-arrow menu button retums the scope to the
SYSTEM menu.

When BELL is set to ON, any wamning to the user regarding system operating er-
rors (especially with the GPIB interface) can be signaled by an audible tone. An
AutcStep sequence can sound a warning only if you have selected BELL ON in this
menu.

TRIG T, when set to ON, indicates the paint where the Record Trigger oocurred
on displayed acquisitions. It is a “T" riding on a waveform.

ROLL MENUS, when setto ON, allow users to select between two or more menu
setings (far cerain menus) using the front-panel bution that calied up the menu in
the first place. {The first push selects the menu, subsequent pushes select between
tmnenu setings.) The menus that can use this feature are: COUPLINGANVERT,
BANDWIDTH, TRIGGER POSITION, TRIGGER COUPLING, and TRIGGER MODE.
Setting ROLL MENUS to OFF disables this feature.
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AUTO PROBE

ALTO PROBE cails up a submenu for setecting which of four functions the
IDENT button on a probe will actuate if pressed. {The probes supplied with this
instrument are not equipped with IDENT butions, but P6137 probes, which are
so equipped, can be ardered as optional accessories. (See “Optional
Accessories” in Section 7.) The probe must be connected to one of the front-
pane! inputs of the scope. The four functions are AUTO SETUF, STEP SEQ,
INIT@50 and SAVE/ACQUIRE. The up-arrow lzbeled button retumns the scope
10 the MISC menu.

Selecting any function underlines it and turns off any cne of the remaining
three functions if it is on. Pressing the button of an underlined function turns it
off. if all four functions are off and the IDENT bution on the probe is prassed,
the *normal” identify function is performed; namely, the channe! designator
(CH 1 or CH 2) of the channel that the probe is connected to is underlined on
screen.

If a function is on in the AUTO PROBE menuw, pressing the IDENT bwtton
executes that function as described below. If the channel that the probe is
connected to is off, pushing IDENT will tum it on, regardiess of whether a
function is selected or not. Pressing and holding the IDENT button when a
function is selected, first causes the function to be executed, and then
underlines the appropriate channel designator if the petton is held more than a
second or two.

When AUTO SETUP is on in the menu, pressing the probe’s IDENT button
executes an Auto Setup of the front panel using the mode currently set in the
AUTO SETUP menu. Pressing IDENT does not dispiay the AUTO SETUP
meny; AUTO must be pressed to change Auto Setup modes, If the channel to
which the probe is connected is not turned on in the VERTICAL MODE menu, it
is turned on and then automatically set up; otherwise, Auto Setup operates as
described in Section 5 of this manual (see description for AUTO button).

wWhen STEP SEQ is on, pressing IDENT causes a paused AutoStep
Sequence to resume execetion. See the description for PRGM button in
Section 5.

When INIT@50 is on, pressing |DENT performs the same function as the
INIT@50 front-panel button; namely, it forces the scope to set the trigger level
to 50% of the peak-to-peak amplitude of the signal selected in the Trigger
Source menu. The Trigger System affected is the one currently selected by the
A/B TRIG switch. See the description for INIT@50 button in Section 5.
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When SAVE/ACQUIRE is on, the function that pressing IDENT executes
depends an the setting in the A.Trigger Mode menu. If set to SINGLE SEQ,
pressing IDENT rearms the acquisition system for a new single-sequence
acquisition, just like when the front-pangl ACQUIRE button is pressed. If the
A-Trigger mode is other than SINGLE SEQ, pressing IDENT forces the scope to
switch to SAVE mode if it is acquiring or to begin acquiring if in SAVE mode.
This action ts the same as pressing SAVE when acquiring and ACQUIRE when
in SAVE mode.

INTERP

Pushing INTERP displays the Interpolation menu. This menu lets you select the
method used to interpolate sampie points when displaying non-REPET mode
acquisitions, and whether or not non-interpolated (real) sample points are displayed
intensified refative to those interpolated points in such dispiays. Alsg, a prefitter can
be terned on or off in this menu to optimize display of waveforms interpolated
using the Sine X/X inerpoiation mode.

Settings in this menu affect only the display of waveforms containing
interpolated sample points. Briefly, this means that the waveform rmust be saved
and then expanded horizomtally, or that it must be acquired at a SEC/DIV setting
taster than 500 ns and with REPET mode off in the SAVE ACQUIRE menu. (The
maximum available sample rate of 100 megasampies per second is reachad at
500 ns; therefore, SEC/DIV settings faster than 500 ns normailly would have a
reduced number of samples per horizontal division; seg NOTE below.} The
instrument will then interpelate to maintain a high nurmber of samples per horizontal
division.

NOTE

This scope maintains a high sample density, even when displaying
wavelorms acquired at the fastest SEC/DIV settings. It does so either by
using successive acquisitions of a repetitive waveform to acgquire an ade-
guate number of real samples (REPET mode on), or by using a single
acquisition of a wavelorm (waveform can be repetitive or not) and calculat-
ing expected values for points belween the points actually sampled {REPET
mode off). When dispiaying this single acquisition, these calcifated points
are inserted between the real sample points. The former mode of acquiring
waveforms is called equivalent-time sampling, the lafter, interpoiation. See
REPET in the index for location of material about equivalent-time sampfing
versus interpolation.
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interpolation Mode

Two mutually-exclusive interpolation modes, Linear and Sine X/X, are
selectable in the Interpolation menu, with the current selection underlined in that
menu. Pushing the non-selected mode—that is, whichever mode is not
undertined—toggles that mode on and the other mode off. The underiine moves
to reflect the change in mode salection.

LINEAR. When LINEAR is on {underlined), internal firmware assumes that
each point to be interpolated lies on a straight line between two real sample
points. (Change in amplitude versus change in time is constant.) The amplitude
value calculated for each interpolated point is, therefore, directly proportional to
amplitude difference between the {wo real points bracketing that point and
where (in time) that point is 10 be placed relative 10 those two points.

SINX/X. When SIN X/X is on (underiined), internal tirmware first sets the
amplitude value for each point to be interpolated to zero, then passes the entire
20-division waveform record through a iow-pass (sine x/x} digital filter. If, when
sampled at the maximum sample rate, at least 2.5 samples are acquired during
the period of the highest frequency component of the waveform, this method of
interpolation will display the waveform with its high frequency companents
intact. Sine X/X interpolation moxde must be selected to achieve the Single-
Event Useful Storage Bandwidth of 40 MHz {100 Megasamples per second
divided by 2.5 samples); therefore, the menu is usually left set to that mode.

NOTE

The 40 MMz bandwigth only applies to waveforms acquired ir Normal
and Average acquisition modes, since Envelope acguisition mode doesn't
use Sing X/X interpolation or Linear irterpolation. Envelope interpolation
replicates the sampled datz values a number of limes determined by the
expansion factor, to reflect that the signal extremes (or envelope} are
only known for the points actually sampled (in other words, only 1o the
resoiution of the non-expanded signal), Therefore, the interpolation mode
selected in the INTERP menu has no effect on Envelope acquisitions.

PREFLT ON:OFF. when PREFLT is turmed on, it operates on interpolated
gata points only. !t reduces the filter overshoot in the Sine x/x interpolator
which occurs when viewing very fast risetimes. Generally, PREFLT is set 10 on
for normal operation; if viewing very fast risetimes, the user might prefer to tum
off the prefilter.
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INTENS REALS. Pushing INTENS REALS toggles the intensification of
points actually sampled (*reais”) on and off. When set to ON, the overall
intensity of the waveform is set to 25%, and actual sample points (*reals™) are
set to B0% of maximum, This action makes the actual sample points readily
distinguishable from interpolated sample points, especially when the Single-
Sequence Trigger mode or SAVE Acquire mode is used to “freeze” the display.

Either intensity level can be altered using the intensity menu along with the
intensity knob {see SELECT and INTENSITY Control Knob descriptions in
section 5), but toggling INTENS REALS off and back on always resets the
display to the 25%/80% levels. Also, waveforms can be disptayaed in A INTEN
Horizontal mode. Note, however, that all points—real or interpolated—are
intensified to the same level if they are within the intensified region established
by the A INTEN horizontal mode. Real points are, therefore, indistinguishable
from interpolated points within that region.

INTENS REALS operates only when this instrument is interpoiating (see
below); i this is not the case, turning on INTENS REALS will set the display
and, if A INTENS is the horizontal mode, any intensified zone on the display to
25% and 80% of maximum respectively, but the only points displayed will be
real. Also, if waveforms saved with INTENS REALS on are stored into a REF
memory, the intensification of the real sample points /s not preserved.

VIDEO OPT

VIDEC OPT calls up a submenu for setting up Video Option operation.

The scope is set up to use either System-M protocel or nonsystem-M protocol
for sync operation via the TV SY3 MINON-M menu button. Choasing the wrong
pratocol does not prevent TV Triggering; however, the line counter will not count
the lines correctly. When Systemn-M is selected, the fing count begins three ines
before the field-sync pulse is encountered. When nonsystem-M is seiected, the line
count begins coincident with the field-sync pulse. See *Video Option” in Section 7
for more information.

CNT RST BOTH!F1 {Count Reset, Both or F1) controls how the scope treats
Field 1 and Field 2 when lines are selected beyond the maximum or minimum line
number available in those fields. 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 CAL/DIAG 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. Thay
tegin at the heart of the software, examining the microprocessor, ROM, RAM, and
the kernet of the operating system. If these are found to be normal, it then runs
further diagnostics in the various hardware subsystems of the instrument. When a
fault is detected, it is isolated to a particular subsystem.

Self 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 panel or via the GPIB. If all tests
pass, the system enters Scope mode.

Power-on/Self Diagnostics Test Failure

If 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 disptays a menu showing which test(s) failed. This gives you a starting
point for isclating the fault. Failure of a test in the 7000 through 9300 range
does not necassarily indicate a fatal instrument fault. (See Table A-1 for a list
of the tests 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 afso fai if the present temperature of the
scope is very different from the temperature during the last Seif Calibration. Irt
that case, the stered calibration constants may not permit accurate
measurements to be made.
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NOTE

if the power-on Extended Diagnostics Tail because of a prior abnommal
loss of power, the scope will display the message RUN SELF CAL
WHEN WARMED UP and # will remain locked in the EXTENDED
DIAGNOSTICS menu until the user presses the up-arrow bution to gef
the SELF CAL menu. It will then remain locked in the SELF CAL menu
until SELF CAL is run. The user shoufd waft for the NOT WARMED UP
message to disappear from the menu befare running SELF CAL.

At power-on, the instrument checks the stored self-calibration constants,
waveform data, waveform scaling factors, and power-off fromt-panel control
settings. Failure of a 6000 subset diagnostic 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 al calibration constants with nominal values and setting all
front-pangl controls and GPIB states to their INIT values, (See Table B-15in
Appendix B for a complete list of INIT settings.) Since a COLD START
invalicdates all stored waveforms, the REF memories will be marked EMPTY and
the VERTICAL MODE meny will contain the message CH1/2 WAVEFORMS
INVALID. Alsc, if ADD or MULT is selected in the YERTICAL MODE menu, the
ADD or MUL readout wilt say EMPTY in place of the vertical scale factor,

You can continue to use the instrument after a COLD START if you first
perform SELF Cal. {Use the up-arrow button in the EXTENDED
DIAGNOSTICS menu to get to the CAL/DIAG menu.) The SELF CAL procedure
wili take longer than usual because it has to work with the nominat values from
the COLD START rather than the more accurate calculated values from the tast
SELF CAL.

NOTE

DO NOT TURN OFF THE SCOPE WHILE THE SELF CAL ROUTINE IS
RUNNING because it will again invalidate the calibration constants.

