T E OPERATORS ' 070-6014.00
MANUAL Product Group 38

2465A/2455A /2445A
OSCILLOSCOPES
and OPTION:S;.“

Please Check for
CHANGE INFORMATION
at the Rear of This Manual

First Printing JUN 1986
Revised NOV 1986

Tektronix:

COMMITTED TO EXCELL ENCE



Copyright © 1986 Tektronix, Inc. All rights reserved.
Contents of this publication may not be reproduced in any
form without the written permission of Tektronix, Inc.

Products of Tektronix, Inc. and its subsidiaries are covered
by U.S. and foreign patents and/or pending patents.

TEKTRONIX, TEK, SCOPE-MOBILE, and . are
registered trademarks of Tektronix, nc. TELEQUIPMENT
is a registered trademark of Tektronix U.K. Limited.

Printed in U.S.A. Specification and price change privileges
are reserved.

INSTRUMENT SERIAL NUMBERS

Each instrument has a serial number on a pane! insert, tag,
or stamped on the chassis. The first number or letter
designates the country of manufacture. The last five digits
of the serial number are assigned sequentially and are
urigue 10 each instrument. Those manufactured in the
United- States have six unigue digits. The country of
manufacture is identified as foliows:

BO0O0000  Tektronix, Inc., Beaverton, Oregon, USA
100000 Tektronix Guernsey, Ltd., Channel Islands
200000 Tektronix United Kingdom, Ltd., London
300000 Sony/Tektronix, Japan

700000 Tektronix Holland, NV, Heerenveen,
' The Netherlands



et
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Operators Safety Summary

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

Terms

In This Manual

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

' WARNING statements identify conditions or practices that could result in
personal injury or foss of life.

" As Marked on Equipment

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

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

Symbols
In This Manual

This symboi indicates where appiicable cautionary or other
information is 10 be found. For maximum input voitage sea Table 8.1,

As Marked on Equipment

& DANGER—High voktage.

@ Protective ground (earth} terminat,

A ATTENTION-Refer 1o manuat,

vi ' 248BA/2455A/2445A Qperators



Operators Safety Summary

Power Source
This product is intended to operate from & power source that does not apply more
than 250 volts rms between the supply conductors or between either supply

conductor and ground. A protective ground connection by way of the grounding
conductor in the power cord is essentiai for safe operation,

 Grounding the Product

This product is grounded through the grounding conducter of the power cord. To
avoid electrical shock, plug the power cord into a properly wired receptacie before
connecting to the product input or output terminals. A protectivé 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, alt sccessible conductive parts

{including knobs and controls that may appear to be Insulating) can render an
steciric shock. ‘

Use the Proper Power Cord

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

Use the Proper Fuse

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

Do Not Operate in Explosive Atmospheres

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

Do Not Remove Covers or Panels

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

2465A/2455A/2448A Operators vii
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The 2465A, 2455A, and 2445A

The TEKTRONIX 2488A, 2455A, and 2445A portable oscilloscopes have four
vertical channeis with DC to 350 MHz, 250 MHz, and 150 Mz bandwidths.
Defiection factors run from 2 mV tc 5 V per division, in a 1-2-8 sequenca, with either
1 MQ or 50 & input resistance, in channels 1 and 2, Either AC or DC input coupling is
availabie at 1 M. Channels 3 and 4 give 0.1 V or 0.5 V per divisicn, with 1 MQ input
resistance, and DC coupling. With the standard 10X probes, channels 1 and 2 dispiay
20 mV to 50 V/division and channels 3 and 4.display 1 V or § V/division.

The trigger systems work automatically for most signals. They cperate in varicus
modes, from any channel, with touplings for a wide range of signals. Tha 2448A
triggers from DC to 250 MMz, The 2455A and 2465A trigger from DC to 500 MHz,

Sweep speeds range from 1.5 s to 1 ns per division on the 2445A and 2458A and
to 500 ps per divislon on the 24884, inciuding the effects of the X10 magnifier and the
calibrated variable between 1.2.5 steps, Horizontal displays inciude A-Sweep, B~
Sweep {delayed), A alternated with B, and CH 1 ({for X/Y displays).

The SETUP features, AUTOQ, SAVE, and RECALL, save time and prevent errors,
whether you are a novice operator or a master. AUTO Sstup works with aimost any
signal, For repeating measurarnants, the Save and Recall functions record and restore
as many as 30 instrument setups, including the extended-function options. Setups can
be recatled either immadiately or segquentially.

