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Instrument Serial Numbers

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

BO10000 Tektronix, Inc., Beaverton, Oregon, USA

E200000 Tektronix United Kingdom, Ltd., London

J300000 Sony/Tektronix, Japan

H700000 Tektronix Holland, NV, Heerenveen, The Netherlands

(nstruments manufactured for Tekfronix by external vendors outside the United
States are assigned a two digit alpha code 1o identify the country of manufacture
(e.g., JP for Japan, HK for Hong Kong, iL for lsrael, etc.).

Tektronix, Inc., RO. Box 500, Beaverton, OR 97077
Printed in U.S.A.

Copyright ¢ Tektronix, Inc., 1988



WARRANTY

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

In order 10 obtain service under this warranty, Customer must notify Tektranix of the
defect before the expiration of the warranty period and make suitable
arrangements for the performance of service. Cuslomer shall be responsible for
packaging and shipping the defective product to the service center dasignated by
Tektronix, with shipping charges prepaid. Tektronix shali pay for the return of the
product to Customer if the shipment is o a location within the country in which the
Tektronix service center is located. Customer shall be responsible for paying all
shipping charges, duties, taxes, and any other charges for products returned to
any other locations.

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

THIS WARRANTY IS GIVEN BY TEKTRONIX WITH RESPECT TO 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, OR CONSEQUENTIAL DAMAGES !RRESPECTIVE OF
WHETHER TEKTRONIX OR THE VENDOR HAS ADVANCE NOTICE OF THE
POSSIBILITY OF SUCH DAMAGES,



Certificate of the Manufacturer/importer

We hereby certify that the

24558/2455B424458 OSC!
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complies with the RF Interference Suppression requirements of
Amtsbl.-Vfg 1046/1984.

The German Postal Service was notified that the equipment is being
marketed.

_ The German Postal Service has the right to re-test the series and to
verify that it complies.

TEKTRONIX

Bescheinigung des Hersteflers/importeurs

Hiermit wird bescheinigt, das der/die/das
2465B/2455B/2445B8 QSCILLOSCOPE AND ALL INSTALLED CPTICNS

in Ubereinstimmung mit den Bestimmungen der Amtsblatt-Verfuguing
1046/1584 funkentstart ist.

Der Deutschen Bundespost wurde das Inverkehrbringen dieses Gerates
angezeigt und die Berechtigung zur Uberprufiing der Serie auf Einhalten
der Bestimmungen eingeraumt,

TEKTRONIX




NOTICE to the user/operator:

The German Postal Service requires that Systems assembled by the
operatorfuser of this instrument must also comply with Postal
Regulation, Vfg. 1046/1984, Par, 2, Sect. 1.

HINWEIS fur den Benutzer/Betreiber:
Die vom Betreiber zusammengestelite Anlage, innerhalo derer dies

Gerat eingesetzt wird, muf3 ebenfalls den Voraussetzungen nach Par. 2,
Ziff. 1 der Vig. 1046/1984 genugen.

NOTICE to the userfoperator:

The German Postal Service requires that this equipment, when used in a
lest setup, may only be operated if the requirements of Postal
Regulation, Vig. 1046/1984, Par. 2, Sect. 1.7.1 are complied with.

HINWEILS flir den Benutzer/Betraiber:
Dies Gerdt dart in MefRaufbauten nur betrieben werden. wenn die

Voraussetzungen des Par. 2, Ziff. 1.7.1 der Vig. 1046/1984 eingehalten
werden,




The 2465B, 2455B, and 24458

The TEKTRONIX 24658, 24558, and 24458 portable oscilloscopes have four verlical
channels with DC fc 400 M4z, 250 MHz, and 150 MHz bandwidths, Defiection factors
run from 2 mV to 5 V per division, in a 1-2-5 sequence, with either 1 M or 50 ) input
resiztance, in channels 1 and 2. Either AC or DO input coupling is available at 1 MLY.
Channels 3 and 4 give 0.1 ¥ or 0.5V per division, with 1 M{} input resistance, and DC

coupling. With the standard 10X probes, channels 1 and 2 display 20 mV to 50
Vidivision and channels 3 and 4 display 1 V or 5 Vidivision.

The trigger system works automatically for most signals. They operate in various
modes, from any channel, with optimum couplings for a wide range of signals. The
24458 triggers from DG 10 250 MHz. The 24668 and 24658 trigger from DC fo
500 MHz.

Sweep speeds range from 1.5 s 10 1 ns per division on the 24458 and 24558 and to
500 ps per division on the 24688, inciuding the effects of the X10 magnifier and the
calibrated variable between 1-2-5 steps. Horizontal displays include A-Sweep.
B-8weep (delayed), A alternated with B, and CH 1 (for X/¥ displays).

The SETUP features, AUTD, SAVE, and RECALL, save time and prevent errars.
whether you are a novice operator or a master, AUTO Selup works with almost any
signal. For repeating measuremnents, the Save and Recall functions record and restore
as many as 30 instrument setups, including the extended-function options. Setups can
be recalled either immediately or sequentially.

Digital readouts of time, voltage, scale factars, trigger levels, and auxiilary information
also save tme and reduce errors.

With Paramelric Measurements, common measurements such as frequency, period,
arnplitude, putse width, duty factor, rise ime. fall time, and propagation detay can be
made automatically. Fach measurement activation displays the results in the CRT
readout. Measurernent results remain on-screen until any other bution is prassed.

For instruments with serial numbers B049999 and below with firmware Version
11 and above of for instruments serial numbers B053000 and above with firmware
Version 2 ang above the following function is available. The RECALL bution resets
the instrument inte the mode of operation it was in prior to performing the parametric
measurement or AUTO Setup.

With the available Counter/Timer/Trigger (C77}, Option 06 or Option DY,
measurements reguire gven less effort and give better accuracy. The CT7 increases
trigger selectivity, espacially in digital systems. Cption 09 includes the CTT and a 17-bit
Word Recognizer (WH). The available Tetevision/Video (TV) enhancement, Option 05, can
trigger at any desired point in a frame and it can reduce the effects of ac coupfing and
hum in a video signal. The available Digital Multimeter {DMM) measures do voltage, de
curtent, ac Tms current, resistance, and termperature with floating inputs.

24658/24558/2445B Operators i



The 24658, 24558, and 24458

The WA adds a Word Recogrizer Probs connector on the rear panel. The TV
enhancemernt adds LINES, FLD1, and FLD2? Trigger Coupiing

The available GPIB interface accesses all controts and cigital readings. The interface
adds GPFIB status indicators. just above the CRT. See the 24X58/24678 GRIB {Option 10}
Instrument Interfacing Guide for information on integrating the instrument into a GPIB
system,

The 2465B CT includes CTT and WR (Option} and GPIB (Option 10), The
24858 DM adds DMM (Option 01) and also includes CTT and Wh (Option 9) and GPIB
{Option 10). The 24658 DV adds TV {Option 05) to the features of the 24658 DM.

{llustrations at the back of the manual show the instrument front and rear panels.

i 2465B/2455B/2445B Operators
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Operators Safety Summary

Operators Safety Summary

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

Terms

In This Manual

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

WARNING staterments identify conditions or practices that could result in
personat injury or loss of life.

As Marked on Equipment

CAUTION indicates a personal injury hazard not immediately accessible as one
reads the markings. or a hazard 1o proparty, including the equipment itsell.

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

Symbols

in This Manual

é This symbol indicates where applicable cautionary or gther
information is to be found. For maximum input voitage see Table 6-1.

As Marked on Equipment

é DANGER—High voltage.

@ Protective ground {earth) terminal.

A ATTENTION—Refer to manual,

viil 2455B/24655B'2445B Operators



Operators Safety Summary

Power Source
This product is intended tc operate from a power source that does not apmy more
than 250 volts rms between the supply conductars 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 greunded through the grounding conductor of the power cord. To
avoid electrical shock, plug the power cord into a properly wired receptacle befora
connecting to the product input or output terminals. A protective ground

connection by way of the grounding conductor in the power cord is essential for
safe operation,

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

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

Use the Proper Power Cord

Use only the power cord and connector specified for your product,
Use only a power cord that is in good condition,
For detailed information on power cords ang connectors see Table 1-1.

Use the Proper Fuse

To avoid fire hazard, use only a fuse of the correct type, voltage rating and current
rating as spacified in the parts list for yvour product.

Do Not Operate in Explosive Atmospheres

To avoid explosion, do nat operate this product in an explosive atmosphere unless
it has been specifically certified for such operation.

Do Not Remove Covers or Panels

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

2465B;2455B/2445B Operators ix
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MANUAL CHANGE iNFORMATION

Data: _07—-05-80 Change Reference:
Product: _2465B8/24558/24458 Operators Manual Part Number: _070-6860-C0

__M730o0s_

DESCRIPTION

Product Group 38

PAGE ]

PAGE 6~3, 65, and 66

Channel 4 specifications to:

—3 dB Bandwidth
24458
+15°Cfo +35°C

—15°Cto +15°C and
+35°C to +55°C

—4.7 dB Bandwidth
24458

+15°C o +35°C

—15°C 1o +15°C and
+35°C 10 +55°C

Step Response Rise Time

24458

Page10f2

EFFECTIVE SERIAL NUMBERS: 2445B B0600000

Change the flrst and second paragraphs to:

The TEKTRONIX 24658, 2455B, and 24458 portable oscilloscopes have four
vertical channels with DC to 400 MHz, 250 MHz, and 200 MHz bandwidths. . .

The trigger systems work automatically for most signals. They operate In various

mades, from any channal, with couplings for a wide range of signals. The 24458
triggers from DC to 300 MHz. The 2455B and 2465B trigger from DC to 500 MHz

Change the 2445B Vertical Deflection System-— Channel 1 and
Channel 2, and Vertical Deflaction System— Channsl 3 and

DC o200 MHz 2
DC to 175 MHz.

DC to 200 MHz.8
PG to 175 MHz.

<1.75ns.




Prochuct: 2465R/24558/244%8 Oper  Date: _07-05-0Changs Reforence: _ M73008_

PAGE 6-7 and 6-8
Change the 24458 Triggerlng specifications to:

Minirnurm P—P Signal Amplitude for Stable Triggering from
Channel 1 or Channel 2 Source

24458

DC Coupled 0.35 division from dc to 50 MHz;
increasing to 1.0 division at 200 MHz
and 1.5 divisions at 300 MHz,

NOISE REJ Cotpled =<1.2 divisions from dc o 50 MHz;
increasing to 3.0 divisions at 200 MH2
and 4.5 divisions at 300 MHz.

AC Couplad 0.35 division from 60 Hz to 50 MHz;

increasing to 1.0 division at 200 MHz
and 1.5 divisions at 300 MHz. Attenu-
ates signals below 60 Hz.

LF REJ Coupled 0.50 division from 80 kHz to 50 MHz;
increasing to 1.0 division at 200 MHz
and 1.5 divisions at 300 MHz.

Jitter

24458 <100 ps with 8 divisions of 200 MHz
at 1 ns/division.

PAGE 7-3
Change the 2445B Standard Accessorles to:

2 Probes (10X, 1.3m) with Accessories P6137

PAGE 7-5
Change the 2445B Standard Accessories to:

Probe Package P&137

Page 2 0f 2
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General Information



Preparation for Use

Safety

Before cennecting the oscilloscope to a power source, read entirely both this
section and the Safety Summary at the front of this manual. Be sure you have the
training required 1o safely connect the instrument inputs 1o the signals you will be
meastring. Aefer to the Safety Summary for power source, grounding, ang other
safety considerations pertaining 10 the use of the instrument,

Line Voltage Selection

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

The oscillosceope operates from either a 115-Y or a 230-V nominal ac power-line
wilh any frequency from 48 Hz to 440 Hz, Before connecting the power cord 1o a
power source, verify that the LINE VOLTAGE SELECTOR switch, focated on the rear
panel {see Figure 1-1), is set correctly (see Table 1-1) and that the line juse is
correct. To conver: the instrument for operation on the other line-voltage range,
move the LINE VOLTAGE SELECTOR swiich to the correct nominal ac
source-voltage setting. The detachable power cord may have o be replaced io
match the parlicular power source.

Line Fuse

To verify the hstrument power-input fuse rating, do the following sleps:

1. Press the fuse-hoider cap and release it with a slight counterclockwise
rotation. Pull the cap (with the attached fuse inside) out of the fuse holder.

2. Verify that the fuse is of the type listed on the back of the instrument. Then
install the proper fuse and reinstat the proper fuse-holder cap. The two
types of fuses listed are not directly interchangeabls; they require different
types of Juse caps. For intemational power cord options, a 5x20 mm fuse
holder cap is included in the accessory pouch for use with 1.6 A, 250V,
Sx20 mm {IEC 127) fuses {not supplied).

2465B/24558/2445B Operators 1-1



General Information

Table 1-1
Power Cord and Yoltage Data

Plug Powet Cord/ { Line Voltage Reference
Configuration Option Plug Type Selector Standards®
- NSI C73.11
e T A
f—f‘? T us. us. NEMA 5.15.p
Std. 120V 115V IEC 83
: UL 198.6
EURO CEE(®), Il v, vl
Al 220v 230v IEC 83
IEC 127
UKe BS 1363
A2 240 v 230V IEC 83
IEC 127
Austrafian
A3 240V 230v AS C112
IEGC 127
North ANSI C73.20
Ad American : 230v NEMA 6-15.p
240 V ! IEC 83
UL 198.6
Switzerland SEV
A5 20V 230v IEC 127

9A 6A, type C tuse is also instalied inside the plug of the Opticn A2 pawer cord.

PReference Standards Abbreviations:

ANSI—American National Standerds Institute
AS—Stendards Association of Austrelia
B5—Britigh Slandards Inatitution

CEE—International Commissicr an Aules for the Approval of Electrical Equipment

IEC—International Elect hnical C
NEMA—National Electrical Manufacturer's Assaciation
SEV—Schweizervischer Elektrotechnischer Verein
UL—Underwriters Laboratories Ing.

1-2 2463B/2455B/24458 Operators



General Information

LINE FUSE

N\

CAUTION

e e i i
. g G

20T mn TihANEE b LI S o g -
I e e s SR

PRy :

POWER CORD LINE SELECTOR
RECEPTACLE SWITCH

E014.01 !

Figure 1-1. Line selector switch, line fuse, and detachable power cord.

Power Cord

This instrument has a detachable, three-wire power cord with a thres-contact
plug tar cannection to both the power source and protective ground. The power
cord is secured to the rear panel by a cord-set-securing clamp. The pratective-
ground contact on the plug cornects through the power-cord to the external metal
parts of the instrument. For electrical-shock protection, insert this plug into a
power-source outlet that has a property grounded protective-ground sontact.

Instruments are shipped with the required power cord as ardered by the
customer. Available power cord information is presented in Table 1-1, and part
numbers are listed in "Options and Accessories”™ (Section 7). Contact your
Teklronix representaiive of iocai Tekironix Fieid Office for additional power-cord
informafion.

2465B/2455B8/24458 Operators 1.3



Genoral information

Instrument Cooling

To prevent instrument damage from internally generated heat, adequate air flow
must be maintained. Before turning on the power, verify that the spaces around the
air-intake holes on the bottom of the cabinet and the fan-exhaust holes in the rear
panei are free of any obstruction to airflow.

Start-up

The oscilloscope autematically performs a set of diagnostic tests each time the
instrument is turned on. These tests warn the user of any available indication that
the instrument may net be fully functional. The tests run for several seconds after
power is appliad. If no faults are encountered, the instrument operates normally. A
failure of any of the power-up tests will be indicated by either a fiashing TRIG'D
indicator on the instrument front panel or a bottomdine readout on the CRT in the
form: TEST XX FAIL YY {where XX is the test number and YY is the failure cade
of the failed tast).

It a failure of any power-up test aceurs, the instrument may still be vsabie for
some applications. To operate the instrument after a power-up test failure, press
the A/B TRIG button. Even if the instrument then functions for your particular
measurement requirement, it should be repaired by a qualified service technician at
the earliest convenience. Additional information on the power-up tests may be
found in Appendix C at the rear cof this manual. Consuft your service department,
your local Tektronix Service Center, or nearest Tektronix representative if
additional assistance is needed.
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General Information

Repackaging For Shipment

if this instrument is 1o be shipped by commercial transportation, it should be
packaged in the original manner. The carton and packaging materiat in which your
instrument was shipped o you shouid be retained for this purpose.

i the original packaging is unfit for use or is nat available, repackage the
instrument as follows:

1. Obtain a corrugated cardboarc shipping carton having mside dimensions at
least six inches greater than the instrument dimensions and having a carton
test strength of at least 275 pounds.

2. if the instrument is to be shipped to a Tektronix Service Center for service or
repair, attach a tag to the instrument showing the following: owner of the
instrument {with address}, the name of a person at your firm who can be
contacted, complete instrument type and serial number, and a description of
the service required.

3. Wrap the instrument with polyethylene sheeting or equivalent to protect the
outside finish and pravent entry of packing materials into the instrument.

4. Cushion the instrument on alf sides by tightly packing dunnage or urethane
foam between the carton and the instrument, allowing three inches on each
side.

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

B Mark the address of the Tektronix Service Center and your return address on
the carton in one or more prominent locations.
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Operation

Fundamentals

Like any oscilloscope, this instrument draws a graph of voltage as a function of
time. The VERTICAL controls, marked off by a heavy gray ling, define the voltage axis
of the display. SEC/DIV, X10 MAG, and horizontal POSITION contro! the time axis of
the display. The TRIGGER controls, marked off by a green box, define the signals
required to initiate sweeps across the time axis. The controls under the CRT affect the

display but not the waveform.

Parametric Measurements

The Parametric Measurement function provided in the instrument gives quick
access to the parameters of your input signal.

To obtain a parametric measurement, simply press the MEASURE button and
select the desired function from the disptayed menu. The function is selected by
pressing the button in the VERTICAL MODE area that occupies the same refative
position as the desired menu selection. The measurement function will
automatically scale the input signal before making the measurement.

Parametric measurements require repetitive signals for reliable results.
Measurements on non-repetitive signals will produce unpredictable results.
Repetitive signals that have periodic bursts of signal transitions will also produce
unpredictable results,

Parametric measurements can only be performed on signals in CH 1 or CH 2.
An error message will be displayed if CH 3, CH 4, or ADD are selacted for
parametric measurements.
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Operation

Getting a Display

1. Connect a probe from the input of a Vertical channel to a signal.

2. Select the channel using the Vertical MODE buttons. You may select any
combination of vertical channels, {If yous are using the standard accessory
probes, make sure the CH 1 and CH 2 input are not set at 50 (3.)

3. Press AUTQ Setup to initialize vertical, horizontal, trigger, and digplay intensity
for a usable display. (If STEP is ileminated, first push RECALL to extinguish 1.}

4. If the resutting display isn't exactiy what you want, adjust the appropriate
VOLTS/DIV, SEC/DIV, POSITION, or Trigger controls.

Characteristics of AUTO Setup

With one channel, Auto Setup centers the O-voll fevel and makes the vertical
display as large as possible, within the graticule. With more than one channel, the
O-volttevels of CH1, CH2, CH 3. and CH 4 are set at + 2, O, -2, and -3 divisions
from center, respectively. When ADD is displayed, the 0-volt fevel of CH 2 is set at
=2 divisions.

AUTO sets Sec/Div within the range from 20 ns to 2 ms, to show two 1o five
cycles of most signals. With narrow, low repetition-rate pulses, the sweep runs faster
to stretch out the display, with the appropriate trigger stope,

AUTO Setup sets the trigger for Auto Lvl Mode, Vert Source, DC Coupling, and
Min Holdofl, with level at the midpoint between signal peaks.

The STEP/AUTC EXT SWITCH connector on the rear panel produces the same

functions as the STEP/AUTO button, in response to a swilch closure or TTL-low
signal.

The following function is available for instruments with serial numbers
B04999¢ and below with firmware version 11 and above or for instruments with
setial humbers BO50000 and above with firmware version 2 and above (see
Appendix A -~ EXER04 to determine firmware version). AUTO Setup can also be
activated by pressing any probe 1D button if configured to perform an AUTQ Setup
using the PROBE Configure menu. The operator can configure the prabe 1D 1o
perform one of four possible outcomes (IDENT, AUTO Setup, INIT@50%, or STEFP),

Once configured, the instrurment will maintain the sefection until modilied again by
the operator,

The fallowing function is available for instruments with serial numbers
B049699 and below with firmware version 10 and below or for instruments with
serial numbers B050000 and above with firmware version 1 and below {see
Appendix A - EXERO4 to determine firmware version). AUTO Setup can also be
activated by pressing any probe ID button twice in 0.5 second.

See “Save and Recall Operation” for the sequence function of Stepfauta,
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Assigning Parametric Measurements to the Auto Setup Funiction

Any of the Parametric Measurements can be assigned to the Auto Setup
function. When Auto Selup is activated, the assigned function is performed as
well as the Auto Setup.

To assign a function to Auto Setup:
i, Push MEASURE.

2. Ifthe CTT is present. select MORE from the menu. Otherwise go 1o
Sep 3.

NOTE

o select items from a menuw, simply press the vertical mode bufton that
has the same position as the desired item in the menuy,

3. Seiect CONFIGURE from the menu.
4. Select AUTO from the menw.

3. Select the function ta be performed with each Auto Setup by pushing
the appropriate MODE button.

Activating AUTO Setup from the Probe

The tollowing function is available for instruments with serial numbers
B049%99 and below with firmware version 11 and above or for instruments
with serial numbers B050000 and abave with firmware version 2 and above
(see Appendix A - EXER04 to determine firmware version), Pressing the probe
identification button on any Tektronix, Inc. probe will shift the associaled trace and
replace the associated scale facter with 1D, i 'DENT has been selecied from the
PROBE CONFIGURE menu.

AUTO Setup, INIT@50% or STEP can also be assigned to the probe 1D
function. To assign a function to probe 1D;

1. Push MEASURE

2. It CTT is present, select MORE from the menu. Otherwise, go to
Step 3.
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NOTE

To select items from a menu, simply press the verijcal mode button that
has the same position as the desired item in the menu.

3. Select CONFIGURE from the menu.
4, Select PROBE from the menu.

5. Finally, select the function to be performed with each probe ID by
pressing the appropriate MODE button. if AUTO Betup function is
selected, any measurement assigned ta the AUTO Setup is also
performed.

The fallowing function is available for instruments with serial numbers
B049999 and below with firmware version 10 and below or for instruments
with serial numbers B050000 and above with firmware version 1 and below
(see Appendix A - EXER04 to determine firmware version). Pressing the probe
identification button on any Tek probe will shift ihe associated trace and replace
the associated scale factor wilh ID. If the probe identification is pressed twice in
0.5 second, the Auto Setup function is activated. Any measurement assigned to
the Auto Setup function is also performed.

Vertical

For voltage measurernents, set VOLTS/DIV VAR iully clockwise. For best accuracy,

set VOLTS/DIV for the largest display possibie,

2-4

Input Coupling

Use 1 ML DC input made for most applications. This mode is compatible
with the standard accessory, high-impedance probes and it displays logic levels
and de levels of static signals. Use the pair of buttons near the CH 1 and CH 2

inputs to select input coupling. CH 3 and CH 4 inpults are fixed at 1 MQ DC.
GND input mode shows where the 0-volt level will he displayed with
DC caupling.
Use AC coupting for the special cases where you need to see small signals
on large de voltages.
Use the 50 £ DC input mode for the best possible vertical performance with

active probes, 50-() signal sources, and low~impedance passive probes. A
low-impedance probe can present less than 2 PF load to the signal-source, in

paralle! with 500 £) or 5000 1 with 10X or 100X atlenuation.
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Input Conditioning for Video Signals

Video signals can be distarted by ac coupting ar by low-frequency
interference. The available Television/Vides (TV) enhancement adds a TV CLAMP
to the CH 2 input to eliminate such distortion.

Jo use the TV clamp;
1. Apply a compesite video signal to CH 2.

2. Select CH 2 Trigger Source and set SLOPE to the displayed polarity of
ihe sync pulses.

3. Setthe CH 2 input ta TV CLAMP by pressing the upper
mput-coupting button for CH 2 until the readout shows “TVC”. The
“back porch” of the video signal will be locked o a fixed level.

Keep the TV Clamp turmed off when the trigger source is not composite video
or composite syne, 1o preserve notmal operation of Chanrel 2. Leave the
rear-panel CH 2 SIGNAL CUT unicaded to avoid a minor distortion in the video
signal when TV Clamp is on.

Channel Sefection

Using the Vertical MODE buttars, you can display any combination of the four
vertical channets. To manually switch between CH 1 and anather channel, with
minimuwn button pushing, deselect CH 1 and press the button for the other
channel to turn it on and off, CH 1 Is displayed when all other verticals are off.

ADD and INVERT

Press ADD fe display the algebraic sum of CH 1 and CH 2. Select INVERT to
change the sense of the CH 2 wavetorm or fo see the difference between CH 1
and CH 2 on the ADD trace. If you use ADD, the CH 1 and CH 2 VOLTS/DIV
settings should be equal. Parametric measurements will not work if ADD
is selected.

Choosing CHOP or ALT

With two or more channels, the display is time-shared. Chop mode displays
each channel for a short time and multiplexes during the sweep 1o give the
appearance of displaying all channels at once, Chop works better than Alt for
sweeps siower than 1 ms/division and for low repetition—rate signals that make the
display fiicker, up to 2 ps/division.

Alt mode displays each channel for the duration of a complete sweep. Alt
gives a "cleaner” display of multiple channeis than Chop does and is usually
preferred at moderate to high sweep speeds.

20 MHz BW Limit

This mode can give you a sharper trace by eliminating high-frequency
interference. Before using if, check to make sure it doesn't distor the waveform.
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Horizontal

The A Sweep is the only horizontal function you need for most applications. The
A SWP ndicator is on when the A-Sweep is disptayed. o make sure the A-Gweep ig
displayed. press AUTO Setup and push SEC/DIV in. You can also restore the
A-Sweep display by pushing the SEC/DIV knob in and turning it counterciockwise until
ihe A SWP indicator lights. If both A SWP and B SWP indicators are off. push
SEC/BIV in and turn it ciockwise to escape the X/Y display mode,

The X10 MAGnifier expands the center of the unmagnified waveform,

For best measurement accuracy, set SEC/DIV for the fastest sweep that wil
display the interval of interest and set VAR fully clockwise.

See “Delayed Sweep Operation” for more information about B Sweep, B Trigger,
and trace separation.

Trigger Controls

For "hands-off triggering with most signals, select Auto Lvi Mode, Vert Saurce,
DC Coupiing, and MINimum Holdof .

Auto Lvl mode, with LEVEL in the center half of its range, sets the trigger poini
near the midpoint between signal peaks. When LEVEL is set to the — or + end of its
range. this mode initiates triggering near the 10% or 90% point between signal peaks.
You can select a level anywhere in about the middle 80% of the signal ampiitude,
Once set, the level doesn’t change unless the signal ceases to trigger the sweep. The
sweep free-runs without a trigger signal. With signals below 50 Rz, AUTO LVL may
not find the correct level. If the signal is befow 50 Hz but greater than 10 Hz, you can
change the minimum frequency at which Auto Leve! will work by using the MINFREQ
entry under the measurement CONFIGURE menu. See “Frequency Limit for Auto
Level or Parametric Measurements™ for more information:.

With Auto Lvl mode and Vert Source, the displayed channel or the first one of a
multichannel display supplies the trigger signal.

Aute mode maintains the trigger level setting and the sweep free-runs if the signal
doesn't meet the triggering requirements,
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Use Auto for monitoring logic signats, Set the LEVEL control to the mean threshold
of the logic systern, 11.4 V for TTL. The sweep then tnggers on valid transitions and
free-runs to show static highs and lows.

Normal mode produces a sweep only when the irigger signal meets the Level and
Slope criteria.

Use Normat mode for infrequent events and erratic signals.

Sgl Seq made accepts one trigger for each sweep in the display. Press the lower
Made button to arm the trigger and iluminate the READY indicator for each sequence.
With a multi-trace display. a sequence comprises up 10 sixtesn sweeps.

Use Sg! Seq to detect a rare event or to eliminate all but the first one of a chaotic
burst of pulses. Set the trigger for the signal of interest in Normal mode. Then press
the lower Mode button to select Sgi Seq and illuminate the READY indicator. To
detect the occurrence of a rare event, display a single trace and arm Sgi Seq with the
trigger set for the event. Periodically check to see if READY is on. If a burst of trigger
events oscurs, the sweep runs once for each trace displayed and READY
exiinguishes.

Trigger Source

Choose & single trigger source to correctly display the timing relationships
among multiple channels. Cheose the channel with the lowest-frequency signal
to avoid ambiguous displays.

With Vert trigger source, Auto Lvl trigger mode or Chop vertical mode
auvtomatically selects a single trigger source, the first one of the displayed
channels.

Use a composite A-Trigger source {0 compare asynchronous signals. To
generate a composite trigger, select Vert trigger source, a rigger mode other
than Auto Lvl, and Alt vertical made.

Trigger Coupling

For noisy signals or signals with strongly interfering components, Noise
Reject, HF Reject, and LF Reject coupling give added selectivity. AC coupling
continues triggering when the de levei of the signal changes.
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Trigger Slope

Fress SLOPE to select the rising (+) or faliing { —) edge of the signal to
trigger the sweep.

Trigger Level

INIT@50% sets the trigger level near the midpoint between signal peaks., in
any mode. Some signals below 50 Hz may not produce the correct level setting.

LEVEL gives you complete freedom o choose the most appropriate
threshold voltage on a signal to initiate Sweeps, in case neither the Auto Lvi
moda nor INIT@50% provides a suitable threshold.

Trigger Holdoff

With irregular signals such as bursts, the Trigger HOLDOFF setting can
improve dispiay stability. Also, if the signai has a fixed pattern of variation from
Cycle to cycle, some modes of the signal may be omitted from the display.
Changing the Holdoft setting can force the instrument to display all the modes
of the signal. Narmally, HOLDOFF should be set at MIN. If you must use

HOLDOFF o achieve a stable display, parametric measurements will not
function correctly.
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Video Triggering

The available “elevision/Video (TV} enhancement adds TV LINES, FLD1, and FLD2
Coupiing to the A-Trigger. See Appendix A 1o change the line-number format and the
sync polarity autormatically seiected when you select TV triggering,

Te trigger at the video line rate:

1. Select a compaosite video signal as the igger source.
2. Select LINES coupling.

3. Set SLOPE o the polarity of the sync.

To trigger at a specific video line:

1. Select a composite videc signal as the trigger source.
2. Select FLDA, FLD2, or ALT coupling.

3. Sect SLOPE to the polarity of the sync.

4. Turn FLD LINE # {A) to the desired line number.

When you increment or decrement the line number oufside the range of the
selected field, the other field is automatically selected.

With ALT field coupling, the fine number is referred 1o the beginning of both fields.

The tigger level can be adjusted to vary the actual sync trigger point. This can be
useful when triggering on naisy video signals. INIT@50% resets the trigger point to
mid-range.

To compare two video signals with the same format that are not perfectly
synchronized, such as from a camera and & VCR or from the input and output of a time
base corrector:

1. Display the signals on CH 1 and CH 2, with Alt Verlical mode.
2. Select VERT Trigger Source, and ALT field trigger coupling.
3. The CH 1 display triggers on field 1 and the CH 2 display triggers on field 2,

TV Lines trigger coupling with multipie vertical channels, Alt Vertical mode, and Vert
Trigger source produce unpredictable results.

A A symbol with the line number display shows when the A/FLD LINE # controt
can change the line number. It AV, At or 1/At s on, press a trigger Coupling button to

redirect the control {o line number selection. Press &V or At to redirect the contral to
cursor or delay adjustment. The first push redirects the control. A second push will
change the A funclion or trigger coupling.
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it you magnify the verticai display Leyond the graticule, the trigger may be
degraded. To avaid trigger overload, uge one channe! for display and another channel
with an appropriate video signal as the inigger source. A composie sync signal can be
used for the trigger source as well as composite video.

Readout

To aict waveform interpretation, the reaciout shows scale factors, delta
measurements, delay times, trigger settings, and other informaticn. To display alt readout
irformation, set the READOUT INTENSITY controf elockwise from OFF (SCALF
FACTORS ON}. See Figure 2-1.