After SELF CAL, you must also do the REPET calibration if you want to use
REPET mode. Although the ATTEN and TRIGGER calibration routines are
generally disabled to the user, the nominal vatues from the COLD START will
let you make normal measurements. The menu labels for these routines will De
marked UNCALLD, however, and the trigger level readout and the vertical gain
may be slightly less accurate. Press the MENU OFF/EXTENDED FUNCTIONS
button when you want to return to Scope mode.
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After a COLD START, the instrument keeps reminding you that it needs a
complete Extanded Calibration by always powering up in the EXTENOED
DIAGNOSTICS menu with the RUN SELF CAL, THEN RUN EXT CAL
message. Also it continues ta mark ATTEN and TRIGGER with UNCALD in the
EXT CAL menu. To replace the COLD START calibration constants with actual
caiculated values requires external test eguipment and access to the inside of
the scope, s¢ it should only be done by a qualified service person.

Loss of the stored power-off front-panet settings, which is indicated by
failure of FP-LAST {test 6200), causes the scope to 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
memory, the FAIL condition for test 6200 will be reset to PASS and the scope
witl not enter EXTENDED DIAGNOSTICS on the next power-up.

Loss of waveform scaling factors, indicated by failure of WFM-HEADERS
{test B300), invalidates all waveforms. At power-on, invalid waveforms may be
displayed, but a 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. You can restore normal operation of the scope by
prassing the MENL/OFF EXTENDED FUNCTIONS button to exit EXTENDEDR
DIAGNOSTICS, and then pressing ACQUIRE to resume acquiring
waveform data.

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 turmed off, The user is notified of this 10ss when
the invalid waveform{s) are replaced with & horizontal line broken by fult-screen
fill areas.

Failure of diagnostic tests numbered 7000 through 9300 may indicate that
the calibration constants are invaligd at the present temperature. This non-fatal
sondition can occur if the operating temperature at the last S3ELF CAL was very
different from the present temperature. The instrument will power up in the
EXTENDED DIAGNOSTICS mode with the RUN SELF CAL WHEN WARMED
UP message. To recover normal operation, wait for the NOT WARMED UP
message to disappear from the CAL/DIAG menu, then run SELF CAL.

If one of the tests numbered 7000.9300 continues to fail atter SELF CAL, a
condition exists that will prevent correct operation. However, depending on the
nature of the failure, you may still be able to make iimited use of the scope. For
example, if the failure is in the CH 2 side only, you can stifl 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 called via the GPIB, completion and/cr failure will
cause an SRQ to be issued by the instrument. The status bytes returned on a
pali indicate a successful completion or failure of the Self Diagnostics seqguence.
Errors can then be gueried via the GPIB and traced to the lowest fevel 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 Seff Diagnostics tests individually or in sefected 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 capabilities of the instrument. Testing of a
faited area down to the lowest functionai leve! possible (in some cases to the
failed component) provides direction for further troubleshooting with service
routines and/or conventional methods, Assumpticns based on passed tests can
also help with troubleshocting by eliminating goed circuit blocks from
consideration,

Service Routines

The Service Routines are menu, GPIB interface, or jumper-initiated routines
for exercising the hardware, usually in a fooping mode, that allow a service
technician to troubleshoct an internal fault using external test and measurement
equipment. YWhere 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 interface.

These routines provide service personnel with signals and procedures that
enable them to isalate faults and restore the instrument to a functional level that
is supported by the Extended Diagnostics andfor other Service Routines.

Programmed routines that systematically exercise spedific firmware or
hardware functions may be implemented via the GPIB interface. This enhances
troubleshaoting performance by providing a camprehensive tool for instrument
troubleshooting using coniroller programming.
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Internal Calibration Routines

The instrument system supports two levels of intemnai Calibration routines:
SELF CAL and EXT CAL. These routines calibrate the anateg subsystems of the
scope 10 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 label of the failed area.

Self Calibration

Self Calibration can be started either from the front panel using the
EXTENDED FUNCTIONS menu or via the GPIS. Self Calibration routines
automatically calibrate most of the scope's analeg system in about 10 seconds.
The user may do a Self Calibration at any time, but it is particutarly 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 2
measurement that requires the highest possible level of accuracy.

Extended Calibration

NOTE

The Extended Cafibration feature is normally disabled, and the scope
must be referred lo a qualified service person to complete these
procegures.

Extended Calibration includes routines which reguire that standard valtages
be applied to appropriate inputs to calibrate the attenuators and the trigger
amplifiers.

If an Extended Calibration is attempted without the correct standard
voltages, the calfibration constants will not be changed. However, the FAIL
message will appear above the appropriate menu label, the UNCALD message
will appear in the EXTENDED CIAGNOSTICS menu, and the instrument will
enter EXTENDED DIAGNOSTICS mode at each power-on.

If a correct Extended Calibration is done, but a FAIL message is still
displayed, it means there is an actual hardware failure that should be repaired
by a guaiified service person.
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Calibration/Diagnostics Operation

Alt the calibration and diagnostic routines are accessible through the EXTENDED
FUNCTIONS menu and via the GPIB. For front-panel access, press the MENL
OFF/EXTENDED FUNCTIONS button when no other menu 1s displayed. Then, in the
EXTENDED FUNCTIONS menu, select CAL/DIAG to get this second-level menu:

<statua> < status> < statug - < WAIM-Up =
SELF EXT SELF EXT
CAL CAL DIAG DIAG

< status> indicates the most current result of the test or calibration.
For calibration, < stafus> can be:
UNCALD:  instrument has not been calibrated.
FAIL: hardware errors were detected during
calibration ¢r calibration may not be valkd.

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 atternpt.

< warm-up > s the warning NOT WARMED UP which is displayed for
approximately ten minutes after power-on. Calibrating the instrument during this
period is not recomrnended.

NOTE

The NOT WARMED UF message s displayed after every power-on for the ten-
minute period, even if the scope is tumed off and then right back on. in this
case, calibration may be performed as soon as the instrurnent has stabifized
after power-on.
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Self Calibration

Press 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 to use. Assuming no failure or UNCALD condition exists, press
the MENU OFF/EXTENDED FUNCTIONS button to exit the CAL/DIAG mode and
retum to Scope mode, If an efror is found, the initial EXTENDED DIAGNOSTICS
menu (shown in Figure A-1) will be displayed with the appropriate errors indicated.

NOTE

i, after running SELF CAL. any test sequence fails SELF DIAG, it is
recommended that the instrument be brought ta the attention of a qualified
and authorized seyvice person.

Extended Calibration

NOTE

if Extended Cafibration is internally disabled, the scope wilf not respond to a
press of the ATTEN, TRIGGER, or ADJUSTS menu butions.

Pressing the EXT CAL button calls up the Extended Calibration menu:

< status > < status > - statug>
ATTEN TRIGGER REPET ADJUSTS 1

The up-arrow returns you ta the previous menu; ATTEN, TRIGGER, REPET,
and ADJUSTS iead to fully- or semi-automatic calibration routines. The TRIGGER
and ATTEN GAIN calibrations require the use of an external source that produces
accurate dc voltages.

EXT CAL routines can be aborted at any time by pressing the MENU
OFF/EXTENDED FUNCTIONS button, but once a calibration sequence is started, it
must be completed (and passed)} to assure correct calibration.
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Power-On Self Diagnostics

In the first 15 seconds after power-an, 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 the Acquire mode it was in when powered off. (i
PANEL INIT is set on, the scope comes up in NORMAL acquire mode—see
“PANEL" in this appendix.} If it is not fully calibrated, or if errors are detected, the
instrumant will come up in the EXTENDED DIAGNOSTICS menu, which will display
the errors and/or the UNCALD message at the bottem of the screen. Exit 1o Scope
mode from the EXTENDED DIAGNOSTICS mode by pressing the MENU
OFF/EXTENDED FUNCTIONS button,

Front-Panel Self Diagnostics

The complete Self Diagnostic test seguence ¢an also be executed by pressing
the SELF DIAG button from the CAL/DIAG menu. If no self-test errors ogeur, the
word PASS will appear in the <status>> positicn. 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 menu, a choice of EXT DIAG calls up the Extended
Diagnostics menu:

<mode=
U | RUN/SEL MODE HALT

<made:> 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 tast 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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P s e i

> TEK, Itk 1985, B AL AIGHTS REKERVED
. ..OATE 2D FIRMnARE VERSION NUMBERS

000D EXTENDED-DIABNOSTICS |

L1900  SYS-ROM 1 Fass
2000  BEG. .l % - --BASS)
_ 3300 SYS-RAM - AASS |
LAQQD  FPE = . FASE
_ BOOO WP - . HAsSS
BA00  CKEM-NVRAMR | ASS .
_ 7000 CCD T Aass”
, Baoo PA i .., _ L _PASS
o 2000 TRISS ety T EALL
RUN ONCE T T MENU GJFF TG EAIT
yo b AUNASEL ] MRDE | HALT

£613-03

Figure A-1. EXTENDED DIAGNOSTICS menu.

Beneath each of the top-level tests is a hierarchy of lower-level tests whose
‘structure is shown in Table A-1. For each level within a hierarchy there is a menu
that displays a list of aHl the tests at that level (See, for example, the top-evel
menu shown in Figure A-1) Whenever a test runs, the set of all lower-Jevel tests in
the sarne hierarchy also runs.

UP/DOWN Arrows

The up-arrow and dawn-arrow buttons move an underscore pointer through
the dispiayed list of diagnostic tests. To recall a higher-level menu, move the
pointer to the title line of the current menu and press the up-arrow button. To
recail the CAL/DIAG menu, move the pointer to the 0000 line and press the up-
arrow putton.
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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. W the pointer is on the title line of the current menu,
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 oh any other
tine of the menu, & press of the button will display the menu of tests at the next
level down from the test identified by the ponter.

MODE

The MODE butten cycles through the four methods that can be used for
running diagnostic tests: RUN ONCE, RUN CONTINUOUS, RUN UNTIL FAIL,
and RUN UNTIL PASS. The last three modes automatically loop until the
required condition has been met, or until HALTed by the user.

While a test is looping. the word RUNNING appears in the lower-right corner
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 mode 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 1o halt a continugusly looping test.

2430A Operators A7
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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 medes is selected by using the
keywords SELFCal, EXTCal, SELFDiag, or EXTDiag as arguments with the TESTType
commangd 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 tocked
out, and onily user prompts will be displayed. Menus required for controlling the scope
from the front panet 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

if TESTType SELFCalis selected, the Self Calibration portion of the test
sequence wilt be run in its entirety when the EXEcute command is received. If the
OPC mask is on, a service request (SRQ) will be issued when the sequence is
finished. The controller will receive a staius byte that indicates whether the test
compieted with or without error. See the Programmers Reference Guide for a list of
the status bytes.

If an error occurs during SELFCal, it is reported to the contraller when the
ERFor? query 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; so, to locate
the exact test that failed in the tree, the TESTNum must be sét to a lower level and
the ERRor? query re-issued until the lowest detection level of the failure is reached.
The ERRor? guery returns 0 if no errors have occurred. This method of failure
location is used for errors generated by any of the calibration or diagnostics
SEQUENCES.
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Extended Calibration

The EXTCAL TESTtype allows specifying the catibration sequence (TES TNum)
to be performed. The calibration routing specified may be any steps or sub-steps of
the EXT CAL ar 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 a menu button push or a GPIB STEp command to advance
to the next step in the sequence. The external cakbration sequence numbers to be
used as the numerical argument for TESThum are listed in Table A-1 under the
“Test Code” column heading. The valid test numbers for Calibration are 7000 to
9300 in the table. Error handling is the same as in SELFCal.

Self Diagnostics

Invoking the TEST Type SELFDiag causes execution of the entire self-diagnostic
seguence when an £XEcute command is received. Error handling is the same as in
S8ELFCal.