Digital readouts of time, voltage, scale factors, trigger levels, and auxitary
information also save time and reduce errors.

With the available Counter/Timer/Trigger (CTT), Option 08 or Option 08,
measurements require even less effort and give better aceuracy. The CTT increases
trigger selectivity, especially in digital systems. Option 09 includes the €77 and a
17-bit Word Racognizer (WR), The avaifable Television/Videc (TV) enhancement,
Option 05, can trigger at any desired point in & frame and it can reduce the effects of
ac coupling and hum in a video signal, The avaitable Dightal Multimeter ([DMAM)
measures de voltage, dc current, ac rms voltage, ac rms current, resistance, and
temperature with fioating inputs.

Instruments with CTT include MENU In the Trigger Mode selection, The WH adds a
Word Recognizer Probe connector on the rear panel. The TV énhancement adds
LINES, FLD1, and FL.D2 Trigger Coupling.

Tha available GPIB interface accesses all controls and digital readings. The
interface adds GPIB status indicators, just above the CRT. See the 27Y7 412487 GPIS

{Option 10) instrument Interfacing Guide for information on integrating the instrument
into a GP!B system, :

The 2465A CT includes CTT and WA (Option 08} and GPIB (Option 10). The

- 2485A DM adds DMM {Option 01} and-also includes CTT and WR (Option 08) and

GPB (Option 10). The 2465A DV adds TV {Cption 05} to the features of the 24654
DM.

Hlustrations at the back of the manual show the instrument front and rear panéls,

2465A/2455A/2445A Qperators - . X
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General Information

Preparation for Use

Safety

Before connecting the oscilloscope o & power source, read entirely both this
section and the Safety Summary at the front of this manuai, Be sure you have the
training required 1o sgfely cornect the instrument inputs o the signals you will be
measuring. Refer to the Safety Summary for power source, grounding, and other
safety considerations pertaining to the use of the instrument.

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

Line Voltage Selection

The oscilloscope operates from either a 1158-V or a 230-V nominal ac power-iine
with any frequancy from 48 Hz to 440 Hz. Before connecting the power cord to g
powar sourca, verify that the LINE VOLTAGE SELECTOR swilch, jocated on the
rear panel {see Figure 1-1), is set correctly (see Table 1-1) and that the line fuse is
correct. To convert the instrument for operation on the other line-voltage range,
move the LINE VOLTAGE SELECTOR switch 1o the correct nominat ac source-
voitage setting. The detachable power cord may have to he replaced to match the

Line Fuse

To verify the instrument power-input fuse rating, do the following steps:

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

2. Verify that the fuse is of the type listed on the back of the instrument.
Then install the proper fuse and reinstall the proper fuse-holder cap. The
two types of fuses listed are not directly interchangeable; they require
different types of fuse caps. inciuded in the accessory pouch is a 5x20 mm
tuse holder cap for use with 1.8 A, 250 V, 5x20 mm (IEC 127} fuses.

2465A/2455A/2445A Operators 1-1



General Information

Table 1-1
Power Cord and Voltage Dala

Plug Power Cord/ | Line Voltage Reterence
Configuration | Option Plug Type Selector Standards®
ANSI C73.1
U.s. u.s. NEMA 5.15-P
Sid. 120v 115V IEC 83
Ui 198.6
EURO CEE(M), iI, IV, VI
Al 220V 230V EC 83
EC 127
UK BS 1383
A2 240V 230V IEC 83
IEC 127
Austrafian ‘
A3 240v 230v AS C112-°
=Cc 127
North ANSI C73.20
Ad American 23av NEMA 6-15-P
240y IEC 88
UL 1986
Switzerland SEV
Ab 220V 230V G127

BA 6A, type C fuse is alao installed inside the plug of the Option A2 power cord.

bRefsrence Standards Abbtreviations:

ANSie A National Standards Institute
AS—Standarda Association of Austradie
BS—British Standasds Institution
- CEE-—intarnationel Ct
IEC—intarnational Electrotechnical Commission
" NEMA--Nptionai Electricat Manufacturers Associstion
SEV-—~Schweirervischer Elekirotechnischar Yarein
UL Underwriters Laboratorien ine,

on Rules for tha Approval of Elentricat Equipment

1-2 2485A[2455A/2445A Operators




General Information

LINE FUSE

7
POWER CORD LINE SELECTOR

RECEPTACLE SWITCH

5014.01

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

Power Cord

This instrument has a detachabie, three-wire power cord with a three-contact
piug for connection to both the power source and protective ground. The power
cord is secured to the rear pane! by a cord-set-securing clamp. The protective-
ground contact on the plug connects through the power-cord 1o the axternal metal
parts of the instrument. For electrical-shock protection, insert this piug into a
power-source outiet that has a properly grounded protective-ground contact,

instruments are shipped with the required power cord as ordered by the
cusiomer. Availabie power.cord information is presented in Table 1-1, and part
numbers are listad in “Options and Accessories” (Section 7). Contact your
Tektronix representative or locat Tekironix Field Office for additional power-cord
information.
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General Information

Instrument Cooling

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

Start-up

The osciiioscope automatically performs a set of diagnostic tests sach time the
instrument is turned on. These tests.wamn the user of any avallable indication that
the instrument may not be fully functional, The tests run for several seconds after
power Is applied. If no faults are encounterad, the instrument operates normaily. A
tailure of any of the power-up tests will be indicated by either a flashing TRIG'D
indicator cn the instrument front panel or a bottem-line readout on the CRT in the

form: TEST XX FAIL YY (where XX is the test number and YY is the fatlure code

of the failed test).

If a failure of any power-up test occurs, the instrument may stil be usable 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 particutar

' measurement requiremant, 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 A at the rear of this manual. Consult your service department,
your local Tektronix Service Center, or nearest Tekironix representative i
additional assistance is needed.

24B5A/2455A/2445A Operators



General information

Repackaging For Shipment

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

Hf the original packaging is unfit for use or is not available, repackage the
instrument as follows:

1.

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

i the instrument is to be shipped to a Tekironix 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, somplete Instrurmnent type and serial number, and a description of
the service required,

Wrap ths instrument with polyethyiene sheeting or equivalent to protect the
outside finish and prevent entry of packing materiais into the instrument.

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

Seal the carion with shipping tape or with an industrial stapler,

Mark the address of the Tekironix Service Center and your return address on
{he carton in one or more prominent locations.

2485A/2455A/2445A Cperators i 1.5
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COperation

Fundaméntals

Like any oscilloscope, this instrument draws a graph of voitage as a function of
time. The VERTICAL controls, marked off by a heavy gray line, define the voitage axis
of the display. SEC/DIV, X10 MAG, and horizontal POSITION control 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.

Getting a Display

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

2. Select tha channel using the Vertical MODE buttons. You may select any
combination of verticai channels (if you are using the standard accessory
probes, make sure the CH 1 and CH 2 input are not set at 50 Q).

3. Press AUTO Setup to initialize vertical, horizontal, trigger, and display intensity

for a usable dispiay. (if STEPR is #luminated, first push RECALL to extinguish
i)

4. If the resuiting display isn't exactly 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 0-voll ievel and makes the vertical
display as large as possible, within the graticule. With more than one channel,
the O-voit fevels of CH 1, CH 2, CH 3, and CH 4 dre set at +2, 8, —~2, and —3
divisions from center, respectively, When ADD Is displayed, the O-volt level of
CH 2 is set at —2 divisions.

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

ALTO Setup sets the trigger for Auto Lvi Mode, Vert Scurce, DC Coupling,
and Min Hoidoff, with level at the midpoint between signal peaks.

The STEP/AUTO EXT SWITCH connector on the rear panel produces the
same functions as the STEP/AUTO button, in response to a switch ciosure or
TTi-low signal. )

See “Save and Recall Operation” for the sequence function of Step/Auto.

2485A/2455A/2445A Cperators 2.1



Operation

Vertical

For voitage measurements, set VOLTS/DIV VAR fully clockwise. For bast
accuracy, set VOLTS/DIV for the largest dispiay possibie,

Input Coupling

Use 1 MQ BC input mode for most applications. This mede is compatible
with the standard accessory, high-impedance probes and it displays logic levals
and de levels of static signals. Use the pair of buttons near the CH 1 and CH 2
inputs to-selact input coupting. CH 3 and CH 4 inputs are fixed at 1 MQ DC. -

GND input mode shows where the 0-volt leve! will be displayed with DG
couphing.

Usa AC coupiing for the special cases where you need to see small
signals on large do voitages.