Trigger Readout

The trigger readout shows which trigger (A or B} is affected by the controls
{Mode, Source, Coupling, Slope, Level, and INIT@50%), which channel {1-4) is
supplying the trigger signal, and the voltage at which triggering takes place. wilh
the following settings:

Trigger Coupling DC or Neise Reject
Trigger Source Any Single Channel
Vertical Input DC or GND
VOLTS/DIV VAR Fully Clockwise.

If the trigger comes trom the word recognizer, which 1s avalable with the CTT,
the readout shows the defined word.

For instruments with serial numbers B049999 and befow with firmware
version 11 and above or for instruments with serial numbers BG50000 and
above with firmware version 2 and above {sce Appendix A - EXERQ4 to
determine firmware version), then all AC rigger couplings (HF Reject, LF
Reject, and AC or AC input coupling provide an indication of the tngger levsl
sefting. The readout in these modes indicates a reference level {not absolule
value) XXXX and is followed by a *V?" to indicate the relative nalure of the
readout,

For instruments with serial numbers B049992 and below with firmware
version 10 and below or for instruments with serial numbers B0O50000 and
above with firmware version 1 and below (see Appendix A -~ EXER04 to
determine firmware version), the tigger readout works only when trigger
coupling is DC or Noise Reject, when the igger source is one, de-coupled,
vertical channel with VOLTS/DIV VAR in its calibrated pasition.

Readout Intensity

2-10

To display nothing but measurements, set the READQUT INTENSITY control
counterclockwise from OFF (SCALE FACTORS OFF}. Rotate the conirol toward
OFF to decrease readout brightness. When the sweep is faster than
20 ps/division, random 2-{1s segments of the wavelorm may be missing. Set the
control near the center of the word "OFF" {¢ eliminate this interference between
the wavelform and the readoct,
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Scale Factors

CH 1 and CH 2 scale factors include “mV" or "V" units indicators. A tilde {~)
over the V indicates AC input coupling. A ground symbol in front of the number
indicates Gnd input coupling. A greater-than symbol (=-] indicates the
VOLTS/DIV VAR control is not at its clockwise, calibrated position. A plus sign

{1} shows that Add, the algebraic sum of CH 1 and CH 2, is disptayed. A down
arrow shows that CH 2 is inverted.

TRIGGER TRIGGER o0 &

SOUACE LEVEL OVERLOAD
(1.2,3 0R 4] INDICATOR INOTICATION
TRIGGER g |
CURRENTLY
CONTAD
(A or Bl

T

ADD
INGIGCATOR (H

CHANMEL 1
SCALE
FACTOR

S850-0

Figure 2-1. Readout display locations.

CH 3 and CH 4 scale factors assume volts/division uniis.

The A-Sweep and B-Sweep time-scale readouts are always calibrated,
combining the effects of SEC/DIV, VAR, and X10 MAG. If SEC/DIV VAR is not
at its clockwise setting, the time scale factor includes a decimal point.
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Holdoff Indicator

The holdoff indicator, “HQ," is displayed when the HOLDOFF control is not
at minimym.

Parametric Measurements

Parametric measurements (risa time, tall time, frequency. efc ) are displayed
on the second and third lines of the readout. Help and menu information can
use all four lines of the readout.

Probe Effects

Probe attenuation effects are included in scale faciors, trigger levels, and
delta volts readouts, f you use the standard daccessory probes or other
compatible probes. Pressing the identification button on Tektronix probes
replaces the scale factor for the channel with *ID" and shifts the trace.
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Measurements with Cursors

The controls in the gray box {AV, at, TRACK/INOEP, i REF OR DLY POS, and A)
operate cursors and sweep defays. With the cursors, you can measure voltage, time,
frequency. ratios, and phase. We often refer to the A REF OR DLY PGS control as
"4 REF” for convenience.

Cursors are more accurate and easier to use than the graticule. Thay eliminate the
inconveniance and errors of counting and interpolating graticule arkmgs and ihey

avoid CRT linearity errors.

For best AV accuracy, display the signal on either CH 1 or CH 2 with VOLTS/DIV
set for three to eight divisions of waveiorm amplitude. For best at and 1At accuracy,
use the fastest sweep that will include the interval of interest.

Measure Voltage

1. Tum an the AV cursors and readout with the AV button.

2. Align the cursors with points of interest, such as wavefarm peaks, using
the .\ REF and .\ knobs.

3. The readout shows the voltage between the points marked by the
cursors.

4. Press AV to turn off the AV cursors and readout.

Measure Time, with A-Sweep or B-Sweep Alone (SEC/DIV in)

1. Turn on the 3t cursors and readout with the At button,

2. Align the cursors with points of interest, such as waveform zero-
crossings, using the A REF and A knabs.

3. The readout shows the time between the points marked by the cursors.

4. Press At to turn off the At cursors and readout,
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Measure Frequency with Cursors

1.

Turn on the 1/at cursors and readout by pressing the AV and At
buttons togeathar,

Align the cursors with identical points, such as zero crossings, on
adjacent cycles of the waveform, using the A REF and A knobs.

The readoul shows the trequency of the signal.

Press AV and At together or press either A bulton twice to turn off the
1/at cursors and readout.

Measure Voltage Ratio, Time Ratio (such as Duty Factor),
or Phase

Set VOLTS/DIV or SEC/DIV so a feature of the waveform which you
consider the 100% reference covers more than five divisions of the
graticule.

Turn the VOLTS/DIV VAR or SEC/DIV VAR counterclockwise from the
detent until the 100% reference featurg covers exactly five divisions.
You can use one signal as a reference and compare others to it. For
phase, set one cycle, which is the 360 degree reference, to five
divistons.

Press .3V to measure voltage ratio. At for time ratio. or AV and at
together for phase. The VAR must be counterctockwise from the detent
position to {urn on the RATIO or PHASE readout.

Turn 3 REF and A to align the cursors with the portion of the waveform
to be compared to the reference portion. Phase is usually a two-channel
measurement between zero crossings. {Be sure zero crossings for
phase measurements are positioned at the graticule center.)

The readout shows the ratio or phase shift.

Press the same AV gr At butlon, or both, to turn off the cursors and
readout.

Choosing Tracking or Independent Delta Mode

Use tha iINDEP mode for most measurements, with each cursor
independently adjustable. Use TRACK mode, where the A REF knob moves
both cursors as a pair. to compare waveform features. The A control moves
only the A cursor.
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Voitage Measurements

Automatic voltage measurements can be made through the measurement menuys.
Set the oscilloscope up for automatic voltage measurement by:

1. Pressing the MEASURE bution.

2. Selecting VOLTS from the menu by pressing button number 2.

The 4 peak. —peak, average, and peak-to-peak volts are measured and displayed
in the readout.

It the voltage measured has an extremely small peak-to-peak valug, only the
average volts will be displayed.

If the input signaf is AC coupled, only the peak-to-peak value will be displayed.

The voltage measurement is sensitive to input frequency. Signal frequencies above
1 MHz will have measurement errors greater than 5%.

For accurate voltage measurements using VOLTS, it is important that a DG
baiance has been done at a temperature within 5°C of the operating environment
temperalture. See "Auto DC Balance Routine” in the *Checks and Adjustrnents”
section for more information.

Display Operation

Sel both INTENS!TY and READOUT INTENSITY controls for comfortable viewing,
but no brighter than you nead. Use high intensity settings to observe low repetition-
rate signals, narmow pulses in long time intervals, or occasionat variations in
fast signals.
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Signal Connections

A probe is usually the most convenient way 10 connect an input signal to the
instrument. Shielded to prevent pickup of electromagnetic interference, the standard
10X probes supplied with the instrument present a high impedance to a circuit under
test. While the 10 MQ and 11 pF of the probe are a negligible load on most circuits,
very fast circuits or very high impedance circuits may be seriously affected.

Waveform Fidelily and Probe Grounds

A probe groung must be used for accurate measurerments and abservations.
Use the shortest ground connection possible if you want good waveform
fidedity.

The standard-accessory probe 1S a compensated 10X voltage dwvider. It
appears resistive at low frequencies and capacitive for high-frequency signal
components. The probe input capacitance can interact with the inductance of
either a long signal lead or a long ground lead to form a series-resonant circui.,
This circuit can affect system banawidth and can ring if driven by a fast step.
Always keep both the ground lead and the probe signal-input connections as
short as possible to maintain the best waveform fidelity.

In some cases, a separate ground from the unit under test to the ground
receptacle on the oscilloscope front panel can reduce interference from low-
frequency hum and noise. For rough checks of larger signals, such as 5-volt
logic, a ground lead separate from the probe or even the satety ground
connection which is shared with the unit under test may work for & signal
ground. Fast signal transitions will be highly distorted and extranecus noise wil
be induced without the probe ground connection.

Probe Compensation

2-16

Misadjustment of probe compensation is & common source of measurament
error. Due to variations in oscilloscope input characteristics, probe
compensation should be checked whenever the probe is moved from one
oscitloscope to ancther or between channels of 2 multichanne oscilloscope.
See the procedure in the "Checks and Adjustments” seclion of the manual.
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Probe Handling

Both the probe and the probe accessories should be handied carefully to
prevent damage. 5triking & hard surface can damage both the probe body and
the probe tip. Exercise care to prevent the cable from being crushed, kinked, or
excessively strained.

Coaxial Cables

To maintain good waveform fidelity and accuracy, only high-qualtty, low-ioss
coaxial cables should be used. The instrument is optimized for 50 ¢ sources,
driving the 50 ¢ dc input through 50 @ cable. If you use another signal source
impedance. such as 75 2, use the appropriate coaxial cable and an external
terminator to match, with the input set at 1 M. Some high frequency response
will be lost with external termination.

Magnify Waveform Details with Delayed-Sweep

1. Display a waveform with the A Sweep, then pull SEC/DIV out to activate B
Sweep and light both the A SWP and B SWP indicators (INTEN made).

2. If a B-Trigger Mode indicator is on, select RUN AFT DLY. {If an A-Trigger
Mode indicator is on, the B Trigger has been set previously to RUN AFT DLY.)

3. Bet 1 REF OR DLY POS to place the small intensified zone at a point of
interest. (This zone may be more apparent with a lower Intensity setling.) If the
A Sweep terminates just after the intensified zone, you can mave the
HOLDOFF control and set it at MIN. (Two intensified zones appear if you have
selected At or 1/AL. See “Oelta-Delay-Time ™}

4. Turn SEC/DIV clockwise, with the knob pulied out, to expand the point of
interest on the B Sweep, while chserving is relationship io everything else on
the A Sweep (ALT mode). Use TRACE SEP 1o separate the A-Sweep and
B-Sweep traces.

5. If you want to simplify the display and abtain the best possible view of the
magnified details. push the SEC/OIV knob in to display only the B Sweep. If
you want the brighlest trace possibie, set HOLDOFF to B ENDS A, which
makes the sweep repetition rate as high as possibie.

6. Select AV, At or 1/At when the SEC/BIV knob is pushed in to measure
waveform details with cursors. The A REF and A controls have no effect on
sweep delay while cursors are displayed.
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B-Trigger Operation

Use the B Trigger tc eliminate fitter in B-Sweep displays. With the available
Counter/Timer/Trigger {CTT), the B Trigger locks a detay-time or delta-delay-time
measurement to the signal, so any variations are tracked automatically. However,
without the C77, the B Trigger obscures delay or delta-delay measurements and the
readout includes a question mark.

Distinguishing RUN AFT DLY and TRIG AFT DLY

With RUN AFT DLY mode, the A REF OR DLY POS and A controls adjust
the delay-time or delta-gelay-time. The intensified zones on the A-Sweep trace
move continuousiy as the controls are adjusted, If the B-Trigger mode is TRIG
AFT DLY and a signal triggers the B Sweep, the delay times and intensified
zones jump to successive B-Trigger points as defay time is adjusted. With TRIG
AFT DLY, the actual defay time is controiled by the signal, as enabled by the
A Sweep and the A REF and A settings.

Setting the B Trigger
1. When the B SWP indicator is on, press A/B TR!G to illuminate a

B-Trigger Mode indicator. (If B-Trigger mode is not RUN AFT DLY. a
B-Trigger Mode indicator will be on when 1he B SWP indicator is on.}

2. Select TRIG AFT DLY Mode.

3. Set SOURCE, COUPLING, SLOPE, INIT@50%, and LEVEL controis
as required.

Changing the A Trigger while B Trigger is Active

1. Press and hold A/B TRIG while adjusting SOURCE, COUPLING,
SLOPE, INIT@50%, and LEVEL controls for the A Trigger.

2. Alternatively, choose RUN AFT DLY B-Trigger mode and momentarily
press A/B TRIG, then adjust A Trigger. With RUN AFT DLY B-Trigger
mode or SGL SEQ A-Trigger mode (or an active CTT function that uses
the B Trigger). the trigger controis alternate between A Trigger and
B Trigger each time A/B TRIG i3 momentarily pressed.
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Delta-Delay-Time

Use the delayed (B) sweep to magnify both ends of a time interval for the best
measurement accuracy available. Appendix D gives relative accuracies of the various
time-measurement techniques.

Measure Time or Frequency with Delta-Delay-Time

1. Display the time intervai of signai period wiih the A Sweep running as
fast as possible, unmagnified, up to one speed slower than the fastest
SEC/DHV setting. If the interval is a propagation delay or other two-
signal measurernent, display the signals on CH 1 and CH 2 and trigger
A Sweep on the earlier of the two.

2. Pull SEC/DIV out to activate B Sweep and light the A SWP and B SWP
indicators (INTEN mode). {If you inadvertently chose the fastest
A-Sweep speed, the CH2 Delay Match function will be active. Sae the
*Operator Checks and Adjustments” section.)

3. Mt aB-Trigger Mode indicator is on, select RUN AFT DLY. {If an
A-Trigger Mode indicator is on, the B-Trigger has been set previously to
RUN AFT DLY.)

4. Select At or 175t while the SEC/DIV knob is out.

9. Adjust 5 REF OR DLY POS and A to place the pair of intensified zanes
at the beginning and end of the interval of interest. i the A Sweep
terminates just after the intensified zones, you can move the HOLDOFF
control and set it at MIN.

6. Turn SEC/DIV clockwise with the knoby pulled out to magnify the ends
of the interval on the B Sweep while observing the entire interval on the
A Sweep (ALT mode). Use TRACE SEP to separate the A-Sweep and
B-Sweep traces as desired.

7. Set A REF and a to superimpose the magnified displays of the
beginning and end of the interval. The readout shows the interval.

Without the C77, make delta-delay-time measurements only in the RUN AFT
DLY trigger mode. where the B Sweep runs immediately after the set delays. If
the B Sweep is triggerad (TRIG AFT DLY), it waits for a trigger after the set
delay, so the actual delay time may differ from the delay or At readout by as
much as twice the signal period.
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Deita-Delay-Time Measurement Characteristics

A delta-delay-time measurement is valid between a pair of points
superimposed on the pair of B Sweeps, regardiess of display positions, Trace
Sep setting, and CRT.distortion errars. in other words, the onty peints that can
be superimposed are those points that are separated by the delta-time value.
{Good accuracy for short intervals does depend on correct CH 2 DLY
adiustment. See “Operator Checks and Adjustments® section.)

The main sweep trigger event begins the interval of interest for many
measurernents. The delta-delay-time measurement can include the A-Sweep
trigger evert with A SEC/DHV set faster than 50 us. If an interval begins less
than 0.05 division from the beginning of A Sweep, the readout shows a
question mark. Move & REF clockwise and change the A-Trigger controls as
required to eliminate the question mark and still see a suitable waveform feature
for the beginning of the interval.

Single-Delay-Time Measurements

For intervals longer than 10 us or for low repetition rate signals that make the
display flicker. you may prefer to use the 8 Sweep without At. Without At, the display
repetition rate is higher and the Diy readout shows the time from the start of A Sweep
to the start of B Sweep. Compared to delta-delay-time measurements, some aceuracy
will be lost, unless you ¢an take the gifference between one delay time and another,

2-20

Display the time interval with the A Sweep running as fast as possible,
unmagrnified. If the interval is a propagation delay or other two-signal
measurement, apply the signais to CH 1 and GH 2. For maximum display
repetition rate, display onfy the channei with the end of the interval. Trigger
the A Sweep at the beginning of the interval. Turn off At or 1/At.

Pull SEC/DIV out to activate B Sweep and light both the A SWP and B SWP
indicators {INTEN mode).

If a B-Trigger Mode indicator is on, select RUN AFT DLY. (if an A-Trigger
Made indicator is on, the B-Trigger has been set previQusly to RUN AFT DLY )

Set A REF OR DLY POS to place the intensified zone at the end of the
interval.

Turn SEC/DIV clockwise with the knob pulled out to magnify the end of the
interval on the B Sweep while observing its relationship to the beginning of the
interval on the A Sweep {ALT mods). Use TRACE SEP to separate the
A-Sweep and B-Sweap traces.

Set A REF OR DLY POS to align the end of the interval with the left end of the
B Sweep. The DLY reading is the length of the interval.

It you want to simplify the display and obtain the best possible view of the end
of the mterval. push the SEC/DIV knob in when A and B SEG/DIV settings are
unequal to display only the B Sweep.
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Time Interval Measurement

The Parametric Measuremaent feature automatically rmakes time interval
measurements between any two selected points. To make a time interval
measurgmeant:

1. Push the MEASURE button.

2. Select TIME from the displayed menu by pushing button 6 in tha Vertical
mode area.

Before making the first measurement using the Time Function, configure the
measurement by:

1. Pushing the MEASURE bution.

2. Mthe CTT option is present, setlect MORE from the menu. Then, select
CONFIGURE from the displayed menu, Otherwise, select CONFIGURE from
the menu.

3. Seiect TIME from the menu

4. Using the 3 REF OR DLY PQS and the A controls select the channel, slope.
and level of the start and stop events that define the time interval.

The 3 REF OR DLY POS control moves the underlining curser among the various
iterns. When an item is underiined, turning the A control will change its value.

Pressing any one of the VERT mode buttons will exit from this menu, leaving the
time-measurement configuration you have defined.

Prassing MEASURE with a measurement menu displayed will display additional
help messages, if availabie.

To make @ measurement with these configuration values, press MEASURE, then
select TIME fram the meno. The configuration values wilt ramain the same until
changed using the above procedure.
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Precision Timing

The available Counter/Timer/Trigger (CTT} directly and precisely measures any
interval defined by the detayed (B) Sweep and the B-Trigger. The CTT also reduces
the effort required for repetitive measurements or measurements on changing signals,

Direct and Indirect Measuremenis

As the counter compietes gach direct measurement, the last character of the
units symbal blinks. If the readout includes the word “SET," it indicates an
indirect measurement of delay-time, including delta-delay-time or 1/dslta-delay-
time. Indirect measurements are inferred from the A Sweep and control
settings.

indirect delay-time measurements are displayed when any Count, Delay-by-
Events, or Logic-Trngger function of the CTT is active, except B Sweep
iriggered by the Word Recagnizer. Indirect measurements are also displayed for
a few seconds when A REF or A are adjusted. Moving any control that affects
direct measurements produces an indirect reading until a new, direct
measurement is complete.

Direct, counted measurements may be different from indirect {"SETY)
measurements for any of the following reasons:

1. Direct measurements are morg accurate and show more digits of
resolution;

2. When B Sweep is triggered, both the waveform display and the direct
measurement respond to the signal. Indirect measurements respond
Oniy 16 control settings, regardless of the signal, and they inciude a
question mark when B Sweep is triggered;

3. Both direct and indirect measurements in RUN AFT DLY Mode suffer
from offset errors. Direct delay measurements, without At or 1/At, are
accurately calibrated in TRIG AFT DLY Mode, from the A-Trigger event
to the B-Trigger event.

Condition Messages

One of the following messages, indicating the described condition, may
appear instead of & measurement;

AVERAGING The selected resolution requires more sweeps.
NO A TRIGGER The A-Trigger event has not occurred.
MISSING B TRIG At least one A Sweep ocourred withaut a

B-Trigger event during the A Sweep.
NC ATRG VERT SRC Multiple A-Trigger sources are selected.
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Triggered Delta-Delay-Time Measurements

The avaiiable Counter/Timer/Trigger {CT7} directly measures intervals defined by
the B-Sweep delays and B Trigger. B Trigger with At and 1/At can have different
sources, levels. and slopes for the pair of B-sweeps. Repeatedly pressing the lower
Mode button selects the following sequence of B-Trigger mades with the noted
characteristics:

With or without .\t or 1/Ak
RUN AFT DLY

B Sweep runs immediately after the set delay.

Without it or 1/t
TRIG AFT DLY

B Sweep runs at the first trigger after the set delay,

With At or 1/AL
TRIG AFT DLY and TRIG . DLY {both indicators on)

SLOPE and LEVEL settings for triggering at A REF delay and A delay
are common.

TRIG A DLY

SLOPE and LEVEL for A delay can be set independent of the setting for
A REF deiay.

TRIG AFT DLY

SLOPE and LEVEL for A REF can be set independent of the setting for
4 delay.

TRIG A DLY

Repeated operation of the lower Mode button toggies between TRIG
AFT BLY and TRIG A DLY.

With 3t or 1721 and TRIG AFT DLY or TRIG A DLY, the upper Mode button selects
the TRIG AFT BLY and TRIG A DLY mode, where Siope and Levei are common for
both delays.
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Measure a Time Interval Defined by the B- Trigger

1.

Follow the first live steps of the procedure in *Measure Time or
Frequency with Delta-Delay-Time," earlier in this section.

It the interval is a propagation delay or other two-signal measurement,
select ALT Vertical Mode and be sure A-Trigger Source is a single
channel. Note that A REF controls the intensified zone on the CH 1
trace.

Select TRIG 3 DLY B-Trigger Mode. For the special case of a
measurement on one signal where the beginning and end of the inlerval
have the same slope and threshoid. select TRIG AFT DLY and TRIG

A DLY (both indicators on).

Set B-Trigger Source to VERT. If the measuremant is limited to one
signal and more than one signal is displayed, either deselect the other
signals or set Source to the appropriate channel. If two channels are
used, only those twe channels should be displayed.

Set B-Trigger Coupling to DC. For unusual applications, other couplings
may be preterred.

Press INIT@50%. It necessary, adjust LEVEL for the desired trigger
threshoid.

Seiect TRIG AFT DLY Mode and repeat Step 6, {For the special case
noted in Step 3, skip this step.)

If required, readjust A REF and A to intensify the transitions that mark
the beginning and end of the interval. in same cases, A-Trigger or
B-Trigger settings may need to change in order to trigger on the
beginning of the interval.

Turn SEC/DIV clockwise 1o magnify the ends of the interval and
readjust LEVEL as required to superimpose them. {Skip this step if
signal transition times are much shorter than the required accuracy.)

10. Read the measurement from the readout when “SET" disappears.
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Time Interval Resolution

The available CounteriTimer/Trigger [CTT) measures Delay-Time, Delta-Delay-Time,
and 1/Delta-Defay-Time, with the delayed sweep. You can choose the optimum time-
interval resolution for these measurements.

1. Press the MEASURE button.
2. Select MORE from the menu.
3. Select CONFIGURE from the menu.

4. Select RESOLUTION from the menu. The presently selected resolution is
indicated by an undethne cursor.

5. Select the desired resotution by pushing the appropriate menu (VERTICAL
MODC) button.

Measurement Updating

AUTO updates the measurement either every 1/2 second or when a measurement
is available, whichever is longar. With 1 ns, 100 ps, and 10 ps resolution, the
measurement is Updated after enough sweeps have occurred for a valid average, as
indicated under “N for Average” in Table 2-1.
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Table 2-1

Resolution Selections

A SEC/DIV

Selection Least Digit N for Average
10 ns 10 500 ms AUTO See Table 2-2 See Table 2-2
10nsto5ps 10 ps 10 ps > 108
100 ps 100 ps > 104
1ns 1ns = 100
10 s 10 50 us 10 ps or 100 ps 100 ps > 104
1ns 1ns = 100
100 ps to 500 ps 10pstolns 1 ns = 100
1mste5ms Any 10 ns > 1
10 ms to 50 ms Any 100 ns =1
100 ms to 500 ms Any 1us > 1
Table 2-2
Auto Resolution
A SEC/DIV Trigger Rate Least Digit N for Average
16 ns to 2 us > 20 kHz 100 ps > 104
10nst0 2 ps 200 Hz to 20 kHz 1ns = 100
5 ps t0 200 us > 200 Hz 1ns > 100
10 ns to 200 us < 200 Hz 10 ns =1
500 usto 5 ms Any 10 ns =1
10 ms to 50 ms Any 100 ns =1
100 ms to 500 ms Any 1 us > 1

226
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Frequency, Period, and Totalize Counting

With Parametric Measurements, the Freguency and Period of the signal on the
lowest numbered channe! that is displayed can be measured by:

1. Pushing the MEASURE button,

2. Selecting FREQ from the menu.

Freguency and period measurements appear in the second and third fines of
the display.

The source of the A trigger that is counted is shown on the far left of the
second Iine of the display as CHn: where n can be either 1 or 2.

H the CTTis present:

1. Press the MEASURE Gution.
Setect COUNTER from the menu.
Select FREQUENCY or PERIOD from the menu.

o m

Frequency or period measurements wili be displayed in the upper right
hand corner of the display. Measurements will be updated 3 times per
second or once per period whichever is slower. The input frequency must
ba 150 MHz or less.

Tolalize Random or Low Repetition Rate Events

1. Press the MEASURE button.
Seisct COUNTER from the menu.
Select TOTAL from the menu.

Sl

Move any front panel switch to reset the displayed count.

Canceling Menu Functions

To exit from any MEASURE menu, select OFF from the menu or press any
other front panel switch except VERTICAL MODE or MEASURE.

]

Pressing MEASURE while in & menu cycles HELP text iines ihrough the
bottom line of the readout.
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Frequency Measurement with
External Reference (Option 1E)

1. Connect a precision frequency standard signal (must have an accuracy better
than 10 ppm} to BNC connector EXT REF IN, located on rear panel. The
reference signal must be greater than 2 V peak-to-peak inte a 50 G or 75
load with frequency of 1 MHz, 3.579545 MHz, 4 4336188 MHz, 5 MHz, or
10 MHz.

2. Select FREQUENCY as described above.

3. After 100 measurements (approximately 1 minute}, the frequency readout will
display the applied input signal frequency in 8 digits.

Delay Sweeps by Event Counts

The Counter/Timer/Trigger (Option 0% or 08} includes delay-by-events for either the
A Sweep or the B Sweep. Event counting begins at a starting event on a vertica!
input, defined by the A Trigger. Delay-counting events are defined by the B Trigger. in
addition, the available Word Recognizer (WA can define either start or defay-counting
events. The combinations available are shown in Table 2-3.

Which Sweep to Delay

When the A Sweep is delayed by events, the event count can accumulate
for unlimited time. Then the B Sweep ¢an be delayed by time to magnify
waveform details.

When the B Sweep is delayed by events, the event count must accumulate
during the A Sweep. Then the intensified A Sweep can show the liming
between the start avent and the delay count.
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Table 2-3

Delay-by-Events Combinations

Sweep o Start Event to Explanation
Delay Al Delay by
A A Trigger B Trigger Delay begins at the A-Trigger event;
then A Sweep runs after the
selected number of B-Trigger
events.
B A Trigger B Trigger Delay begins when the A Sweep is

triggered by the A-trigger event;
then B Sweep runs after the
selected number of B-Trigger
events, if the A Sweep has not

terminated.

|
|
|
|

t
H

A Trigger

A Trigger

Word
Recognizer

Word
Racognizer

Word

Table 2-3 {cont)
Added Delay-by-Events Combinations with the Word Recognizer

Recognizer

Word
Recognizer

B Trigger

Word
Recognizer

Detay begins at the A Trigger; then
A Sweep runs after the selected
number of words are recognized.

Delay begins when the A Sweep is
triggered by the A-Trigger event;
then B Sweep runs after the
selected number of words are
recognized, if the A Sweep has not
terminated.

Delay begins when a word is
recognized, then A Sweep runs
after the selected numbsr of B-
Trigger events.

The A Sweep runs after the selected
number of words are recognized.
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Injtiate a Sweep by an Event Count (Delay-by-E vents}

1. Press the MEASURE button.
2. Select MORE from the menu.

3. Select DELAY-BY-EVENTS from the menu. The presently selected delay by
event options are indicated by underline cursors.

4. The sweep that you wish to delay, either A Sweep (A SWP) or B Sweep (B
SWP), is selected by pressing either VERT MODE button 1 or 5.

The starting event, either the A Trigger (ATR-START} or the Word
Recognizer (WR-START), is selected by pressing VERT MODE button
20r 6.

The event that fs counted for the delay, either the B Trigger events (DLY-
BY-B} or the Ward Recognizer event (DLY-BY-WRY), is selected by pressing
VERT MODE buiton 3 or 7.

5. Press VERT MODE button 8 to exit the meru after making your selections,

VERT MODE button 4 (OFF) will turn off the delay-by-events function.

If B Sweep is delayed by events, the message “PULL SEC/DIV" appears until
the B Sweep is activated.

The display shows “A” or “B" to identify the sweep delayed, "DBE" to indicate
the Delay-by-Events function, and the number of everts required to initiate the
sweep, for example:

A DBE 1234567

Change the Number of Events

1. Tumn off any competing function, such as A, so the Delay-by-Events
display appears on the right-hand side of the CAT.

2. Tum the A REF OR DLY POS knob 1o underline & digit.

3. Turn the A knob to change the value of the digft.

Reset the Number of Events to One

1. Turn the A REF OR DLY POS knob to underline the most significant
digit of the number,

2. Turn the & knob counterclockwise until alt digits are O except the
rightmost digit. The smallest value of the rightmost digit is 1.

Decrementing the most significant digit when it is C or incrementing a
digit when it and higrer order digits are at maximum moves the underiing
cursar o the right,
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Avoid Ambiguous Event Counts

With slow signal transitions, the start event detected by the A Trigger may
also be detected as a delaying event by the B Trigger, depending on SLOPE
and LEVEL settings of the two triggers,

When the time between the start event and the first delaying event is less
than 4 ns. the first delaying event may or may noi be counied. in most cases,
the ambiguity can be resoived by choosing appropriate trigger slopes for the
start and delaying events,

To see exactly which event is counted as the first event, select B-Sweep
Delayed-by-Events, pull SEC/DIV cut to display the intensified A Sweep, and
set the event count to 1. The intensified zone will show which event is
sounted first.

Canceling Menu Functions

To exit from any MEASURE menu, select OFF from the menu or press any
other front panel switch except VERTICAL MODE or MEASIURE.

Pressing MEASURE while in a menu cycles HELP texd lines through the
bottom line of the readout.
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Logic Triggering

The available Counter/Timer/Trigger (CTT} enhances trigger selectivity. Sweeps can
be initiated by combinations of two vertical signals, defined by A Trigger and
B Trigger. The available Word Recognizer (WR) expands logic triggering to 17-hit
patterns, either synchrenous or asynchronous.

Initiate a Sweep with the Logic Trigger
1. Press the MEASURE buttan,

Select MORE from the menu.
Select LOGIC-TRIGGER from the menu.

Sl

Select the desired triggering function by pushing the appropriate menu
{VERTICAL MODE) button:

a. A-AND-B — Triggers the A sweep only on the coincidence of the
A trigger event and the B trigger event.

The A and B trigger events are considered 1o be logicalty true if the
trigger input sigral is more positive than the trigger level and - slope is
selected. If — slope is selected, a true state exists only when the input
signat is more negative than the trigger level.

. A-OR-B — Triggers the A sweep on the occurrence of either the
A trigger event or the B trigger event.

The same rules for iogic conversion of the trigger signal apply here as
they do for A-AND-B,

C. AWR — Triggers the A sweep upan recognition of the specified digital
word for the Word Recognizer,

d. B:WR — Triggers the B sweep upon recognition of the specified
digital word.