Extended Diagnostics

TESTType EXTDiag allows a specific TESTNum fo be selected for execution
upon receiving an EXEcute command. Error handling and reporting is the same as
in SELFCal. Looping a test is done by jssuing the LOOpR command prior to the
EXEcute command. The HALt command stops the looping tast.
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Calibration and Diagnostics Codes and Names

Tabile A-1

Test
Code Test Name and Hierarchy
0000 CAL-DIAG
16060 SYS-ROM
1100 ROM1
1200 ROMOC.0
1210 ROMO.0-0
1220 ROMO.0-4
1230 ROMO.0-8
1249 ROMQ.0-C
1300 RCOMO.
1310 ROMO.1-1
1320 ROMO.1-5
1330 ROMC.1-8
1340 AOMOC.1-D
1450 ROMO.2
1410 ROMO.2-2
1420 ROMO 2-6
1430 ROMO . 2-A
1440 ROMQ.2-E
1500 ROMO0.3
1510 ROMQ.3-3
1520 ROMQ.3-7
1530 RCOMO.3-B
1540 RCOMO.3-F
2000 REG
2100 FROCESSOR
2110 DIAGO
2120 DCOK
2130 BUSTAKE
2140 DIAGT
2150 COMREG
2151 0000 011
2152 000G 1011
2153 0G0o0 0110
2154 0000 1101
2160 SSREG
217¢ DIAGZ
2180 FLD2
2180 MWFDN
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Table A-1 {cont)

Test
Code Test Name and Hierarchy
REG [cont}
2200 TB-DSP
2310 MISC
221 1010 0101
2212 ¢100 1011
2213 1001 G110
2214 2010 11
2220 MODECON
2221 1010 0101
2222 0100 1011
2223 1001 0110
2224 G010 1131
2230 DISCON
22N 1010 Q161
2232 0100 1011
2233 1001 M110
2234 oD 11
2300 TB-DSP
2310 VCURS
2311 1010 0101
2312 0100 1011
2313 1001 0110
2314 0p10 1101
2320 TCURS
2321 1010 0107
2322 0100 1011
2323 1001 0110
2324 0010 1101
2330 ut3o
2331 1010 101
2332 o100 1011
2333 1001 0110
2334 0010 110
2340 U140
2341 1018 0101
2342 0tet 1011
2343 1001 G110
2344 0010 1101
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Tahle A-1 {cont)

Test
Code Test Name and Hierarchy
REG {cont)

2350 U240
2351 1010 0101
2382 0100 1011
2353 1001 0110
2354 Q010 111
23580 u3zz
2361 1010 0101
2382 100 1011
2383 1001 0110
2364 0010 1101
2370 314
2371 1010 0101
2372 0100 1011
2373 1001 0110
2374 0010 1101
2400 TB-DSP
2410 ATTUBYD-FISO
2420 A11UB7D-SISO
2500 MAIN
2510 INIT-SHFT-REGS
2520 ATTEN
2530 PEAK-DETECTOR
2540 GATE-ARRAY
2550 TRIG
2560 SYSTEM-DAC
2800 ~ SIDE
2610 1010 0101
2620 0100 1011
2630 1001 0310
2640 0410 1701
3000 5YS-RAM
3100 ATIU431
3110 0<-1'8
3120 0-=1'8
3130 1-=0'S
3140 1=-0'S
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Table A-1 {cont)

Test |
Code | Test Name and Hierarchy
SYS-RAM (cont)
3200 A110440
3210 0<-1'5
3220 0-=>1'8
3230 1-=0'5
3240 1<-0'S
3300 A12U350
3310 D<c-1'8
3320 0-=>1'§
3330 1->0'S
3340 1<-0'8
3400 A11U430
3500 AT1UBN0
3510 0-z-1'S
3520 0->1'§
3530 108
3540 1<-0'S
3600 A12U440
3610 0<~1'S
3620 0->1'§
3830 1->0'8
3640 1<-0'§
3700 A12U664
3710 Q<—1'5
3720 0->1'8
3730 1-=0'8
3740 1<-0'S
3800 A12U664
3810 0<-15
3820 018
3830 1-=0'S
3840 $ <08
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Table A-1 {cont}

Test
Code Test Name and Hierarchy
4000 FPP
4100 UBE1.9
4200 Uss1-6
4300 WR-TO-HOST
4400 DIAG-BYTE
4410 FP-BUTTON-PUSHED
4420 FPP-HAM
4430 FPP-ROM
4440 FPP-A/D
4450 FPP-TIMER
4500 FPONRD
4600 u7421751
4700 BATT-STATUS
4710 HIGH
4720 LOwW
5000 WP
5100 RUN-TASK
5200 BUSGRANT
8300 VERSION-CK
5000 CHKSUM-NVRAM
6100 CAL-CONSTANTS
6200 FP.LAST
6300 WFM-HEADERS
8400 PRGM
7000 CCD
7100 CENTER
7110 NQRM-SP
7111 CH1
7112 CHz
7120 NORM-FISO
7121 CHA
7122 CH2
7130 ENV-SP.SLOW
7131 CH
7132 CH2
7140 ENV-FISO-SLOW
7141 CHY
7142 CH2
A-24 2430A Qperators

www.valuetronics.com



Appendix A

Table A-1 (cont)

Test
Code Test Name and Hierarchy
CCD (cont)
7200 GAIN
7210 SHORT-PIPE
7211 CH11
7212 CH13
7213 CH21
7214 CHZ-3
7220 FISO-SLOW
7221 CH1-1
7222 CH1-3
7223 CH2-1
7224 CH23
7230 FISO-FAST
7231 CH1-1
7232 CH13
7233 CH2Z.1
7234 CHz2.3
7300 EFFICIENCY
73190 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 CHZ-3
7400 FD-OFFSET
7410 CH1
7420 CH1-3
7430 CHZ-1
7440 CH2-3
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Table A-1 (cont)

Test
Code Test Name and Hierarchy
8000 PA
§100 OFFSET
8110 NORM-SP
8111 CH1
B112 CH2
8200 POS-GAIN
8210 CH1
gazo CH2
8300 BALANCE
8310 SOMV
8311 CH1
8312 CH2
8320 20MV
8321 CH1
8322 gcHz
8330 10MV
83 CH1
8332 CH2
8340 5MV
8341 CH1
8342 CH2
8350 MV
8351 CHi
8352 CH2
8400 GAIN
8410 50MY
8411 CH1
8412 CH2
8420 20MYV
8421 CHY
8422 CH2
8430 10MV
843 CH1
8432 CHZ2
8440 EMV
Bga41 CH1
8442 CH2
8450 2MV
8451 cH1
8432 CH2
A2H 24304 Operators
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Tahble A-1 (cont)

Test
Code

Test Name and Hierarchy

8500
8510
8511
8512
8520
8521
8522
8530
8531
8532
8540
8541
B542
8550
8551
8552

8600
BE10
8620
B700
8710
g711
8712
8713
B720
8721
8rzz2
8723

PA {cont}
INV-GAIN
50MV
CH1
CH2
20MV
CH1
CH2
1OMV
CH1
CHZ
SMY
CH1
ChH2
2MY
CHA1
CHz2

VAR-MAX
CHY
cHZ
ATTENUATOR"
CH1
X1
X10
X100
CH2
x1
X10
X100
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Table A-1 {cont)

Test
Code Test Name and Hierarchy
8000 TRIGGERS
100 CFFSET
EARIY A-TRIG
2111 CH1
9112 CH2
9113 SLOPE
8114 EXTiX1"
9115 EXT1X5"
9116 EXT2X1
9117 EXTZ2X5"
8120 B-TRIG
G121 CH1
4122 CH2
9123 SLOPE
9124 EXTI1X1*
9125 EXT1X5"
9126 EXT2X1"
9127 EXT2X5"
8200 GAIN
9210 A-TRIG
9211 CH1
9212 CH2
9213 EXT1X1"
9214 EXT1X5°
8215 EXT2X1"
8216 EXT2X5°
9220 B-TRIG
§221 CH1
9222 CH2Z
9223 EXT1X4”
9224 EXT1X5"
9225 EXT2X1*
9226 EXT2X5*
9300 REPET"
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VOLTS/DIV Range With Attenuator Probes

The range of the VOLTS/DIV front-panel switch for all available probes is displayed

in Table B-1.
Table B-1
VOL.TS/DIV Readout Switching With Coded Probes
Display Basic | Readout Volts/Div with indicated Probe
Type Volts/Div 1X 10X 100X 1000%
2 my 200 pVv 2 mv 20 mv 200 mv
EXPANDED 2mv 500 uV 5 mv s0mv 500 mv
2mv 1 my 10 mv 100 my TV
2mv 2mv 20 mv 200 my 2V
5mv 5mv 50 mv : 500 my 5V
10 mv 10 mv 100 my | 1y v
20 mv 20 mv 200 mv 2V 0V
50 mV 50 mv 500 mV s5v 50V
NORMAL 100 mv 100 mv 1V 10V 100V
| 200 mVv 200 mv 2v 20V 200V
500 mv 500 mV 5v 80 V 500V
vy 10V 100 V 1 kv
: 2V : 2v 20v 200 V 2 kv
| 5v. [ sV 50 V 500 V 5 kV
2430A Operators B-1
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Calibrator Frequency

Table B-? shows the CALIBRATCR frequency and period for each A

SEC/DIV sefting.

Calibrator Frequency and Period for Each A SEC/DIV Setting

ASECDIV | Calibrator Calibrator DIV
Sefting ' Frequency Period Cycle
3ns 40
10ns : 20
20ns 5 MHz 200 nis 10
50 ns : 4
100 ns ] 2
200 ns 1
500 ng 4
1 us 5 kHz 2 us 2
2us 1
5us 4
10 us 50 kHz 20 us 2
20 ps 1
50 ps 4
100 as 35 kHz 200 us 2
200 us 1
500 us 4
1ms 500 Hz 2ms 2
2ms 1
5ms 4
10 ms 2
20 ms 1
50 ms 0.4
100 ms 0.2
200 ms 50 Hz 20ms 01
500 ms : 0.04
15 i 0.02
2s ‘ 0.01
5s 0.004
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Averaging SNIR

Tabie B-3 shows the signal-to-noise improvemnent ratio (SNIR} as the number of
averages increases. The display updates with each new wavetorm acguired, so the
user sees the averaged waveform improve with each new acquisition.

Table B-3
Signal-to-Noise improvement Ratio Versus Number of Averages

Number of ! SNIR

Averages SNIR i {in i)
2 1.41 3

4 1.98 59

8 275 8.8

16 3.84 1.7

32 5.34 14.6

64 7.51 17.5

128 10.6 20.5

256 14.9 23.4

REPETITIVE Acquisition

Tabie B4 illustrates the number of acquisitions taken before a single seguence
completes m REPET mode, or befare data points are temporarily interpolated for a
REPET-mnde acquisition #f the Trigger mode is not Single Sequence. The number
taken assures that enough randomly-sampled data points are acquired to meet the
requirements for the USB (Useful Storage Bandwidih) of 150 MHz specified for
REPET. See REPET ON in Section 5 for more information.

Table B-4
Repet Acquisitions Required To Complete a Single Sequence

SEC/DIV (ns/div) ; Number of Acquisitions

200 5
100 5
S0 10
20 15

10 20

5 50
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SMOOTH

Figure B-1 indicates the ampiitude rolloff with frequency for the moving, five-
sample-point fiiter applied to waveforms when SMOOTH is ON in the BANDWIDTH
menu. The frequency is expressed a5 a percentage of the Useful Storage Bandwidth,
which ts a function of the SEC/DIV setting and is displayed in the BANDWIDTH menu.

AMPLITUDE RETPONSE FOR SMOOTH FUNCTION
! R |

g

0.797
{-3db)

RELATIVE AMPLITUDE

)] 10 20 30 40 50
X OF USB (USEFUL. STORAGE BANDWIDTH)

€286-38

Figure B-1. Amplitude response for SMOOTH function.