Use the 50 ¢ DC input mode for the best possibie vertical performance
with active probes, 50-Q signal sources, and low-impedance passive
probes, A low-impedance probe can present iess than 2 pF load to the
signal-source, in parafiel with 500 Q or 5000. @ with 10X or 100X
attenuation, :

Input Conditioning for Video Signals

Video signals can be distorted by ac coupling or by low-fraguency
interference. The available Television/Video (TV) enhancement adds a TV
CLAMP to the CH 2 input to eliminate such distortion.

To use the TV clamp:

1. "Apply a composite video signal to CH 2.

2. Select CH 2 Trigger Scurce and set 3LOPE to the displayad polarity of
the sync pulses. S

3. Betthe CH 2 input to TV CLAMP by pressing the upper input-cougling
button for CH 2 until the readout shows “TVC", The “back porch” of the
vickeo signal will be locked to a fixed level.

Keep the TV Clamp turned off when the trigger source is not composite
videw or syn¢, 10 preserve normal operation of Channel 2. Leave the reat-panet
CH 2 SIGNAL OUT unioaded to avcid a minor distertion in the video signal
when TV Clamp is on.

2.2 2465A/2455A/2445A Operators



. Operation

Channel Selection

Using the Vertical MODE buttons, you can display any combination of the
four vertical channels, Tg manually switch between CH 1 and another channel,
with minimum button pushing, deselect CH 1 and press the button for the other
channet to turn it on and off; CH 1 is displayed when all other verticals are off.

ADD and INVERT

Prass ADD to display the aigebraic sum of CH 1 and CH 2. Setect INVERT
to change the sense of the CH 2 waveform or e see the difference between
CH 1 and CH 2 on the ADD trace. if you use ADD, the CH 1 and CH 2
VOLTS/CIV settings shouid be equal.

Choosing CHOP or ALT

With two or more channesls, the display is time-shared. Chop mode displays
each channet for a short time and multiplexes during the sweép to give the
appearance of displaying all channels at once. Chop works better than Alt for
sweeps slower than 1 ms/division and for low repetition-rate signals that make
the dispiay flicker, up to 2 us/divisicn. T

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

20 MHz BW Limit

This mode ¢an give you a sharper trace by eliminating high-frequerncy
interference. Before using it, check to make sure it doesn't distort the
waveform,
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‘Horizontal

The A-Sweep is the only horizontal function you need for most applications. The A
SWP indicater is on when the A-Sweep is displayed. To make sure the A-Sweep is
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 counterclockwise until
the A SWP Indicator lights. If both A SWP and B SWP indicators are off, push
SEC/DIV in and turn it clockwise to escape the X/Y display mode,

The X1C MAGnifler expands the center of the unmagnified waveform.

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

See “Delayed Sweep Operation” for more information about 8- Sweep, B-Trigger,
and trace separation.

Trigger Conirols

For “hands-off” triggering with most signals, select Autc Lvl Mode, Vert Source,
OC Coupling, and MiNimum Holdoff,

Auto Lvl mode, with LEVEL in the center half of its range, sets the trigger point
near the midpoint between sighal peaks. When LEVEL is set to the — or -+ end
of its range, this mode initiates triggering near the 10% or 90% point between
signat peaks. You can seiect a level anywherg in about the middle 80% of the
signat amplitude. Once set, the level doesn't change unless the signal ceases to
trigger the sweep. The sweep free-runs without a trigger signal. Wlt?a signals
below 50 Hz, AUTO LVL may not find the correct level.

With Auto Lvi mode and Vert Source, the displayed channet or the first one of a
multichanne! display suppiies the trigger signat,

Auto mode maintains the trigger level setting and the sweep free-runs'if the
signal doesn't meet the triggering requirements, -

Use Auto for monitoring logic signals. Set the LEVEL control to the mean
threshold of the logic system, +1.4 V for TTL. The sweep then triggers on vaiid
transitions and free-runs o show static highs and lows.
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Normal mode produces a sweep only when the trigger signal meets the Level
and Slope criteria.

Use Normat mode for infrequent events and erratic signals.

Sgi Seq mode accepts one trigger for each sweep in the display. Press the
lower Mode button to arm the trigger and iuminate the READY indicator for
each seguence, With a multi-trace display, & sequence comprises up to sixteen
SWeeps.