3. Set the A-Trigger and B-Trigger controls or the WA pattern for the
desired trigger.

When the B Sweep is triggered by the WA, delay-time or delta-delay-time time 15
measured Dy the crystal-controlled timer. With any other logic-trigger function, delay-
time and delta-delay-time measuremrents are derived from delay settings or cursors.
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Table 2-4
Sweep Triggering

Selection Triggers When
A-AND-B A Sweep AND of A and B Triggers A:A-B  changes from
FALSE to TRUE.
A-OR-B A Sweep OR of A and B Triggers A:A+ B changes from
FALSE to TRUE.
A'WR A Sweep Word Becognizer detects the selected word.
B:WR B Swesp Waord Recognizer detects the sel_edad word.

Canceling Menu Functions

To exit from any MEASURE menu, select OFF from the menu or press any
other front panel switch except VERTICAL MODE or MEASURE.

Pressing MEASURE while in a menu cycles HELP text lines through the
bottom line of the readout,

When a logic trigger is active, selecting AUTO LVL Trigger Mode cancels the
function.
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Word Recognizer Operation

Count functions, Delay-by-Events, and Logic Trigger functions can invoke the
available Word Recognizer (WA, if it is included in the instrument, The WA requires a
data radix, clock parameters, and a data pattern.

To change the WR display radix:

-t

Press MEASURE.

Seiect MORE from the menu,
Select CONFIGURE from the menu.
Setect WR-RADIX from the menu.

ook LM

Select desired display radix from the menu by pushing the appropriate menu
(VERTICAL MODE) button.,

6. Connect the WA probe to the system under test. Note that bits 0 to 7 and the
clock appear on one side of the probe and bits 8 to 15 and the qualifier appear
on the other. Be sure o connect at least one of the GND terminals 1o a good
signal ground in the system, as close to the signal test points as possible.

It a word is defined in one radix then displayed in another, some but not all bits of
a hexadecimal or octal digit may be X {irretevant), rencennyg the digit ambiguous.
Ambiguous digits are displayed as question marks.

AIDTIXX XXX0  A1D17X077 A0 223F
BIN OCT HEX

When the WR defines the starting event or the counting event for Delay-by-
Events. the display shows both the WA status and the delay count.

7. During operation of the function driven by the WR, the WA status is displayed
in this format:

scq ward

where the "s” characler indicates the affected sweep {A or B); “¢" is the clock
mode (1, 1, or X}; “q" is the qualifier bit (0, 1, or X): and *word" is & 16-bit
pattern in the selectad radix.

a. Turn the A REF OR DLY POS control to the clock mode character, the
qualifier bit, or a digit of the word.

b Turn the A control to define the underlined character. Digits of the word
can be set to 0. 1. or X with BIN radix, 0 to 7 or X with OCT, and 0 to
For X with HEX. Note that the clocking edge £an be redefined here.
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The Word Out Signal

The available Word Recognizer (WA generates a WORD QUT signal at a BNC
connector on the rear panel. The output is TTL-high when the selected word is
recognized. The most recent word definition controls the signal, whether or not the
function that invoked the WH is active. The timing of the word ocourrence, refative to
other signals, can be observed by connecting the WORD OUT signal to one vertical
channel and using the remaining vertical channels for the other signals.

Propagation delay of word recognition prevents the oscilicscope from displaying
the signal transition that generates the trigger, when triggered by the WR or the
WORD OUT signal.

Frequency Limit for Auto Level
or Parametric Measurements

The minimum frequency of operation for parametric measurements is selectable.
The minimum limits are 50 Hz and 10 Hz. Selecting 10 Hz causes all measurements
to be significantly siower. These can be selected by the following steps:

1. Press the MEASURE button.
It the CTT is present. select MORE from the menu. Otherwise, go to Step 3.
Select CONFIG from the menu.

Select MINFREQ from the menu.

A

Push the appropriate mode button to select the desired minimum frequency
limit. This selechon will be reset to 50 Hz whenever power is turned off.

DMM

The available Digital Mutimeter {DMM) adds a poweriul set of floating-input
measurements. See the last few pages of the *Controls, Connectors, and Indicators™
section for operating information.
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Save and Recall Operation

You can easily record any instrument setup for unlimited future use. Eight setups
are directly accessible by using SAVE and RECALL as prefixes lo the setup number
butions. 1 through 8, which are aise the Vertical MODE buttons, Twenty-two more
setups are accessible using the A control 1o scroll through the list. You can arrange
setups in sequence and recall them in order by pressing STEP/AUTO. Sequences
automatically restart when they are completed.

Save and Recall Help

Any time you need more information to proceed with a SAVE or RECALL
operation, press SAVE/HELP or RECALL/HELP again. Each time you press
SAVE/HELP or RECALL/HELP, the readout shows another message. The
messages appear in a repeating sequence.

Save a Setup (Direct Save setups 1-8)

1. Set the instrument to make a particular measurement or observation.

2. Press SAVE. The readouf will indicate the Direst Save mode.

Top Row - SAVE 1.8 DIRECTLY. NAME: xxxxxxx
Cursor
Bottom Rows - PUSH ANY OF 1-8 TO SAVE SETUP.

PUSH SAVE FOR HELF.
(If the Direct-Save mode displays “SAVE FUNCTIONS DISABLED," refer to
EXER 07, described in Appendix A.)

3. It you want a new name for the setup. turn A to define the first
character, then turn A REF to select and A to define each additional
charatier, up to seven. A small curscr marks the character selected
for definition.

It you wish to save a measurement, simply push the MEASURE button,
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The NAME area will change to MEAS: FREQ with FREQ underlined by
the cursor.

To select among the various measurements, tum the A control until the
desired measurement is displayed.

The TIME measurement is unique in that you may define unique
measurements by adding a suffix to the *TIME.... label. Ta change the suffix,
turn the & REF OR DLY POS controi untii the cursor underfines the first space
with a * " in it. Then rotate the A contral to obtain the character you want.

This allows you to define multinle TIME measurements which have different
configurations. (For informaticn on configuring the TIME measurement, see
“Time Interval Measurement” in this Section.)

Pressing the MEASURE button toggles back to the NAME: format which
allows saving instrument setups. Subsequent presses of the MEASURE hutton
toggle between the measurement saving mode and the setup saving mode.

4. Press one of the setup number buttons. In the upper lefi corner of the
CRT, the readout will show the number of the button you pushed and
gither the new name you defined or the name of the setup previously
associated with that setup number.

Save a Setup (Extended Save setups 9-30)

You can also save more than 8 setups by pressing STEF/AUTO {after
pressing SAVE to enter Save mode), and turning A to the desired extended
setup location. To name the selected setup, follow Step 3 of Save a Setup
(Direct Save setups 1-8), pressing STEP/AUTO when finished. If the name for
the setup is to remain the same, then just press STEPJAUTO.

Save a Sequence

See Appendix B for sequence programming instructions.

Recall a Setup (Direct Recall setups 1-8)

1. Press RECALL. The readout will indicate the Direct Recall mode by
showing the names of the four setups numbered 1 through 4 in the top
row and the names of the four setups numbered 5 through 8 in the
second row. For example:

Top Row .- SKEW ADJ.PLL TP-2467 CLOCK
Second Row  -- ACE KING QUEEN JACK
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2. Press the setup number buton (1 through 8] that occupies the sarme
position among the buttons as the name of the desred setup occupies
among the names display. The readout will show, in the upper left corner,
the number of the button you pushed and the name of the selup
associated with that setup number,

Recall a Setup (Extended Recall setups 9-30)

You can aise recall any of the setups beyond 8. while in Recall mode. by

trning A to the desired step number. then pressing STEP/AUTO. This does not
establish the Slep mode.

RECALL a Sequence

1. Press RECALL. The readout will indicate the Direct Recall rmode by
showing the user-defined menu of the first eight selups.

2. Fress STEP The readout will show the name of the beginmning step of the
first sequence and the names of additional sequences, up io four.

L3

Press the setup number button, 1 through 4, that accupies the same
pcsition among the buttons as the name of the desired sequence
occupies among the names display. The readout wil show, in the upper
left corner, the number and the name of the first selup in the selected
sequence. If more than four sequences have been saved ang you want
to run a sequence other than the first four, tlum A to the number and
name of the first step in the desired sequence.

£a

Press STEP 1o recall each setup in the sequence, in turn. When the last
selup in the sequenice has been recalled, the next cperation of STEP
recalls the first step 1n the sequence.

5. Press RECALL fo cancel the sequence mode.

The STEP indicator

2-38

' the STEP indicator is off, AUTQ/STER automaticaily establishes a waveform
display. as described eardier. If the indicator is on, AUTC/STEP sequentially recal's
setups. If the STEP indicator is an, press SAVE or RECALL fo extnguish it. A
switch closure ar TTL-low signal connected to the STEP/AUTO EXT SWITCH
cannecior on the rear panel has the same effect as pushing the STEP/AUTO
buticn,

The following function is available for instruments with serial numbers
B049599 and below with firmware version 11 and above or for instruments
with serial numbers B050000 and above with firmware version 2 and above
(see Appendix A - EXER 04 to determine tirmware version). if the STEP
indicator is on, the STEP function can be activated by pressing any probe D
bution if canfigured to perform a STEP using the PROBE configure menu. The
operator can configure the prabe ID to perlorm one of four possible outcomes
(DENT ALTO Setup, INIT@50%, or STEPY. Once configured, the instrument will
mzintain the selection until modified again by the operator,

2465B/2455B/24458 Operators



3
Applications



Applications

Peak-to-Peak Volitage

Using Cursors

With AV turned on and VOLTS/DIV VAR flly clockwise, align the A REF
cursor with the bottom of & waveform and align the 3 cursor with the top. The
readout shows the equivalent vollage between the cursors anywhere on a

waveform. Accuracy 15 degraded at frequencies approaching the instrument
bandwidth,

Using Paramelric Measurements

With the Parametric Measurement feature, 4 peak. —peak, average, and
peak-to-peak vollage can be measured by:

1. Pushing the MEASURE button,
2. Selecting VOLTS from the menu.

Overshool and undarshoat on fast transitions will often be only partially
detected by the VOLTS measurement. i your measurements reguire accurate
representation of avershoot or undershoot, cursors will provide a befter result.

Absolute Voltages Using Cursors

1. Position the waveform as desired for convenient viewing, with YOLTS/DIV

VAR fully clockwise and with VOLTS/DIV set for the largest usable display
amplitude.

2. Momentarily switch Input Coupling to GND and align the A REF cursor with
the trace.

3. Switch Input Coupling t0 DC and set the A cursor to the paint of interest.
(See Figure 3-1))
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Figure 3-1. Instantaneaus voltages,
Noise Immunity

Set the AV cursors to the upper and lower threshold limits of a digital circuit.
Far example, with TT1.;

. Superimpose the 3 REF cursor on the trace with input coupling at GND.

2. Setthe i cursor for a 2.0V readout.

3. Setthe 3 REF cursor for 1.2 V readoul, the difference between the 0.8 V
lower-threshold limit and the 2.0 V upper-threshold imit.

4. Set Input Coupling to DC and observe the relationship between the signal
and the cursors. The signal is faulty if it changes direction between cursors
or if either the high level or the low level appears between cursors.
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DC Voltage Measurement

Sometimes & 5% estimate of a dc voltage is good enough to verify the
operation of a power supply, trace power supply distribution, or verify the state of
a conirol system.

1. Display either CH 1 or CH 2, and connect it fo the valtage.

2. Push AUTO Setup and read the voltage in the trigger level readout. For
voltages in the same range, simply touch the probe to the voltage. For best
accuracy. set VOLTS/DIV so the measured voltage is five 1o fifteen
divisions.

OR

1. Push MEASURE.
2. Select VOLTS from the menu.

The AVERAGE VOLTS readout is a good measure of the DC voitage present.

Amplitude Modulation

1. Set VOLTS/DIV and VAR for five divisions of carrfer amplitude. Carrier
amphtude is the difference between positive peaks of the modulated signal
and negative peaks of the minimum-amplitude part of the envelope,

2. Align the reference AV cursor with the positive peaks of the minimum.
ampiitude part of the envelope and the .\ cursor with the positive peaks of
the signal envelope.

3. The RATIO readout shows the modulation index in percent.
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Frequency Modulation
For a modulation index of more than 1%:

1. Set SEC/DIV and VAR so the average signal period covers five divisions.

2. If daviation 1s less than 1 division in one cycle (20%), turn on X10 MAG.

3. Align it cursors with the extremes of the deviation.

4. The readout shows the peak-to-peak deviation in percent. If X10 MAG is
on. divide the reading by 10.

For modulation indexes from §.1% 1o 2%:

1. Measurs the carrier period.
2. Display the A Sweep with SEC/DIV between 1 and 2.5 times the penod.

3. Turn off 3t pull SEC/DIV, and turn X REF for & DLY reading 10 times the
carrier period. If a B-Trigger mode indicator is on, select RUM AFT DLY.

4. Turn and push SEC/DIV to display the B Sweep and set SEC/DIV at 0.2
times the periad, using the switch and VAR. (The display will show one
cycle in five harizontal divisions.} If the DLY setting is less than 200 ns, tum
A REF to zero DLY, then turn A REF to move ten cycles past a point in
the display.

5. Align 3t cursars with the deviation extremes.

6. Divide ihe reading by 10 to determine the peak-io-peak deviation
in percent.

For modulation indexas from 0.01% to .29, proceed as above far 0.1% to
2% except:

« at Step 2 set SEC/DIV between 10 and 25 times the period;
* at Step 3 set 1 REF for 100 times the carrier period; and

- at Step § divide the reading by 100.
The instrument adds about 0.01% spuricus modulation to the display. This error
can pe minimized by measuring the apparent frequency madulation of an

Jonmaodulated carrier, at the same frequency and with the same control settings,
and subtracting that value from very low modulation-index readings.
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Measuring Video Signals in IRE Units

1. Dispiay a video signal with VOLTS/DIV VAR adjusted out of detent for five
divisions amplitude from the white ievel to the blanking level, {The blanking
ievel is defined by the front and back “porches.”)

2. Measure the features of interest with AV cursors. The RATIO readings in
percent are equivalent to IRE units.

Avoiding False Displays with Multi-Mode Signals

A signal that has two characteristic forms on alternate cycles can produce
incomplete displays. With Alt Vertical mode and two displayed channels, the
oscilloscope coutd show the same one of the twa forms every time a particular
channel is shown. Also, if a signal's period is less than the total duration of the
sweep plus the trigger hoidoff, the display could show only one of several
signal modes.

1. You can display all the modes of a multi-mode waveform by changing the
setting of Trigger HOLDOFF, s0 the modes are superimposed in
the display.

2. CHOP Vertical Mode often will superimpose the multiple modes of
wavetorms in muiti-channel displays. Signals with these characteristics
should net be measured with the parametric functions since results are
unpredictable.

Algebraic Addition to Detect Coincidence or Cancel
Interference

With the Add Vertical mode, the waveform is the algebraic sum of the signals
applied to Channef 1 and Channei 2. If Channel 2 is Inverted, the Add waveform is
the difference batween the signals applied to Channel 1 and Channel 2. The
deflection factor of the Add trace is the same as CH 1 and CH 2 VOLTS/DIV when
they are equal.

The tollowing general precautions should be observed when using Add mode:

1. Signal peaks should not exceed +8 times the VOLTS/DIV setting.

2. Position both Channet 1 and Channel 2 wavefarms near center screen,
when viewed separately. This ensures the greatest dynamic range for the
Add trace.

3. To obtain similar responses from each channel, set Channel 1 and
Channel 2 input couplings the same,

2465B8/2455B/2445B Operators REV FEB 1989 3-5



Appiications

Observing Coincidence of Digital Signals

With digital signals applied to CH 1 and CH 2. the Add wavefarm is high when
both signals are high, low when both are Yow, and at an intermediate lavel when
one signal is high and the other is low. By inverting CH 2, you can cbserve the
coincidence of one signal and NOT the other. To ohserve coincigence of
TTL signals:

1. Connect the signals of interest to CH 1 and CH 2. I the coincidence of
interest has one signal high and the other one low, invert CH 2.

2. Display CH 1, CH 2, and Add. Set both VOLTS/DIV to 2 V and both inputs
to GND. Position both channels on screen and the Add trace one division
above the bottom of the graticuie. Then deselect CH 1 and CH 2.

3. Set both inputs to DC. Set Trigger mode to Auto and Source to Vert. If the
coincidence of inlerest is high-high, set trigger SLOPE ta +. if the
coincidence is low-low, set SLOPE to —. {f CH 2 is inverted, consider the
inverse of the CH 2 signal in the high-high or low-low combination.) Press
INIT@50%, then carefully adjust the trigger level to respond to the high-
fugh or law-low state combination. (Trigger level readout doesn't operate
with Add Source.)

4. Now you can observe and measure coincidence durations and other time
intervals. Channels 3 and 4 can show relationships to other signals,

Measuring Off-Ground Signals And Canceling
Interference

The Add mode can measure voltage between a pair of points where neither
pant is ground. The technique can cancel interfering signals or uninteresting
companents of a signal through common-mode rejeciion.

1. Digplay the signal on CH 2 at the point you consider low, common, or
inverse and display on CH 1 the high or active signal.

2. Set both VOLTS/DIV equally and for three to eight divisions of ampiitude
on the larger of the pair of signals.

3. 3elect the Add display, invert CH 2, connect the CH 1 probe tempoerarily to
the CH 2 point, and adjust either the CH 1 or CH 2 VAR control, if
necessary. to minimize the amplitude of the Add display.

4. Move the CH 1 probe back to the active signal and observe the desired,
differential signal.

You may be able 10 increase vartical sensitivity by one Volts/Div step, keeping
CH 1 and CH 2 equal, without serigus distortion. If the common mode sigral has
the same repelition rate as the signal of interest, CH 1 or CH 2 may be usable as
the frigger source. Vert Trigger Source is often more desirable because it responds
only 1o the differential signal. Figura 3-2 shows an example.
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Figure 3-2. Eliminating common-mode signals,
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Period and Frequency

Using Parametric Measurements

To measure Period and Frequency using the Parametric
Measurement feature:

1. Push the MEASURE button.
2. Select FREQUENCY from the menu.

The ostilloscope automaticaily scales the amplitude and timing for the
best measurement. Paramatric measurements can only be done on repetitive
signals. Signals with muttiple valid trigger points will give etroneous results if
measured with parametric measurements.

Using the Counter/Timer/Trigger (CTT)

1. Push the MEASURE button.
2. Select COUNTER from the menu.

3. Select FREQuency from the menu,

Without Parametric Measurements or CTT

1. Set SEC/DIV amd, if necessary, X10 MAG to spread one cycle over as
wide a span as possible,

2. Turnon At or 1741 and align the cursors with identical, fast-slewing
points on consecutive cycles, such as zero-crossings.
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Rise Time and Fall Time

Using Parametric Measurements

To measure rise or fail times with the Parametric Measurements feature:

1. Push the MEASURE button.

2. Select from the menu either RISE-t for rise times or FALL-t for
faii times,

The oscilioscope will automatically scale the amplitude and timing for the
best measurement. The measurement results will be displayed once each time
the measurement is selected.

I rise or fall time measurements are desired between poinis other than the
10% and 90% points, use the TIME measurement as described in Section 2.
Signals that have relatively slow transitions at the 10% or 90% points with a
fast transition between the 10% and 90% points can give erratic measurement
results using RISE-t or FALL-t.

Without Parametric Measurements or for Maximum Accuracy

1. Set VOLTS/DIV, VAR, and POSITION to align the bottom of the
waveform with the 0% gralicula line and the top with the 100% line.

2. Set Trigger SLOPE to + for rise time or to - for falf time.

3. Set SEC/DIV and. if necessary, X10 MAG to spread the transttion over
as wide a span as possible.

4. Turn on it and align the cursors with the points where the transition
‘ntersects the 10% and 90% graticule lines.

For best accuracy, observe the considerations given in the Signal
Connection parts of the "Operation” section and be sure TRACE ROTATION is
set correctly, as described in the *Checks and Adjustments” saction.
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Figure 3-3. Measuring rise times.
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Propagation Delay

Using Parametric Measurements

With the Parametric measurements feature. you can measure propagation
delay by:

Displaying the input on CH 1 and the output on CH 2, trigger the

osciloscope on the inout signal,
Pushing the MEASURE button,

Selecting TIME from the menu.

Frior to using this measurement, the time interval measurement must be
configured to measure from the 50% point of the input event to the 50% point
of the output event, see *Time Interval Measurement” in Section 2.

Without Parametric Measurements or for Maximum Accuracy

1.

Display the input to the device under test on one channel and the output
on anather, with the largest practical vertical armplitude whiie keeping
the zero-volt level on screen.

Trigger the sweep on the input signal.

Vertically position each waveform so the appropnate threshold voltage
ot the 50% point on transitions is aligned with a horizontal graticule line.
You can use the same or different graticule lines for each waveform.

a. Turn on AV and adjust & for the desired threshold voltage.
b. Press TRACK/NDEP to select TRACK.

€. Adjust 3 REF to align the 3 cursor, the one with dashes, with the
graticule tine you want the signal to cross.

¢ Select GND vertical input coupling and adjust POSITION to align the
trace with the A REF cursor, the one with dots.

€. Select DC vertical input coupling,

et SEC/DIV as fast as possible while containing the measured time on
screen. Use X10 MAG if needed.

Turn on .3t and afign the cursors with the intersections of the
waveforms with the chosen graticule lines. (See Figure 3-4)
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Figure 3-4. Time between two pulses {cursor method),

For best accuracy, chserve the considerations in the Signal Connection
parts of the “Operation” section and make sure the vertical delays are matched
by connecting both probes to one signal. If the delays are not precisely
matched, see "Matching Channel 2 Delay” in *Checks and Adjustments.”

Setup and Hold Times

Froceed as f measuring propagation delay, treating the clock as an input and
the data signal as an output. Use high settings of INTENSITY to observe
variations. If setup time exceeds 30 or 40 ns, you may prefer to treat the data as
input and the clock as oulput.

it the data patiern is not repetitive gring & single valued display. do not use the
parametric measurements for measuring setup or hold time.
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Slew Rate

Slew rate is the slope of a signal in volts/second.

1. Display the slope of the signai over the largest practical span of horizontal
deflection and vertical deflection.

2. Activate 1/t and set the cursors to intersect the signal siope at points that
are separated by one volt or by a power-of-ten multiple or fraction of
ona yalt.

3. Interpret the frequency (Hz) readout as volts/second instead of
cyclesisecond (Hz). Multiply the result by the power-of-ter multiple of one
volt between the cursors. For example, if the cursors intersect the
waveform at points separated by one volt and the readout shows 173 kHz.
the slew rate is 173 V/ms. With 10 mV between cursors and 55.3 MHz
readout, the slew rate is 0.553 V/gs or 553 kV/s, etc.

Time Ratio (Duly Factor)

With Parametric Measurements

With the Paramatric Measurements feature, duty factor can be measured by:

1. Displaying the signal on CH 1 or CH 2 and selecting only that channel
: for display.

2. Pushing the MEASURE button.
3. Selecting WIDTH fram the menu.

The oscilloscope wilh automatically scale amplitude and timing for the best
measurement. The pulse width and duty facter will both be measured and
displayed.
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Without Parameiric Measurements

The Delta Time (At} function also can measure the percent ratio between
two different time intervals, such as the period and width of a pulse, which
define duty factor.

*. Display the signal with SEC/DIV and VAR set for one cycle over exactly
five horizontal divisions.

2. Activate At and align the two vertical cursors with the teginning and
end of the high portion of the pulse. Measure the low portion of the
pulse if you want to measure the portion of the cycle that is low {see
Figure 3.5).

if the portion of the pulse you are measuring is less than 1 division wide {20%),
you can improve the accuracy of the measurement. Activate the X10 MAG. without
changing SEC/DIV or VAR, and align the cursors with the magnified puise. The
RATIO reading will be 10 times the actual ratio.

The CRT readout displays the ratio, in percent, between the separation of the
two cursors and the five-division reference interval. When the two cursors are
separated by five divisions, the readout indicates 100%.

TIME RATIO
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Figure 3-5. Time ratio (duty factor).
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Phase Difference Between Two Signals

1. Using sither probes or cables with eqgual time delays, display the reference
signal on CH 1 and the comparison signal on CH 2, For higher frequencies,
signal defay matching is more critical. The procedure for matching delays is
found under “Matching Channel 2 Delay™ in Section 4.

2. SetCH 1 and CH 2 VOLTS/DIV and VAR controls to obtain equal
amplitudes of the reference and the comparison signals. Set the ampiitudes
as large as is practical.

Set Vertical POSITION controls to center both displays vertically. Phase
measurement accuracy depends on the accuracy of vertical centering.

o

4. Set SEC/DIV and VAR 1o display one cycle of the reference signal over five
horizontal divisions.

5. Activate 1/t by pressing both the At and AV buttons together.

6. Align the Reference cursor with a zero-crossing of the reference signal,
Align the Deita cursor with the nearest zero-crossing of the comparison
signal. on the same slope as the reference signal zero-crossing {see Figure
3-6). Use the center horizomtal graticule fine as the reference tar aligning the
Zero-crossings.

7. Read phase shift in degrees from the CRT readout.
i the phase shift is less than 1 horizontal division {72 degrees), you can
improve the accuracy of the measurement. Use the X10 MAGnifier, without

changing SEC/DIV or VAR, to expand the display: align the cursors with the zero
crossings; and divide the PHASE readout by 10 (see Figure 3-7).

24B85B/2455B/2445B Operators 3.15



Applications

DELTA
CURSOR

REFERENCE .| \ PHASE 118 DEG
CURSOR }-Poac; e~ [ :

1 :

i ;\ Ay

Ly
CROSSING -

YRR X EYTTY

.

\
it N N
FRE ) Lo\
MY W
>500n‘|[|V 5 2opm\x 9-'76",}5 f |
\

ZERO CROSSING
COMPARISCN
SIGNAL

{383219) 5854-17

Figure 3-6. Phase difference between two signals.

DIVIDE BY 19

[R S

-

REFERENCE | PHASE 232 DEG
NCE .. HASE 2 D_EGj
CURSOR T~k e
w (R

I T YR I
| LT |
ZERO CROSSING [ 1§ | & 1l L.
REFERENCE - T E , —r "ﬁ
Y ] e
SIGNAL > A et
| TN |
il e 1 ' 1l ZERO CROSSING
— L4 ) -1 COMPARISON
[T I _‘I.... - 1 DEY S N i..._‘!
[> 108 mV > 200 mv / 10405 |

/

DELTA CURSOR

(3832.20; 585418

Figure 3-7. Small-angle phase difference.

3-16 2465B'2455B 24458 (Jperatars




8

Applications

Phase Shift Measurements Using XY Mode

XY mode lets you display an input signal rather than the time
base on the horizontal axis, This mode lets you make phase shift
measurements. Phase shift describes the difference in timing
between two otherwise identical signals.

XY mode puts one signal into the vertical system as usual and
then another signal into the horizonta) system. This set up is called
an XY measurement because both the X and Y axis are tracing
voltages. The waveform resulting from this arrangement is called a
Lissajous pattern, From the shape of the Lissajous pattern, you can
tell the phase difference between the two signals. You can afso tell
their frequency ratio. Figure 1 shows Lissajous patterns for various
frequency ratios and phase shifts.
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Figure 1: Lissajous Patierns
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Applications

Measuring Millivolt Signals

With the standard. 10X.attenuation probes, deflection factors range down {o
20 mV/division. Ta increase the vertical sensitivity by a factor of ten, either use a
1X prabe or cascade CH 2 with CH 1. To obtain 200 ¢V{division, use a 1X probe
or coaxial cable to connect the signal to CH 2 and cascade CH 2 with CH 1. To
cascade CH 2 with CH 1:

1. Connect the CH 2 output on the rear panel, through a 50-¢ cable, to the
CH 1 input on the front panel.

2. Setthe CH 1 input at 1 M DC or AC.

3. Sel 20 MHz BW LIMIT on. This will reduce the trace "thickening” caused
by wide-band noise and avoid oscillation of the vertical system. If you
trigger from CH 1 scurce, you probably need to use HF REJ coupling.

4. SetCH 2 VOLTS/DIV at 2 mV (20 mV with 10X probe) and set CH 1 at
5 mV or 2 m¥idivigion,

5. Note that the CH 1 scale factor and delta-volts readings agree with the
signal at the CH 2 probe-tip with a 10X probe. With a 1X probe, the scale
factor and deita-voits readings should be divided by ten.
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Applications

To measure phase shift using XY Mode:

Note

CH 2, CH 3, or CH 4 can provide the vertica! deflection in XY
mode. This example shows using CH 2.

1. Connect the signal that you want to provide vertical deflection
to the CH 2 input connector. Set the Vertical Mode to CH 2.

2. Connect the signal that you want to provide horizontal
deflection to the CH 1 or X input connector.

3. Rotate the A SEC/DIV control fully counterclockwise to select
XY mode,

4. From the shape of the displayed Lissajous pattern, read the
phase shift between the two signals.
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Checks and Adjustments

Introduction

The checks and adjustments In this section eliminate some significant sources
of measurement error and improve measurement confidence. if adjustments arc
required beyond the scope of this section, refer the instrument to a qualified
service techrician.

Initial Setup

1. Press in the POWER switch button (ON} and allow the instrument to warm
up {20 minutes 18 recommended for maximum accuracy).

2. 3etinstrument controls to obtain a display:

READOUT INTENSITY Midrange between "OFF" and fully clockwise
INTENSITY Midrange

FOCUS Midrange

VERTICAL MODE CHA1

CH 1 Input Coupling 1MQDC

3. Connect the Calibrator output 1o the CH 1 input with a standard accessory
probe and ground the probe near the Calibrator output,

4. Press the AUTO Setup button to obtain a display. {If the STEP indicator is
fuminated, press RECALL to cancel the Step made, then press AUTO to
obtain a display.) Adjust the INTENSITY and READQUT INTENSITY
controls as desired. Set the FOCUS cantrol for the best trace definition.
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Checks and Adjustments

Trace Rotation and Adjustment

1. Preset instrument contrals and obtain a display as described in
“inittal Setup.”

2. Set CH 1 Input Coupling 1o GND, 20 MHz BW LIMIT on, and adjust the
CH 1 POSITION control to position the trace on the center harizontal
graticule line.

3. If the trace 15 not paraliel to the center horizontal graticule lne. use a
small-bladed screwdriver 10 adjust the TRACE ROTATION control and align
the trace with the center horizontal graticule fine.

Astigmatism Adjustment

1. Obtain a display as described in *Initial Setup.”

2. Set 20 MHz BW LIMIT on and adjust the CH 1 POSITION control to center
the display on the screen,

3. Select AV and position the cursars near the top and bottom of the screen.
4. Set SEC/DIV to 1 gs.

5. Slowly adjust the FOCUS contral te its optimurm setting (best defined
display of cursar dots).

6. Use a small-bladed screwdriver to adjust the ASTIG control for best defined
display of cursor dots. The waveform and the antire readout shoutd be
welt-defined.

7. Since the ASTIG and FOCUS adjustments interact, repeat steps 5 and 6
until the best-defined display aver the entire graticuie area is obtained.

NOTE

Once set, the ASTIG adjustment should be correct for any display. How-
ever, it may be necessary to resst the FOCUS controf slightly when the
INTENSITY controf setting is changed,
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Checks and Adjustments

Auto DC Balance Routine

The oscilioscope can automatically de-balance Channel 1 and Channel 2. This
routing minimizes trace shifts when adjusting the VOLTS/DIV and VOLTS/DIV VAR
controts, and when switching Channel 2 between noninverted and inverted. This do
balance remains valid as lang as the instrument is operating within 5°C of the
ambient temperature at which the routine was performed, provided the instrument
has had a 20-minute warm-up period.

NOTE

This DC balance is required for accurate measurements with Parametric
Measurementis.

To initiate the adjustment, press the upper, input-coupling buttons for both
Channel 1 and Channel 2 at the same time. When the Auto DC Balance cycle is
complete, the instrument will return to normal operation.

NOTE

#f a circuit defect prevents accurate de balance. the routine haits and LIMIT
fs dispiayed. Press the upper Trigger COUPLING butlon to confinue
batancing the remainder of the circuftry.