Variable HOLDOFF

The frant-panel HOLDOFF knob varies the length of time between the end of one
acquisition and the potential start of the nex:. During the holdoff penod, triggers are
ignared; after the holdoff period has ended, the first valig trigger causes an
acquisition. Table B-5, next page, shows 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.
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Tabie B-5
Variable Trigger Holdoft
A SECDIV MIN HO MAX HO
5ns
10ns /
20 ns 24 us Q15 ps
50 ns
100 ns
200 ns
500 ns 510 us
1 us 10-20 us
2us - 20-40 us 100-150 ps
5 us 50100 us
10 s 01402 ms
20 ps 0204 ms 1-1.5 ms
80 s 0.5-1.0 ms
100 us 1-2ms
200 us 2-4 ms 10-15 ms
500 ps 510 ms -
1ms 10-20 ms
2ms 20-40 ms 30-150 ms
5 ms 50-100 ms f
10 ms 01025 "
20ms 0204s 08-15s
50 ms 05108
100 ms 128
200 ms 245
500 ms
1s 5-10's ' g.15s
Z2s ;
Ss

2430A Operators
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Trigger LEVEL Range and Resolution

Table B-6 shows Trigger LEVEL range and resolution for each trigger-gain factor.
Trigger gain is equal to the gain of the seiected trigger source muitiplied by the
attenuation factor of the attached probe. The selected trigger gain for CH 1 and CH 2
SOURCE is the vertical deflection factor.

Table B-&
Trigger Resolution
Total Trigger Range

Trigger ,! r Trigger
Gain CH1 or EXT1 or Resolution
(including CH2 EXT2 _g (1-point)
probe) { =18 div) (=9 div) 64 ptidiv

5 kV/div ! 90 kv —_ 78.125 V

2 kVidiv : 36 kV — 3125V
1 KV/div 18 kV — 15.625 v
500 Vidiv 5 g kv 45 kV 78125V

200 Vidiv 3.6 kv - 3125V
100 Vidiv ! 1.8 kV 900 V 1.5625 V

|

50 Vidiv : 80D V 450V 78125 mV
20 Vidiv 360V — 3126 mv
10 Vidiv 180 V =hRY 156.26 mV
5 Vydiv 90 v 45V 78.125 mV

2 Vidiv 36 V — ; 31.25 mv
1 Vidiv 18V v 15.625 mV
500 mV/div 48V 1 45V 7.8125 mv
200 mv/div 3BV i —— 3125 mv
100 mV/div asy | soomv 1.5625 mv
50 mv/div 900 mv — 78125 4V
20 mV/div 360 mv — 3125 uV
10 mVidiv 180 mv —_ 196.25 oV
5 mVidiv 90 mv — 78.125 uV

2 mVidiv 3B mV i — 31.25 uV

1 mvidiv 3/ mv — 31.25 uV
500 pVidiv ! 36 mv — 31.25 uV
200 pVidiv 36 mv — 31.85 pv
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Auto Triggering and Auto Leveling

In the absence of valid triggers, the AUTO and AUTO LEVEL Trigger modes
praduce forced triggers after specified periods of time. The “Trigger Lost?” column of
Tabie B-7 shows the approximate time merval between the last valid trigger andg the
first forced trigger. In other words, this is the time it takes the scope to determine that
it has lost tnggering and respond with an “auto” trigger. The *Triggerad?" colurmn
shows the approximate time interval that the scope waits between forced triggers.
During this time, a valid triggering event stops the forced triggers and it triggers the
scope instead. If the scope again ioses the valid trigger, the time listed for “Trigger
Lost?” must expire before forced triggers {(auto triggering) can reocour.

Table B-7
Auto Triggering and Auto-Leveling intervals
SEC/DIV Setting Trigger Lost? Triggered?
5 ms/div & faster : 300 ms 100 ms
10 ms/div 500 ms 200 ms
20 msfdiv 125 ' 400 ms
50 ms/div 3s is
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B Trigger Source

The B-Trigger circuit is used to precondition trigger signais as a source for three
difierent functions: B Triggering, External Clock, and DELAY by EVENTS. The B TRIG
SOURCE menu changes to correspond to the roie that B Trigger is playing. Table B-8
shows the specific function.

Table B8-3
B Trigger Source Menu Versus B Trigger Mode
‘ DELAY
B TRIGGER by
Mode EVENTS EXT CLK Menu Label
: |  oFf | BTRIG SOURCE
RUNS AFTER OFF i ON EXT Cik SOURCE
OFF EVENTS SOURCE
ON ON EVENTS. EXT CLK SOURCE
: OFF B TRiG SOURCE
TRIG AFTER ! OFF ON B, EXT CLK SQURCE
OFF B, EVENTS SQURCE
ON ON ! B. EXT CLK. EVNT SOURCE
B-8 2430A Operators
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Trigger Position

The RTRIG (Record Trigger) position is the horizontal point on the wavetorm about
which the waveform samples are displayed. Afthough a single tme-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 occur 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
Frigger for each of the various Horizontal modes. It also shows the effects of DELAY
by TIME and DELAY by EVENTS on the occutrence of the Record Trigger.

Tabie B-9

RTRIG Point versus Trigger Position Menu Selection

Trigger Position RTRIG Data Point
Menu Entry In Display
1/8 128
1/4 256
172 i 512
34 768
78 Bo6
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Delay Time and Delay Time Resolution

Table B-10 shows the maximurm deiay time and the delay time resoiution for each
B SEC/DIV setting.

Table B-10
Maximum B SEC/DIV Delay Time and Resclution
B SEC/DIV
Setting Maximum Delay Detay Resolution’
5 sec 3.64 hrs 200 ms
2 sec 1.46 nrs 80 ms
1 secC 43.7 min 40 ms
500 ms 17.5 min 20 ms
200 ms “ 8.74 min Ems
100 ms ) 4.37 min 4ms
50 ms 1.75 min 2ms
20ms 1 52.4 sec 800 us
10 ms i 26.2 sec 400 us
5 ms 10.5 sec 200 us
2ms ! 5.24 sec 80 us
T ms 262 sec 40 a5
500 ps l 1.05 sec 20 us
200 us i 524 ms 8 s
100 ps : 262 ms 4 us
B-1C 2430A Operators
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Table B-10 {cont)

B SEC/DIY i
Setting ; Maximum Delay Delay Hesolutionl
a0 us 131 ms 2 us
20 us 524 ms 800 ns
10 us 26.2 ms 400 ns
5 ps 13.12 ms 200 ns
2 us 524ms 8Cns
1 us 2.82 ms 40 ns
500 ns 1317 ms 20ns
200 ns 1.31 ms 8 ns
100 ns 131 ms 4 08
50 ns | 1.31 ms ! 2ns
20 s 131 ms : 800 ps
10ns 1.31 ms 400 ps
5ns 131 ms 200 ps

TDelay Resolutian listed for B SEC/DIV settings of 5 sec to 500 ns is far both B Trig After and
B Runs After tigger modes. For seftings of 200 ns and faster, the Delay Resolution given is
valid for B Trig After mode only; the Delay Resolution for B Runs After mode is 20 ns.

2430A QOperators B-11

www.valuetronics.com



Appendix B
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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 ocour slowly enough that the indicators can be seen switching on and off,
and the progress of the acquisition can be observed.

The onty time during normal operation that alf trigger status lights are off is when
the scope is in SAVE mode. Table B-11 is a summary of the switching states of

the indicators,

ARMED. Indlicator ights up at the start of each acguisition while pretrigger
data is being acquired. During this time, no triggers are accepted, Tums off at

the end of pretrigger holdoff.

READY. Indicator lights up at the end of pretrigger holdofl. 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 occurs, the READY indicator turms off.

TRIG™D. Indicator lights up at the A Trigger; turns off when the acquisition
is done.

NOTE

For an acquisition invelving both A and B tnggers, the READY and
TRIG'D fights wilt both be It during the time between the ocourrence

of the A Trigger and the final B Record Trigger.

Table B-11
TRIG’D, READY, and ARM Indicator Status

STATE

LIGHT Armed Ready Atig | Rtrig Save
TRIGD Qff Off Lit Lit Off
READY Of Lit . Lt Of of
ARM ] Lit off | off off off

2430A Operators B-13
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Waveform Display Summary

This scope can display a maximurn of six waveforms sirnultanecusly; therefore,
when more than six waveforms are selected for display. the system uses & pricrity
scheme. Table B-12 shows the available waveforms and the display (in decreasing
order of priarity) versus the display modes. In the table. CHx is the selected vertical
channel, 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 actually displayed or not is determined by the
VERTICAL MODE menu, the DISPLAY REF menu, and the availability of memory.

Table B-12
Dispiay Priosity Versus Display Mode

YT
DELTA
ON
OFF DUAL (CH1 and CH2) XY Mode
NO YES

FUNC FUNC @ DY FUNC @ D1 CH1 vs CHZ
CH1 FUNC @ D2 FUNC @ D2 AEF1 vs REF2
CH2 CHx @ D1 CH1 @ D1
REF1 CHx @ D2 CH2 @ D2
REF2 REF1 REF1
REF3 - REF2 REF2
REF4 REF3 REF3

REF4 REF4
B-14 2430A QOperators
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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 2 push-up stack. The STACK
REF storage operation for each of the vertical 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. Alse, CHx to Rx means that the selected channel will go into the
correspondingly numbered reterence memory (e.g. CH1 to R1 or CHZ 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 2 “don't care” situation. because neither CH 1 nor CH 2 is stared.

Table B-13
REF Storage Operation versus Horizontal and Vertical Modes

DELTA ; FUNC | Channels
TIME ] {F) Displayed Reference Waveform Storage
ONE R3 to R4 R2 ¢ R3 R1to R2 CHx <t R
OFF
T™WO R2 to R4 BT to R3 CH2Z 1o R2 CH1 w1
OFF | QONE R2to R4 R1toR3 Fio Ry CHxtoRx
[l
ON TWQO R4 to R4 FtoR2 CHZto RZ GCH1toR1
NONE R3 to R4 R2 to A3 A1 to R2 Fto A1
ONE R2tc R4  R1to R3 CHx@D2  CHx(ED1
to R2 to R1
OFF | TWO (YT} R2to R4  H1to R3 CH2@D2z CH1@D1
to R2 tar R1
ON e
TWO (XY) RZtoR4 R toR3 CH2Z@OD1  CHI1@DY
to RZ2 to A1
ON | XXX R2to R4 R1 to A3 F@Dz FE@D
i _ to R2 to R1
2430A Qperators B-15
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SAVE ON DELTA Operation

The comparison channel for the SAVE ON A feature is given in Table B-14. The
desighated REF waveform must be displayed for the comparnison to take place. The
user must create the limits of the comparison waveform either by using CONT
ENVELQPE acquisition 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 channel is to e compared.

In the table, CHx vs REFx signifies that the displayed charnel is compared against
the carrespondingly nurmbered reference waveformn. REFy refars 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
OfFF
WO CH2 vs REF2 CH1 vs REF1
OFF ONE F vs REFy CHx vs AEFx
ON
TWO CH2 ys REF2 CH1 vs REF1 F vs REF3
N_ONE F vs REF1
ONE CHx@D2 CHx@D1
OFF vs REF2 vs REF1
ON TWO CH2@D2 CHI1@D1
| vs REF2 vs REFT
| ON XXX F@D2 F@D1
| vs REF2 vs REF1
8-16 24304, Operators
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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 AUTOSTER SEQUENCER menu (PRGM).