Use Sqgl Seq to detect a rare event or to eliminate ail but the first one of a
chaotic burst of pulses. Set the trigger for the signal of interest in Normat mode.
Then press the lower Mode button to select Sgl Seq and luminate the READY
indicator, To detect the occurrence of a rare event, display a single trace and

-arm Sg! Seq with the trigger set for the event. Periodically check to see if
READY is on, If a burst of trigger events occurs, the sweep runs once for each
frace displayed and READY extinguishes,

Trigger Source

Choose a singie trigger source 1o correctly display the timing retationships
among multiple channels. Choose the channet with the lowest-frequency signal
to avoid ambiguous displays.

With Vert trigger source, Auto Lvi trigger mode or Chop vertical mode
_ automatically selects a single trigger source, the first one of the dispfayed
channels.,

Use a composite A-Trigger source only to compare asynchronous signais,
To generate a composite trigger, select Vert trigger source, a trigger mode
other than Auto Lvi, and Alt vertical mode.

Trigger Coupling

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

Press SLOPE to select the rising (+} or falling {—) 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 to choose the most appropriate
threshold voitage on a signal to initiate sweeps, in case neither the Auto Lyl
mode nor INIT@50% pravides a suitable threshold,

Trigger Holdoff

With irregular signals such as bursts, the Trigger HOLDOFF setfing can
improve display stability. Also, if the signal has a fixed pattern of variation from
cycle 1o cycle, some modes of the signal may be omitted from the dispiay.
Changing the Holdoff setting can force the instrument to display ail the modes
of the signal, Normally, HOLDOFF shouid be set at MIN,

Video Triggering

The available Television/Video {TV) enhancement adds TV LINES, FLD1, and FLD2
Coupiing to the A-Trigger. See Appendix A o change the iine-number format and the
syn¢ polarity automatically selected when you select TV triggering.

To trigger at the video fine rate:

1. Select a composite video signal as the trigger scurce.
- 2, Selact LINES coupling.
3. Set SLOPE to the polarity of the sync,
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To trigger at a specific video line:

1. Select a composite video signal as the trigger sourca.
2. Select FLD1, FLD2, or ALT coupling.

3. Set SLOPE to the polarity of the syne,

4. Turn FLD LINE # (A} to the desired iinel number,

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

Wwith ALT field coupiing, the line number is referred to the beginning of both
fields.

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

1. Display ths signals on CH 1 and CH 2, with Alt Vertical mode.
2. Selsct VERT Trigger Source, and ALT fieid 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 multiple vertical channels, Alt Vertical mode, and
Vert Trigger source proguces unpredictable resuits.

A “A" symbol with the line number display shows when the A/FLD LINE #
control can change the line numbper. If AV, At, or 1/At is on, press a trigger
Goupling button to redirect the control to ine number selection. Press AV or Al
to redirect the control to cursor or delay adjustment. The first push redirects the
control. A second push wilt change the A function or trigger coupling.

if you magnify the verticat display beyond the graticule, the irigger may be
degraded. To avoid trigger overioad, use one channel for display and another
channe! with an appropriate video signal as the trigger socurce. A composite
sync signal can be used for the trigger source as well as composite video.
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Readout

To ald waveform interpretation, the readout shows scale factors, deita -

measurements, delay times, trigger settings, and other information. To dispiay all
reagout information, set the AEADQUT INTENSITY control clockwise from OFF
{SCALE FACTORS ON). See Figurs 2-1,

2-8

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 channet (1.4) is
supplying the trigger signal, and the voltage at which triggering takes place,
with the following settings:

Trigger Coupling DC or Noise Reject
Trigger Source Any Single Channei
Vertical Input Deor Gnd
VOLTS/DIV VAR Fully Clockwise,

If the trigger comes from the word recognizer, which is zvailable with the
CTT, the readout shows the defined word.

Readout Intensity

To display nothing but measurements, set the READCUT INTEN
control counterclockwise from OFF (SCALE FACTORS OFF). Rotate the control
toward QFF to decrease readout brightness, When the sweep is faster than
50 us/division, random 2-us segments of the waveform may be missing. Set
the control near the center of the word “OFF” to eliminate this interference
between the waveform and the readout,

Scale Factors

CH 1 and CH 2 scale factors include *mV™ or “V* units indicators. A tide (~)
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
{-+] shows that Add, the aigebraic sum of CH 1 and CH 2, is dispiayed. A down
arrow shows that CH 2 is invertad.
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TAIGGER TRIGGER 500
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Figure 2-1. Readout dispiay locations.