If power to the instrument is interrupted before the halancing cycle is complete,
a DC balance error may be apparent in subsequent operation. When power is
restored, restart the DC balance routine. after the instrument has warmed up.
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Checks and Adjustments

Probe Compensation

Accurate measurements require accurate probe compensation. To ensure
optimum measurement accuracy, check probe compensation any time & probe is
attached to the instrument or any other time you are not certain of correct
compensation. Because of minar differences between channels, CH 1 and CH 2
probes shoutd be compensated on their respective channels, CH 3 and CH 4
probes shouid be compensated on CH 1 or CH 2. Check and adjust probe low-
frequency compensation as follows:

1. Obtain a display as described in “Initial Setup.”

2. Set the SEC/DIV control to 1 ms and 20 MHz BW LIMIT on. I the probe to
be compensated is connected to CH 2, enable the Channel 2 display. Set
the appropriate VOLTS/DIV control 1o 100 my.

3. Connect the probe to the CALIBRATOR output.

4. Check the waveform for overshoot and rolloff {see Figure 4-1). necessary.
adjust the probe for a square front corner on the waveform, using the small
adjustment toot supplied in the probe accessory package. Insert the tool
through the small hole in the side of the box attached to the vertical input

connector.
1 : 7 ' ; v 1
! . ] 1 3
| IR l
\ . : AR e
o ! L ERREr ZEERE RENTE P i
5 e |

B \ /JVEH COMPFNSATED\
I BRI Nt -

R
CDRRECT:Th—

UNDFR COMPENSATED/ ]

13832-12) 5854-19

Figure 4-1. Frobe low-frequency compensation,
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Checks and Adjustments

Matching Channel 2 Delay

The apparent signa!l delay in Channe! 2 may be adjusted up 1o +500 ps to
match the apparent delay present in any of the other three channels. This
adjustment is most commonly used to eliminate detay difierences between Channel
1 and Chanriet 2 that may be introduced by the prabes. It has no effect on
common-mode rejection when ADD Vertical Mode is selected. It also has no effect
on time interval measurements with either the CTT or Parametric Measurements,
Match Channgt 1 and Channal 2 as follows:

1. Connect two 10X probes supplied with the instrument to the CH 1 OR X
and CH 2 inputs.

2. Check and adjust, if necessary, the probe’s low-freq uency compensation.
Refer to "Probe Compensation™ in this section.

3. Connect both probes via hook tips to the same fast-rise pulse generator
output.

4. Select both CH 1 and CH 2 Vertical mode displays.
5. Press AUTO Setup to obtain a display.

6. Setthe CH 1t and CH 2 VOLTS/DIV and POSITION controls for 3 to
€ divisions of amplitude and superimposed displays.

7. Set SEC/DIV to 5 ns.

8. Pull the SEC/RIV knob and observe the message CH 2 DELAY-—TYURN A
in the upper right-hand corner of the screen.

NOTE

if the message CH 2 DLY DISABLED appears in the readout. the instrument
has beer set to disable the delay-offset adjusting feature. If adjustment of
the delay matching is disabied. refer the adjustment to a quaified service
techmcian.

2. Set X10 MAG On and adjust the 3 control unti! the two fast edges are
superimposed horizontaly.

NOTE
The 4 REF OR DLY POS conirol can also be used to make the adjustment.

10. Push in the SEC/DIV swilch. The adjustment is then permanently stored for
future operation, even when power is interrupted,
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Checks and Adjustments

To reduce channel-to-channei signal delay errors with Parametric
Measurements:

1. Follow Steps 1-3, above.

2. Measure the time interval from CH1 to CH2 using the TIME function
from the MEASURE menu.

3. Use this number as a reference and subtract its value from alf
subsequent time interval measurements.

Amplitude Check

1. Obtain a display as described in “Initial Setup.”

2. Set the VOLTS/DIV switch to 100 mV, the SEC/DIV switch ta 1 ms, and
20 MHz BW LIMIT on,

3. Adjust the CH 1 POSITION contral to center the display on the screen.

4 CHECK—Amplitude of the CALIBRATOR signal is between 3.88 and
4.12 dwisions as measured on the center vertical graticule fine.

5. Select AV and carefully superimpose the cursors on the high and low levels
of the waveform. CHECK— AV readout is between 332 mV and 408 mV.

6. Repeat this procedure using the Channel 2 connector and controls.
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Checks and Adjustments

Timing Check

The period of the CALIBRATOR signal automatically tracks the A SEC/DIV
satting within the range of 100 ms to 100 us. Within that SEC/DIV range, the
CALIBRATOR period is 200 ms to 200 ns, & cycles per 10 divisions of the
A Sweep. To quickly check the operation and calibration of the oscilloscope timing,
use the folowing procedure:

NOTE

Auto Setup and Parametric Measurements will not work using the Calibrator
sigrial.

1. Obtain a display as described in *Initial Setup.”

2. CHECK--Timing accuracy by confirming that five complete cycles of the
square-wave signal are displayed over 10 major divisions {+0.1 division)
along the center horizontal graticule line for all A SEC/DIV settings from
100 ms 1o 100 ns. Confirm thai 2 cycles of the Calibrator signal cover
8 divisions at 50 nsfdiv and that 1 cycle covers 10 divisions at 20 ns/div,
Cbserve that the displayed transition time of the signal remains
approximately the sarme when A SEC/DIV is changed to 10 ns and 5 ns.
{The number of harizontal divisions covered by the transition time at 10 ns
per division should be two times the number covered at 20 ns, and the
number of divisions at 5 ns should be four times the number at 20 ns.)
Return A SEC/DIV to 1 ms, switch the X10 MAG on, and CHECK—that
12 eycle covers 8.8 to 10.2 divisions.

3. 3et X10 MAG Off and carefuily align the At cursors with the faliing edges of
the first and fifth cycles. CHECK—At reading is within 7.92 ms to 8.07 ms.
Repeat the test at any A-Sweep speed in the 100 ms to 700 ns range.

4. If desired, delay timing can be checked by using Al harizontal display
mode, RUN AFT DLY B-Trigger mode, and At. Set the A REF AND DLY
POS and A controls to align the intensified zones with the faling edges of
the first and fifth cycles and superimpose the expanded display of the
edges on the B Sweep, running at least 10 tirmes faster than the A Sweep.
CHECK~—At reading is 8 times the A SEC/DIV setiing, +0.5%.
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Controls, Connectors, and Indicators

introduction

The following descriptions are intended to familiarize the cperator with the
location and function of the instrument’s controls, connectors, and indicators.

All continuously variable controls, except FOCUS, TRACE ROTATION,
ASTIGMATISM, and SCALE {LLUMINATION have fine resolutian for a portion of
their rotation after each reversal. Continued rotation in the same direction gives
progressively coarser resolution.

Power And Display

Refer to Figure 5.1 for the location of items 1 through 10.

@ INTENSITY

Conirol

BEAM FIND
Button

©
@ FOCUS
O,

Control

TRACE
ROTATION
Controf

@ READOUT

INTENSITY
Cantral

Adjusts the brightness of the waveform.

Limits the CRT deflection both vertically and horizontaliy
te within the graticule. Display intensity is not affected
by the BEAM FIND button,

Adjusts the CRT writing beam for optimum display
definition.

Aligns the no-signal trace with the horizontal graticule
ines. Relocating the instrument to a different magnetic
ambient may result in slight misalignment of the trace
and graticule, indicating & need to readjust the TRACE
ROTATION control, using a screwdriver.

This control adjusts the intensity of the CRT readout
display and wilf either enable or disable the display of
scale factors. Digital measurements, Save/Recall
readouts, the "50 @ OVERLOAD" message, the
available Counter/Timer/Trigger (CTT) menu, and the
available Television/Video (TV) function indicators are
always enabled.
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Cornfrols, Connectors, and Indicators

@ ASTIG Control

@ SCALE ILLUM

Control

POWER

Swilch

® o

Various functions generate displays in the upper row.
The most recently selected function displaces any
previous readout. if delta or delay readouts displace
displays generated by the available TV enhancement
or CTT, the TV or CTT displays shift to the upper
left corper, in fieu of the trigger level readout.

Minimum [ntensity occurs at the contraf's midrange,
OFF pasition. Clockwise rotation from midrange
increases the intensity and enables alf displays.
Counterclockwise rotation from midrange increases
the intensity and disables the scale-factor and
control-status displays.

Adjusts the CRT beam shape to obtzin a well-defined
display over the entire graticule area, in conjunction with
the FOCUS control. Once adjusted with a screwdriver, it
normally does not require readjustment,

Adjusts the level of graticute ilumination,

Turns instrument power on and off. Press in for ON:
press again for OFF. An indicator in the switch shows
green when the switch is on and black when it is off.
Front-panel settings are returned when power is
reappiied 1o the instrument, unless saved setup number
1 is selected by EXER 06, described in Appendix A.

Has an 80-mm vertical by 106-mm horizontal disptay
area. Internal graticule lines eliminate paratlax-viewing
error between the trace and the graticule fines. The
graticule includes 0%, 10%, 90%, and 100% marks for
rise-time measurements.
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Controfs, Conreclors, and Indicators

(10) GPIB STATUS  Included orly with the available IEEE. Standard.485

Indicators interface (GPIB); show key interactions with a GPIB
system. LOCK lights when the instrument controls are
disabled by a local lockout message from the system
contrafler. SRQ lights when the instrument requests a
service response from the system controller. REM lights
when the system controller assumes control of the
mstrument. See 24X58/24678 Option 10 instrument
Interfacing Guide for detailed information on using the
instrument in a GPIB system.

- —— - /—-—/\-—-—-\____?
| TekEronix\24658 aoov:_ggi gue

\
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'. INTENSITY focus - HE.&DOUI‘II{NIENSIIY SCALEILLUM 57 Powmé'iaﬁ%'
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Figure 5-1. Power and display controls.
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Controls, Connectors, and Indicators

Setup and Vertical

Refer to Figure 5-2 for the location of Hems 11 through 18.

©
®

©

5-4

STEP/AUTO
Button

SAVE/HELP
Button

RECALL/HELP
Button

Recalls the next step in a stared sequence of setups, if the
STEP indicator is ilurninated. i the STEP indicator is not
fluminated, the oscilioscope automatically establishes
triggering and scales the waveform display vertically and
hotizontally (AUTO).

Saves the current oscilloscope control settings in a
rumizered setup when followed by one of the
setup-number butions, 1 through 8, which are also the
Vertical MODE buttons. Pushing the SAVE/HELP button
replaces the top and bottom rows of the normal readout
display with prompting and help messages. These help
messages may be cycled through by repeatedly pushing
the SAVE/HELP button. Additional setups are accessible

by using A and STEP. For operational information, see the
"Operation” section and Appendix B.

Restores previous oscilluscope controf settings saved in a
numbered setup when followed by one of the
setup-number buttons. Pushing the RECALL/HELP bution
replaces the top and botiom rows of the normal readout
with the user defined menu. Repeated operation of the
HELP button produces a eycle of help messages.

Additional setups are accessible by using A and STEP
For operational information, see the "Cperation” section
and Appendix B.

Each setup carries a name willt one to seven characlers.
The name of a setup can be defined when it is saved or
redefined at any time. The names of setups one threugh
eight appear on the screen as a user-defined menu when
RECALL is pressed. The names appear an the screen in
the same relative positions as the corresponding setup
number buttons, alsa used as a Verlical MODE button.
When a steup is recalied, the setup number and name
appear in the upper left of the readout until 2 contral is
maved or a measurement changes the readout.

For instrumients with serial numbers B049999 and below
with firmware version 11 and above or for instruments with
serial numbers BO50000 and above with firrmware version
2 and above, pressing the RECALL/HELP button fallowing
an auto sewp or parameteric measurement will restore the
instrurnent to the mode of operation prior to the
paramelric measurernant.
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Controfs, Connectors, and Indicalors

MEASURE
Button

POSITION
Controls

MODE

Buttans

Activates the Parametric Measurements meny.
Selections trom the menu are made using the
VERTICAL MODE buttons. Repeated activation of the
MEASURE hutton will cycle through a series of
explanatory text in the lowar CRT readout.

Set vertical position of the Channel t and Channet 2
signal displays. Clockwise rotation of a control moves
the associated traca upwaid. When the XY dispiay
feature is in use, Channel 1 POSITION control moves
the display horizantally; clockwise moves it to the right.
The Channe! 2, Channe! 3, and Channel 4 vertical
POSITION controls move the associated X-Y display
vertically.

Select the indicated channel(s} for display. Any
combination of the five possible signal selections can be
displayed by pressing the appropriate buttons. The
Channel t signal will be displayed if rone of the cisplays
are selected. Each button has an associated indicator to
show when the respective display or characteristic is
active. Pressing a button togglas the display or
characteristic on or off. When pressed after pressing
SAVE or RECALL, these buttons select setup memaories
{1) through {8}

These buttons also sefect the various entries in the
displayed menu when the buttons are pressed after
pressing the MEASURE bution,

When multiple channels are selected, they are displayed
sequentially in order of priority. The established priority
order is: CH 1, CH 2, ADD, CH 3, then CH 4.

The aigebraic sum of Channel 1 and Channel 2 is
displayed when the Add display is selected. When
both Add and Invert displays are selected, the
waveform displayed is the difference between the
Channel 1 and Channet 2 signals. The INVERT
button alsa inverts the polarity of the signal autput at
the CH 2 SIG QUT connector an the rear panel. At
the same time, the Channet 2 trigger-signa polarity is
inverted so that if CH 2 is selected as the TRIGGER
SCURCE, the displayed slope will agree with the
TRIGGER SLOPE setting.
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Controls, Conneciors, and Indicators

CHOPALT Selects the vertical display mode for multiplechannel
Button displays.

CHOP!ALT has no effect on the switching rate of X-Y
function displays. If more than one verticat display is
selected for X-Y, the display switches at 2.5 MHz.

CHOP When more than one channel s selected, the vertical
display switches sequentially through the selected
channels at the chop-switching rate.

When more than one channel is selected, if the
SEC/DIV setting for the displayed sweep is in the
range of 20 ps/div fo 2 psidiv, each channel is
displayed for 400 ns. Otherwise, each channel is
displayed for 1 us. The chop switching rale is
desynchronized from sweep repetitions to minimize
waveform breaks when viewing repetitive signals.

ALT When more than cne channel is selected, the vertical
display switches sequentially through the selected
channels. Alternate switching occurs during sweep-
retrace times. If both A and B Sweeps are displayed,
in Alt horizontal mode, vertical switching occurs at
the completion of the B Sweep.

The Alt vertical mode enables a slaved delta-time
mode for measuring time intervals betwegn two
channels, in ihe staved delta-time mode, the first
selected display in the sequence is displayed with the
delta reference delay and the second selected display
in the sequence is disptayed with the delta delay.
Any additional channels are displayed with both
delays. The slaved deila-time mode also requires the
following control conditions: either At or 1/t
selected, Inten, AR, or B horizontal display with the
dual delays and not cursors, multiple vertical
displays, and a single A-Sweep trigger source.

20 MHz BW Limits the bandwidth of the vertical deflection system to
LIMIT Button 20 MHz. Full vertical bandwidth is avaitable when the
bandwidth limit function is off. Neither the trigger
signals nor the output from the CH 2 SIG QUT
connector is affected by the 20 MHz BW LIMIT,
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Figure 5-2. SETUP and MODE buttons, and CH 1 and CH 2 POS|TION ¢ontrols.
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Controls, Connectors, and Indicators

Refer to Figure 5-3 for the location of items 19 through 22.

VAR Contrals  Provide continuously variable. uncalibrated deflection
Tactors between the calibrated settings of the
VOLTS/DIV switches. These controls vary the deflection
factors from calibrated (fully clockwise detent position]
to at least 2.5 times Lhe calibrated deflection factor (fully
counterclockwise position), When out of the calibrated
detent, a greater than (=) sign appears in front of the
associated VOLTSIDIV readout display.

VOLTS/DIV Select vertical dehection factor settings in a 1-2.5

Switches sequence with 11 positions. The VAR control must be in
the detent {fully clockwise) position to obtain a calibrated
deflection factor. Basic deflection factors are from 2 my
per division to 5 mV per divisicn. The switches can
rotate comtinuously. but have no sffect beyond the
extreme settings. Defiection factors shown in the CRT
readout reflect actual deflection factars when Tekironix
atlenuation-coded probes are connected 1o the inputs.

()

VOLTS/Div VOLTH/ DIV

CH 2

A IALF = i vme Bk T T HTE

©

LI EAY KM -

G860-04

Figure 5-3. Channel 1 and Channel 2 centrols and connectors.
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Controls, Connectors, and Indicators

@ Input Select the method of coupling input signals to Channel §
Coupling and Channel 2 and indicate the selection made. H the
Buitons and upper Channel 1 and Channel 2 input Coupling buitons
Indicators are both pressed together, the instrument automatically

performs a dc balance of Channel 1 and Channel 2
vertical cireuitry.

1MQ AC Input signal is capacitively coupled to the vertical
attenuator. The dc component of the input signal is
blocked. The low-frequency fimit {—3 dB point) is
10 Mz or less when using either 3 1X probe or a
coaxial cable and is 1 Hz or less when using a
properly compensated 10X probe.

Only with the available Television/Video (TV)
enhancement, the CH 2 input has a back porch
clamp for composite video signals. When the input
coupling is AC, pressing the upper button activates
the clamp and displays “TVC" in the readout. The
clamp locks the back porch feature of the video
signal t¢ a constant level and eliminates drift. hum.
and till, despite changes in signal amplitude and
average luminance levels. Pressing the lower button
restores AC coupling and turns off the clamp.

1 M2 GND The input of the vertical amplifier is grounded to

(2 identical provide a zero {ground) reference-voltage display.

positions} Input resistance is 1 MQ to ground. This input
selection allows precharging of the input-coupling
capacitor to prevent a sudden shift of the trace if AC
input coupling is selected later. The input signal is
not grounded. If the input coupling of a channe
selected as an A-Trigger source is set at GND, the A
Sweep free runs. However, when A TRIGGER
SOURCE is set to VERT and the Add vertical display
is selected, the sweep free runs only if both Channel
1 and the Channel 2 input couplings are set to GND.
While power is off, coupling s at 1 M GND.

1MRDC All frequency components of the input signal are
coupled to the vertical. Input resistance is 1 M
to ground.

50 a4 DC All frequency components of the input signal are

coupied {o the vertical, with the input terminated by
50 Q to ground. If excessive signal is applied to
efther the CH 1 or the CH 2 input connector while

90 £ DG input coupling is selected, input coupling wil
revert to 1 MQ GND and a CRT readout will indicate
the overioaded condition. Changing the input
coupling of the alfected channel removes the
overload message.

2465B/24558/24458 Operalors 5.9



Controls, Connectors, and indicators

CH1CR X
and CH 2

Refer to Figure 5-4 for

@ CH 3 and

CH 4 Input
Connectors

POSITION

Controls

@ VOLTS/DIV

Switches

CALIBRATOR

Connector

Conduct external signals to the Channel 1 and Channel
2 vertical inputs. A signal applied to the CH 1 OR X
connector provides the horizontal deflection for an X.Y
display. Each connectar inciudes a coding-ring contact
for Tektronix-coded probes.

the tocation of items 23 through 27,

Conduct external signals to the Channel 3 and Channel
4 vertical inputs. Each conngctor includes a coding-ring
contact for Tektronix-coded probes. Input coupling from
these connectors is DC only. Channel 3 and Channef 4
are most useful as digital-signal and trigger-signal input
channels, given their limited choice of deflection factors.

Set vertical position of the Channet 3 and Channel 4
signal displays. The contrafs operate identically to the
Channel 2 POSITION control, but with less range on
their associated traces.

Toggle between 0.1 V ard 0.5 V per division deflection
factors for Channel 3 and Channel 4.

Provides & 0.4-V p-p square-wave into a 1 M load,
0.2.V p-pinto a 50 T de-coupled load, or 8-mA p-pinto
a short circuit. The signal is useful for checking sweeps,
delay-times, and verticai deflection accuracies, as well
as compensating voltage probes and checking the
accuracy of current probes. The repetition rate of the
square wave changes with A-Sweep SEC/DIV changes.
From 100 ms per division to 100 ns per division, the

A Sweep of the instrument supplying the CALIBRATOR
signal displays five cycles per 10 divisions. At 100 ms
per division and slower, the CALIBRATOR frequency is
S Mz at 100 ns per division and faster, the frequency is
5 MHz. The signal amplitude at 5 MHz is at least 50%
of the signal amplitude obtained when the sweep speed
is set to 1 ms per division.
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NOTE

The calibrator signal changes phase during trigger
holdoff. This does not affect the accuracy of the
ca#prator signal that is present during a swesp.
However. if the CALIBRATOR signal is used with
other mstruments, the sweep of the mstrument
must be shut off. If it is not, the signal wilf appear
to fitter and wilf give lalse flow) frequency counts.
The sweep of the instrument is easily shut off by
setting TRIGGER MODE fo SGL SEQ.

Auxiliary Provides an auxillary signal ground. The jack is

Ground Jack compatible with standard banana plugs. A standard
accessory binding post plugged into the jack provides a
probe ground when probing the CALIBRATOR output
and provides a versatile groung connection.

T "t ——,
{.POSITION  VOLTS/DN . POSITION
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686005

Figure 5-4, CH 3 and CH 4 controls and connectors and CALIBRATOR output.
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Horizontal

Refer to Figure 5-5 for the focation of items 28 through 37.

SEC/DIV Selects A-Sweep spesds, B-Sweep speeds, Belay Time
Switch and ranges, herizontal display mode, and CH 2 Delay
indicators Matching mode. The SEC/DIV switch can be rotated

continuously in either direction, but further rotation has
no effect when either extreme setting has been reached.
The A BWP and B SWP indicators show which sweep
or sweeps are displayed.

A SEC/DIV When the A Sweep is displayed without the
B Sweep, SEC/DIV selects 25 calibrated A-Sweep
speads from 500 ms/div to 5 nsidiv in a 1-2-5
sequence (24 steps to 10 ns/div in the 24558 and
24458). Full counterclockwise rotation of the
SEC/DIV switch selects the X-Y display feature. In
X-¥Y.the CH 1 OR X input drives the horizontal
deflection system.

B SEC/DIV When the B Sweep is displayed, SEC/DIV salects
B-Sweep speeds in 22 calibrated steps from
50 msydiv to 8 nsidiv in a 1-2.5 sequence {21 steps
to 10 ns/div in the 24558 and 24458},

Horizontal Display Mode Selection (PULL-INTEN TURN-ALT
PUSH-B}:

A When the SEC/DIV knob is in, the A Sweep is
displayed, unless the B Sweep has been displayed
and the B Sec/Div setting remains faster than the A
Sec/Div setting. The exception is that Ghannel 1 is
displayed in the horizontal at the extreme
counterclockwise setting of SEC/DIV,
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PULL-INTEN  Pulling the SEC/DIV knob out while the A Sweep is
displayed selects the Intensified horizontal display
mode and cancels the Delta Volts function if it is
active. The A-Sweep display intensifies during the B
Sweep. The B Sweep is not displayed, but it runs
either 100 times faster than the A Sweep or at 5 ns
per division, whichever is slower. In Alt horizontal
display mode, setting B Sec/Div equal to A Sec/Div
alsc selects the intensitied horizontai display mode.

With At or 1/AL, a pair of intensified zores appears.
With muitiple vertical displays, Aft vertical mode. and
a single A-Trigger source (CH 1, CH 2. ADD, CH 3,
or CH 4}, the pair of intensified zones appear as
follows:

1. The reference zone appears on the first
selected trace in the display sequence; CH 1,
CH 2, ACD, CH 3. CH 4.

2. The delta zone appears on the second
selected trace.

3. Both zones appear on additional traces when
maore than two traces are selecied.

Both zones appear on all traces with Chop vertical
mode or muitipie A-Trigger sources.

Pulling the SEC/DIV switch knob out at the fastesi A
Sec/Div rate selects the CH 2 delay offset
adjustment. The readout displays one of two
messages: "CH 2 DLY-TURN A%or “"CH 2 DLY
DISABLED." If the adjustment is erabled, the A
contral of the & REF contral can adjust ihe apparent
detay between the Channe! 1 signal and the Channel
2 signal. The adjustment range is sufficient to
compensate for propagation delay variations up to
+500 ps. Adjusting the delay offset between
Channel 1 and Channel 2 signals has no effect on
the common-mode rejection between Chaninel 1 and
Channel 2.
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TURN-ALT

PUSH-B

TRACE SEP

Control

@ POSITION

Control

@ X10 MAG

Button

5.14

When the SEC/DIV knob is out, clockwise rotation
activates the Alternate Horizontal Display mode. The
Alt mode presents the intensified A Sweep
alternating with the defayed B Sweep. The position
of the intensified zone on the A Sweep indicates the
time position of the B Sweep, and the iength of the
intensified zone indicates the B-Sweep duration. A
separate 8 Sweep runs for each intensified zone.

In the Alt horizontal display mode, pushing in the
SEC/DIV knob dispiays only B Sweeps.

When the B-Sweep speed is set equal to the A-
Sweep speed in Alt or B display mode, the mode
changes from A to B or from Inten 10 Alt.

Continuously varies the sweep speed between SEC/DIV
switch settings, for either the A Sweep or B Sweep. The
detent position (full clockwise rotation) produces the
basic sweep speed selected by the SEC/DIV switch. The
fully counterclockwise position slows the sweep by a
nominat factor of three. The CRT readout displays the
actual time-per-division scale factor for all setsings of the
VAR control. When the Intensified A Sweep or the

B Sweep is displayed, VAR affects only the B-Swaep
scale factor.

Positions the B trage downward from the A trace in Alt
horizontal display mode. In the B horizontaf display
mode, with At or 1/at, TRACE SEP positions the trace
associated with the A controt downward. Fully clockwise
rotation gliminates separzlion between the traces.

Horizontally positions the sweep displays.

Horizontally magnifies the portion of the sweep dispiay
positioned at the center vertical graticule line by a factor
at 10. When in Alt or B horizontal display mode, only the
B Sweep is affected.
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Delay and Delta Controls

The 4V, A1, and TRACK/INDEP butiens, with the A REF OR DLY POS and A
rotary controls. are used to make voltage, time, frequency. ratio, and phase
measurements, These controls also affect the SAVE and RECALL functions and
the CH 2 DLY matching function. With the available TV enhancement, & also
serves as a line number selector and “FLD LINE #° nomenclature is added. With
the availabie CT7, 3 REF and A serve as menu selectors and as delaying-event-
count controts. With the availabie W/, they serve as word definition controls.

@ AV Button Activates the Delta Volts measurement function and
cancels the At or 1/3t measurement function. When the
AV function is active, two horizontal cursors are
superimposed on the display. The CRT readout shows
the equivalent voltage between the two cursors. Cursors
are positionead by the A AEF OR DLY POS control and
the A control. With multiple vertical displays, the
deflection factor of the first selacted channel in the
display seguence determines the cursor scale factor.
The cursor readout is displayed as a percant BATIO
under either of the following conditions:

1. When the VOLTS/DIV VAR control of the
channel determining the scale factor is out of the
deteni position;

2. When the Add vertical display made is selected
alone and the Channel 1 and Channel 2
VOLTS;DIV settings are not the same,

Pressing the AV button when the function is active
canceis \W. Puling SEC/DIV out also cancels the
Delta Volts function.
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At Button

1/t
Function

5-16

Activates the Delta Time measurement function and
cancels the AV or 1/at measurement functions. When At
is selected with Inten or Alt horizontal display modes,
two delay times are defined. When At is selected with
either A-Sweep or B-Sweep horizontal dispiay, two
vertical cursors are estahlished. One delay time or
cursor position is contrelied by the A REF OR DLY POS
control, and the other is controlled by the A control. The
CRT readout displays either the difference hetween the
two delay times or the equivalent time between the
vertical cursors.

It SEC/DIV VAR is not in the detent position, and either
the A-Sweep or the B-Sweep horizontal display mode is
sefected, the CRT readout displays delta-time as a ratio,
where five divisions correspond to 100% ratio.

When At is active, pressing the Al button deactivates
the function.

Momentarily pressing the At and AV buttons
tegether activates the 1/Delta-Time function and
canceis any other Delta measurement function. The
waveform display and the Delta controls operate the
same as for At, but the readout shows the reciprocal
ot the time in Hz (frequancy)

if the SEC/DHV VAR control is not in the detent
position (lull clockwise rotation), and the A-Sweep or
B-Sweep horizontal display mode is selected, the
readoul displays the time between cursors as
degrees of phase, where five divisions are equal to
360 degrees,

When the 1/Defta Time function is active, pressing

the At and AV buttons together deactivates the
function.
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DLY, AV, At Each of these readouts includes a function name, a

and /.t signed, floating-point numeral, and the appropriate

Readouts unit symbol. Numerals are displayed with larger sized
characters. A numeral immediately following *av-
indicates which channel provides the delta voltage
scaling. the lowest numbered of the displayed
channels. Sweep Deiay Time (DLY} is displayed for
the Inten. Alt, and B horizontal display modes when
none of the deits functions are selected. Except for
BLY, these readouts are enabled with Readout
Intensity set for Scale Factors On or Scale
Factors Off.

A guestion mark appears after the AV function iabel
when the function applies to CH 3 or CH 4,
indicating poorer accuracy than is available with
CHtorCH2.

A question mark appears in a DLY readout ar m a At
or 1At readout with a pair of sweep delays. when
one of both of the sweep delay settings is less than

% of maximum delay (full scale} setting or when the
B-Trigger mode is TRIG AFT DLY (or, with O77,
TRIG & DLY). With the CTT, these question marks
disappear when a direct measurement is complete, A
question mark also appears when the difference
between the pair of delays in 1/t is less than 1% of
fuli scale, and the CTT does not remove it.

For the lowest 8.5% of the range of DLY settings,
the reading is zero. This offset lends accuracy to
delay time settings. 1t is related to the circuit ofiset
that makes the A-Sweep triggering event viewable at
minimum delay.

@ A REF OR Sets the B-Sweep Delay Position. It sets the reference
DLY POS B-Sweep delay when 1t or 1/4t is active with two
Contral defays. When any cursor mode is active, the A REF QR

DLY POS control positions the raference cursor (dotted
line) and has no effect on B-Sweep delay.

When TRACK mode is selected, 3 REF moves both the
reference and delta cursors or delays, equally,

When a Save maode is active. A REF selects character
positions in a setup name or attribute fields in a
sequence step definition.

When MEASURE is active, A REF seiects items or item
groups in the Time Interval Configure menu and selects
character positions :n event-count definition displays.
With the WH, 3 REF selects character pasitions in
word-definition displays.
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5-18

A Control

Positiens the deita B-Sweep delay or time cursor
{dashed vertical line) when either At or 1/At is active.
When AV is active. the 2 cantrol positions the delta
cursor (dashed horizantal line).

When a Save mode is active, A defines each character
in a setup name definition and each attribute field in a
sequence step definition.

When MEASURE is active, A selects items in the mernw
and defines characters in event-count definition displays.
With the WA, A defines characters in word-definition
displays.

With the available TV enhancement, the control
nomenclature includes “FLD LINE #." The control
setects specific line numbers within a video field for
triggering the A Sweep when trigger Coupling is set tg
FLD 1, FLD 2, or alternate FLD 1-FLD 2. Possible iine
numbers range from 1 to the maximum number of lines
per frame in the television signal. Rotating the controt
clockwise increases the iine number; rotating it
courterclockwise decreases the line number. tncreasing
the line number above the number of lines in a field or
decreasing the number below the minimum automatically
sets the line number to the minimurm ar the maximum in
the other field and selects the opposite FLD 1 or FLD 2
coupling. In ALT, the coupling does not change and fine
numbers are limited to the numbers shared by both
fields See TV EXER 61 and TV EXER 62 in Appendix A
te define the desired line number format. For example,
the lings in a $25-line, interlaced-scan signal can be
numbpserad:

<i12...26226831 1 2 ...261262 ..
or
--12...262 2631264 265 ,,. 524 5251,

With FLD 1 or FLD 2 trigger coupling, the readout
displays the selected line number, The line number
readout is fallowed by a i symbol if the 3 FLD LINE
# control is directed ta ling number selection. 1 the A
symbot is nat present. the cantrol is directed to
another function and the line number is fixed, The
controi is redirected to line-number selection or back
1o a .3 function by pressing a Trigger Coupling button
or the respective X button(s).
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TRACK/INDEP  Selects either the Tracking or Independent mode for the

Button A REF OR OLY POS contro!. In the Tracking mode,
rotating the & REF OR DLY POS controf changes both
delays or both cursors equally until the mit of either

Is reached.

in the Indep mode, A REF OR DLY POS affects only the

reference delay or cursor. In either Tracking or
Independent mode, the A control moves only the

A cursor.
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Figure 5-5, Horizonta! and delta measurement controls.