Table B-15
INIT PANEL States

AUTOSETUP Contrais

Mode
RESoltion

VIEW
LG

CURSQR Contrais

CURSOR/DELAY Knob
CURSOR FUNCTION
YOLTS UNITS

TIME UNITS

SLOPE UNITS
CURSOR Mode
ATTACH CURSORE TO:
X-Axis Cursor Position
Y-Axis Cursor Position
TIME Cursor Position
VOLTS Ref value
TIME Ref Value
SLOPE Ref Value

CURSOR POSITION
All off
VOLTS
SEC
VOLTS/SEC
A

CH 1

+ 3 divisions
+ 3 divisions
+ 4 divisions
10

1.0 SEC

1.0 VISEC

DELAY Controts

DELAY by EVENTS

A TIME

DELAY TIME

A DELAY Time

DELAY EVENTS Count

OFF
QFF
40 us
0.0

y
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Table B-15 (cont)

DEVICES/SETUP (QUTPUT)

DEVICES

HPGL PLOTTER OFF

THINKJET PRINTER ON
SETUP

Print SETTINGS CN

Print TEXT ON

Print GRAT ON

Pririt WFM ON

PGSIZ 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 CFF
PID Mask CFF
DEVDEP Mask ON
Data Encoding (ENCDG}) BINARY
Data Target REF 1
Data Source CH 1
FASTXMIT OFF
FASTXMIT 1
CURVE ONLY OFF
START 256
STOP 512
LEVEL 0
HYSTERESIS 5
DIRECTION PLUS
SETUP ATTRIBUTE ¢
o7 OFF

B-18
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Table B-15 {cont)

HORIZONTAL Mode Controls

MODE A
A SEC/DIV 1ms
EXT CLK Expansion Factor 1
EXT CLK OFF
POSITION Waveform L.IVE
POSITION Reference REF 1
PQSITION set to Midscraen
POSITION REF mode iNDependent
INTENSITY Controls
SELECT DISP
READOUT Intensity 35%
DISP Intensity 40%
GRAT Hlum 0%
INTENS Level B80%
VECTORS ON
MEASURE Controls
MARK OFF
DISPLAY OFF
WINDOW QFF
METHOG MIN/MAX

LEVEL {units}

LEVEL {settings)
PROXIMAL
MESIAL
MESIALZ
BISTAL

TARGET

D/O

10%/0.4 volts
50%{1.3 volts
50%1.3 volts
90%/2.4 volts
CH1

24304 Crperators
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Table B-15 (cont)

STORAGE Mode Controls

STORAGE Mode SAVE

ACQUIRE Mode NORMAL

REPET OFF

AVG Number 2

ENVELOPE Number 1

SAVE GN A& OFF

REF1 through REF4 OFF
TRIGGER Controls

AiB TRIG set for A

A TRIG MODE AUTO LEVEL

B TRIG MODE RUNS AFTER

SQURCE {both) CH1

COUPLING {both) oC

SLOPE (both) + (plus)

TRIG POSITION 1/2 {512)

LEVEL {both) 0.0

EXT GAIN (both) =1

HOLDOFF Minimum

VERTICAL MODE Controis

CH 1 ON
VOLTS/DIV (both) 100 mv
VARIABLE {hoth) CAL
COURPLING {both) DC

50 © {both) OFF
INVERT (both) OFF
FOSITION set to Mid screen
Dispiay Mode YT
BANDWIDTH FULL
SMOOTH CFF
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Tabie B-15 {cont)

VIDEQ OPTION Setup (SET TV}

Interlaced Coupiing FIELD1
Noninterlaced Coupling FIELD1
TV SYNC —{minus)
CLAMP OFF

WORD RECOGNIZER (SET WORD)

Word Match Dan't care
{all x}
RADIX HEX
CLOCK ASYNC
2430A Operators B-21
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Front-Panel Settings for Auto Setup

Auto Setup forces some front-panel controls to certain settings. Table B-16 lists
those controls and indicates whether or not thay are affecied when Auto Setup

executes.
Table B-16
Front-Panel Settings After an Auto Setup
AUTO SETUP Controls
Mode AS SELECTED
RESotution AS SELECTED
CURSOR Controls

CURSOR/DELAY Knab LASTS

CURSOR FUNCTION All off

ALL OTHER CURSOR SETTINGS LEFT AS LAST SET. SEE
TABLE B-15 FOR THE NAMES OF THE REMAINING

CONTROLS.2

DELAY Cantrols
DELAY by EVENTS CFF
A TIME OFF
DELAY TIME 40 us
A DELAY Time 0.0
DELAY EVENTS Count 1

DEVICES/SETUP (OUTPUT)

ALL DEVICES SETTINGS ARE LEFT AS LAST SET. SEE
DEVICES/SETUPR 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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Takie B-16 {cont)

HORIZONTAL Mode Controls

MODE

A SEC/DIV

EXT CLK Expansion Fagtor
EXT CLK

POSITICN Waveform
POSITION Reference
POSITION set to
ROSITION REF mode

A

Auto Setup’
4

OFE

LIVE
LAST?

Auto Setup?
LAST?

INTENSITY Controts

SELECT LASTS
READOUT Intensity LASTY
DISP Intensity Auto Setup’
INTENS Level LAST?
VECTORS ON
MEASURE Controls

ALL MEASURE SETTINGS ARE LEFT AS LAST SET. 5EE
MEASURE IN TABLE B-15 FOR A LiST OF THE CONTROLS 2

STORAGE Mode Controls

STORAGE Mode
ACQUIRE Mode
REFET

AVG Number
ENVELOPE Number
SAVE ON A

REF1 through REF4

ACQUIRE
NORMAL
Auto Setup!
LAST?
LASTS

QFF

OFF

TRIGGER Controls

A/B TRIG set for
A TRIG MODE

B TRIG MODE
SOURCE (both)
COUPLING (both)

A

AUTO

RUNS AFTER
VERT

DC

2430A Qperators
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Table B-16 (cont}

TRIGGER Contrals {cont}

SLOPE (both} Auto Setyp’
TRIG POSITION Auto Setup!
LEVEL (both) Auto Setup'
EXT GAIN [hoth) LAST?
HOLDOFF Minimurm
VERTICAL Controls
MODE LASTI4
VOLTS/DIY Auta Setup!
VARIABLE {both) CAL
COUPLING (both} Auto Setup?-®
50 Q (both) LAST3S
INVERT (both) OFF
POSITION set to Auto Setup’
Display Mode YT
BANDWIDTH FULL
SMOOTH QFF

VIDEO OPTION Setup (SET TV)

ALL GPIB OUTPUT SETTINGS ARE LEFT AS LAST SET. SEE
TABLE B-15 (VIDEO OPTION) FOR A LIST OF THE
CONTROLS.2

WORD RECOGNIZER (SET WORD)

ALL WORD RECOGNIZER SETTINGS ARE LEFT AS LAST SET.
SEE TABLE B-15 (WORD RECOGNIZER) FQR A LIST OF THE
CONTROLS 2

1Sel‘llnga established depend on the mode and resolution for Auto Setup, as well as the
input signalis) being set up. {See AUTO in Section 5 tor more information.}

2yse Tabie B-15 only to see a listing of uraifected contrels. Since the controls are left as last
set after executing an Auto Setup, ignore the INIT values listed with the contrals.

IThe setling in effect before Auto Setup executes is le#t unchanged after Aute Setup
executes,

4The Vertical MODE selting is only changed if no display source is selected, In that case,
CH 1is turned on.

5The input COUPLING is onty changed if GND is selected. In that case coupling becomes DG,
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Waveform Parameter Extraction

Introduction

We wili now discuss the methods used to calculate waveform parameters returned
by the MEASURE feature for this mstrument.

This information helps the user understand how the 2430A extiracts the specified
parameters. By knowing the methods used to characterize the wavetorm and calculate
the parameters. users can better understand how to set up the scope tor best
measurement rasults and how to interpret such results.

This section does nat describe alf the ways to access and specify the MEASURE
feature. Parameter extractions using the MEASURE features can be specified by use
of the front-panel MEASURE menu, as explained in Sectior &, Controfs, Connectors,
and Indicators, or by use of the GP!B, as explained in the Programmer’s Reference
Guide. Once soecified, extractions can be stored and later recalied as part of a
sequence Using the AutoStep 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, the time-reference points.
Once these waveform references are found, the second phase s to calculate the
requested parameters se they can be displayed.

24304 Qperators -1
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During the first phase, the scope first determines the minimum and maximum
amphtude levels within the active window of the waveform. BASE and TOP levels
for the targeted waveform are then determined according to the user-selected
MEASURE METHOD. Next, the PROXIMAL, MESIAL, MESIALZ, and DISTAL
amplitude-reference levelis are calculated according to the current settings for
LEVEL. At this point, it aniy amplitude-related parameters are requested, they ¢an
be extracted.

I time-related parameters are requested, the targeted waveform must next be
searched for waveform crossings of the PROXIMAL, MESIAL. and DISTAL levels.
The crossing times become the time-reference points and are then used to
calculate parameters such as FREQuency, WIDTH, PERIOD, etc.

BASE-TOP Determination

Three methods of deterrmining the TOP and BASE for waveforms can be user-
selected: MIN/MAX, HISTogram, and CURSOR. The best method for BASE-TOP
determination depends on the type of waveform that is to be measured.

MIN/MAX Method

The MIN/MAX methed s for general 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 amplitude {most positive) samples found
in the active window.

The tMIN/MAX mathod is useful for measuring FREQuency, WIDTH, and
PERIOD on most types of signals. MIN/MAX is sensitive to ringing and spikes
on the waveform. however, and cannot be used to accurately measure RISE
time, FALL time, OVeRSHocoT, and UNDeRSHooT.

HiSTogram Method

The HISTegram method attempts to ignore ringing and spikes on
waveforms when determining the (% (BASE), and 100% {TOP) levels. It's the
best method {o use when measwring 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 wavetorm and how the ampiitude-reference leveis 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 sigral atways has a posiive slope. and the faliing
edge has a negative slope.

When a histogram determines the TOP and BASE levels, the process is
as follows:

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 cccurs in the targeted waveform.

2. The absoiute maxirmum and minimum points are also cetermined from
the waveform data-array.

3. The absolute minimum peint is subtracted from the absolute maximum
point to determine the pezk-to-peak amplitude of the waveform.

4, The peak-to-peak amplitude is divided by two to obtain the mid-point
of the range for the waveform sample points (ie., 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 = 70.

5. Beginning at the mid-point level, the histogram array is sea~ched
upward {values greater than the mid-point) to fnd the initial histogram
rmaximum and downward (values less than mid-point) to find the initiat
histogram nrinmum. The value associated with the bucket cortaining the
largest count of sample points ABOVE the mid-point becomes the wavetorm
TOP. The value of the bucket containing the largest count BELOW the mid-
point value becornes the waveform BASE.

CURSOR Method

The CURSOR method lets the user directly set the BASE and TOP jevels
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

Regardless which BASE-TOP determination method is used, once the BASE
and TOP are found. the scope must nexi determing the amphiude-reference levels.
These levels are called the PROXIMAL. MES.AL. DISTAL. and MESIALZ reference
evels. The reference fevels are determined by the settings estabiished for each in
the LEVEL submenu for MEASURE. Each 'gvei can be set to a percentage of the
current waveform’'s base-to-top amplitude or to an absoclute voltage level relative to
15 ground reference level.

It the level is set in percentage, the corresponding voltage must be calcutated.
The resclution for the voltage calculated is determined by the VOLTS/DIV setting
at which the targetad wavelform was acguired. The vertical resclution of the scope
1s 25 digitization levels per divsion (25 DL's/DIV). The resolution is. therefore, 1/25
of the VOLTS/DIV setting for the target waveform. For example, #f the VOLTS/DIV
setting is 1 V. the resolution of the level calculation is:

1 VOLT/DIV  _ _ .
BE DLS DIV 0.04 = 40 mV resolution

The resolution as just caiculated applies to the amplitude-reference levels and to
the TOP and BASE levels. With the 40-mV resciution fgund in our exampie, the
TGP and BASE level wilt each be a positve andior negative mulliple ol 40 mV and
the amphtude.reference levels are pasitive multiples of 40 my.

Example: Assume a 1-Volt peak-peak input signal. symmetrical around ground,
with the VOLTS/DiV set to 1 V and the levels set to ther default values:
PROXIMAL =10%, MESIAL =50%. DISTAL =90%. As indicated previously, the
resclution 's 40 mV ., therefore. for TOP and BASE:

BASE = - 500 mVv, nominal, - 480 resolved
TOPF — 500 mV, nominal; - 480, resoived.