CH 3 and OH 4 scale factors assume voits/division units.

The A-Sweep and B-Sweep time-scale readouts are always calibrated,
combining the effects of SEC/DIV, VAR, and X1¢ MAG. If SEC/DIV VAR is not
at its clockwise setting, the time scale factor includes a decimal point.

Holdolf Indicator

The holdof indicator, “HQ,” is displayed when the HOLDOFF control is not
at. minimum.

Probe Effects

Probe attenuation effects are included in scale factors, trigger levels, and
daila volts readouts, if you use the standard accesscry probes or other

compatiple probes. Pressing the identification button on other 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/INDEPR, A REF OR DLY POS, and A)
operate cursors and sweep delays. With the cursoers, you can measure voltage, time,
frequency, ratios, and phasa. Weg of en refer to the A REF OR DLY POS control as "A
REF" for convenience. .

Cursors are more accurate and easfer to use than the graticule. They eliminate the
inconvenience and errors of counting and ;nterpolatmg gratscule markings and they
avoid CRT linearity errors,

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

Measure Voltage

1. Turn on the AV cursors and readout with the AV button,

2. Align the cursors with points of interest, such as waveform peaks using
' the 4 REF and A knobs.

3. The readout shews 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 (BEC/DIV in)

1. Turn on the At 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 knobs.

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

‘4, Press At to turn off the 4t ICuFSO!‘S and readout.
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Measure Frequency with Cursors

1. Turn on the 1/4t cursors and readout by pressing the AV and 4t
huttons together.

2. Align the cursors with identical points, such as zero crossings, on
adjacent cycles of the waveform, using the A REF and 4 knobs.

3. The readout shows the frequency of the signal.

4, Press AV and At together or press either A button twice {0 turn off the
1/At cursors and readout.

Measure Voltage Ratio, Time Ratic (such as Duly Factor), or
"Phase

1, 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.

2. Turn the VOLTS/DIV VAR or SEC/DIV VAR counterclockwise from the
detent untii the 100% reference feature covers exactly five divisions.
You can use one signai as a reference and compare others to it. For
phase, 5et one cycle, which is the 360 degree reference, to five
divisions.

3, Press AV to measure voltage ratio, At for time ratio, or 4V and At
together for phase. The VAR must be counterciockwise from the detent
_position to turn on the RATIO or PHASE readout.

4, Turn A BEF and A to align the cursors with the portion of the waveiorm
te be compared to the reference porticn. Phase is usually a two-channel

measuremant hetween zero crossings. (Be sure zero crossings for
phase measuremants are positioned at the graticule center.)

5. The readout shows the ratio or phase shift.

5. Press the same AV or At button, or both, to tum off the cursors and
readout.

Choosing Tracking or Independent Defta Mode

Use the INDEP mode for most measurements, with each cursor
independently adjustable. Use TRACK mode, where the 4 REF knob moves
both cursors as a pair, 10 compare waveform features. The A control moves
cnly the A cursor.
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Display Operation

Set both INTENSITY and READOUT INTENSITY controls for comfortable viewing,
but no brighter than you need. Use high intensity settings to observe iow repetition-
rate signals, narrow puisas in long time intervals, or occasional variations in fast
signals. : '

Signal Connections

A probais usually the most convenient way to connest 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 M 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 Fidelity and Probe Grounds

A probe ground must be used for accurate measurements and observations.
Use the shortest ground connaction possibe if you want good waveform
fidelity.

The standard-accessory probe is a compensated 10X voltage divider. 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 ie form a series-rescnant circuit.
This circuit can affect system bandwidih and can ring if driven by a fast step.
Always keep both the ground lead and the probe signak-input connections as
short as possible to maintain the best waveform fidality,

In some cases, 4 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-voit
iogic, a ground lead separate from the probe or even the safety ground
cornection which is shared with the unit under test may work for a signal
ground. Fast signal transitions wili be highly distoried and extraneous noise wil
be induced without the probe ground connection.

- Probe Compensation

Misadjustment of probe compensation is a common source of measurement
error. Due to variations in oscilloscope input characteristics, probe
compensation should be checked whenever the probe is moved from cne
oscilloscope to another or between channsis of a multichannel oscilloscope.
See the procedure in the *Checks and Adjustments” section of the manuai,
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Probe Handling

Both the probe and the probe accessories should be handled carefully to
prevent damage. Striking a hard surface can damage both the probe body and
the probe tip, Exercise care to prevent the cable from being crushed, kinked, or
excessively strainad.