Trigger

Refer to Figure 5-6 for the location of items 38 through 47

MODE Select the mode of either the A Trigger or the B Trigger.

Buttons and Pressing a button steps the MODE seiection once;

Indicators helding the button causes the MODE selection to step
repeatedly. indicators show the selected mode of either
the A Trigger or the B Trigger according to the selected
horizontat display mode and as directed by the A/B

TRIG button.

2465B/24558/24458 Operators
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A-Trigger Modes:

AUTO LVL

5-20

Automatically establishes the trigger level on a
triggering signal and free runs the sweep in the
absence of a triggering signal.

in Autc Lyl mede, LEVEL covers the range between
the positive and negative peaks of repetitive
triggering signals. If the triggering signal ampiitude
changes, the trigger level does not change unless a
trigger is no ionger produced at the established level,
The signal peaks are measured and the trigger level
is redefined when triggering ceases, when the LEVEL
control is turned to either extreme, or when the
upper MODE button is pressed. If the LEVEL control
is set near either end position, the trigger level is set
near the corresponding signal peak. § LEVEL is in
the midrange between either end, the trigger leve! set
by AUTO LVL is near the midpaint hetween the
trigger signal peaks. When INIT@50% is pressed,
the trigger level is set near the midpoint of the signal,
regardiess of the setting of LEVEL. The established
trigger level remains in effect when switching to Auto
trigger mode.

To obtain triggered sweeps, the triggering signal
repetition rate must be greater than a nominal limit,
depending on the selected sweep speed.

With Auto Lvl mode and Vert trigger source, the
lowest numbered channel displayed, or Add if it is
displayed. provides the trigger signal. When the
trigger mode is changed from Auto Ll to Auto while
more than one channel is displayed, the single
channel trigger source is retaired and the VERT
indicator is turned off unless Add is being displayed.
When Add is displayed, Vert source is retained when
trigger mode changes to Auto.
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AUTO

NORM

SGL SEQ

B-Trigger Modes:
RUN AFT

DLy

TRHG AFT
LY

TRIG 5 DLY

24685B8;2455B/2445B Operators

Sweep free runs in the absence of a triggering signal.
The trigger level changes only when the LEVEL
control is agjusted to a new position or when
INIT@50% is pressed.

Sweep is triggered and runs when an adequate
triggering signal is applied. in the absence of an
adequate Iriggering signal. the A Sweep does not
run, except when the input coupling of the trigger-
source channel is set to GND. If the selected source
is Vert, and the Add vertical display is selected, the
A Bweep free runs if Channet 1 and Channel 2 mput

coupling are both set to GND.

When armed by pushing the lower MODE button, the
sweep runs once for each of the fraces defined by
the fallowing controls: Vertical MODE. A and B
SEC/DIV, and At or 1/t Each sweep requires a
distinct A-Sweep triggering event. The READY
indicator remains illuminated until the final trace in
the seguence is completed. At the end of the display
sequence, scale-illumination flashes and the readout
display is wrilten once to present the scale factors
and other readout data.

The B Sweep runs immediately after the delay time
set by A SEC/DIV, A REF OR DLY POS, and. if At
or 1/311s active, 3.

The B Sweep runs when triggered after the set
delay, determined by the same controls as for RUN
AFT DLY, provided the A Sweep has not terminated.

Only with the available CTT, and with At or 114t
active, the B-Trigger Slope and Level for the ) delay
can be set separately from those for the REFerence
delay. It both TRIG AFT DLY and TRIG A DLY
indicators are ¢n, the B-Trigger Stope and Level are
common for the two delays. TRIG A DLY should
normally be used with VERT {rigger source for

B Trigger. Pressing the lower trigger Mode button
alternates between TRIG AFT DLY and TRIG A DLY
and the controls are alternately directed to the two
iriggers.
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5-22

SOURCE
Butions and
indicators

VERT

CH1,CH 2,
CH 3, or
CH 4

LINE {A-
Trigger
Only}

COUPLING

Buttons and
Indicators

oC

NOISE REJ

HF REJ

Select the tigger-signal source for either A Sweep or
B Sweep.

The sweep friggers on the displayed channel when
only one channel is selected. If multiple vertical
displays are selected, both the trigger Mode and the
ChoptAlt selection affect the triggering source. With
Alt vertical mode and with A-Trigger modes other
than Auto Lvl, each displayed channel i turn
provides the triggering signal and the respective LED
indicator for each displayed channel is illuminated.
With Auto L v trigger mode or with Chop vertical
mode, the lowest-numbered channel, or ADD i it is
displayed, is the triggering-signal source. The Source
indicators show the source of the triggering signal in
any case. When ADD is selected, both the CH 1 and
the CH 2 indicators are illuminated.

A triggering signal is obtaned from the
corresponding vertical channel.

A triggering signal is oblained from a sampie of the
ac power-source waveform. This trigger saurce is
useful when vertical input signals are related {muitiple
or submultipie) to the frequency of the ac power-
source voltage.

Select the method of coupling the triggering signal to the
trigger generator.

All frequency components of the signal are coupled
to the trigger. This coupling is preferred for rmost
signals.

All frequency components of the input signal are
coupled to the trigger. This coupling improves {rigger
stability with signais accompanied by low-level noise.

Attenuates high-frequency triggering-signal
components above 50 kHz. This coupling eliminates
radio-frequency interference and high-frequency
noise components from the signal applied to the
trigger. it allows triggering on the low-frequency
components of a complex waveform, No trigger level
readout is displayed.
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LF REJ Signals are capacitively coupled. blocking the de
component of the triggering signal and attenuating the
low-frequency signal components below 50 kHz. This
coupling allows triggering on the high-frequency
components of a complex waveform.

AC Signals are capacitively coupled. Frequency
components helow 50 Hz are attenuated. and the do
component of the input signal is blocked. This couphng
works for signals that are superimposed on slowly
changing de voltages. This method wilt wark for most
signais when trigger-level readout is not desired.

For irstruments with serial numbers B049939 and helow with firmware version
11 and above or lor instruments with serial numbers BOS0000 and above with firm-
ware version 2 and above . the trigger level readout is displayed in AC frigger cou-
pling modes {HE REJ. LF REJ, AC, LINES, FLD1, FLDZ, or ALT) or AC input cou-
pling. The trigger ievel readout is displayed with a “V?" mark, to indicate the set-
ling is only of value to allow the operator to obtain ihe same setting again. mTY
trigger mades the trigger level readout is displayed as a percent instead of in volts.

With Avaifabie TV Enhancement:

Trigger Couptling buttons and indicators select four addifional trigger couplings
The readout shows which of these couplings and which line number are selected,
it the upper right corer of the CRT. If that corner is ocoupied, the 7V information
is cisptayed in the upper left corner,

LINES The A Sweep triggers at TV horizontal line-syne pulses.
AUTO trigger mode is automatically selected.

FLD 1 The A Sweep triggers on a setected line in the first field
of a TV signal. NORM trigger mode is automatically
selected.

FiD2 The A Sweep triggers on a selected line in the second

field of 2 TV signal. NORM trigger mode is
automatically selected.

ALT The A Sweep alternately triggers on the same sefected
line in both TV fields. Both the FLD 1 and the FLD 2

indicators light NOBM trigger mode is automatically
selected.
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5.24

A/B TRIG

Button

LEVEL

Control

With CHOP vertical mode, all channels are dsplayed
with both the FLD t and the FLD 2 triggers.

With Alt vertical mode and more than one channel
displayed, field 1 of the video signal riggers the sweep
with the first displayed channel and field 2 triggers the
sweep with the next displayed channel. With more than
two channels, each additional channel is displayed with
triggers from both fields.

The MODE, SOURCE, COUPLING, SLOPE, LEVEL,
and INIT@50% controls are normally directed to the

A Trigger. They are directed 1o the B Trigger with inten.
All, or B-Sweep hatizomiat displays, it B8 mode s TRIG
AFT DLY (or, with the CTT, TRIG 2 DLY}. The ingger
controis are directed to the opposite trigger while the
A/B TRIG button is pressed. With Inten, Alt, or B-Sweep
horizontal displays. and wath B-Tngger mode set to RUN
AFT DLY or with A-Trigger mode set to Sg! Seq. the
tnigger controls are alternately directed to the A Trigger
or to the B Trigger each time the button is pushed.

Sets the amplitude point on the triggering signai at
which A-Sweep or B-Sweep triggering occurs.

When the A-Trigger mode is set to Auto Ly, the effect
of the LEVEL control is spread over the peak to peak
amplitude of the triggering signai. When the control 1
rotated o erther extreme. the peak values are
measurad. and the contral range is redefined 1o
carrespond to the peak values. If LEVEL is fully
clockwise, the intial level is near the positive peak. If
LEVEL is fully counterclockwise, the intial level 1s near
the negative peak.
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5LOPE Button

and Indicators

@ A Swp

TRIG'D
Indicator

READY

Indicator

HOLDOFF

Control

INIT @50%

Button

Determines whether the A Trigger or B Trigger respond
to the positive-going or the negative-going slope of a
signal. With the available TV enhancement. Slope
selects positive or negative sync polarity. Wiih the
available CTT. in Logic Trigger modes. Slope determines
whether the high (+) or low { -} state of the signal is the
true input to the logic function.

flurrinates when the A Sweep 15 triggerad. 1t
extinguishes a short time after completion of a sweep
unless & triggering signal is received.

uminates when Sgl Seq mode is selected and the A
Sweep is armed and waiting for a triggering evert to
oceur. It extinguishes following the completion of ail the
traces selected for the Sgl Seq display.

Varies the time from the end of an A Sweep to enabling
the naxt sweep to be initiated by the triggering signal.
This control can be set to stabilize some aperiodic
signals. In the B ENDS A position (fuily clockwise)
trigger holdoff time is minimum, and A Sweep terminates
immediately at the end of the B Sweep. This enables the
fastest possible sweep-repetition rate at slow A-Sweep
speeds.

initializes the trigger levet at the midpoint between
peaks. for either the A Trigger or B Trigger. in any
maode.

If Vert trigger source is selected and mare than one
channel is displayed, INIT@30% automatically sets the
trigger source 1o the lowest numbered of the disptayed
channels. However. with the available CTT, with a
“slavec delta-time” display and separate B-Trigger
settings tor reference and delta delays, INIT@50% sets
the tevel for each of the first twa channels separately
and does not change the trigger source. 1f Sgl Seq
mode is selected, the A-Trigger mode changes to Norm.
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Figure 5-6. Trigger controls and indicators.
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Rear Panel

Refer to Figure 5-7 for the location ot items 48 through 58.

® ®@

® & ® 06

®

2465B;24558,24458 Oparators

A GATE OoUT
and B GATE
ouT

Line Voltage
Selector
Switch

EXT Z-AXIS
IN Connector

Fuse Holder

Detachahle
Power Cord
Receplacle

CH 2 SIGNAL
ouT
Connector

Mod Siots

STEP/AUTO
EXT Switch
Connector

Provide TTL-compatible. positive-geing gate signals that
are HI during their respective sweeps and LQ while the
sweep is not running. When the A SEC/DIV switch is sat
te 5 ns per division. a gate signal is present at both the
A GATE OUT and the B GATE QUT canrectors.

Selects either 115 V or 230 V nominal ac-power-source
voltage.

Provides an input for external signals to modulate the
display intensity,

Containg the ac power-sourge fuse.

Connects the ac power source 1o the instrument.

Supplies 2 normalized signaf that represents the
Channel 2 inpuf signal.

Centain identification of any installed instrurnent
modifications.

A connector on the rear panel accepts a standard,
2.5-mm, micro-phono plug. compatible with some
commorly available remote-control switches for audio
recorders. A contact closure or TTL-low at this input
produces the same efiect as operating the STER/AUTO
buttan.
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Ward
Recognizer
Probe
Connector or
Probe Power

WORD

RECOG QUT
Connector or
Probe Power

GPiB
Connector

Connects the 17-Bit Word Recognizer Probe 1o the
instrument, only with the available W& (Option 09}, or
supplies conditioned dc voltages to active probes. only
with Option 11.

Provides an LSTTL-compatible, positive-going pulse
when the Ward Recagnizer detects the selected word,
only with the available WA (Option 09}, or supplies
conditioned dc voltages to active probes, only with
Option 11,

Provides the IEEE Std 488-1978 compatible electrica!
and mechanical connection to the GPIB.

;

CAUTION
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Figure 5-7. Rear panel cantrols and connectors.
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DMM

All DMM controls are momentary push buttons. The buttons alternately select
and deselect functions. Refer to Figure 5-8 for the location of items 59 through 71.

RANGE
Butions

AUTO

UP and
DOWN

2465B8/2455B/24458 Cperators

Select full-scaie ranges for measurements.

Selects autorange. The measurement range changes
a5 necessary to maintain the reading within 9% to
100% of full scale. Autoranging is automatically
selected each time a new measurement function is
selected. if autoranging is active, pressing AUTC
deselects autoranging. When the button is pressed
again, autoranging returns.

When a measurement range changes, the display
blanks momentarily. If a measurement exceeds a
manualfy seiected range or the highest range with
autoranging, “OVER" is displayed in the readout.

Change the measurement range. In autorange maode,
pressing either button disables autoranging and
selects the next range above or below the present
range. Pressing the UP button at the highest range
or DOWN at the lowest range does not change the
range, bui changes the mode either from autoranging
1o manual ranging or from manuai to automatic. With
manyal ranging, the display shows “MNL."

With manual ranging, measurements can exceed the
naminal full scale by 10%, except at the highest
range.

Turns the de volts or de amps function on or off.

Selects or cancels ac rms volts or ac rms amps.
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d8v/dBm

asv

dBm

@ CONT

(64) Hia/LO9

Ht @

LO @

oCIoF

°C

°F

5-30

Selects or cancels dBY or dBm.

Displays ac rms voltage measurements as the log of
the ratio of the input voltage to 1 V. Readings equal
20X 10g{V iV i), where V, o, is the input voltage
and V. is T V. With zero input, the readout
displays "OVER.”

Displays ac rms voltage measurements as the log of
the ratio of the input voltage to a 1 m\W reference at
600 1. Readings equal 20 X10g(V,q(V o}, Where

VY nme 18 the input voltage and V,, is 0.7746 V. With
zero input, the readout displays “OVER."

Selects or deselects continuity. If the resistance between
the probes is less than 10 £, the instrument produces an
audible tone, The readout shows either “SHORT <

10 Q" or “OPEN = 10 22." The tone responds to
continuity within about 100 ms.

Continuity operation is not affected by AUTO, UP,
DOWN, HOLD, SMOOTH, MIN/MAX DISPLAY.
MIN/MAX RESET, REF DISPLAY, or REF SET.

Selects or deselects resistance measurement.

Measures resistance within 2 k, 20 k, 200 k, 2 M,
and 20 Mg} ranges. At full scale, 2 V appears across
the test leads, which will bias a silicon semicenductor
junction to forward conduction.

Measures resistance within 200, 2 k, 20 k, 200 k,
and 2 M ranges. At full scale, 0.2 V appears across
the test leads, which will not bias a silicon
semiconductor junction to forward conduction.

Selects or deselects temperature measurement. If a
temperature probe is not connected to the input jacks,
the readout shows "ATTACH TEMP PROBE."

Measures temperature in Celsius degrees.

Measures temperature in Fahrenheit degraes.

2465B/2455B/24458 Operators



Conirols, Connectors, and Indicators

@ SHIFT Selects the secondary functions of the other DMM
buttons. Primary functions are indicated on the panel
abaove the DMM buttons and secondary functions are
indicated below. Pressing SHIFT while shift is pending
cancels the shift prefix. A pending shift prefix will ciear
automatically if another DMM button is not pressed
within 10 seconds. While the shift prefix is pending,
“SHIFT" appears in the readout.

HOLD/SMQOTH Changes the display mode.

HOLD “Freezes” the display, which also shows "HLD."
Display updating resumes when any DMM button
is pressed.

SMOCTH fFiters measurement variations from the disptay. The

display represents the mean value calculated from a
series of accumulated measurements. A numeral in
the upper right of the display shows how many
measurements the dispiayed average includes: 8, 16,
24, 32, 40, 48, 58, or 64, Afier 84 measurements are
accumulated, the running average is updated, after
each eight measurements, to reflect the most recent
64 measurements. To reset the averaging process,
smoothing must be deselected, then selected again.

MEN/MAX Displays the minimum or maximum measurement o
DISPLAY — resets the minimum and maximum to the next
MIN/MAX measurement value.

RESET

Fepeated operation of MIN/MAX DISPLAY steps the
display through the sequence of minimum, maximum,
then present measurements. Minimum and maximum
values are updated with each measurement, regardless
of which of the three displays is selected and regardiess
of whether smoothing is in effect.

MIN/MAX Initfalizes the minimum and maximum values when

RESET the next measurement is made. Selecting a new
MM tunction aiso resets the minimum and
maximum values,
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. REF DISPLAY

/REF SET

REF
DISPLAY

REF SET

HIGH and

LOW
Connectors

Displays or sets a reference measurement.

Shows the present reference value. if no reference
has been set, the display will show 0.

Initializes the reference value to the present display,
All subsequent measurements will be displayed with
this refsrence valug subtracted from them. [f no
measurement is displayed, or if the present
measurement is out of range, REF SET has

no effect.

When a measurement has a reference value
subtracted from it, the display includes a A symbol.
With dBV or dBm, the reference takes the ptace of
Vo Selecting a new DMM function or turning off
power clears the reference. The reference is retained
if another instrurment function, such as At, displaces
the DMM measurement and then the same DMM
measurement is selected again.

Provide high-impedance, floating inputs to the DMM, For
DC and resistance measurements. the upper, red
terminal is pasitive and the lower, black input

IS negative,

Excessive input in a current-measuring mode may open
the input fuse. If the fuse opens, none of the DMM
tunctions will work, To replace the fuse, turn off the
instrument, remove the DMM probes, and unscrew the
tuse holder. Beplace the fuse with a 1.5 A, fast acting,
3AG fuse. {The fuse holder will accept a 5 X 25 mm
fuse. with the appropriate cap substituted for the
original.) Then, replace the probas and turn on the
nstrument.
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Figure 5-8. DMM contrals and conneciors.
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DMM Displays

Large digits indicate measured values. Parameter units and other text
except “"OVER” are displayed as smaller letters and digits. The following
examples show various display formats:

DC Voltage 15683 v DC
SMOOTH 1.4356 A DC /64/
Using a Reference Value 409861 ADC
Reference Display 1.3461 V DC=REF
Minimum Display 0.5201 V AC =MIN
Maximum Display

{with Reference) A 08292 Vv DC=MAX
Continuity Display OPEN =100

SHORT <100

Over-Range Display OVER

Display-Mode Interactions

Selecting REF SET or SMOCTH cancels any HOLD, REF DISPLAY. or
MIN/MAX DISPLAY, but those displays can be reselected and work with
reference values or with the SMOOTH display mode. With SMOOTH, MIN/MAX
DISPLAY continues to show the extremes of measurements, not the
smoathed values.

2465B8/2455B/24458 Operators 5.23
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Performance Characteristics

The following electrical characteristics (Tables 6-1 through 6-6) are valid for the
instrument when it has been adjusted at an ambient temperature between +20°C and
+30°C, has had a warm-up period of at least 20 minutes, and is operating at an
ambient termperature between —15°C and +55°C (unless otherwise noted). As a
general rule, this instrument should be adjusted every 2,000 hours of operation or
once a year if used infrequently.

ttems listed in the “Performance Requirements”™ column define the measurement
capabilities of the instruments. Supplementary measurement conditions may also be
listed in the "Performance Reguirement™ column.

Mechanical characteristics are listed in Tabie 6-7.

Environmental characteristics are given in Table 6-8. The oscilloscope meets the
environmental requirements of MIL-T-28800C for Type i, Class 3, Style C equipment,
with the hurtidity and temperature requirements defined in paragraphs 3.9.2.2. 3.9.2.3,
and 3.8.2.4.
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Performance Characleristics

Table §-1

2465B8/2455B/2445B Electrical Characteristics

Characteristics

Performance Requirements

VERTICAL DEFLECTION SYSTEM—CHANNEL 1 AND CHANNEL 2

Ceflection Factor

Range 2 mV/division to 5 Vdivision in a 1-2-5
sequence of 11 steps,
Accuracy 1 Mt input, noninverted.

+15°C {0 +35°C
On-Graticule Acouracy

Within + 2% at any YOLTS/DIV setting for a
four or five-division signal centered on the
sCreen.

AV Accuracy {using
Cursors over entire
graticule area)

*(1.25% of reading +0.03 div + signal
aberrations).

—15°C to +15°C and
+35°C to 1 55°C

Add +2% of reading.

50 9 Coupling Add +1% cof reading.
CH & inverted Add £1% of reading.
AV Range 8 X VOLTS/DIV setting.

VIDIV VARiable, noninverted

Continuously variable between VOLTS/DIV
settings. Extends deflection factor tc =125
Vidivision.

Frequency Response

Bandwidth is measured with a jeveled, low
distortion, 50-Q source, sine-wave generator,
terminated in 50 Q. The reference signal
amplitude is set at the lesser of 6 divisions or
the maximum leveled amplitude.

Bandwidth with prabe is checked using a BNG-
to-probe-tip {013-0227-00) termination adapter.

Bandwidth with external termination is checked
using a BNC 50-G feed through terminator
{011-0049-01).

8-2
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Performance Characteristics

Table 6-1 {cont)

Characterisiics

Performance Requirements

—3 dB Bandwidih

24658
+18°C to +35°C

Using standard accessory probe or internal

50- termination.

=5 mViDIV:D¢ to 400 MHz.®
2 mV/DIV:Dc to 350 MHz.2

—15°C to 4+ 15°C and
-—35“(_;_ tg +55°C

=5 mV/DIV: D¢ to 350 MHz.
2 mViDIV: Dc to 300 MHz.

24558
+15°C to +35°C

Dc to 250 MHz,2

—15°C to +15°C and

+35°C 1o +55°C

Bc to 200 MHz.

2445B

Dc to 150 MHz.

--4.7 dB Bandwigth

24658
~15°C to +35°C

Using 50-2 external termination on 1-MQ input.

=5 mV/DIV: D¢ to 400 MHz @
2 mV/DIV: Dc 1o 350 MHz 2

+35°C tg +55°C

D to 300 MHz.

24558
—15°C to +35°C

Dec to 250 MHz.2

+35°C to +55°C

De to 200 MHz.

24458

Oc to 150 MHz.

AC Coupled, Lower —3 dB
Frequency

With Standard Accessory Probe

10 Hz or

less.

1 Hz or less.

Step Response Rise Time

; Calculated from T, = 0.35/BW,

24658 =5 mViDIV: = 875 ns.
2mViDIV: <1 ns,

2455B | =1.4ns,

24458 | =2.33 ns.

L

Pt instrument is subjected to “greater than” 85% relative humidity, bandwidth is reducad by
5@ MHz. After instrument is subjected to ‘‘greater than B5% relative humidity, it requires
more than 50 hours of operation at “less than” 60% relative humidity before full bandwidth is

restored.

24658/2455B/24458 Operators



Perfarmance Check

Table 6-1 (cant)

Characteristics

Performance Requirement

Channel Isolation

2 1001 attenuation of deselected channel at
100 MHz; = 501 at 400 MHz. for an eight-divi-
sion input signal trom & mY per division to
500 mY per divisiun, with equal VOLTS/DIY set-
tings an both channels.

Displayed Channal 2 Signal Delay
with Respecl to Channel 1 Signal

Adjustable through arange of at least — 500 ps 1o
+500 ps.

pat Rand G {1 M40 )

Resistance

1M} 105%

Capacitance

15pF *2pF

Maximum Input Voltage
DT AC. or GND Coupled A

400V (de + peakac). 800Vp-pacat 10kHz
or less,

mpul B {2080
Resistance 508 +1%
VEWR
24658
Oc to 400 MHz <151

24358 24458

=1 3.1 for dc to Norminal Bandwadih

anmum nput Voltage A

5 ¥ rms. averaged for 1 second: 50 V peak.

Cascaded Operation

Oeflection Factor

Channel 2 Vertical Signal Oulput inte Channet |
input: DC coupled using 500 RG-58C4) coax-
ial, 1M DC or 1 MO AC Channel 11nput cou-
pling: Channel 1 and Channe! 2 VOLTS:DIV set at
2 mY. 20 MHz handwidih limit on.

200 1V per division *10%

CMRR [ADD KMode wih Channef 2
imcered)

Alleast 201 at 50 MHz for common-mode $ig-
nals of eight divisions or less, with VAR VOLTS!
DI control adjusted for best CMRR at50 kHz, at
any VOLTS/DIV setting.

o

£

REW OCT 1489
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Pertormance Characteristics

Table 8-1 {cont)

Characterisiics

Performance Requirements

VERTICAL DEFILECTION SYSTEM-—CHANNEL 3 AND CHANNEL 4

Deflection Factors

Values

Yy R s et
100 mV and 500 mV per division.

Accuracy

Within +10%.

Frequency Response

— 3 dB Bandwidth
24658
+15°C to +35°C

Bandwidth is measured with a leveled, low
distortion, 50-Q source, sine-wava generator,
terminated in 50 Q. The reference signal
amplitude is set at the lesser of 6 divisions or
the maximurn levelad amplitude. Bandwidth with
external termination is checked with a 4 division
reference signal amplitude.

Bandwidth with probe is checked using a BNC-
to-prabe-tip (013-0227-00) termination adapter.
Bandwidth with external termination is checked

using a BNC 50-2 feed through terminator
{011-0049.01).

Using standard accessory probe.

Ot to 400 MHz.2

—-15°C {0 +15°C and
+35°C 1o 4 55°C

Oc to 350 MHz.

24558
+15°C o +35°C

Dc to 250 MHz.2

—15°C to + 15°C and
+35°C to -:—55"_0

Cc to 200 MHz.

2445B

Dc to 150 MHz.

a1t instrurment is subjected to ““greater than" B5°% relative humidity, bandwidth is reduced by
50 MHz. Atter instrument is subjected to “greater than" 85% refative humidity, it requires 50
hours of operation at “less than® §0% relative humidity before full bandwidth is reslored.

2485B/24558/24458 Operators
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Performance Characleristics

Table 6-1 (cont)

Characteristics

Performance Reguirements

—4.7 dB Bandwidth
24658
+15°C to +35°C

Using 50-Q external termination.

Dc to 400 MHz 2

—15*C to +15°C
and +35°C to +55°C

Dc to 350 MHz.

24558
+15°C 1o +35°C

Oc to 250 MHz ?

~-15°C to +15°C
and +3_5°C to +55°C

De to 200 MHz.

24458

D¢ to 150 MHz,

Step Response Rise Time

Calculated from T, =0.35/BW.

24658 = .875 ns.
2455B =1.4ns.
24458 =233 ns.

=501 attenuation of deselected channe! at
100 MHz with an 8-division input signal.

Channel Isolation

Signal Delay Between Channel 1
and Either Channel 3 or Channef 4

Within =+ 1.0 ns, measured at the 50% points.

Input Resistance

Input Capacitance

1 M2 1%,

15 pF =3 pF.

Maximum Input Voltage A 400 V {dc + peak ac).

BOO V p-p ac at 10 kHz or less.

VERTICAL DEFLECTION SYSTEM—ALL CHANNELS

Low-frequency Linearity 0.1 division or less compression or expansion of
a two-division, center-screen signal when

positioned anywhere within the graticule area.

Bandwidth Limiter Aeduces upper 3 dB bandpass io a fimit of

13 MHz to 24 MHz.

1 instrument is subjected to “greater than™ 85% relative humidity, bandwidth is reduced by
50 MHz, After instrument is subjected to “greater than” 85% relative humidity, it requires
tmore than 50 hours of operation 2t “less than" 60% relative humidity before full bandwidth is
restored,
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Performance Characteristics

Table 6-1 (cont)

Characteristics Performance Requirements

Vertical Signal Delay At least 30 ns of the sweep is displayed before
the triggeting event is displayed at any SEC/DIV
=10 nsidiv. At 5 ns/div. at least 10 ns of the
sweep is displayed before the tringering pvent.

Chopped Moge Switching Rate With displayed SEC/DIV in the 20 us to 2 ps/div

: range. the switching rate is 2.5 MHz +{0.2%.
Otherwise, the switching rate is 1 MHz +0.2¢%,
The display cycle rate equais the chop switching
rate divided by the number of channels
displayed. The chop switching rate is modulated
slightly to minimize waveform breaks with
repetitive signals.

TRIGGERING
Minimum P-P Signal Amplitude for
Stable Triggering from Channel 1 or
Channel 2 Source
24658 and 24558
0C Couplad 0.35 division from dc to 50 MHz; increasing to
1.0 division at 300 MHz and 1.5 divisions at
500 MHz.
NQISE REJ Coupled =1.2 divisions from dc to 50 MHz; increasing
to 3 divisions at 300 MHz and 4.5 divisions at
500 MHz.
AC Coupled 0.35 division from 60 Hz to 50 MHz; increasing
to 1.0 division at 300 MHz and 1.5 divisions at
500 MHz. Attenuales signa's below 60 Hz.

HF REJ Coupled
LF BEJ Coupled

{.5 division from dc to 30 kHz.

0.5 division from 80 kHz 1o 50 MHz; increasing
i 10 1.0 division at 300 MHz and 1.5 divisions at

" 500 MHz,
24458
BC Coupled 0.35 division from dc to 50 MHz: increasing to
1.5 divisions at 250 MHz.
NOISE REJ Coupled =1.2 divisions from de 1o 50 MHz; increasing
to 4.5 divisions at 250 MHz.
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Performance Characteristics

Table 6-1 {cont)

Characteristics

Performance Requirements

AC Coupled

0.35 dvision from 60 Hz ta 50 MHz; increasing

f 10 1.5 divisions at 250 MHz. Attenuates signals

below 60 Hz.

HF REJ Coupled

(.5 division from dc to 30 kHz.

LF REJ Coupled

0.50 division from 80 kHz ta 50 MHz;
increasing to 1.5 divisions at 250 MHz.

Minimum P-P Signal Amplitude for
Siable Triggering from ADD Source

Add 0.5 division to CH 1 or CH 2 requirement at
300 MHz and 500 MHz for 24658 and 24558,

Minimum P-P Signal Amplitude for
Stabte Triggering from CH 3 or
CH 4 Source

0.5 X CH 1 or CH 2 requirement.

Mirsmum P-P Signal Amplitude for
Stable Triggering from Composite,
Muttipie Channe! Source, ALT
Vertical Mode

Add 1 divisfon to the single-channel source
specification.

Checked at 50 mV per division.

Maximum P-P Signat Rejected by
NOISE BEJ COUPLING Signals
Within the Verticat Bandwidth

CH1or CH2 SOURCE

=0.4 division for VOLTS/DIV settings of
10 mv/div and higher.

Maximum noise amplitude rejected is reduced at
2 m\fidiv and 5 mVidiv.

CH 3 or CH 4 SQURCE =02 division,
Jiiter
24658 =50 ps with 5 divisions of 300 MHz at
500 ps/division.
24558 =50 ps with 5 divisions of 250 MHz at
1 ns/division.
24458 = 108 ps with 5 divisions of 150 MHz al

T nsfdivision.

LEVEL Control Range
CH ler CH 2 SOURCE

=18 x VOLTS/DIV setting.

CH 3 or CH 4 SOURCE

=9 x VOLTS/DIV setting.

6-8

2465B/24558/24458 Operators



Performance Characteristics

Table &-1 (cont)

Characteristics

Performance Requirements

LEVEL Readout Accuracy

CH 1 or CH 2 SOURCE
115°C to +35°C

For triggering signais with trarsition times
greater than 20 ns.

Within +{3% of reading -+ 3% of p-p signal +
0.2 division + 0.5 mV + (0.5 mV x probe
attenuation tactor)} with Vertical input at 1 Mg
DC. CH 2 Source Not tnverted, and Trigger BC
Coupled.

—15°C to +35°C and
+35°Cto +55°C

Add 1.5 mV » probe attenuation to ~15°C to
~35°C specification.