As shown here. BASE and TOP would normally be 500 my and + 500 mv.
respectively, however, based on the resolution limit, the resolved values were 12
times 40 mV. or —48B0 and 1+ 480 mV, respectively. The values are rounded
downward {in magritude) if nominal value :5 exactly midway (as in this case)
between levels of resolution, {Set the VOLTS/DIV switch 1o a more sensitive
sefting {0 (ncrease resoluton as neaedad it the 1-Volt signal in our exampls had
been displayed at 200 mV per divisior rather than at 1 VDIV /idivision, the
resolution would have been B mv. or 0.8%. instead of 40 mV. or 4%.)
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The level values in volts are determined by multipling the approprate level
percentage (expressed as a fraction) by the difference between the TOP and BASE
and adding the result to the BASE. Here, the nominal level values are calculated
using the resolved values for TOP and BASE:

PROXIMAL value

i

BASE + {0.1 x (TOP—-BASE}]

= 480 mV <4 [0.1 x (480 — (—480}
= — 384 mV, nominal

MESIAL value = —480 mV + [0.5 x (480 - (--480]]
= 0 mV, nominal

DISTAL value = 480 + [0.89 K (480 — ( 480)]

It

384 mv, nominal

These calculated values must also be rounded to the nearest resolution levet {as
for BASE and TOP, any values exactly midway of resolution levefs are rounded
down):

PROXIMAL = —400 mV, resolved
MESIAL Q my, rescived
DISTAL 400 mV, resolved

I

Il

The following is a quick way to predict the voltage that Measure made would
calculate, for given percentage level and waveform:

1. Determine the waveform amplitude hetween TOP and BASE: Turn on
BASE and TOP in the MEAS TYPE menu to display those values on
screen. Subtract the BASE value from the TOF value.

2. Display the LEVEL menu to determine the percent setting for the level to be
calculated in voits: Read the percent setfting directly from the menu.

3. Caleulate the number of resolution ingrements represented by the percent
setting: Convert the percent oblained in Step 2 to a cecimal, multiply it by
the difference obtained in Step 1, and divide the result by the resolution
obtainable at the YOLT/DIY setting used. Round the answer to the nearest
whole number (round a midway result downward).

4. Calculate the resolved level: Multiply the rounded number from Step 3 by
the obtanable resolution to get the resolved value in volts. Add the
resolved value to the BASE level displayed in Step 1 to obtain level of
interest in volts.

As an exarmpla, find the distal level of a 5-voit square wave that is symmetrical
around ground { = 2.50 V peak}). Assume a YOLT/DIV setting of 2 V; and, therefore
a resoiution of 0.08 V.
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1. Turnon BASE and TOF to display the resclved BASE and TOP values
of —2.48 V and —2.48 V, respectively, and calculate their difference:

2.48 —(—2.48) — 4 96.
¢. Disptay LEVEL menu (assume DISTAL=70%]),

3. Calculate number of resolution increments:
DISTAL {nominal) = %‘1@& =43.4, rounding to 43,
4. Caiculate resolved level.

DISTAL (resotved)=43 x 008 V + {~2.48) = 096 V

If the LEVEL menu is switched to set the amplitude-reference levei n VOLTs
nstead of %, the verticat resolution for the current VOLTS/DIV setting again Iimits
the values thal can be obtained. H, for example, the PROXIMAL tevel was set to
100 mY at 1 VDIV, it would be rounded to 120 mV as was calcuiated for percent.

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 waveform,

MESIALZ is an independent amplitude-reference level tor use with DELAY —the
only parameter extraction that uses two target waveforms. MESIALZ iets the user
set a crossing threshold on the TO target of the DELAY measurement that s
independent of the crossing threshoids 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 egual to BASE. and DISTAL
must be iess than or equal to TOP. MESIALZ must be within the BASE and TOP
of the DELAY TO waveform f the DELAY measurerment is selected. (Table C.2
coniains more information about error Messages )
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Figure C-1. Parameter extraction using HISTogram method.
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Figure C-2. Parameter extraction using MIN/MAX method.
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NOTE

The amplitude-reference levels just found are shown for the first through
third edge on Figures C-1 and C-2. The crossing points labeled “1st” (15t
MESIAL, etc.) are on the first edge; those labeled “2nd™ are on the second
edge, efr.

Determination of Time-Reference Points

Once the amplitude-reference levels have been caiculated, the waveform data-
array can be searched for crossings at these reference levels. The direction
{positive or regative) of the wavetorm and the time at these crossings define the
tirme-reterence points for calculating the waveform parameters.

Time-Reference Points Search Procedure

The scope uses the amplitude-reference points in a search algonthm to
determine where {at what tme) In the waveform record the reference points ocour,
and in what direction (positive or negative} the waveform is moving at each
crossing. In general. the MESIAL level crossings are used to determine where valid
edges exist, and the search seguence iocates the PROXIMAL and DISTAL
crossings on those edges. Once found, the bme 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; it fooks for a DISTAL
crossing if the MESIAL was on a falling edge {negative crossingj.

After finding the first level that occurred before the first MESIAL, the search is
again reversed, and the scope locks forward in the record to find the first level
after the first MESIAL (DISTAL, after a positive MES!AL crossing, or PROXIMAL,
after a negative MESIAL crossing). At this point, the search has located al] three
ampiitude-reference crossings for the first edge in the record (or in the active
window). The search continues forward until the next MESIAL crossing is found.

Cnee the second MESIAL is found, the backward/forward search just described
repeats to iocate the other two reference levels for the second edge, followed by
the next MESIAL for the third edge (l2st rising edge in Figures C-1 and C-2}. This
process of finding the amplitude-reference points {(and using the corresponding
times to build arrays of time-reference points} is repeated until four sets of edge
information are collected or until the entire active window has been searched.

C-8 2430A Operators
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NOTE

Be gware that a waveform with a varying peak amplitude. such as a dampened
or amplitude-moduiated sine wave, may have some edges that traverse all three
amplitude reference levels and some edges that do not. If an edge does not
cross the amplitude fevels in the manner described above, it will be missed dur-
ing the search, and measurement error OF an error/warning message will resuft.
To see where on the waveform that time-related parameters are being
extracted. turmn on MARKS. To change the levels at which the amplitude-
reference points are located on the waveform. display the LEVEL submenu
under SETUP in the MEASURE menu, and use the CURSOR/DELAY conlrol to
maodify the gopropriate levels).

Calculation of the Waveform Parameters

Table C-1 shows how each waveform parameter is calculated. Some
parameters are calculated directly fram 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.
Alt array-derived time-reference points are illustrated in Figure C-1; this figure is
usetul in visualizing the calculations made directly from these reference points.

Some parameters are calculated indirectly from the reference points. The duty
cycle parameter (DUTY), for example, is calculated by dividing the width of the
positive puise (TIME ON} by the period (PERIOR). Both TIME ON and PERIOD
are calculated directly from the time-reterence points and used in the indirect
calculation for DUTY.

24304 Operators c-9
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Table C-1
Deafinition of Parameters

The 21 parameters avaifable for extraction are defined as foliows:

AREA: The area under the waveform:

K
AREA =2, W)
=

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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www.valuetronics.com



Appendix C

BASE: Determined by the method chosen in the second-level SETUP menu.
Defines the 0% level of the waveform for caculating percentage-based DISTAL,
MESIAL, and FROXIMAL levels.

DELAY: Time delay is defined as:

WINDOW mode OFF:

DELAY = Time (@ first MESIAL of TO
target - Time @ first MESIAL of
FROM target + calibration ¢onstant
to null mismateh between CH 1
and CH 2.
Window ON:
DELAY = Time @ last MESIAL before right-

most TIME cursar on TO target

— Time @ first MESIAL pefore
left-most TIME cursor on

FROM target + calibration constant to
nult mismatch between CH 1

and CH 2.

WINDOW ON definition allows delay
measurements from any selected edge
on the FROM waveform 1o any edge
on the TO waveform,

DIStal: Determined by the method chosen in the second-level SETUP menu
and the DISTAL percemtage or voltage level chosen in the third-lgvel
LEVEL menu.

DUTY: Duty cycle is defined as:

— TIME ON o

where “TIME QN is the duration of the positive portion of the waveform.

FALL time: The tme between the DISTAL and PROXIMAL crossings of the
first complete negative-going edge.

24304 Operators 11
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FREQ: This measurement is simply the reciprocal of the PERIOD
measurement, which reguires the acquisition of three consecutive MESIAL
points.

"
FR =
EQ Time (@ third MESIAL — Time (@ first MESIAL

MAXimum: The largest {most positive) value found in the active window.

MEAN: The mean vaiue of the waveform:

K
MEAN — 1k — | + 1) X 2 Wi

i=j

Where

Window OFF
=1
k = 1024

Window ON
j = Location of left TIME Cursor
k = Location of right TIME Cursor

W = Target Waveform Array

MESial: Determined by the method chosen in the second-level METHOD
menu and the MESIAL percentage or voltage level chosen in the third-level
LEVEL menu.

MiDpaint: The vertical midpoint for the waveform:

MID = (MAX + MINY2
MiNimum: The smallest (most negative) value found in the active window,
OVeRShooT (TOP Overshoot):

VRSHT — MAX — TOP . y00%
OVRS Top —BAGE * 100%

This calculation 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 maasurement of pericd requires the acquisition of three
consecutive MESIAL points. The pericd is defined as:

PERIOD = Time @ third MESIAL — Time @ first MESAL.

PROXimal: Determined by the method chosen in the second-level METHOD
menu and the PROXIMAL percentage or voitage level chosen in the third-level
LEVEL menu.

PK-PK {peak-to-peak): MAX - MIN

RISE time: The time betwean the PROXIMAL and DISTAL crossings of the
first complete positive-going edge.

RMS: The voltage in AMS.

;
RAMS = [(Mk—y+ 1) 2 (WERP:
i

Whare

For WINDOW OFF:
i Period exists
j = First MESHAL ¢rossing found
k = Third MESIAL crossing found

It Period does not exist
j=1
k = 1024
For WINDOW ON:

| — Location of left TIME Cursor
k = Location of right TIME Curseor

W = target waveform array

With WINDOW OFF, the caicuiation returns an RM3
measurement of a periodic signal; with WINDQOW
ON, the scope returns an RMS measurement over
the user-specified “windowead™ area.
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TOP: Determined by the method chosen in the second-leve! SETUR menu.
Definas the 100% lavel of the waveform for calcuiating percentage-based
PROXIMAL, MESIAL, and DISTAL levels.

UNDerShoot (BASE Overshoot):

BASE ~ MIN
HT = 100%
UNDRSHT= tor —eAsE ©

Similar to overshoot, this calculation does not select the minimum
on the first faliing edge. Instead. the minimum is found within the
entire active window of the waveform.

WIDTH: This is an edge-to-edge measurement. defined as:

WIDTH=Time @ second MESIAL on the pulse minus the Time @
first MESIAL on the pulse, where the pulse is that portion, positive
or negative, of a periodic waveform having the /east duration relative
to the waveform period.

Note that WIDTH might be measured from a rising to a falling edge
or from a faliing to a rising edge, depending on which ¢t the available
edges in the active window define a puise. This instrument defines a
puise as that part of the waveform having the shortest duty cycle. In
other words, for a rectanguiar waveform that is at a more positive
teval 50% of the time and a more negative lavel 40% of the time, the
two mesials for the edges bracketing the negative 40% of the
waveiorm are used for measuring WIDTH.