50 2 Input

Add + 1% to 1 MQ input specification.

CH 2 Inverted

Add 1% of reading to non-inverted
specification.

NOISE REJ Coupled

Add +0.6 division o DC Coupled
specifications,

CH 3 or CH 4 SOURCE

Within +[3% of reading + 4% of p-p signa! +
0.1 division + {0.5 mV x probe attenuation
factcr]j and Trigger DC Couplad.

NOISE REJ Coupled

Add *{.3 division 1o the DC Coupted
specification.

AUTO LVL Mode Maximum
Triggering Signal Period

A SEC/DIV Setting

<10 ms

At least 20 ms.

10 ms to 50 ms

At least four times the A-SEC/DIV setting.

=50 ms

S O

At least 200 ms.

AUTO Mode Maximum Triggering
Signal Period

A-SEC/DIV Setting

<10 ms

At least 80 ms.

10 ms tp 50 ms

At least 16 times the A-SEC/DIV setting.

=50 ms

Al least 800 ms.

24658/2455B/2445B QOperators
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Performance Characteristics

Table 6-1 (cont)

Characteristics

Performance Requirements

AUTO LVL Mode Trigger
Acquisition Time

Eight 1o 100 times the AUTO LVL Mode
maximum triggering signai period, depending on
the triggering signal period and waveform.

Trigger Holdoff
Minimum

The greater of the A-SEC/DIV setling value or
2 ps, within +33% ta — 10%, except 1 us at
5 ns/div.

Variable

Increases trigger hoidofi time to 10 to 25 times
the minimum holdoff.

SLOPE Setection

Coniorms to trigger-source waveform or ac
power-source waveform,

HORIZONTAL DEFLECTION SYSTEM

A Sweep Time Base Range
24658

500 ms/div to 5 ns/div in a 1-2.5 sequence of
25 steps. X10 MAG extends maximum sweep
rate fo 500 ps/div.

24558 and 24458

500 ms/div to 10 ns/div in a 1-2-5 sequence of
24 steps. X10 MAG extends maximum sweep
rate to 1 nsfdiv.

B Sweep Time Base Range
24658

50 msidiv 1o & ns/div in a 1-2-5 sequence of 22
steps. X10 MAG extends maximum sweep rate
to 500 psidiv.

24558 and 24458

50 msdiv to 10 nsidiv in a 1-2-5 sequence of
21 steps. X10 MAG extends maximum sweep
rate to 1 ns/div.

Timing Accuracy

Sweep Accuracy Unmagnified

+15°C to +35°C, A Sweep, with SEC/DIV at
100 ms/div or faster.

*{0.7% of time interval + 0.6% of full scale).

At Accuracy With Cursors,
Unmagnified

1 (0.5% of time interval 4+ 0.3% of full scale).

At Accuracy with Sweep Delay

%(0.3% of time interval + 0.1% of full scale +
200 ps).

Delay Accuracy, A Sweep
Trigger to Start of B Sweep

£ (0.3% of delay setting 4 0.6% cf full scale)
-0 to -25ns.

6-10
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Performance Characteristics

Table &-1 (cont)

Characteristics

Performance Requirements

B.Gweep Accuracy and At Accuracy
with Cursors on B Sweep
X10 MAG Accuracy

Add +0.3% of ime interval to A-Sweep
specifications.

Add +0.5% of time interval to unmagnified
Sweep and At Cursors specifications. Exclude
the first 0.5 division after the sweep starts {the
first 0.5% of the full 100 division sweep).

500 ms or 200 ms/div Timing
Accuracy {A Sweep only)

Add +0.5% of interval to specifications for
A SEC/DIV at 100 ms or faster.

SEC/DIV VAR Timing Accuracy

Add 2% of time interval to sweep accuracy
specifications when VAR is out of detent.

Timing Accuracy (—15°C to +15°C
and +35°C to +55°C)

Add £ 0.2% of time interval to alf At and delay
specifications. Add +0.5% of interval to sweep
accuracy specification.

At Readout Resolution
24658

Greater of gither 10 ps or 0.025% of full scale.

2455B, 24458

i Greater of either 20 ps or 0.25% of full scale.

At Range

+10 times A-5EC/DIV setting with Cursors,
19.95 times A-SEC/DIV setting with Sweep
Delay.

Sweep Delay Range

0 to 8.95 times the A SEC/DIV setting, from
500 ms to 10 ns with 24658, or 500 ms to

20 ns with the 24558 and 2445B. A-Sweep
triggering event is observable on B Sweep with
zero delay setting for A SEC/DIV settings 10 us
or faster.

Delay Jitter

Within 0.004% (one part or less in 25,000) of

the maximum available detay, plus 50 ps.

X10 MAG Registration

Within 0.5 division from graticute center at 1 ms
SEC/DIV setting (X10 MAG on to X10 MAG
off).

Horizantal POSITION Range

Start of 1 ms per division sweep can be
positioned from right of graticule center to at
least 10 divisions left of graticule center. Some
portion of 1 ms per division sweep is always
visible with X10 MAG off.

2465B/24558/24458 Cperators
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Performance Characleristics

Table 6-1 {cont)

Characteristics Performance Requirements

HORIZONTAL DEFLECTION SYSTEM {(cont)

X-Y Operation

X-Axis Deflection Factor Range, | Same as Channel 1.
Variable. and Input
Characteristics

Deflection Factor Accuracy Same as Channel 1.

X-Axis Bandwidth Dc to 3 MHz.

Phase Difference Between X and| <1° from dc to 1 MHz; <3° from 1 MHz to
¥ with BW Limit Off 2 MHz.

X-Axis Low-frequency Linearity | 0.1 civision or less campression or expansion of
a two-division, center-screen signal when
positioned within the graticule area.

DISPLAY
Cursor Position Range
Deita Volts {av) At least the cemgr_?.ﬁ uen_'_tuical divisions,
Delta Time (At) At least the center 8.6 horizontal divisions,
Graticule
Size i 80 mm X 100 mm,
Markings 8 major divisions vertically and 10 major
divisions horizontally, with auxiliary markings_,__
Trace Rotation Range Adequate to align trace with the center

horizontal graticule line.

6.12 24653/2455B,24458 Cperators



Parformance Characteristics

Table 6-1 (cont)

Characteristics

Performance Requirement

']

-AXIS INPUT

Senstvity
Deto 2 MHz

Posilive voltage decreases intensity: +2 v
blartks a maximurm intensity trace.

2 NMEz to 20 MHz

i 2V modulates a narmal intersity race.

Input Impedance

10k 210%

Maximum Input Voltage A

+ 25V peak. 25V p-p ac at 10 kH? or less

SIGNAL QUTPUTS

CALIBRATOR

Cutpul Voltage and Current

With A SEC/DIV set to 1 ms.

04V F1%intca1-M2 load. 02V +15%
N as)-f3 lead. or& mA + 1.5% inlo a short
Circuit,

Repetition Pericd

Accuracy

Twio times the A SEC/DIV setbng for SECDIV
from 100 ns to 100 ms.

+0.1%. during sweep time.

CH 2 SIGNAL QUT
Output Voltage

20 mVidivision £ 10% inlo 1 MO
10 mVidivision +10% into 50 §..

Offset

H20mVinte 1 410 when de balance has bean
performed within + 5*C of the operating temn-
perature

A GATE OUT and B GATE QUT
Oulput Voltage

2.4 V1o 5 V positive-going pulse. starling at
0V 1o 400 mv.

Output Drve

Will supply 400 p A during HI state: wi sink
2 mA during LO state.

24628, 24558724458 Operators
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Performance Characieristics

Tabie 6-1 {cont)

Characteristics

[ .
| Performance Requirements
I

AC POWER SOURCE

Source Voltage
Nominal Ranges
115V

T

90 Vv o 132 V.

230 v

180 V to 250 V.

Source Frequency

48 Hz o 440 Hz.

Fuse Rating

2 A 250V, AGC/AAG, Fast blow; or 1.6 A,
250V, 5 x 20 mm Quick-acting.

Maximum Power Consumption (fuily
optioned instrument)

120 watts (180 VA),

Primary Circuit Dielectric Voltage
Withstand Test

1500 V rms, 60 Hz for 1Q seconds without
breakdown.

Primary Grounding

Type test to 0.1 2 maximum. Routine test to
check grounding continuity between chassis
ground and protective earth ground.

6-14
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Performance Characteristics

Table §-1 (cont)
Characteristics Performance Requirements
PARAMETRIC MEASUREMENTS
Period
Accuracy

+15°Cto +35°C

0.9% + 0.5 ns + Jitter Error.

~15t0 +15°C and +35°C
to +-55°C
Minimum Period

Add 0.3%.

= 2 ns.

Maximurm Period

=100 ms (MINFREQ=10Hz),

Minimum Signal Amplitude

= (60 mV * probe attenuation facter} p-p.

If BC coupling is used, the DC offset
voltage must meet the following criteria:

At a VOLTS/DIV setting which gives a p-p
signal = 4 divisions, the peak signal +
offset must be =12 divisions.

Frequency

Calculated as 1/petiod.

Volts

+Peak, —Peak, Peak-to-Peak,
and Average

Accuracy
+15°C ta +35°C

5% of reading + 5 mV + (0.5 mV * probe
attenuation) + signal aberrations + 1
Least Significant Digit {LSD).

—15*C to0 - 15°C and
+35°C 10 - 55°C

Add {1.5 mV¥ * probe aftenuation).

Minimium Width at Peak AmplitudeJ

= 10 ns.

Maximum Sine Wave Frequency
+15°C 10 +35°C

—15°C to +15°C and
+35°C to +55°C

Valts measurements depend on peak
signal measuremenis, Noise on the input
signal, even if at a low repetition rate that
makes it difficult 10 see, will be detected

and will affect the measurements.

2465B/2455B/2445B Qperaters
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Parformance Characteristics

Table 6-1 {cont)

Characteristics

Performance Requirements

PARAMETRIC MEASUREMENTS {cont)

Pulse Width {High or Low)
Accuracy
+15°C to +35°C

0.9% of reading + 1.0 ns 4 jitter error +
2 X offset error.

—15*C to +15°C and 35°C | Add 0.3%.
to +585°C
Minimum Pulse Width = 5ns.

Minimum Repetition Rate

< 10 Hz (with MINFAEQ = 10 Hz).

Duty Cycle

Caiculated from Pulse Width and Period.

Rise Time, Fall Tirme, and Time
Interval

Accuracy

+15°C o +35°C

Rise/Fall Time Time Interval

% of reading +
3.0 ns + jitter error +
offset error,

0.5% of reading + 5%
of start event transition
time + 5% of stop
event transition time +
3.0 ns + jitter error +
offset error.

Add 0.5 ns if measurement is made between
CH1 and CH2.

Rise and Fall time measurement is made at
20% and 80% points of transition and linearly
extrapolated to the 10% and 90% points.

Accuracy is relative to time interval as
measured on SCreen using Eursors.
Measuremeant is made using peak-to-peak
transition for measurement points in percent.

—15t0 +15°C and
35°C o +55°C

Add 2%.

Minirmum Time

= § ns.

Minimum Repetition Rate

' = 10 Hz (with MINFREQ = 10 Hz).
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Performance Characterislics

Table 6-1 (cont}

Characteristics Performance Requirements

FARAMETRIC MEASUREMENTS (cont)

Jitter Error Noise on the input signal causes jitter which
introduces errors in the measurements. The amount
of jitter depends on the noise amplitude and the slew

rate of the mput signals.

The amount of jitter can be calculated as:

jitter — input noise amplitude {peak)
input slew rate in div/sec

tnput slew rate should be measured at 2 Volts/div
settings more sensitive than the setting at the end of
the measurements or at 5 mv/div, whichever is less
sensitive.

The slew rate must be measured at the same points
at which the measurement will be talen. The points
for the various measurements are:

Measurement Points

Measurement  First Second
Measurement  Measurement
point point

Frequency 50% amplitude  50% ampiitude

Width 50% amplitude  50% amplitude

Rise, Fall Time  10% amplitude  90% amplituce

Time interval Specified by Specified by
Time Interval Time Interval
Configuration Configuration

The algorithms used for the measurements result in
the following equation for the totat jitter error that
must be appiied to the accuracy specifications.

Jitter Error —

2 * first point jitter

+ 2 * second point jitter.

2465B8/2455B/24458 Operators
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Performance Characleristics

Table 6-1 (cont}

Characteristics Performance Requirements

PARAMETRIC MEASUREMENTS (cont)

Oftset Errar Offset error is introeduced when the trigger level
is not set exactly at the expected points. This
misplacement of the trigger level appiied to any
non-infinite slew rate produces a timing error.
The magnitude of the erros is given by:

Offset Error = —.._Cffset
input slew rate

Frequency measurements do not suffer from
offset errors since measurements are made with
the same trigger level and slope, s0 no ofiset is
introduced.

All other timing measurements suffer from offset
errors,

The slew rates used to calculate offset errars
must be measurad at the first and second
measurement points given in the Measurement
Points table.

Oftset error is calculated as:

ffset Error = — 0.2 div
© First Point slew rate

0.2 div
Second Point siew rate

If a time interval measurement is made using
Votis mode, the offset at each measurement

point is:

0.2 div + 5% of measurement point voltage
converted to divisions.
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Performance Characteristics

Table 6.2

Option 01 {DMM) Electrical Characteristics

Characteristics

Performance Requirements

DC YOLTS

Accuracies by Range
+18°C tc +28°C
200 mV 1o 200 V

+{0.03% of reading + 0.01% of fuil scale).

500 v

+(0.3% of reading + G.04% of full scale).

—15°C to +18°C and +28°C
to +55°C

200 MV to 200 v

Add +{0.003% of reading + 2.001% of full
scale)/*C below 18°C or above 28°C.

500 v

Add +(0.003% of reading + 0.004% of tull
scalg)/°C below 18°C or abave 28°C.

Common Mode Rejection Ratio

| >100 ¢B at dc: >80 dB at 50 and 60 Hz, with

1 kG imbalance.

Normal Mode Rejection Ratio

=B0 dB at 50 and 60 Hz.

Resolution

1 part in 20,000 of full scale except 0.1 V on
500 V range.

Step Response Time

Manual Range

Less than 1 second.

Auta Range

Less than 2 seconds.

Input Resistance
200 mv and 2 ¥ Ranges

>1GRor 10 MG, + 1%,

20 V to 500 ¥ Ranges

10 M$T £1%,

Input Bias Current at 23°C Ambient
Temperature

Less than 10 pA.

Reading Rate

Approximately 3 per second.
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Performance Characteristics

Table 6-2 {cont)

Characteristics

Performance Requirements

AC VOLTS

Accuracies by Range

+18°C ta +28°C

-15°C 1o +18°C and +28°C

200 mV to 200 v

40 Hz to 10 kHz

Crest Factor <4,

Input signal between §% and 100% of full scale.

£{0.6% of reading + 0.1% of full scalg).

20 Hz to 40 Hz and
10 kHz to 20 kHz

(1% of reading + 0.1% of full scafe).

20 kHz to 100 kHz

| *{5% of reading + 0.1% of fuli scale).

500 ¥V

40 Hz to 10 kHz

input signal between 100 V and 500 V.

+{0.8% of reading + 0.2% of fuli scale).

20 Hz to 40 Hz and
10 kHz to 20 kHz

*(1% of reading + 0.2% of fult scafe).

20 kHz to 100 kHz

(5% of reading + 0.2% of full scale).

to +55°C

500 v

200 mV to 200 vV

40 Hz to 10 kHz

Input signat between 5% and 100% of full scale.

+({0.8% of reading + 0.1% of full scale),

20 Hz to 40 Hz and
10 kHz to 20 kHz

+(1.3% of reading + 0.1% of full scale).

20 kHz to 10 kHz

*+{6% of reading + 0,1% of full scale),

40 Hz to 10 kHz

Input signal greater than 100 V and less than
500 v.

| *{0.8% of reading — 0.3% of full scale).

20 Hz 10 40 Hz and
10 kHz 10 20 kHz

=(1.3% of reading + 0.3% of full scale).

20 kHz to 160 kHz

= (6% of reading + 0.3% of tull scale).

Commen Mode Rejection Ratio

=60 dB from dc to 60 Hz, with 1 kO imbalance.

Resclution

1 part in 20.000 of full scale except 0.1 V on
500 V range.
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Performance Characteristics

Table 6-2 {conf)

Characteristics Performance Requirements

AC VOLTS {cont)
f

Response Time

Manuai Range : Less than 2 seconds.
Auto Range Less than 3 ssconds.
input Impedance ¥ M £1% in paralle! with less than 100 pF.
dBV, dBm
Accuracy dB readings are calculated from AC VOLTS
measurements,
Hesolution 0.01 dB.
HI GHMS

Accuracies by Range

+18°C to +28°C

2k to 2 MO ={0.1% of reading + 0.01% of tull scale).
20 M2 o +(0.5% of reading + 0.01% of full scale),
—15° Cto +18°C and +28°C
to +55°C
2 ki to 200 kO Add +({0.01% of reading + 0.001% of full

scale)/*C above 28°C or below 18°C.

2 Mg Add +(0.01% of reading + 0.001% of full
scale}*C above 28°C or below 18°C = 2% of
reading per 10% relative humidity above 70%
relative humidity.

20 Mil Add +(0.05% of reading + 0.001% of full
scalel/°C above 28°C or below 18°C + 2% of
reading per 10% relative humidity above 70%
refative humidity.

Voltage at Full Scale Approximately 2 V.
Maximum Open Circuit Voltage Less than 6 V.
Resolution One part in 20,000 of full scale.
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Performance Characteristics

Table §-2 (cont)

Characteristics Perfarmance Requirements

HI OHMS [cont)

Measuring Current by Range

2 k2 Approximately 1 mA.
20 ki o Approximately 0.1 mA.
200 ki Approximately 10 A
2 MG Approximately ¥ uA.
20 ma Approximately 0.1 uA.

Response Time

2 kG to 2 MD
Manual Range Less than 1 second.
Auto Range i Less than 2 seconds.
20 MD Range 1, Less than 5 seconds.

Reading Rate by Range |
2 kD to 2 MO
20 Ma

- Approximately 3 per second.

Approximately 1.5 per second.
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Performance Characteristics

Table 6-2 {cont)

Characteristics

Performance Requirements

LO OHMS

Accuracies by Range
+18°C to +28°C

200 9

+{.1% of reading + 0.1% of full scale).

2 k2 to 200 kQ

i 210.1% of reading + 0.01% of full scale).

2 MQ 1 {0.25% of reéding + 0.01% of full scale).
- 15°C 1o +18°C and +28¢C
to +55°C
200 9 to 20 k9 Add +{0.01% of reading + 0.001% of full
scaie)/*C above 28°C ar below 18°C.
200 ki Add +{0.01% of reading 4+ 0.001% of full
scaley*C above 28°C or below $18°C = 2% of
: reading per 10% relative humidity above 70%
relative humidity.
2 MQ Add =({0.025% of reading + 0.001% of full

scalkel/°C above 28°C or below 18°C + 2% of
reading per 10% relative humidity above 70%
relative hurnidity.

Voliage at Full Scale

Approximately 0.2 V.

Maximum Open Circuit Yoltage

Less than 6 .

Measuring Current by Range
200 ¢

Approximately 1 mA.

2 k4 Approximately 0.1 mA.

20 k(2 Approximately 10 uA.

200 k& Approximalely 1 zA.

2 MR Approximately 0.1 uA.
Resolution 1 part in 20,000 of full scale.

Response Time

Manual Range

Less than 1 second.

Auto Range

Less than 2 seconds.

Reading Rate

| Approximately 3 per second.

24658/24558/24458 Operators
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Table 6-2 (cont)

Characteristics

Performance Requirement

AMPS

DC Accuracy
+186C to +280C

10.1% of reading + 0.02% of full scale).

-—150C to +18¢C and
+280C {0 +55aC

$10.15% of reading + 0.056% of full scale).

AC Accuracy

20 Hz to 5 kHz sinewave
+180C o +280C

1(0.6% of reading + 0.1% of full scale}.

—150C to +180C and
+28oC to +55eC

+1(0.7% of reading + 0.15% of full scale).

5 kHz ta 10 kHz sinewave
+18cl to +280C

H25% of reading + 0.1% of full scale).

—130C e +18eC and
+280C to +550C

X (2.6% of reading + 0.15% of full scale).

Response Time

Manual Range

Less than 1 second.

Auto Range

Less than 2 seconds.

input Resistance by Range

100 u A Approximately 1.0 k§),.

1 mA Approximately 100.0 (2.

10 mA Approximately 105 .

100 mA Approximately 1.5 {3} .

1 A {1000 mAj Approximately 0.5 (3.
Meaximum input Current 1 A.
Resolution 1 partin 10,000 of full scale.
6-24
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Performance Characteristics

Table 6-2 (cont)

Characteristics

Performance Requirements

CONTINUITY

Response Time

Approximately 0.1 second,

(5]

it &

+1i fi

v,

—

EMPERATURE

Acouracy

+18°C to +28°C Ambient
Temperature

+ (2% of reading + 1.5°C).

-15°C to +18°C and +28°C
to +55°C Ambient Temperature

+{2% of reading <+ 2.0°GC).

Probe Tip Measurement Range

|
—62°C to 4+234°C in one range.

Resolution

0.1°C or 0.1°F.

ADDITION

AL CHARACTERISTICS

Warmup time to Meet Electrical
Specification

45 minutes.

Maximum Voltage between inputs
from either Input to Ground

OC to 20 kHz

500 V rms; 700 V peak.

Above 20 kHz

107 V*Hz.

NOTE

For AMPS modes, maximum voltage between inputs is fimited by maximum

input cutrent.

2465B/2455B/2445B Operators
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Performance Characleristics

Table 6-3

Cption 05 (TV) Electrical Characteristics

Characteristics

Performance Requirements

VERTICAL DEFLECTION SYSTEM--CHANNEL 1 AND CHANMEL 2

Frequency Response

Full Bandwidth
50 kHz to 5 MHz

For VOLTS/DIV settings between 5 mV and
0.2 V with VAR controt in calibrated detent.
Five-division, 50-kHz reference signat from a
50-2 system. With external 50-0 termination on
1 MQ input.

Within +1%.

=5 MHz to 10 MHz

Withun + 13’;__ — 20/0.

=10 MHz to 30 MHz

Within + 2%, — 3%,

Bandwidth Limit
50 kHz to 5 MHz

Within +1%, - 4%,

Square Wave Flainess

With fast-rise step (rise time =1 ns), 1 MU dc
input coupling, an external 50 2 termination.
and VAR VOLTS/DIV control in calibrated
detent. Exclude the first 50 ns following the step
transition. For signals with rise times <10 ns,
add 2% p-p between 155 ns and 165 ns after
step transition.

Field Rate
§ mV/div to 10 mVidiv 1.5% p-p at 60 Hz with input signat ot 0.1 V.
20 mV/diy 1% p-p at 60 Hz with input signal of 9.1 V.
50 mV.fd!'v ' 1% p-p at 60 Hz with input signal of 1.0 V.

tine Rate
5 mVidiv to 10 mVidiv 1.5% p-p at 15 kHz with input signal of 0.1 V.
20 mvidiv 1% p-p at 15 kHz with input signal of 0.1 V.
50 m¥idiv % p-p at 15 kHz with input signat of 1.0 V.
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Perdormance Characteristics

Table 6-3 {cont}

Characteristics Performance Requirements

TV {Back-Porch) Clamp (CH 2 only) * For VOLTS/DIV settings batween 5 mY and
. 0.2 V with VAR control in calibrated detent.
il Six-divisicn reference signal.

|

I

60 Hz Attenuation =18 dB.
Back-Porch Reference * Within 1.0 division of ground reference.
TRIGGERING
Sync Separation Stable video rejection and sync separation from

sync-positive or sync-negative composite video,
526 to 1280 lines, 50 Hz or 60 Hz, interlaced or
noninterlaced systems.

For nonintertaced scan systems, the video
signal source must start and end with full lines
of video for correct fing identification in the field
trigger modes.

Line Selection Range in FLD1, i The fesser of 1280 or the number of lines in the
FLD2. or Both Coupling Modes field.
Input Signal Amplitude for Stable
Triggering
Channel 1 or Channel 2 hMinimum sync-pulse amplitude within 18
divisions of input ground reference.
Composite Video 1 division.
Composite Sync 0.3 division.
Channel 3 or Channel 4 Minimurn sync-pulse amplitude within @
divisions of input ground reference.
Composite Video 0.5 division.
Composite Syng 0.25 division.
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Performance Characteristics

Table €-4

Option 06 {C/T/T} Electrical Characteristics

Characteristics

Performance Requirements

SIGNAL INPUT

| With DC Coupiing of A Trigger and B Trigger.

Maximum Input Frequency for =150 MHz.
Count and Delay by Events
Minimum Width of High or Low =33 ns.

State of Input Signal for Count and
Celay by Events

Sensitivity

Dc to 50 MHz (0.5 Hz to 50 MHz

for Frequency and Pertod)

For Count, Deday by Events, and Logic Trigger
Functions Excluding Word Recognizer.

CH1and CH 2 1.5 divisions.
CH3and CH 4 0.75 division.
50 MHz o 150 MHz
CH71and CH 2 4.0 divisions.
CH3andCH 4 2.0 divisions.
FREQUENCY
Ranges LSD INTERNAL LSD EXTERNAL
RANGE REFERENCE REFERENCE?®
1Hz 100 nHz 10 nHz
10 Hz 1 puHz 100 nHz
100 Hz 10 pHz 1 uHz
1 kHz 100 pHz 10 uHz
10 kHz 1 mHz 100 uHz
100 kHz 10 mHz 1 mHz
1 MHz 100 mbz 10 mHz
10 MHz t Hz 100 mHz
1100 MHz 10 Hz 1Hz
| 150 MHz 100 Hz 10 Hz

Automatic Ranging

Upranges at 100% of full scale; downranges
at 9% of full scale. Cownrange occurs at

90 MHz an 150 MHz range. Full scale
corresponds o the value given in the Range
column. Maximum displayed vatue for any
range is Aange value LSD value 2

AReters 1o LSD reading with Opfion 1E
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Performance Characieristics

Table 6-4 (cont)
Option 06 (C/T(T) Electrical Characteristics

Characteristics Performance Requirements
Accuracy + [Resclution + (I—:requency x TBE)] Hz.
Time Base Error (TBE)
tnternal Refarance 10 ppm with less than 5 ppm per year drift.
External Referenced Determined by external reference.
Resoiution 4 X Ffeq“Nenc‘r‘z X TJE 4 |sp.

Display Update Rate

internal Reference Twice per secand or twice the period of the
input signal, whichever is slowear.

External Reference? Twice per 1.5 seconds or twice the period of
the input signal, whichever is siower.

PERIQOD
Ranges 1 RANGE LsD
1 ns 1fs
100 ns 10 fs
1 a8 100 ts
10 45 t ps
100 ps 10 ps
1ms 100 ps
I 10 ms 1ns
100 ms 10 ns
1s 100 ns
2% 18
Minimum Period =6.7 ns.
Automatic Ranging Upranges at 100% of full scale: downranges
at 9% of full scale.
Full scale corresponds to the value given in
the Range column. The maximum displayed
value for any range is the Range value minus
the LSO value.®

®Reters to inslruments with Option 1E installed.
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Tabie 6-4 {cont)

Characteristics Performance Requirements

PERIQD {cont)

Accuracy ) + [Resolutien + (TBE x Period)).

Resotution ={L80 + (1.4 x TJEYMN].

Display Update Rate Twice per second of twice the peariod of the
input signal, whichever is slower.
TOTALIZE

Maximum Count 9999993,

Oisplay Update Rate Twice per second or onca per evert, whichever
15 slower,

DELAY BY EVENTS

|
Maximum Event Count 4194303,

Minimum Time from Start Signal to | 4 ns.
Any Delay Event

LOGIC TRIGGER

Mimmum Function-True Time 4 ns,

Minimum Function-False Time 4 ns.
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Table 6-4 (cont}

Characteristics Petformance Requirements

ADDED DELAY TIME CHARACTERISTICS WITH C/T/T

Run After Delay
Aucuracy L80° + [0.0012 X (A SEG/DIV)] + |0.03 X
{B Time/Divic] + A Trigger Leve! Error + 50 ns.

When the A Sweep is triggered by the Word
Recognizer in synchronous mode, add 100 ns
for probe defay; in asynchronous mode, add
208 ns for probe delay.

Triggerable After Delay

Accuracy For intervals within 70 ns to 10 times the
A-SEC/DIV Setting.

LSDP + [10 ppm x (measured interval)] +
TJE + A-Trigger Level Error + B-Trigger Level
Error + 0.5ns.

if the A and B Sweeps are triggered from
different channels, add 0.5 ns for channel-to-
channel mismatch,

When the A Sweep is triggered by the Word
Recognizer in synchronous mode, add 100 ns
for probe delay; in asynchronous mode, add
200 ns for probe delay.

Minimum Measurable Delay Timeg| =70 ns.

Display Update Rate In Aute Resolution, twice per second or once
for every sweep, whichever is siower.

In 1 ns, 100 ps, and 10 ps resolution modes,
the update rate depends on the A SEC/DIV
setting and the trigger repetition rate.

bSee Tables 2-1 and 2-2.

B Time/Div includes SEC/DIV, X16 MAG, and VAR,
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Table 6-4 (cont)

Characteristics

Performance Requirements

ADDED DELTA-DELAY-TIME CHARACTERISTICS WITH C/T/T

Run After Deiay
Accuracy

LSOP + [0.0008 X (A SECIDIV)] +
[0.01 x {B Time/Divit] + 83 ps.

When the A Sweep is triggered by the Ward
Recognizer in synchronous mode, add 1 ns for
probe jitter; in asynchronous mode, add 20 ns
lor probe jitter,

Triggerabie After Delay
Accuracy

Superimposed Delta Time

Monsuperimposed Delta Time

Both defays are within 70 ns ta 10 times the
A-SEC/DIV setting.

LSDP + [0.01 x (B Time/Divi] + [10 ppm X
(A SEC/DIVY} + [10 ppm x (measured intervall]
+ 50 ps + TJE.

If CH 3 or CH 4 15 one channel of a two-channel
measurement, add 0.5 ns for channel-to-channel
delay mismatch.

L8D® + Moo b 19+ TUE +
1(0.0005 div) x {1/SRaer + 1/SRpg 1)l +
[10 ppm x (A SEC/DIV)) +

130 ppm X (measured interval}] + 50 ps.

If A and B sweeps are triggered from different
channels, add 0.5 ns for channei-io-channel
mismatch + [0.5 div X {(1/SRge; + 1/SRpe 1)l
for trigger offset.

Display Update Rate

In Auta Resoclution, twice per second or once
for every four sweeps, whichever is slowaer.

In 1 ns, 100 ps, and 16 ps resolution modes,
the update rate depends on the A SEC/DIV
setting and the trigger repetition rate.

bSee Tables 2-1 and 2-2.

*B Time/Div includes SEC/THV, X10 MAG, and VAR.

IThia term assumes the trigger points are between the 10% and 96% points of the
waveforms. Fall time is expressed as a negative risetime.
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Table 8-4 {cont}

Characteristics Performance Requirements
DEFINITIONS
A Trigger Levs! Error = (A Trigger tevel Readout Error)/SR,.

B Trigger Level Error = {B Trigger Level Readout ErrorySR,

trmer = TiS€ time, reference trigger signal.

t = rise time, delta trigger signal.

TDELT

SR, = stew rate at trigger point, A Sweep trigger signal in div/sec.

SRy = slew rate at trigger paint, B Sweep trigger signal in div/sec.

SRger = slew rate at trigger point, reference trigger signal in divisec,
SRpe r = slew rate at trigger point, delta trigger signal in divisec.

TJE = trigger jitter arror. !

For delay or delta time, disregarding noise in the signal, this term contributes
<1 LSD it the slew rate is greater than 0.03 vertical div/ns or if the slew rate is
greater than 30000 vertical div/horizontal div.

Trigger Jitter = [(Reference Trigger Signaf Jitter)2 + (Delta Trigger Signal Jitter)2
+ (A Sweep Trgger Signat Jitter)2]12,
Reference Trigger Signal Jitter = {Bng + EnpeVSRper.
= 0 for Freguency mode.
€. = SCOpe noise in div.

0.05 div for HF REJ trigger coupling.
= 0.1 div for DG trigger coupling, 5 mV te 5 V sensitivity,

1

= 0.1% div for DC trigger coupling, 2 mV senstivity.

Cnper = reference signal rms noise in div.
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Table 6-4 (cont)

Characteristics

Performance Requirements

DEFINITIONS {cont)

Delta Trigger Signal Jitter = {8ng * enpg 1 SRpeLt-

= { for Frequency or Deiay mode.

Crpe = delta signal ms noise in div.

A Trigger Signal Sweep Jitter = (Eng + €0, /SR,

€n, = A sweep lrigger signal rms noise in div,

When the Word Recognizer supplies a trigger in synchronous mode, the trigger
" jitter of the associated trigger signal is <1 ns; in asynchronous mode, the
associated trigger signal jitter is <20 ns,

N = number of averages during measurement interval.

It

see Table 2-1 for Delay or Defta Time.

{measured frequency) X {measurement interval) for Frequency or Period.

Measurement Interval = 0.5 s or two periods of measured signai,

whichever is greater.

6-34

2465B/2455B/2445B Operators



Performance Characteristics

Tabie 6-5

Option 09 (WR} Electrical Characteristics

Characteristics

Performance Requirements

SYNCHRONQUS MODE

Data Setup Time 25 ns.
Dp—by5and Q
Data Hold Time 0 ns.
Dg—D;4 and @
Minimum Clock Pulse Width
High 20 ms.
Low 20 ns,
Minimum Clock Period 50 ns.
Delay from Selected Clock Edge | <55 ns.

to Word Out from CIT/T

ASYNCHRONOUS MODE

Maximum Trigger Frequency

10 MHz.

Minimum Ceincidence Between
Data Inputs (Dy—B,< & Q)
Resutting in a Trigger

<85 ns.

Maximum Coincidence Between
Data Inputs (D,—Dy5 & Q)
without Producing a Trigger

=20 ns,

Delay fram Input Word
Coincidence to Word Qut

=140 ng.

24658/2455B/24458 Operators
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Tabie 6-5 (cont)

Characteristics Performance Requiremenis

INPUTS AND QUTPUTS

Input Voltages
Minimum Input Voltage A —D5 V.

Maximum Input Voliage A 55V,

Maximum Input Low Voltage 0.6 v.

Minimum fnput High Voltage 20Vv.
WORD RECOG OUT
High | > 2.5V LSTIL autput.
]! < 0.5V LETTL output.
|
|

Low

Input High Current =20 uA.

Input Low Current = — .6 mA source.
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Table §-5

Cption 10 {GPIB)

Electrical Characteristics

Characteristics

Performance Requirements

Vertical Position Accuracy

Position accuracy is only valid when:

1. Positioning occurs after a BAtLance
command is invoked at the ambient
temperature in which the
ingtrument is operating.

2. The VOLTS/DIV VAR control iz in
the cafibrated detent.

|
i
|
CH 1. CH 2 {noninverted) !
!
)

+15°C 10 +35°C +{0.3 div 4 3% of distance from center
screen in div + 0.5 mv/V/DIV setting }
CH 2 inveried Add .2 div.
~15°C to —15°C and +35°C; Add 1.5 mV/V/DIV setting.
to +55°C
CH3and CH 4 +{0.7 div 4+ 3% of distance from cenier

screen in div.)

{EEE 488 Outputs
Volts Out for True {lg; =48 mA)

Max 0.5 V.

Volts Out for False (lge=—5.2 mA)

Min 2.5 V.

Voits Qut with Qutout Disabled

Max 3.7 V, Min 2.5 V.

Output Leakage Current with
Power OFF (0 V <V <25 V)

Max 40 pA.

iEEE 488 lhputs
Volts In for True

Max 0.8 vV, Min 0 V.

Yolts In for False

Max 5.5V Min 2.0V,

Current In for True (V; =05 ¥}

Max -0.1 mA.

Current In for False (V;=2.7 V)

Max 20 uA.

2465B,/24558/2445B Dperators
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Table 6-7
Mechanical Characterisiics

Characteristics

Description

Weight
With Accessories and Pouch
With Option 05, 06 and 09, of 10

With Option G4

10.2 kg (22.4 Ib).
12.0 kg (26.44 1b).

13.1 kg (28.8 ib).

Without Accessories and Pouch

9.3 kg (20.5 ib}.

Domestic Shipping Weight
24658, 24558, 24458
with Optien 05, 06 and 09, or 10

With Option 01

12.8 kg {28.2 ib).
17.6 kg {38.8 ib).

19.2 kg (42.2 Ib).

Height
Without Accessories Pouch

24658, 24558, 2445B with or without
Cptions 05, 06 and C9, and 10

160 mm (6.29 in).

24658, 24558, 24458 with Option 01

202 mm (7 .96 in}.

With Feet and Accessories Pouch

24658, 24558, 24458 with or without
Options 05, 06 and 09, and 10

202 mm = 254 mm{7.94 in

24658, 24558, 24458 with Option G1

i__]_.O in).

243 mm + 25.4 mm [2.56 in
+ 1.0 n).

Width {with handle)

338 mm (13.31 in).

Depth
With Front Panel Cover

434 mm {17.1 in).

With Handle Extended

508 mm {20.0 in).

Coaling Forced-air circulation.
Finish Tek Blue vinyl clad material on
aluminum cabinet.
Construction Aluminurn-alloy chassis (sheel
i metal). Plastictaminate front panei.
| Glass-laminate circuit boards.
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Figure 8-1. Dimensional drawing,
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Table 6-8

Environmental Reguirements

Characteristics

Pertormance Requirements

Environmmental requirements qualify the efectrical and
mechanicat specifications. When not rack mounted, the
instrurnent meets the environmental requirements of
MIL-T-28800C for Type lll, Class 3, Style C equipment,
with the humidity and terperature requirerents defined
in paragraphs 3.9.2.2, 3.9.2.3, and 3.9.2.4, Aack
maunting changes the temperature, vibration, and shock
capabilities. The rack mounted instruments meet or
exceed the requirements of MIL-T-28B00C with respact
te Type I, Class 5, Style C equipment with the rack-
mounting rear-support kit instailed. Rack mounted
instruments will be capable of meeting or exceeding the
requirements of Tektronix Standard D62-2853-00,

class 5.

Temperature
Cperating

—15°C to +55°C.

Faor a rack mounted instrument, ambient temperature
should be measured at the instrument's air infet. Fan
exhaust temperature should not exceed +65°C.

Nonoperating {Storage)

—-562°C to -+ 85°C.

Altitude
Operating To 15,000 feet. Maximum operating temperature
decreases 1°C lor each 1000 fest above 5000 feet.
Nonoperating {Storage) | To 50,000 feet,
Humidity

Operating and Storage

Stored at 95% relative humidity for five cycles {120
hours) from 30°C to 80°C, with operational
performance checks at 30°C and 55°C.

Vibration (operating)
Not Rack Mounted

15 minutes along each of three axes at a total
displacement of 0.025 inch p-p (4 g at 55 Hz), with
frequency varied Irom 10 Hz ta 55 Hz in one minute

© sweeps. Hold 10 minutes at each major resonance or, if
none exists, hofd 10 minutes at 55 Hz (75 minutes total

test time).

Rack Mounted

j Change displacement to 0.015 inch p-p (2.3 g at 55 Hz}.

840
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Characteristics

Table 6-8 {cont)

Performance Requirements

Shock (operating and
nonoperating)
Not Rack Mounted

A

50 g, half sing, 11 ms duration, three shocks on each
&, 107 & (ofal of 18 shocks.

Rack Mounted

Transit Drop (not in
shipping package)

8-inch drop on each comer and each face
(MIL-T-28800C, para. 4.5.5.4.2).

Bengh Handling (cabinet on
and cabinet off}

| MIL-STD-810C, Method 516.2, Procedure V
(MIL-T-28800C, para. 4.5.5.4,3).

Topple (operating with
cabinet installed)

Set on rear teet and allow 1o topple over anto each of
four adjacent faces (Tektronix Standard 082-2858-00).

Packaged Transportation
Drop

Meets the imits of the National Safe Transit Assn., test
procedure 1A-B-2; 10 drops of 36 inches (Tektronix
Standard 062-2858-00).

Packaged Transportation
{Vibratiom)

Meets the limits of the National Safe Transit Assn.. test
procedure 1A-B-1; excursion of 1 inch p-p at 4.63 Hz
{1.1 g} for 30 minutes (Tektronix Standard 062-2858-00).

EMI {Electro-magnetic
Interference)

Meets MIL-T-28B00C; MIL-STD-4618, part 4 (CE-03
and C8-02), part 5 (CS-06 ang RS3-02), and part 7
{C5-01, RE-02, and RS-03)—limited to 1 GHz; VDE
0871, Category B; Part 15 of FCC Ruies and
Regufations, Subpart J, Class A; and Tektronix
Standard 062-2866-00.

Electrostatic Discharge
Susceptibility

Meets Tektronix Standard 062-2862-00. The instrument
will not change control states with discharges of less
than 10 kv,

X-Ray Radiation

| Meets requirements of Tektronix Standard 062-1860-00.
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Options and Accessories

This section contains a general description of instrument options available at the
time of publication of this manual. Also included is a complete list {with Tektronix part
numbers} of standard accessories included with each instrument and a partial list of
optional accessories. Additional information about instrument options, option
availability. and other accessories can be obtained either by consulting the current
Tektronix Product Catalog or by contacting your local Tektronix Field Office
Of reprasantative

Options §1, 05, 06 and 09, and 10 are discussed throughout this manual.
Option 11

Option 11 provides two probe-power connectors on the rear panel of the
instrument. Voitages supplied at these connectors meet the power requirements of
stardard Tektronix active oscilloscope probes.

Option 1R

When the oscilioscope is ordered with Option 1R, it is shipped in a
configuration that permits easy installation into a 1B.inch-wide electronic-
equipment rack.

When rackmounting the instrument, the rear-support kit enables the
rackmounted instrument 1o meet appropriate electrical and environmental
specifications.

Connector-mounting holes are provided in the front panel of the rackmounted
instrument. These enable convenient accessing of the four bne connectors (CH 2
SIGNAL OUT, A GATE OUT. B GATE QUT, and EXT Z AXIS IN) and the two
PROBE POWER connectors located on the rear panel, Additional cabling and
connectors required to implement any front-panel access to the rear-panel
connectors are supplied by the user; however, thase iterns can be separately
ordered from Tektronix.

Complete rackmounting mstructions are provided in a separate document
shipped with Option 1R. These instructions also contain appropriate procedures to
convert a standard instrument into the Opten R configuration by using the
rackmounting conversion kit.
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Power Cord Options

Instruments are shipped with the detachanle power-cord configuralion ordered
by the customer. Descriptive information about the international power-cord options
iz provided in Section 1, “Preparation for Use." The tollowing list identifies the
Tekirenix part numbers for the available power cords and associated fuses.

Universal Euro - OPTION A1

Power cord (2.5 m) 161-0104-06

Fuse (1.6 A, 250 V,

5 x 20 mm, Quick-acting) 159-0068 00
UK - OPTION A2

Power cord (25 m) 161-0104-07

Fuse (1.6 A, 250V,
5 x 20 mm, Quick-acting) 158-(098-00

Australian - OPTION A3

Power Cord (2.5 m) 161-0104-05
Fuse (1.5 A, 250V
5 x 20 mm, Quick-acting} 159-0098-00

North American - OPTION a4

Power Cord (2.5 m) 161-0104-08
Fuse (2 A, 250V,
AGC/3AG, Fast-blow) 159-0021-00

Switzerland - OPTION A5

Power Cord {25 m} 161-0167-00
Fuse (1.6 A, 250V,
5 x 20 mm, Quick-acting) 159-0098-00
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Standard Accessories

The foliowing standard accessories are provided with each instrument:

Gity

Description

Probes (10X, 1.3 m} with Accessories

(24658 and 2455B)
Probes (10X, 2 m) with Acrasgoriog

(24458}

Banana Flug/
Binding Post Adaptor

Accessory Pouch, Snap Fastener
Accessory Pouch. Zip-iock Fastener
Operators Manual

Fuse {2 A, 250 V)

CRT Filter, Blue Plastic (installed)
CRT Filter, Clear Plastic

Front Cover

U.S. Power Cord

Part Number

Pg137

134001601
016-0692-00
016-0537-00
070-6860-00
158-0021-00
378-0199-03
378-0208-00
200-3199-01
Option AD

The following standard accessories are provided with instruments containing
Option 01 {DMM}:

Qty

1
j
1

Description

Probe Set
Accessories to Probe Set

PEB02 Temperature Probe

2465B/2455B/2445B Operators

Part Number

012-0941-01
020-0087-00
010-6602-00
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The following standard accessories are provided with instruments containing
Option 05 (Tv):

Qty Description Part Number
i CCIR Graticule 378-0199-04
1 NTSC Graticule 378-0199-05
1 Polarized Viewing Hood (16-0180-00

The following standard accessories are provided with instrurments containing
Option 09 (WR):

Gty Description Part Number
1 PB407 Word Recognizer Probe 010-6407-01
2 10-wide comb, 10-inch leads {without grabbers) 012-0747-00
20 Grabber Tips 206-0222-01
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Optional Accessories

The following optional accessories are recommended for use with the instrument:

Description Part Number
Protactive Cover, Waterproof, Biue Vinyi 016-0v20-00
Probe Package (24658 and 24558) P6137
Probe Package (24458 F&133 Opt. 25
Rackmounting Conversion Kit 016-0825-01
Polarized Collapsibie Viewing Hood 016-0180-00
Folding Viewing Hood, Light-shielding 016-0582-00
Collapsible Viewing Hood, Binocular 016-0566-00
Oscilloscope Camera See C308BP

Option 1

SCOPE-MOBILE Can K212
Carrying Strap 346-0199-00
2455B/2445B Service Manua! 070-6862-00
24678/24658 Service Manual 070-6863-00
24X5B/2467B Options Service Manual
{SN BO50000 and Above)
[covers Option 05 (TV), Option SH (HOTV), Option 06 (CTT),
Option 09 (WR), and Option 10 [GPIB)] 070-6864-02
24X5B/24678 Options Service Manual
{SN B049929 and Below)
[covers Option 05 (TV), Option 06 (CTT),
Option 09 {WR}, and Option 10 (GPIB)] 070-6864-00
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Extended Functions with Diagnostic Exercisers

Diagnostic exercisers provide access to an operating-time log and they control
instrument setup modes and the viewing-time display. The available GPIB interface
adds exercisers 10 establish system parameters of the instrument and to transfer the
set of thirty saved setups from one instrument to one or more other instruments. Witn
the available Television/Video {TV} enhancement, added exsrcisers control video line
numbering. The available DMM also adds an exerciser, DM EXER 72. The Service
Manual describes other exercisers which are used only for instrument testing and

trou ihlachmmtine
UCueSnoouNg.

EXER 05 Display Operating Time and Power Cycle Count
EXER G& Select Setup to Use at Power Up
EXER 07 Enable/Disable Setup SAVE and Sequence Definition
EXER 03 Initialize Setups

GP EXER 11 Program GPIB Address

GP EXER 12 Program GFIB Message Terminztor and Talk/Listen

GP EXER 13 Receive-Setups Mode

GP EXER 14 Send-Setups Mode

TV EXER 61 Select TV system-M or non-system-M

TV EXER 62 Select TV line numbering format

TV EXER 63 Select TV sync polarity default

DM EXER 72 Select DMM Continuity Tone and Input Resistance

To operate these features:

1. Enter the Diagnostic Monitor mode by pressing and holding both AV and At,
then pressing Trigger SLOPE while hoiding AV and At. The readout wilf
display “DIAGNSTIC. PUSH A/B TRIG TO EXIT,” indicating the Diagnostic

Monitor mode.

2. Repeatedly press the upper or lower Trigger MODE button to sequence
through the TEST and EXER routine labels and select the one you want

to run.

Press the upper Trigger COUPLING button to execute the selected Exerciser.
In all isted exarcisers except EXER 05, the GP EXER's, and DM EXER 72,
repeatedly pressing the upper Trigger COUPLING button cycles through the
available selections.

To exit an exerciser, press the lower Trigger COUPLING button.

To return to normal instrument operation, press A/B/TRIG.
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in the descriplions below, the lines marked with “= " show what 15 displayed in the
top row of the readout.

EXER 05 Display Operating Time and Power Cycle Count
= HRASON nnon  OFF/ON CYCLES mmmm

nnnn = Accumulated Number of Hours with Power Applied
mmmm == Accumulated Number of Power Cycles

EXER 06 Select Setup to Use at Power Up
> POWER UP TO POWER DOWN SETUP
Instrument will power up with the setup in effect at power down,

> POWER UP TO SETUP 1

Instrument will power up with the setup stored as setup 1.

EXER 07 Enable/Disable Setup SAVE and Sequence Definition
> ENABLE SAVE AND SEQUENCE-CHANGE
All Save and Sequence functions are enabled.
> DISABLE SAVE AND SEQUENCE-CHANGE
All Save and Sequence-definition functions are disabled.
> ENABLE SAVE 1 - 8, NO SEQ-CHANGE

Only setups 1 through 8 can be changed. BEGIN/STER/END
attributes cannot be changed for any setup.

EXER 08 Initialize Setups

= COUPLING UP CLEARS SAVED SETUPS

Press upper Trigger COUPLING to clear all saved setups.
Press tower Trigger COUPLING 1o retain saved setups.
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GP EXER 11 Program GPIB Address
= GPIB ADDRESS nn

nn = a primary address within 0 tg 31. Turn the A control
to select the appropriate address. With address 31, bus data
has no effect on the instrument and is unaffected by the
instrument.

GP EXER 12 Program GPIB Message Terminator and Talk/Listen

Press the upper MODE button 1o select EO or LF as message
terminator. Press the upper SOURCE hutton to select TALK/LISTEN or
LISTEN operation.

= TERMINATOR EQI MODE TALK LISTEN

The instrument accepts only the EOIl bus message as the end of
a string of received bytes. The instrument asserts EQI at the
end of a string of transmitted bytes. The instrument can be
addressed as a talker to send settings and readings.

> TERMINATOR LF MODE TALK LISTEN

The instrument accepts either the EOI bus message or an LF
fline feed) character as the end of a string of received

bytes. The instrument asserts CR {carriage return) then LF
with EQI at the end of a string of transmitted bytes,

> TERMINATCR EOI MODE LISTEN ONLY

The instrument will not operate as a bus talker.

= TERMINATOR LF MODE LISTEN QNLY
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GP EXEFR 13 Receive-Setups Mode

> READY TG RECEIVE SETUPS

1. Connect the instrument to another strument of the same modal
and with the same options by a GPIB cable. It the instrument is a
different model in the following fist: 24458, 24558, 24658, 24658
CT, 24658 DM, 24658 DV, and 24678, or one with a different
set of options, most setups will be valid, but some will give
unpredictable results.

2. Select GP EXER 14 in the other instrument.

=  HECEIVING SETUPS

When the transfer is complete, the instrument will exit
EXER 13 automaticaliy.

GP EXER 14 Send-Setups Maode

Befaore executing this exerciser, make sure the instrument is

connected to anather by a GPIB cable and be sure the other instrument
IS in the "READY TQ RECEIVE SETUPS” state initiated by

GP EXER 13

= SENDING SETUPS

When the transfer is complete, the instrument will exit
EXER 14 automatically.

TV EXER 61  Select TV system-M or non-system-M
= LINE 1 CCCURS FRIOR TO FLD SYNC

System-M protocot is selected and the line count begins three
lines before the field-sync pulse.

> LINE T COINCIDENT WITH FLD SYNC

Nan-system-M pratocol is selected and the line count begins
coincident with the field-sync pulse.
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TVEXER 62  Select TV line numbering format

> LINE NO RESETS ON EACH FIELD

Line numbering begins with the first line of both fieid 1
and field 2.

= LINENO RESETS ON FLD 1 ONLY

Line numbering begins at the first ine of field 1 and
continues through field 2.

TV EXER 63  Select TV sync oolarity default
= TVSYNC:SLOPE DEFAULT
Trigger Slope, which correspands to syne polarity, does not
change when LINES Coupling is selacted.

>  TVSYNC:POSITIVE

Trigger Slepe is initialized to + when Coupling is changed
from AC to LINES.

> TVBYNCNEGATIVE

Trigger Siope is initialized to — when Coupling is changed
from AC to LINES.

DM EXER 72  Select DMM Continuity Tone and Inpul Resistance

> MOVE SCUACE FOR CONTINUITY TONE

Short the test leads together and press the upper SOURCE
button to increase the pitch of the continuity tone or
press the lower bufton to lower the pitch.

Press the upper COUPLING button to exit the continuity tone
mode and press it again as required to select the desired
input resistance.

> |NPUT 2 ON 0.2VvDC 2VDC = 10 Mg

Input resistance on all DCV ranges = 10 M@

> INPUT Z ON 0.2vDC 2VDC > 100G @

The input approaches an open circuit on the two lowest DCV
ranges and equals 10 M@ on all other DCV ranges.
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Sequence Programming and Operation

As many as thirty stored selups can be organized into one or more sequences to
be sequentiaily recalled by the STEP/AUTO button. Unless otherwise defined, afl thirty
setups can be recalled in cne sequence.

A sequence is defined as a contiguous group of saved setups, where the first
setup includes the BEGIN attribute and the last setup includes the END atiribute. The
Sequence-Save mode provides access to the BEGIN/END attributes and pravides
seguence editing facilities to REPLACE, INSERT. and DELETE setups.

Pressing SAVE establishes the Direct-Save mode, as described in the "Operation”
section. Pressing STEP then establishes the Sequence-Save mode. The readout
shows a definition mode. a step atiribute, a setup number, the *NAME:" prompt. and
the pame argument in the top row and a HELP massage in the bottorn row. {If the
Direct-Save mode displays “SAVE FUNCTIONS DISABLED” or if the Sequence-Save
mode displays "SEQUENCE DEFINITION DISABLED," refer to EXER 07, described in
Appendix A}

Top Raw - REPLACE STEP :nn NAME: xxxxxxx
or - REPLACE BEGIN :nn NAME: xxxxxx
or - REPLACE END  :mn NAME: xxxxxxx

Bottorn Rows -- PUSH STEP TO REPLACE SETUP.

PUSH SAVE FOR HELP.

A REF moves a cursor (o the definition mode field, the step attribute field, the
setup number field. or any character in the NAME argument. The A control selects a
definition mode, REPLACE, INSERT, or DELETE; g step attribute, STEP, BEGIN. or
END: a setup number, 1-30; or a character for each position of the setup name.

The initial definition mode is REPLACE. Initial values of the step aftribute and setup
NAME are the values previcusly stored at the selected setup number. unless NAME
was changed in the Direct-Save mode. The initial value of the setup number is one
more than the previously defined or selected setup. The cursor initially remgins in the
NAME argument. as it was in the Direct-Save mode.

When STEP is pressed in the REPLACE definition mode, the current instrument
setup, with the displayed step attribute and the displayed NAME, if the NAME has
been changed, replaces setup "nn.”

A step with the BEGIN attribute begins a sequence of setups. END defines a step
that ends & sequence.
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White REPLACE is selected, repeated cperation of SAVE presents this cycle of
HELP messages in the bottom rows.

Top Row - REPLACE STEP :nh NAME:xxxxxxx
or - REPLACE BEGIN :nn NAME: XXxxxxx
or - REPLACEEND :nn NAME: xxxxxxx

PUSH STEP TO REPLACE SETUP.
PUSH SAVE FOR HELP.

Bottom Rows

!

or .- TURN A REF TO FIELD, THEN-—
TURN 4 TO DESIRED SETTING.
or - PUSH MEASURE TO SAVE A MEASUREMENT.

FUSH RECALL TG CANCEL THIS MODE.

When STEP is pressed in the INSERT definition mode, the numbers attached to
the currently selected setup and each higher-numhered setup ate increased by one
and setup 30 is discarded. The current instrument setup, the displayed step attribute,
and the displayed NAME are then stored in the selected memary tocation.

While INSERT is selected. repeated aperation of SAVE presents this cycle of HELP
messages in the bottom rows.

Top Row - INSERT STEP :pn NAME:x)Xxxxxx
or -~ INSERT BEGIN :nn NAME:xxxxxxx
or - INSERT END N NAME: xxxxxxx

Bottom Rows -- INSERT WILL BESTROY STEP 3Q.
PUSH SAVE FOR HELP.
or - PUSH STEP TO INSERT SETUR.
PUSH MEASURE TO SAVE A MEASUREMENT.
ar .- TURN & REF TQ FIELD, THEN---
TURN & TO DESIRED SETTING.
o - PUSH RECALL TO CANCEL THIS MODE,

In the DELETE definition mode, the attribute and NAME fields cannot be changed.
When STEP is pressed, the currently selected setup is moved 1o step 30 and the
numbers associated with each higher-numbered setup decreases by one.

While DELETE is selected, repeated operation of SAVE presents this cycle of
HELP messages in the bottam rows.

Top Row -- DELETE STEP nn NAME;xxxxxxx
or - DELETE BEGIN :nn  NAME:0Xxxx
or - DELETE END nn NAME: xxxxxxx
Bottom Rows -- PUSH STEP TO DELETE SETUP (or MEASSUREMENT).
PUSH SAVE FOR HELP,
or - TURN A REF TO FIELD, THEN—-
TURN 4 TO DESIRED SETTING.
or - PUSH RECALL TO CANCEL THIS MODE.
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Executing Sequences

Pressing RECALL establishes the Direct-Recall mode. as described in the
Qperation section. Then prassing STEP in the Direct-Recail mode enabies the
Sequence-Recall mode. The top row of the readout shows the names of the first
four defined BEGIN steps. If no BEGIN steps are defined, step 1 is the beginning
of & sequence, by default. Pressing a setup-number button initiates the
corresponding sequence and illuminates the STEP indicator. The position of each
button among the others corresponds 1o the position of a sequence name among
the others on the screen. Pressing STEP initiates the first defined sequence and
ituminates the STEP indicator.

Repeatedly pressing RECALL presents this cycle of HELP messages. In
message 1, "—n" is blank, *-2," " —3," or "~ 4," depending on how many
sequences are defined.

Bottom Rows — PUSH 1..n OR STEP TO START SEQ.
PUSH RECALL FOR HELP.
or - TURN A TO SELECT ANY STEP.

PUSH SAVE TO CANCEL THIS MODE.

Turning A REF or A while in the Sequence-Fecall mode allows access o any
setup.

STEP recalls any selected setup, initiates sequential setups, and ifluminates the
STEP indicator. If the step number is decremented below 1. the Direct-Recall mode
is resstablished.

Top Row - pn xxxxxxx  TURN A TO SELECT.
Bottom Rows -- FUSH STEP TO BEGIN SEQ HERE.
PUSH SAVE TO CANCEL THIS MQDE,

Repeated operation of STEP/AUTO sequentially steps through the sequentially
stored setups. When an END step or step 30 is encountered, the sequence reverts
to the previous BEGIN step, or to step 1, if no previous BEGIN step exists.
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Power-Up Tests

Power-up tests are automatically performed each time the instrument is turned on.
These tests provide the user with the highest possible confidence that the instrument
is operational. They include a Kernel test and Confidence tests,

Kernel Test

A Kerne! test failure is considered “fatal* to the operation of the instrument. A
Kernel test {ailure causes the TRIG'D indicator to flash and displays a binary code
pattern on other front panel indicators. f a Kernet test fails, the user can atternpt to
operate the instrument normally by prassing the A/B TRIG button. Operation is
unpredictable; it depends on the nature of the failure.

Confidence Tests

Confidence tests are performed after the processor kernel has been found
operational. These tests check a portion of the instrument for correct operation,

It a Cenfidence test fails, the readout will indicate the nature of the failure by a
coded message in ihis format:

TEST XX FANR YY

where XX is a two-digit test number and YY is a failure code. Table C-1 shows tha
function affected by detected failures.
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Table C-1

Confidenee Test Numbers and Affected Funclions

Test Number

Description

01 Controlier Timing Signal Missing or Wrong Period
a2 Momentary Switch Stuck
03 Readout interface or Memory Failure
04 { Calibration Data Parity or Checksum Error
05 Main Board Failure Detected by Auto Level Trigger oo LINE
Source

06 Memory-Battery Voltage Too High or Too Low

GP 11 GPIB Interface Failure Detected

DM 78 Digital Muitimeter Faiiure Detected

CT 81-87 | Counter-Timer-Trigger Failure Detected

C-2
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Delta-Time and Delta-Delay-Time
Accuracy under Noted Conditions
for the C/T/T Option

10 ps

T TSI

ius

AL

100 ns

10 ns

1ns”

H

1ns - -

7

100 ps . el

LLRRALEL ||

v T TTHT

TIME INTERVAL ACCURACY

o 10 ps*
10ps [N ETRT] n La'lml [ Ll bbbl P
1ns Wns 100 ns 1us 10 us 100 us 1ms 10 ms

MEASURED TIME INTERVAL

CONDITIONS:

1} Input signal is 5 vertical divisions with a 2 ns rise time.

2) Measured times are 4 horizental divisions.

3} TJE is negligible for slew rates greater than 0.1/div ns.

4} For all B-Trigger modes, the beginning and end of the measured
interval are visually superimposed.

5} RUN and TRIG accuracies are with RUN AFT DLY and TRIG AFT DLY
B-Trigger Modes.

* Selected resolution. See “Resolution Selections” table for
resclutions corresponding to trigger rates with AUTO resolution.

“*B-Trigger Modes

24658/2455B/24458 Qperators D-1
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TIME INTERVAL ACCURACY

D-2

Delay-Time Accuracy under Noted Conditions
for the C/T/T Option

100 ps -
10 us -
‘.
1S 3 /Qé —
- &
- L
i ‘Sb
100 ns ha /]
3 10 ns*
.‘
10 ps*—1ns’
N Q¥
10 ns*
10 ns = —///V{\
g ©
S _ L\
i i 1as
| 100 ps*
ins | ;
E_ |‘ 10ps* !
100ps H lLIJJ L3 il L LILrlL Ll L1l 1 Ii[-JJ [ ) gl
1ns 10 ns 104 ns 1us 10 us 100 .5 1 ms 19 ms
MEASURED TIME INTERVAL
CONDITIONS:

1) Input signal is & vertical divisions with a 2 ns rise time.

2) Measured times are 4 horizontal divisions.

3} TJE is negligible for stew rates greater than 0.1 div/ns.

4) RUN and TRIG accuracies are with RUN AFT DLY and TRIG AFT DLY
B-Trigger Modes,

* Selected resclution. See "Resclution Selections® table for
resolutions corresponding to trigger rates with AUTO resolution.