Interaction of MEASURE with Acquisition Modes

ENVELOPE Mode

When ENVELOPE is the Acquire mode, MEASURE modifies the search
procedure used to extract time-related parameters (period, frequency, etc.),
{See *Tima-Reference Points Search Procedure™ in this appendix for a
description of the search procedure.) ENVELOPE-mode waveforms are
composed of a series of MIN/MAX pairs, one per sample interval, instead of a
single sample pcint per interval. For NORMAL and AVG Acquire modes.
MEASURE lccates the waveform edges by determining where transitions
between two sample points cross amplitude-reference levels. Since in
ENVELOPE mode, a transition also occurs between each MiN and each MAX in
the sampie interval, and since such transitions can cross the amplitude-
reference levels, MEASURE must ignore these “envelope” transitions when
searching for the valid waveform edges.
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when in ENVELOPE Acquire mode, MEASURE finds the first MIN-to-MAX
or MAX-to-MIN transition in the recorgd that does not cress the mesial
amplitude-reference level, then finds the first one that DOES and uses it as the
first valid edge. This ensures that the first edge found is a resutt of a change in
waveform amplitude, not a MIN-to-MAX or MAX-to-MIN transition. From then
on, the waveform is searched using the method previously described, except
only MAX values are looked at if the the transition was from a MIN to a MAX,
and only MIN values if the transition was from a MAX t0 a MIN. This effectively
ignores MIN-to-MAX/MAX-to-MIN transitions, ensuring that subsequent
transitions found represent edges on the waveform.

MEASURE uses the envelope when determining amplitude-related
parameters.

When measuring ADD or MULT waveforms that are SAVEd, remember
those waveforms must be displayed in ADD or MULT mode before SAVEd
mode is entered. If ADD or MULT is selected after SAVE is entered, an invalig
wavetorm is displayed and, i ADD or MULT is selected as the measurement
target for a Continuous-Update measurement, an ermor message will be
displayed in place of the measurement resuits.

AVERAGE Mode
Waveform Parameter Extraction is always performed on 8 hits of data; for
AVERAGE Mode the 8 bits measured are the § upper (most-significant) bits of
tha 18-bit average data.

REPET Mode

In REPET mode, a minimum number of acquisitions must be taken before
enough sample points are accumulated for parameter extraction. Until enough
sample points are acquired, the selected parameter value is replaced with 77
WAIT 77 in the MEASURE display.
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SAVEd Expanded Waveforms

The area that parameters are extracted from on waveforms that have been
SAVEd and then horizontally expanded depends on the horizontal position. Up
to 200 horizontal screens of data are available (with 100 expansion), but only
2 screens are available for measurement at any one time. Normally, the area
measured is the 2 screens (2 screens comprise 20 horizontal divisions, or 1024
points of data) that start at the left edge of the graticule and continue to one
screen of data (10 divisions) beyond the right edge of the graticule. The
exceptions to this rule are when the beginning or end of the expanded
waveform are positioned inside the 2 screen area just described:

= If the beginning of the expanded waveform is positioned to the right of the
left edge of the screen, the 1024 points the parameter is extracted from
start at the beginming of the wavaform. The beginning of the waveform
cannot be positioned to the right of center screen.

» If the end of the waveform is positioned less than 10 divisions beyond the
right edge of the screen, the 1024 points the parameter is extracted from
stop at the end of the wavetorm. In other words, the measurement begins
as far o the left of the screen’s left edge as is necessary to use the full
1024 sampie points. The end of the waveform cannot be positioned to the
left of center screen.

Vertical Expansion

'f a SAVEd waveform is vertically expanded. the expansion is done before
the parameter is extracted. If the waveform is expanded beyond the
10.24-division verfical window, inaccurate amplitude measurements may result.
The CLIF message (see Table C-3) warns the user of this situation. Resolution
is not increased for parameter extraction by vertically expanding waveforms.

SMOOTH Acquisition Mode

Smoothing, if enabled, is performed prior to any parameter extraction
calculations. Since SMOQOTH performs a moving, 5-point average on
waveforms, it can affect the values returned for MEASURE. See Section 5 for
more information about SMOCTH,

ROLL Acquisition Mode
Parameters cannot be extracted from 3 “live” wavelorm in ROLL mode, but
they can be extracted using SAVE mode. When the ROLL waveform has been

SAVE(Q, etther by & press of the SAVE button or by the occurrence of a2 SAVE-
ON-DELTA, the selected parameter can be displayed.
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Glossary of Parameter Extraction Terms

Active Window: The portion of the waveform over which the selected
parameter is extracted. If WINDOW is OFF. the active window i$ from the first
waveform sample 1o the last waveform sample: sample 1 to sample 1024 11
window is ON, the active window is the section of waveform between and
including the left and right time cursars. 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 cresses an amplitude-
reference level (PROXIMAL, MESIAL, MESIALZ, or DISTAL),

DISTAL Level: This is & voltage threshold that provides the ending time-
refererce pont for rise-time measurements and the starting time-reference point
for fall-time measurements. It can be set by the user 1o any voltage from
—999 ¥ 10 -+ 999 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 typicaily 50% of the waveform.
MESIAL ¢rossings determine the time-reference points used to caicuiate
frequency, width, pericd. RMS, and delay.

MESIALZ2 Level: 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 s a two-channel measurement.} The MESIALZ level
can be set independently from MESIAL, but the default is 50%.

PROXIMAL Level: This is the other threshold that is used with the DISTAL
crossing to calculate the rise-time and fall-time parameters. The default value of
PROXIMAL is 10%.

TOP: The 100% leve! of the waveform determined by the current
measurernant method (MIN/MAX, HISTogram, or CURSORY).

24304 Operators c17
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Warning and Error Messages for MEASURE

ERROR Messages

Error messages are issued when the scope cannot perform the requested

parameter extraction.

NOTE

When “active window" is used in descriptions for error or warning mes-
sages, it refers to the section of the targeted waveform that is being
measured. If WINDOW Js on and the TIME cursors are on, the active
wingow s the section betwsen and including the left and right TIME
cursars. it WINDOW is off, the active window is the entire 1024.sampie,
20-horizontal division waveform.

Table C-2

Error Messages for MEASURE

Error Messages

Description

EMPTY REF A measurement was requested 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 level settings do not satisfy the condition

PROXIMAL < MESIAL = DISTAL
MESZ LIMIT? The MESIALZ level does not satisfy the condition
BASE = MESIALZ = TOP
C-i8 2430A Operators
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Appendix C

WARNING Messages

Warning messages are issued when the requested parameter may not

be valid.

NOTE

Whern "active window" is used in descriptions for error ¢r warning mes-
sages, it refers ta the section of the targeted waveform that is being
measured. If WINDOW is on and the TIME cursors are on, the active
window /s the section belween and including the feft and right TIME
cursors, If WINDOW is of. the active window is the entre 1024-sample,
Z0-horizontal division waveform.

Table C-3

Warning Messages for MEASURE

Warning Message

Description

cLe

The amplitude of the targeted waveiorm is
outside the 10.24 divisions available for vertical
display. Increase the VOLTS/DIV or vertically
position the waveform toward center screen.

ENV?

The measurement is taken on an ENVELOPE
waveform and MIN to MAX transitions may cross
levei thresholds, generating unintended results.
Use the MARKS to determine if the correct level
¢rossings 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 METHQOD. 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 waming is displayed.

LO AMPL?

Time measuremernts were requested on a
wavelform with less than 12 DL's (digitization
leveis) from the BASE to the TOP. (There are
25 DL’'s per vertical division.)

24304 Operators
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Fable C-3 (cont)

Warning Message

Description

LC ARES?

Greater resolution may be needed for an accurate
result. Go to a faster SEC/DIV setting to obtain
greater resolution. The waming message is
displayed when:

a. RIBE or FALL is specitied and the
rise time or fail time allowed less
than 5 samples to be acquired for
the parameter.

b. FREQ or PERIOD is specified and
= 15 samples are acquired for the
parameier.

¢.  Pulse WIDTH is specified and
= 10 samples are acquired for the
parameter.

d. DELAY is specified and the
absolute value of the delay is
= 5§ samples.

MIN/MAX?

Overshoot or undershoot was requested and
MIN/MAX was the METHOD specified.
Overshoot and undershoat are always 0% for
MIN/MAX.

NO DisP

Measurements were requested on a waveform
that is not displayed.

< 1 PER?

Less than one peried was found in the active
window. RMS wilt be calculated from sample 1 to
sample 1024, singe this warning is only displayed
if WINDOW is off.

c-22
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Index

AABS CURSOR MODE, 5-19

A DELAY TIME, 3-18

A TIME. 5-31

4 TIME CURSORS, 3-31

1TIME CURSORS, 2-30, 5-13, 5-18
50 @t OVERLQAD, 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 TRYGGER MQDES, 5-38
A TRIGGER OUTPUT CONNECTOR, 5-81
A/8 TRIG BUTTON, 5-34
A'B TRIGGER, 3-43
A*BIWORD SOURCE, 5-36
ABSOLUTE TIME CURSORS, 3-35
ABSQLUTE VOLTAGE CURSORS, 3-29
AC COUPLING, 5-10, 5-37
AG POWER SOURCE, 6-25
ACCESSORIES, 7-19
ACQUIRE BUTTON, 5-44
ACQUIRE MODES, 5-44
ACQUIRING DATA, 2-3
ACQUISITION SYSTEM SPECIFICATIONS, 69
ADD MCDE, 3-4, 5-7
ADDR, 5-28
ALY, 7-7
APPLICATIONS, 31
ARMED, B-13
ARMED-READY-TRIG'D 542
ASTIG ADJUSTMENT, 4.2, 54
ATRIG (A TRIGGER), B-13
ATTACH CURSORS TO:, 5-18
AUTC, 5-57
AUTO LEVEL, 5-38
AUTO PROBE, A4
AUTO TRIGGERING AND AUTO LEVELING, B-7
AUTOMATIC SCALE FACTOR SWITCHING, 2-5
AUTO/ROLL, 5-38
AUTO SETUP, 3-62, 5-73, B.22
EDGE, 5-60
PERIOD. 5-60
PULSE, 5-60
VIEW, 5-58
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AUTOSTEP SEQUENCER, 3-85, 5-69, 5-71
DELETE. 5-76
EDIT, 5-77
RECALL, 5-76
SAVE, 5-70
AUXILIARY GROUND, 5-21
AVG ACQUISITION MODE, 3-46, 5-46, C-15

B TRIGGER CONTROL MENUS, 5-88
B TRIGGER MODES, 540

B TRIGGER SOURCE, B-8
BACK-PORCH CLAMP, 7-5, 7-7
BANDWIDTH BUTTON, 5-11
BATTERY, 6-21

BELL, WARNING, 5-73, A-3

CALIBRATION, A-8, A-12
CALIBRATOR, 5-21

CALIBRATOR FREQUENCY, B-2
CCIR SYSTEMB. 7-10

CH 2 SIGNAL QUTPUT, 5-81
CHAN 1:2, 5-35

CLAMP, 7-5, 7-7

CLOCK. REAL-TIME, 2-19
COAXIAL CABLES, 2-5

CODED PRCBES, 6-2, B-1

COLD START, A-1. A9

COOLING, 1-7

COUPLED CURSORS, 3-37
COUPLING, 5-9, 5-37
COUPLING/INVERT, 5-8

CPLG BUTTON, 5-37

CRT, 5-6

CHT DISPLAY MENUS, 5-83
GUASCR CONTROL MENUS, 5-85
CURSOR MEASUREMENTS, 3-24, 64
CURSOR/DELAY CONTROL KNOB, 5-34
CURSORS, 2-25

DG INPUT COUPLING, 5-10

DC TRIGGER COUPLING, 5-37

DC OFFSET, 5-60

DEBUG, 5-26

DELAY BY EVENTS, 2-34, 3-21,5-33
DELAY BY TIME, 2-32, 3-14, 5-31
DELAY CONTROL MENUS, 5-86
DELTA VOLTAGE, 3-25
DETACHABLE-POWER-CORD RECEPTACLE, 5-79
DEVICES, 5-24

DIAGNOSTIC ROUTINES, A-B
DIAGNOSTICS, A-8, A-13, A-19
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DIMENSIONAL DRAWING, B-35
DISABLED--SEE MANUAL, A-1
DISP, 5-83