"*B-Trigger Modes

2465B/2455B/24458 Operators
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Index

*C 5-3G

*F 5-30

A 518

A REF OR DLY PQS 5-17

AV 515

AV ACCURACY B-2

AV RANGE 6.2

At 516

At ACCURACY 5-11

At RANGE 8-11

At READOUT RESOLUTION 6-11
1 M@ DC COUPLING 24, 5.9
1431 5-16

50 ¢ DC COUPLING 2-4, 5.9

A GATE OUT 5-27. 613
A SEC/DIV 5-12
A SWEEP 2-8
A SWEEP RANGE 6-10
A SWEEP TIMING ACCURACY 6-10
A SWP 5-12
A SWP TRIGD 5-25
A/B TRIG 5-24
ABSOLUTE VOLTAGE 3-1
AC COUPLED, LOWER -3dB FREQUENCY 6-3
AC COUPLING 2-4, 2.7, 2-11, 5-8
AC SOURCE
FREQUENCY 6-14
VOLTAGE 5-14
AC TRIGGER COUPLING 5-23
AC VIAC A [DMM} 5-29
AC VOLTS CHARACTERISTICS (DMM} 6-20
ACCESSORIES 7-1,7-3.74.7-5
ACCURACY 2-4, 2.6, 2-13, 2-17, 218, 2.20,
3.1, 3-3, 3.9, 3-11, 3-12, 3-14, 3-15,
4-1, 4-4, 5.11.5-17, B-11
ADAPTORS 7-3
ADD 2-5, 3-5, 3-6, 5-5
ADJUSTMENTS 4-1
AMPLITUDE CHECK 4-6
ASTIGMATISM 4.2
CHANNEL 2 DELAY 4-5
DC BALANCE 4.3
{NITIAL SETUP 4.1
PROBE COMPENSA HON 4-4
TIMING CHECK 4-7
TRACE ROTATION 4-2

index-1



24658/24558/24458 Operalors

ALGEBRAIC ADDITION 3-5
ALT 2-5
ALT TV COUPLING 5-23
ALTITUDE 6-40
AMBIENT 4-3
AMBIGUOUS EVENT COUNTS 2.31
AMPLITUDE 213
AMPLITUDE CHECK 4-6
AMPLITUDE MODULATION 3-3
AMPLITUDE MODULATION INDEX 3-3
AMPS CHARACTERISTICS (DMM) 6-24
APPLICATIONS 3-1
ABSOLUTE VOLTAGE 3-1
ALGEBRAIC ADDITION 3-5
AMPLITURE MODULATION INDEX 3.3
AVERAGE VOLTS 3-1, 4-3
AVOIDING FALSE DISPLAYS 3-5
CANCEL INTERFERENCE 3-5, 3-8, 5-22
0C VOLTAGE 3.3, 4-3
DETECT A RARE EVENT 2-7
DETECT COINCIDENCE 3-5
DEVIATION 3-4
DUTY FACTOR 3-13
FALL TIME 3-9
FREQUENCY 3-8
FREQUENCY MODULATION INDEX 3-4
HOLD TIME 3-12
MILLIVOLT SIGNALS 3-17
MULTI-MODE SIGNALS 3-5
NOISE IMMUNITY 3-2
OBSERVING COINCIDENCE 3.6
QOFF-GROUND SIGNALS 3-8
PEAK-TO-PEAK VOLTAGE 3-1. 4-3
PEAK VOLTS 3-1,4-3
PERIOD 3-8
PHASE DIFFERENCE 3-15
PROPAGATION DELAY 3.1
RISE TIME 3.8
SETUP TIME 3-12
SLEW RATE 3-13
TIME RATIO 3-13
VIDEQ SIGNALS (IRE UNITS) 3.5
VOLTS/SECOND 3-13
ASSIGNING A MEASUREMENT TO AUTO SETUPR 2-3
ASTIG 5.2
ASTIGMATISM ADJUSTMENT 4.2
ATTENUATION 2-4, 2.12
AUTO 2.6, 2-25, 2-26. 5-29
AUTO LVL
TRIGGER MODE 2.2, 2.8, 5.20
TRIGGERING SIGNAL PERIOD 6-9
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AUTO MODE 2-6
AUTO SETUP 2.2
ASSIGNING A MEASUREMENT TO 2-3
AUTO TRIGGER MODE 2-6, 5-21
AUTO TRIGGERING SIGNAL PERIOD 6-9
AUTORANGING 5-29
AVERAGE VOLTS 2-15, 3-1, 4-3
AVOIDING FALSE DISPLAYS 3-5

B GATE OUT 5-27, 8-13

B SEC/DIV 5-12

B SWEEP RANGE 8-10

B SWP 5.12

B-SWEEP ACCURACY 6-11
B-TRIGGER OPERATION 2-18
BACK PORCH CLAMP 5.9, 6-27
BACK-PORCH REFERENCE §-27
BANDWIDTH 2-16, 6-3, 6-4, 65
BANDWIDTH LIMITER 2-5, 6-6
BEAM FIND 5-1

BEGIN SEQUENCE B-1, B-3
BENCH HANDLING 6-41
BRIGHTNESS 2-10, 5-1

BW LIMIT 2-5 66

CALIBRATOR 5-1C

ACCURACY B-13

CUTPUT 8-13

REPETITION PERIOD 6-13
CANCEL INTERFERENCE 3-5, 3-6, 5-22
CAPACITANCE, INPUT 2-16, 6-6
CARRYING STRAP 75
CART, SCOPE-MOBILE 7-5
CASCADED DEFLECTION FACTOR 8-4
CCIR GRATICULE 7-4
CH 1 OR X INPUT CONNECTOR 5-10
CH 1 TRIGGER SCURCE 5-22
CH 2 DELAY 4-5, 5-13
CH 2 INPUT CONNECTOR 5-10
CH 2 SIGNAL CUT 5-27, 6-13
CH 2 TRIGGER SOURCE 5-22
CH 3 INPUT CONNECTOR 5-10
CH 3 TRIGGER SOURCE 5-22
CH 4 INPUT CONNECTOR 5-10
CH 4 TRIGGER SOURCE 5.22
CHAMNGING THE A TRIGGER WHILE B TRIGGER IS ACTIVE 2-18
CHANNEL 2 DELAY ADJUSTMENT 4.5
CHANNEL ISCLATION 8.3, 8.6
CHANNEL SELECTION 2.5
CHECKS (SEE ADJUSTMENTS}
CHOP 2.5
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CHOPPED MODE SWITCHING RATE 6.7
CLOCK 2-34
CMRR 6-4
COAXIAL CABLES 2-17
COMMON-MODE REJECTION 3-6
COMPOSITE A-TRIGGER SOURCE (VERT) 2.7
CONFIDENCE TESTS C-t
CONNECTIONS {SIGNAL) 2-16
CONT 5-30
CONTINUITY CHARACTERISTICS {DMM) 6-25
COOLING 1-4, 6-38
COUNTER/TIMER/TRIGGER 2-18, 2.22, 223, 2.25. 2.27,2-28, 2-32
ACCURACY
DELAY-TIME D-2
DELTA-DELAY-TIME D-1
DELTA-TIME D1
FREQUENCY 6-29
PERICD 6-30
AUN AFTER DELAY 6-31, 6-32
TRIGGERABLE AFTER DELAY 6-31, 6-32
AUTO RESCLUTION 2-26
AVERAGE 2-25, 2.26
AVERAGING 2-22
COUNT 2-27, 2.28, 2-31, 2-34
COUNTER FUNCTIONS
FREQUENCY 2-27, 2.28
PERIOD 2.27
TOTALIZE 2.27
DELAY BY EVENTS 2-28, 2.30
DISPLAY UPDATE RATE
DELAY TIME 6-31
DELTA-DELAY-TIME 6-32
FREQUENCY 6-29
PERIOD 6-30
TOTALIZE 6-30
EXTERNAL REFERENCE 2-28
MAXIMUM COUNT, TOTALIZE 6-30
MAXIMUM INPUT FREQUENCY FOR COUNT 6-28
MAXIMUM INPUT FREQUENCY FOR DELAY BY EVENTS 6-28
MINIMUM WIDTH OF HIGH OR LOW INPUT FOR COUNT 6.28
MINIMUM WIDTH QF HIGH OR LOW INPUT FOR DELAY BY EVENTS 6-28
RANGES
FREQUENCY 6-28
PERIOD 8-2%
RESOLUTION
SELECTIONS 2-28
FREQUENCY 6-29
PERIOD 8-30
TIME BASE ERRCOR, FREQUENCY 6-29
TIME INTERVAL RESOLUTION 2-25
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COUPLING (TRIGGER) 2-7, 5-22

CRT 5.2

CURSOR 2-10, 5-15, 5-16, 5-17, 5-18, 5-19
CURSOR POSITION RANGE 6-12

DATA HOLD TIME, SYNCHRONOUS (WR) 6-35
DATA SETUP TIME, SYNCHRONOUS (WR) 6-35
dBV 530
dBm 5-30
DC BALANCE ADJUSTMENT 4.3
OC COUPLING 2-4, 2.6 , 5.9, 5-10, 5-22, 5.23
DC TRIGGER COUPLING 2.6, 5-22, 5.23
DC V/DC A {(DMM) 529
DC VOLTAGE 3-3, 4-3
DC YOLTS CHARACTERISTICS (DMM) 6-19
DEFLECTION FACTOR ACCURACY 5-2, 6.5
DEFLECTION FACTOR RANGE 6-2, 6-5
DEGREES OF PHASE 5-16
DELAY ADJUSTMENT (CHANNEL 2) 4-5
DELAY BY EVENTS (CTT) 2-28. 2-30
DELAY CONTROLS 5-15
DELAY FROM INPUT COINCIDENCE TO WORD OUT, ASYNCHRONOUS (WR) 5-35
DELAY FROM SELECTED EDGE TO WORD QUT, SYNCHRONOUS [WR) 6-35
DELAY JITTER 6-11
DELAY-TIME ACCURACY (C/T/T) D-2
DELAYED SWEEP 2-17
DELETE SEQUENCE B-1, B-2
DELTA CONTROLS 5-15
DELTA-DELAY-TIME 2-19
DELTA-DELAY-TIME ACCURACY (C/T/1) D-1
DELTA-TIME ACCURAGY (C/T/T) D-1
DEPTH 6.38
DETACHABLE POWER CORD 5-27
DETECT A RARE EVENT 2.7
DETECT GOINCIDENCE 3-5
DEVIATION 3-4
DIAGNOSTIC EXERCISERS A-1
DIMENSIONAL DRAWING 6-39
DIRECT RECALL 2-37
DIRECT SAVE 2-36
DISPLAY OPERATION 2-15
DISPLAY STABILITY 2.8
DISPLAY UPDATE RATE (CTT}
DELAY TIME 6-31
DELTA-DELAY-TIME 6-32
FREQUENCY 6-29
PERIOD 6-30
TOTALIZE 6-30
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DISPLAY.-MODE INTERACTIONS 5-33
DISPLAYED CHANNEL 2 SIGNAL DELAY 6-2
DISTORTION 2-4, 2-20
MM 2.35, 5-29
*C 5-30
*F 5-30
AC V/AC A 5-29
AUTO 5-29
AUTORANGING 5-29
CHARACTERISTICS
AC VOLTS 6-20
AMPS 6-24
CONTINUITY 6-25
DC VOLTS B-19
HI OHMS 6-21
LO OHMS 6-23
TEMPERATURE §-25
CONT 5-30
dBm 5-30
dBY 5.30
DC VIDC A 5-29
FUSE 5-32
HI 2 5-30
HIGH CONNECTOR 5-32
HLD 5-31
HOLD 5-31
LO N 5-30
LOW CONNECTOR 5-32
MAXIMUM VOLTAGE BETWEEN INPUTS 6-25
MIN/MAX DISPLAY 531
MINMAX RESET 5-31
MNL 5-28
OPEN 5-30
OVER 5-29, 5-30
RANGE 5-29
REF DISPLAY 532
REF SET 5-32
SHIFT 5-31
SHORT 5-30
SMOOTH 5-31
UP AND DOWN 5-29
WARMUP TIME 8-25
DMM DISPLAYS 5-33
DUTY CYCLE (PARAMETRIC MEASUREMENTS) B-16
DUTY FACTCR 2-14, 3.13
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ELECTROSTATIC DISCHARGE SUSCEPTIBILITY 6-41
EMI 6-41

END SEQUENCE B-1

ENVIRONMENTAL CHARACTERISTICS 8-40
ERRORS 2-18. 34, 4-1,. 4-3, 46

EXER A-1. A2, A-3, A4, A5, B-1

EXT 2-AXIS IN CONNECTOR 5.27
EXTENDED FUNCTIONS A-1

EXTENDED RECALL 2-38

EXTENDED SAVE 2-37

EXTERNAL REFERENCE (CTT) 2-28

FALL TIME 3-8

FALL TIME ACCURACY (PARAMETRIC MEASUREMENTS) 6-16
FINISH 6-38

FLD LINE # 5-15, 5-18

FLD1 29, 5-23

FLD2 2.8, 5.23

FLICKER 2.5, 2-20

FOCUS 51

FREQUENCY 2-14, 2-19, 2.27, 2.28, 3-4, 3-8, 5-16, 6-15
FREQUENCY MODULATION INDEX 3-4

FREQUENCY RESPONSE 6-2. 6-5

FUSE 1-1.1-2. 1.3, 5-27, 5-32, 7.2, 7-3, 6-14

GETTING A DISPLAY 2.2
GND COUPLING 2-4. 2-11, 5.8
GPIB
ADDRESS A-1, A-3
CONNECTOR 5-28
INPUTS 6-37
LOCK 5-3
MESSAGE TERMINATOR A-1, A-2
OUTPUTS B-37
REM 5-2
SRQ 5-3
STATUS 5-3
VERTICAL POSITION ACCURACY 6-37
GRATICULE 5.2, 6-12
GROUND CONNECTOR 5-11

HEIGHT 6-38

HELP B-1, B-2, B-3

HF REJ) 5-22

HI OMMS CHARACTERISTICS (DMM) 6-21
HI & (DMM) 5-30

HIGH CONNECTOR (DMM) 5-32

HLD {DMM} 5-31

HOLD {DMM) 5-30, 531

HOLD TIME 3-12

Index-7



24658/24558/24458 Operators

HOLDOFF 2.6, 2.8, 5-25
HOLDOFF INDICATOR 2-12
HORIZONTAL 2-6
HORIZONTAL CONTROLS 5-12

A5-18

5 REF OR DLY POS 5-17

At 5-16

AV 515

143t 5-16

A SEC/DIV 5-12

8 SEC/DIV 5-12

DELAY 5-15

DELTA 5-15

INDEP 5-19

MODE 512

POSITION 5-14

TRACE SEP 5-14

TRACK 5-19

VAR 5-14

X10 MAG 5-14
HORIZONTAL POSITION RANGE 6.11
HUMIDITY 6-40)

INDEPENDENT DELTA #MODE 2-14

INIT @50% 2-2, 2-8, 5-25

INPUT CAPACITANCE 2-16, 6-6

INPUT CONNECTORS 5-10

INPUT COUPLING
1 MQ DC COUPLING 2-4, 5-9
50 ¢ OC COUPLING 2-4, 5.9
AC COUPLING 2-4, 211, 5-9
DC COUPLING 2-4, 59, 5-10
GND COUPLING 2-4, 2-11, 59
TV CLAMP INPUT COUPLING 2-4, 5.9

INPUT HIGH CURRENT (WR) 6-36

INPUT LOW CURRENT {WR) 6-36

INPUT R AND C 6-4

INPUT RESISTANCE 6-6

INPUT SENSITWITY (CTT) 6-28

INPUT SIGNAL AMPLITUDE FOR STABLE TRIGGER (TV) 6-27

INSERT SEQUENCE B-1, B-2

INTENSITY 2-10, 2-15, 5.1

INTERFERENCE 35, 3-8, 5-22

INVERT 2-5, 5-5

IRE UNITS 3-5

JITTER 2-18, 5-11, 8-8
JITTER ERRCR 6-17

KERNEL TEST C-1
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LEVEL {TRIGGER} 2.8, 5-24
LEVEL CONTROL RANGE 6-8
LEVEL READCQUT ACCURACY 6-9
LF REJ 5-23
LIMIT 4-3
LINE SELECTION RANGE (TV) 6-27
LINE TRIGGER SOURCE 5-22
LINE VOLTAGE 1-1
LINE VOLTAGE SELECTION 1-1
LINE VOLTAGE SELECTOR 5-27
LO OHMS CHARACTERISTICS (Diviki) 6-23
LO @ 5-30
LOCAL LOCKQUT 5-3
LOCK 5-3
LOGIC TRIGGERING 2-32
AND TRIGGER 2-32
OR TRIGGER 2-32
MINIMUM FUNCTION FALSE TIME 6-30
MINIMUM FUNCTION TRUE TIME 6-30
LOW CONNECTOR 5-32
LOW FREQUENCY LIMITS 2-35
LOW FREQUENCY LINEARITY 8-6

MAGNIFY WAVEFORM DETAILS 2-17
MAXIMUM COINCIDENCE BETWEEN {NPUTS, ASYNCHRONOUS (WR) 6-35
MAXIMUM COUNT, TOTALIZE (CTT) 6-30
MAXIMUM INPUT FREQUENCY FOR COUNT {CTT) 6-28
MAXIMUM INPUT FREQUENCY FOR DELAY BY EVENTS (CTT) 6-28
MAXIMUM INPUT LOW VOLTAGE (WR} 6-36
MAXIMUM INPUT VOLTAGE (WR) 6-36
MAXIMUM INPUT VOLTAGE 6-4, 6-6, §-13
MAXIMUM PERIOD (PARAMETRIC MEASUREMENTS) 6-15
MAXIMUM POWER CONSUMPTION 6-14
MAXIMUM SINE WAVE FREQUENCY (PARAMETRIC MEASUREMENTS) 6-15
MAXIMUM TRIGGER FREQUENCY, ASYNCHRONOUS (WR) 6-35
MAXIMUM VOLTAGE BETWEEN INPUTS (DMM) 6-25
MEASURE BUTTON 5.5
MEASURE

ABSOLUTE VOLTAGE 341

AMPLITUDE MODULATION INDEX 3-3

AVERAGE VOLTS 31, 4-3

DC VOLTAGE 3-3, 4-3

DUTY FACTOR 2-14, 3-13

FALL TIME 3.9

FREQUENCY 2-14, 2-19, 34, 3-8

FREQUENCY MODULATION INDEX 3-4

HOLD TiME 3-12

LOW FREQUENCY LIMITS 2-35

MILLIVOLT SIGNALS 3-17

OFF-GROUND SIGNALS 3-6

PERICD 3-8
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MEASURE (cont)

PEAK-TO-PEAK VOLTAGE 3-1, 4-3

PEAK VOLTS 3-1, 4-3

PHASE 2-14

PHASE DIFFERENCE 3.15

PROPAGATION CELAY 3-11

AISE TIME 3-8

SEE ALSC COUNTER FUNCTIONS

SETUP TIME 3-12

SLEW RATE 3-13 }

TIME 213, 2-19, 2.20, 2-21, 2.22. 293 2.94, 48

TIME RATIO 2-14

VIDEC SIGNALS {RF UNITS) 3-5

VOLTAGE 2-13, 215, 4-3, 5.15, 5.9

VOLTAGE RATIO 2-14

VOLTS/SECOND 3.13
MEASUREMENT UPDATING 2-25
MECHANICAL CHARACTERISTICS 6-38
MESSAGE TERMINATOR (GPIB) A-1, A-3
MILLIVOLT SKGNALS 3-17
MIN/MAX DISPLAY 5.2
MIN/MAX RESET 5-31
MINIMUM AMPLITUDE FOR STABLE TRIGGER 6.7, 6.8
MINIMUM CLOCK PERIOD, SYNCHRONGUS (WR) 6-35
MINIMUM CLOCK PULSE WIDTH, SYNCHRONQUS (WR) 6-35
MINIMUM COINCIDENCE BETWEEN INPUTS, ASYNCHRONGUS (WR) 6-35
MINIMUM FUNCTION FALSE TIME, LCGIC TRIGGER (CTT) 6-30
MINIMUM FUNCTION TRUE TIME, LOGIC TRIGGER (CTT) 6-30
MINIMUM INPUT HIGH VOLTAGE (WR) 6-36
MINIMUM INPUT VOLTAGE [WR) 8-38
MINIMUM MEASURABLE DELAY TIME (CTT) 6-31
MINIMUM PERIOD {PARAMETRIC MEASUREMENTS) 6.15
MINIMUM PULSE WIDTH (PARAMETRIC MEASUREMENTS) 6-16
MINIMUM REPETITION RATE (PARAMETRIC MEASUREMENTS) 6-16
MINIMUM SIGNAL AMPLITUDE (PARAMETRIC MEASUREMENTS) 6-15
MINIMUM TIME (PARAMETRIC MEASUREMENTS) 6-16
MINIMUM WIDTH AT PEAK AMPLITUDE (PARAMETRIC MEASUREMENTS) 6-15
MINIMUM WIDTH OF HIGH OR LOW INPUT FOR COUNT {CTT) 6-28
MINIMUM WIDTH OF HIGH OR LOW INPUT FOR DELAY BY EVENTS (CTT) 6-28
MNL (DMM} 5-29
MODE (TRIGGER) 2.6, 5-19
MODE (VERTICAL) 5-5

20 MHz BW LIMIT 5-6

ADD 5.5

ALT 56

CH15.5

CH 2 5.5

CH355

CH455

CHOP 5.6

INVERT 5-5
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MODE (HORIZONTAL) 5-12, 5-13, 5-14
MULTI-MODE SIGNALS 3.5

NOISE 2-18, 3-17

NOISE IMMUNITY 3-2

NOISE REJ 5.22

NORMAL TRIGGER MODE 2.7, 5-21
NTSC GRATICULE 7.4

NUMBER OF EVENTS 2-30

OBSERVING COINCIDENCE 3-6
OFF-GROUND SIGNALS 3-6
OFFSET ERROR 6-18

OPEN (DMM) 5-30
OPERATING-TIME LOG A-1, A2
OPERATION 2-1

OPTIONS 7-1. 7-2, 7-5

OVER (DMM) 5-29, 5.30
OVERLOAD 5.9

PARAMETRIC MEASUREMENTS 2-1, 2.3, 2-21, 2.27, 2.35, 3-1, 3-5, 3-8, 3.9,
3-11. 3-12, 3-13, 4-3, 4-5, 4-6, 6-15, 6-16. 6-17. 6-18, 6-19
PEAK VOLTS 2-15, 31, 4.3
PEAK-TO-PEAK DEVIATION 3.4
PEAK-TO-PEAK VOLTAGE 3-1, 4-3
PERFORMANCE CHARACTERISTICS 6-1
PERFORMANCE CONDITIONS 6-1
PERIOD 2-27, 3-8
PERICD ACCURACY (PARAMETRIC MEASUREMENTS) 6-15
PHASE 2.14
PHASE DIFFERENCE 3-15
PHASE DIFFERENCE BETWEEN X AND ¥ 8-12
POSITICN CONTROLS
A REF OR DLY POS CONTROL 5-17
4 CONTROL 5-18
HORIZONTAL 5-14
TRACE SEP 5-14
VERTICAL 5-5, 5-10
POWER 5-2
POWER CORD 1-3, 7-2
POWER UP TESTS C-1
PRIMARY GROUNDING 6.14
PROBE COMPENSATION 2-16, 4-4
PROBE EFFECTS 2-12
FROBE GROUNDS 2-16
PROBE HANDLING 2-17
PROBE PGWER CONNECTOR 5-28, 7-1
PROBES 7.3, 7-4,7-5
PROPAGATION DELAY 3-11
PULSE WIDTH 3-13, 3-14
PULSE WIDTH ACCURACY (PARAMETRIC MEASUREMENTS) 8-16
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RACKMOUNT 7-1, 7-5
RADIX 2-34
RANGE (DMM)} 5-2G
RANGES, FREQUENCY (CTT} 6-28
RANGES, PERIOD {CTT) 8-29
RATIO ({delta]V, (deftalt) 5-15, 5-16
READOUT 210
AV 517
AT 517
17AT 517
DISPLAY LOCATIONS 2-11
bLY 5-17
FLD LINE # 5-18
INTENSITY 2-10, 51
SCALE FAC10RS 2-11
TRIGGER 2-10
READY 5.25
REAR PANEL 5-27
A GATE OUT 5-27
B GATE OUT 527
CH 2 SIGNAL QUT 5-27
DETACHABLE POWER CORD 5-27
EXT Z-AXIS (N CONNECTOR 5-27
FUSE HOLDER 5-27
GPIB CONNECTOR 5-28
LINE VOLTAGE SELECTOR 5-27
MOD SLOTS 5-27
PROBE POWER CONNECTOR 5-28
STER/AUTO EXT SWITCH CONNECTOR 5-27
WORD RECOG OUT 5-28
WORD RECOGNIZER PROBE CONNECTOR 5.28
RECALL 2-36
DIRECT RECALL 2-37
EXTENDED RECALL 2-38
SEQUENCE RECALL 2.38, 8-3
HELP 2-36, 54
REF DISPLAY 5-32
REF SET 5-32
REM 5-3
REPACKAGING 1-5
REPLACE SEQUENCE B-1, B-2
RESOLUTION (CTT)
SELECTIONS 2-26
FREQUENCY 6-29
PERIOD §-30
RISE TIME 3-9
RISE TIME ACCURACY {PARAMETRIC MEASUREMENTS) 6-16
RUN AFT DLY TRIGGER MODE 2-18, 2-22, 2-23, 5-21

Index-12



2465B/2455B/24458 Operators

SAFETY viii, ix, 1-1
SAVE 2-36
DIRECT SAVE 2-36
EXTENDED SAVE 2-37
HELF 2-36, 5-4
OPERATION 5-18
SEQUENCE SAVE 2-37, B-1, B-2
SCALE FACTORS 2-11
SCALE ILLUM 52
SEC/DIV VAR TIMING ACCURACY B-11
SEQUENCE
BEGIN B-1, B-3

NOCILCTC 5 4 oN
UoLL o O, O-a

END BE-1
HELP B-1, B-2, B-3
INSERT B-1, B-2
OPERATION B-1
PROGRAMMING B-1
RECALL 2-38, 8-3
REPLACE B-1, B-2
SAVE 2-37.B-1, B-2
STEP B.1,B-2. B3
STEP/AUTO EXT SWITCH 2.2, 2-37
STEP/AUTO EXT SWITCH CONNECTOR 5-27
SETTING THE B TRIGGER 2-1§
SETUP TIME 3-12
SETUP/AUTO 5-4
SGL SEQ 2-7
SGL SEQ TRIGGER MODE 2-7, 5-21
SHIFT 5-31
SHOCK 6-41
SHORT 5-30
SIGNAL DELAY 6-6
SLAVED DELTA TIME 5.6, 5-25
SLEW RATE 3-13
SLOPE (TRIGGER) 2-8, 2.23, 2.31, 2.32, 5.5, 5-24, 5.25, 6.10
SMOQOTH 5-31
SOURCE (TRIGGER} 2-7, 5-22
CH t 522
CH 2 5-22
CH 3 5-22
CH 4 5.22
LINE 5-22
VERT 5-22
SQURCE 5.5, 5-20, 5-24, 5-25
SRG 52
START-UP 14
STEP INDICATOR 2-38
STEP RESPONSE RISE TIME 6-3, 6-6
STEP SEQUENCE B-1, B.2, B-3
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24658/24558/24458 Operators

STEP/AUTO EXT SWITCH 2-2, 2-38
STEP/AUTO EXT SWITCH CONNECTOR 5-27
SWEEP 2.5, 5-12

SWEEP DELAY RANGE 6-11

SWEEP TRIGGERING 2-33

SWP 26

SYNC 2.4, 2.8, 2-10

SYNC SEPARATION (TV) 6-27

TELEVISION 2-4, 2.9
TEMPERATURE 6-40
TEMPERATURE CHARACTERISTICS (DMM) 6-25
TESTS
CONFIDENCE C-1
KERMEL C-1
POWER UP C-1
THRESHOLD LIMITS 3.2
TIME MEASUREMENT 2.13, 219, 2-20, 2-21, 2.22, 2.23, 2-24. 4-5
TIME BASE ERROR, FREQUENCY (CTT) 6-29
TIME INTERVAL ACCURACY (PARAMETRIC MEASUREMENTS) 6-16
TIME INTERVAL RESOLUTION (CTT) 2-25
TIME RATIO 2-14, 3.13
TIMING ACCURACY 6-10, 6-11
TIMING CHECK 4-7
TOTALIZE COUNTING (CTT) 2-27
TRACE 2.5
TRACE ROTATION 4-2, 5.1, 6-12
TRACE SEP 5-14
TRACK/INDEP 2-14, §.19
TRACKING DELTA MODE 2-14
TRANSFER SETUPS A-1, A4
TRIG'D {FLASHING}) 1.4
TRIG AFT DLY TRIGGER MODE 2-18, 2-22, 2.23, 5.21
TRIG DELTA DELAY 2-23
TRIG 4 OLY TAIGGER MODE 5.21
TRIGGER CONTROLS 2-6, 5-19
A/BTRIG 5-24
COUPLING 2.7, 522
HOLDOFF 2-8, 5-25
INIT @50% 5-25
LEVEL 2.8, 5-24
MODE 5-19
SLOPE 2-8, 5-25
SOURCE 2.7, 5-22
TV 2.9, 5-23
TRIGGER COUPLING 2-7, 5-22
AL 2-7,5-23
ALT 5.23
DC COUPLING 2-6, 5.22
FLD1 2.8, 5.23
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2455B8/24558/24458 Operators

TRIGGER COUPLING (cont)
FLDZ 2.5, 5-23
HF REJ 5.22
LF REJ 5-23
NOISE REJ 5-22, 5-8
TV COUPLING 2.9, 2.1¢
TV LINES 2.9, 5-23
TRIGGER HOLDGFF 2-8, 6-10
TRIGGER LEVEL 2-8
TRIGGER MODES
AUTO 2-6, 5-21
AUTQ LVL 2-6, 5-20
NORMAL, 2-7, 5-21
RUN AFT DLY 5.2
SGL SEQ 2.7, 5-21
TRIG 3 DLY 5-21
TRIG AFT DLY 5-21
TRIGGER QVERLOAD 2-10
TRIGGER READOUT 2-10
TRIGGER SLOPE 2-8
TRIGGER SOURCE 2.6, 2.7, 5-22
COMPOSITE A-TRIGGER 2-7
LINE 5-22
VERT 2.7, 5-22
TV (VIDEQ)
LINE NUMBERING A-1, A-S
LINE BATE TRIGGER 2-%
LINES 2.9, 5.18, 5-23
MEASURING {IRE UNITS) 3-5
SIGNALS 2.4
SYNC POLARITY A-1, A5
SYSTEM-M A-1, A4
TRIGGER OVERLOAD 2-10
TRIGGERING 2-9
TV CLAMP INPUT COUPLING 2-4, 5.9
TV COUPLING 2.8, 2-10
VERTICAL FREQUENCY RESPONSE 6-26
VERTICAL SQUARE WAVE FLATNESS 6-26

UP AND DOWN 5-29

ViDIV VARIABLE 6-2

VAR 2-4, 2-6, 2-11

VAR
HORIZONTAL 5-14
VERTICAL 5-8

VERT TRIGGER SOURCE 2.7, 5-22
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24658/ 24558/24458 Operstors

VERTICAL CONTROLS 2-1

INPUT COUPLING 5-9
MOCDE 5-5

POSITION 5-5, 5-10
VAR 5.8

VOLTS/OWV 5-8, 5-10

VERTICAL SIGNAL DELAY 6-7
VIBRATION 6-40, 6-41

VIDEO (SEE TV)

VIEWING HOODS 7-4, 7-5

VOLTAGE MEASUREMENTS 1-12, 2.15, 4.3

VOLTAGE RATIO 2.14

VOLTS ACCURACY (PARAMETRIC MEASUREMENTS) 6-15
VOLTS/DIV 5.8, 5-10

VOLTS/SECOND 3-13

WARMUP TIME {DMM) 6-25

WAVEFORM FIDELITY 2-16

WEIGHT 6.38

WIDTH 8-38

WORD RECOGNIZER {(WR) 2-32, 2.34, 5-17, 5-18

X-AXIS

MAXIMUM INPUT LOW VOLTAGE 6-36

MAXIMUM INPUT VOLTAGE 6-36

MAXIMUM TRIGGER FREQUENCY, ASYNCHRONOQUS 6-35
MINIMUM CLOCK PERICD, SYNCHRONOUS §-35
MINIMUM CLOCK PULSE WIDTH, SYNCHRONOUS 6-35
MINIMUM COINCIDENCE BETWEEN INPUTS, ASYNCHRONQUS 6-35
MINIMUM INPUT HIGH VOLTAGE 6-36

MINIMUM INFUT VOLTAGE 6-36

RADIX 2-34

WORD OUT 2.35

WORD RECOG CUT 5-28

WORD RECOG OUT HIGH 8-36

WORD RECOG OUT LOW 6-36

WORD RECOGNIZER PROBE CONNECTOR 5-28

WR START 2-30

BANDWIDTH 6-12

DEFLECTION FACTOR RANGE 6-12
INPUT CHARACGTERISTICS 6-12
LOW-FREQUENCY LINEARITY 6-12
VARIABLE 6-12

X-RAY RADIATION 6-41

X-Y DEFLECTION FACTOR ACCURACY 6.12
%10 MAG REGISTRATION 6-11

X110 MAGNIFIER 2.6, 5-14

Z-AX]S INPUT RESISTANCE 6-13
Z-AXIS SENSITIVITY 6-13
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