DISPLAY PRIORITY, B-14
DISPLAY REF. 5-53

DISPLAY SPECIFICATIONS, 6-24

EDGE?, 5-18
EMPTY REF, 2-21, 5-54
ENCDG, 5-26
ENVELOPE ACQUISITION MODE, 348, 544, C-14
ENVIRONMENTAL CHARACTERISTICS, 6-26
ERASE MEMORY, 5-4, 6-5, 6-21, A-1, A-2
ERROR MESSAGES, C-18
EXPANSION, 3-52
EXT 1:2, 5-35 f
EXT CLK, 5-4¢
EXT TRIG GAIN, 5-35
EXTENDED CALIBRATION, A-12, A-14, A18
EXTENDED DIAGNOSTICS, A-11, A-15, A-18
HALT, A-17
MQDE, A-17
RUN/SEL., A-17
UP/DOWN ARROWS, A-15
EXTENDED FEATURES, 5-56, 6-6
EXTENDED FEATURES APPLICATIONS, 3-61
EXTENDED FUNCTIONS, 5-4, A-1
EXTERNAL INTERFACE, 5-20
EXTERNAL TRHE INPUT CONNECTORS, 5-21
EXTERNAL TRIGGERING, 2-6
EXTERNAL TRIGGER AND TRIGGER STATUS MENUS, 5-85

FAIL, A-9, A-13

FAMILIARIZATION PROCEDURES, 2-9
FIELD LINE # CONTROL, 5-42

FIELD TRIGGERING, 7-5

FIELDA, FIELD2, 7-6

FOCUS ADJUSTMENT, 4-2, 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, 6-25

GENERAL APPLICATIONS, 3-2
GENERAL PURPOSE INTERFACE BUS, 5-22
GETTING A DISPLAY, 2.9
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“GETTING ACQUAINTED"” PROCEDURE, 1-11
GND, 5-10

GPIB CONNECTOR, 5-79

GPIB MODE, 5.22

GPIB OPERATION, A-18

GPIB STATUS, 5-22

GRATICULE, 21

GROUNDING, 2-4

HALT, A-15

HELP, 5-56

HF REJECT COUPLING, 5-37
HOLDOFF CONTROL, 542, B-5
HORIZ PQS REF, 5-54

HORIZONTAL CONTROLS, 5-29
HORIZONTAL EXPANSION, 3-53, 5-29
HORIZONTAL GAIN CHECK, 4-3
HORIZONTAL MODES, 5-28
HORIZONTAL POSITION CONTROL KNCBE, 5-30
HORIZONTAL SCALING, 5-57, 5-58
HORIZONTAL SYSTEM, 8-2

ILLUSTRATIONS, xii

INIT & 50% Button, 5-41

INIT PANEL, B-17

INPUT-COUPLING CAPACITOR PRECHARGING, 2-6
INSTANTANEQUS DC VOLTAGE LEVEL, 3-3
INSTRUMENT COOQLING, 1-7

INTENSITY CONTROL KNOB, 5-3

INTENS REALS, A-7, 5-83

INTERNATIONAL FOWER CORDS, 7-2
INTERP, A-5, 5-83

INTERFOLATION, 5-49

INTERFOLATION MODE, A-8, 5.83

INVERT, 5-10

L/ONLY, 5-24

LEVEL, 3.68, 3-89

LEVEL CONTROL, 5-42
LEVEL/FIELD LINE #, 5-42

LF REJECT COUPLING, 5-37
LINEAR, A-6, 5-83

LINE FUSE, 1-4,1-5

LINE SOURCE, 5-36, 7-6

LINE VOLTAGE SELECTION, 1.3
LINE VOLTAGE SELECTOR SWITCH, 1-5, 5-80
LOCK, 5-22
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2430A Operaiors

MARK, 3-7%
MAXIMUM DELAY, B-10, B-11
MEASURE, 3-67, 5-62
AREA, C-10
BASE, C-11, C-17
CONTINUOUS-UPDATE, 3-74
CROSSING, C-17
DELAY, C-11
DISTAL, 5-63, 5-66, 5-67, 5-68, C-17, C-18
DUTY, C-11
FALL TIME, C-11
FREQUENCY, C-12
MAXIMUM, 5-65, C-12
MEAN, C-12
MEASUREMENT LOCATION, 3-80
MESIAL, 5-63, 5-64, 5.66, C-12, C-17
MIDPCINT, C-12
MINIMUM, 5-63, C-12
CVERSHOOT, C-12
PERIOD, C-13
PROXIMAL, 5-66, 5-67, 5-68, C-13. C-17
PK-PK, C-13
RISE TIME, C-13
AMS, C123
SNAPSHOT, 5-62
TOP, C-14, C17
UNDERSHOOT. C-14
WIDTH, C-14
WINDOW, 5-68, C-16, C-17
MECHANICAL CHARACTERISTICS, 6-29
MENLU BUTTONS, 5-1
MENLU OFF, 5-4
MESSAGES, C-18
MISC., A-3
MULT MQDE, 3-9, 5-7
MULT SCALING, 3-9, 5-7, 5-61

NEW REF, 3-34, 5-19

NO A DELAY 1N AVG, 3-48, 5-33

NOISE REJECT COUPLING, §-37, 6-14, 815, 6-16, 6-19
NOMIMAL SOURCE VOLTAGES, 1-3. 6-25
NONVOLATILE MEMORY, 6-5, 6-21, A-9

NOQRMAL ACQUISITION MODE, 3-46, 5-44

NORMAL TRIGGER MODE, 5-39

NOT WARMED UP, A-13

NTSC (CCIR SYSTEM M), 7.10
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24304 Operators

OFF BUS, 5-25, 5-83

OPERATING CONSIDERATIONS, 2-1
OPERATORS CHECKS AND ADJUSTMENTS, 4-1
OPERATORS FAMILIARIZATION, 2-7
OPERATORS SAFETY SUMMARY, xiv
OPTIONAL ACCESSORIES, 7-20

OPTIONAL WORD RECOGNIZER PROBE. 7-3, 717
OPTIONS, 71

CQUTPUT BUTTON, 5-23

QUTPUT CONTROL MENUS, 5-86
OVERSCANNED TV DISPLAYS, 7-9

P8407 WORD RECOG INPUT CONNECTOR, 5-81
PANEL. A-1

PASS, A-13, A-15

PAUSE, 5-27,5-71, 5-74

PEAK-TO-PEAK VOLTAGE, 3-2

PERFORMANCE CHARACTERISTICS. 8-1
FERFORMANCE CONDITIONS, 6-8

PLOT, 5-28, 5-73

PLOTTER, 5-24

POWER CORDS, 1-6, 1-7, 7-2

POWER-DOWN, 1-9

POWER ON/OFF SWITCH, 5-6
POWER-ON/SELF TEST FAILURE, A-8

PREFLT {PREFILTER), A-2. A-6, 5-B3

PRGM, 3-85, 5-69

PRINT, 5-73

PRINTER, 5-24

FPROBE CODING, B-3

PROBE LOW-FREQUENCY COMPENSATION, 4-4
PROBE POWER CCONNECTORS, 5-81

PRCBE POWER, 7-3

PROBEE, 2-4

PROPRIETARY INFORMATION REMOVAL, A-2, A-3
PROTECT, 5-71

PWR ON INIT, 5.6, B-17

PWHR ON LAST, 5-6

RACKMOUNTING. 7-2
RACKMOUNTING ACCESSORIES, 7-19
RADIX, 717

RATIO (between two voltages), 3-26
RATIO (between two time periods), 3-34
READOUT DISPLAY, 2.7, 2-8

READY, B-13

REAL-TIME CLOCK, 2-19

REAR PANEL, 5-79

RECCORC TRIGGER, B-9 f B-11
RECORD TRIGGER QUTPUT CONNECTOR, 5-80
REPACKAGING FOR SHIPMENT, 1.10
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2430A Operators

REPEAT, 5-72

REPET MODE, 3.51. 5.49. G-14
REPETITIVE ACQUISITION, B-3

ROLL MODE, 3.50, 6-38, C-1&

RTRiIG {RECORD TRIGGER), B-S f B-11
RUN/SEL, A-17

RUNS AFTER, 5-40

SAFETY, 13

SAVE ON A MODE, 3-56, 5-50, B-16
$AVE $TORAGE MQDE, 3-51, 5-52
SAVED EXPANDED WAVEFORMS, C-15
SAVEREF SOURCE, 3-54, 5-53
SAVEREF DESTINATION, 5-53
SEC/DIV SWITCH, 5-29

SELECT BUTTON, 5-3, 5-19

SELF CALIBRATION, 2-16, 5-69, A-12, A-14, A-18
SELF DIAGNOSTICS. A-8, A-1%
SELF TEST, 5-72

SERVICE ROUTINES, A-11

SET BITS, 7-17

SET VIDEC BUTTON, 5-41

SET WORD BUTTON, 5-43, 7-17
SETUPR, 5-23, 5-24

SETUP MENUS, 5-80

SIGNAL CANCELLATION, 3-6
SIGNAL CONNECTIONS, 24
SIGNAL QUTPUTS, 8.22

SINGLE SEQ TRIGGER MODE, 5-3¢
SINX/X, A-B, 5-83

SLOPE CURSORS, 2-28, 3-40. 5-18
SLOPE/SYNC BUTTON, 5-42
SMOOTH, B4, C-15

SMOQOTH ONIOFF, 5-51

SNIR, B-3

SOURCE, 5-34

SPECIAL APPLICATIONS, 3-24
SPECIAL MENU, A-3

SPECIAL UNITS, 3-26, 342
SPECIFICATIONS, €-1

SRQ, 5-22, 5-71

STACK REF, 5-53, 5-54, B-15
START-UP, 1.8

STATUS/HELP BUTTON, 5-3
STORAGE AND 10, 6-5

STCRAGE APPLICATIONS, 348
STORAGE CONTROL MENUS, 5-86
STORAGE SYSTEM, 5-44
STORING FRONT-PANEL SETUPS, 2-14
SYNC POLARITY, 7-6
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2430A Operators

SYSTEM FUNCTIONS, A-1
MISC., A-2
PANEL, A-2
PREFLT ONIQFF, A-2, A-6
VIDEQ OPT., A7
SYSTEM MENUS, 5.82
SYSTEM SELECTION, 7-6
SYSTEM-M/NONSYSTEM-M PROTQOCOL. 7-9, A-4

TIL, 5-24

T/ONLY, 5-23

TABLES, xi, xii, Appendix B
TEKSECURE ERASE MEMORY, 5.4, 6-5, 6:21, A-1. A-2
TERM, 5-25

TEST CODES, A-20

THINKJET® PRINTER, 5-24

TIME CURSORS, 2-29, 5-16

TIME MEASUREMENTS, 2-2, 3-12, 331
TIMEBASE SPECIFICATIONS, 6-18
TRACE ROTATION ADJUSTMENT, 4-2, 5-4
TRANSMIT, 5-27

TRIG AFTER, 5.40

TRIG POSITION BUTTON, 5-41

TRIG STATUS BUTTON, 5-43

TRIGD, B-13

TRIGGER LEVEL RANGE, B-6
TRIGGER MODE BUTTON, 5-38
TRIGGER POSITION, B9

TRIGGER STATUS INDICATORS, B-13
TRIGGER SYSTEM, 6.3

TRIGGERING SPECIFICATIONS, 6-13
TV LINE NUMBER, 7.7, 7-8

TV RF INTERFERENCE, 7-9

TV SYSTEM, 7-9, A4

UNCALD, A-13

UNITS BUTTON, 5-19
UP/DOWN ARROWS, A-16
USING THE CURSORS, 2-25

V@T CURSORS, 2-27, 340, 5-17

VARIABLE VOLTS/DIV, 5-11

VECTORS, 5-3

VERT SOURCE, 5-35

VERTICAL CONTROL MENUS, 5-84

VERTICAL GONTAOLS, 5-6

VERTICAL EXPANSION, 3-52, C-15

VERTICAL GAIN CHECK, 4.3

VERTICAL INPUT CONNECTORS (CH 1. CH 2), 5-7
VERTICAL MODES, 5-6
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