Coaxial Cables

To maintain good waveform fidelity and accuracy, only high-quality, low-loss
coaxial cabies should be used. The instrument is optimized for 50 { sources,
driving the 50 ¢ dc input through 50 Q cable. If you use anocther signal source
impedance, such as 75 @, use the appropriate coaxial cabtle and an externai )
terminator to match, with the input set at 1 M(. Some high frequency response
wilt be lost with external {ermination.

Magnify Waveform Details with Delayed-Sweep

1. Display a waveform with the A-Swesp, then pul SEC/DIV cut 1o activate B-
Sweep and fight both the A SWP and B SWP indicators (INTEN mode).

2. Hfa B-Trigger Mode indicator is on, select RUN AFT DLY. (if an A-Trigger
. Mode indicator is on, the B-Trigger has been sst previously to RUN AFT DLY.}

3. Set A REF OR DLY POS 1o place the small intensified zone at a-peint of
interest. (This zone may be more apparent with a lower Intensity setting.) If the
A-Sweep terminates just after the intensified zcne, you can move the
HOLDOFF control and set it at MIN, (Two intensified zones appear if you have
selected At or 1/At. See “Delta.Datay-Time."}

4. Turn SEC/DIV clockwise, with the knob pulled out, to expand the point of
interast on the B-Sweep, while observing its refationship o everything else on
the A-Swesep {ALT mode). Use TRACE SEP to separate the A-Sweep and B-
Sweep traces.

5. i you want to simplity the display and obtain the best possible view of the
magnified details, push the SEC/DIV knob in to dispiay only the 3-Sweep. |f
you want the brightest trace possible, set HOLDOFF to B ENDS A, which
makes the sweep repetition rate as high as possible.

6. Select AV, At, or 1/at when the SEC/DIV knob is pushed in to measure
wavetorm 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 to efiminate jitter in B-Sweep displays. With the available
Counter-Timer-Trigger /CTT), the B Trigger locks a delay-time or defta-delay-time
measurement to the signal, so any variations are tracked automatically. Howevaer,

without the CTT, the B Trigger obscures delay or delta-deiay measurements and the
~readout includes a question mark.

. Distinguish RUN AFT DLY and TRIG AFT DLY

With RUN AFT DLY mode, the 4 REF OR DLY POS and A controls adjust
the delay-time or delta-delay-ime. The intensified zones on the A-Sweep trace
mave continuously 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 dalay time Is adjusted. With TRIG
AFT DLY, the actual delay time is controlied by the signal, as enabled by the A
Sweep and the A4 REF and A settings.

Setting the B Trigger

1. When the B SWP indicator is on, press A/B/TRIG {A/B/MENU with
CTT) to fluminate a B-Trigger Mode indicator. {if B-Trigger mode is not
RUN AFT DLY, a B-Trigger Mode indicator wili be on when the 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 hoid A/BfTRIG (A/B/MENU with CTT) while adjusting
SOURCE, COUPLING, SLOPE, INIT@58%, and LEVEL controls for the
A Trigger.

2. Alternatively, choosa RUN AFT DLY B-Trigger mode and momentariiy
press A/B/TRIG (or A/B/MENU), 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 controls alternate between

A Trigger and B Trigger each time A/B/TRIG (or A/B/MENU) is
momentarily pressed.

2-14 2485A/2455A/2445A Operators



Operation

Delta-Delay-Time

Lise 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 technigues.

Measure Time or Frequency with Delta-Delay-Time

1.

Display the time interval or signal period with the A Sweap running as
fast as possible, unmagnified, up to one speed siower than thé Tastest
SEC/DIV setting. If the interval is a propagation delay or other two-
signal measurement, display the signals on CH 1 and CH 2 and trigger
A Sweep on the earlier of the two.

Pull SEC/DIV out o 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. Ses the
“Operator Checks ~~d Adjostments” saction.}

if a B-Trigger Mode indicator is on, select RUN AFT DuY. {if an A-
Trigger Mode indicator is on, the B-Trigger nas been set previcusly to
RUN AFT DLY.})

‘Salact At or 1/At while the SEC/DIV knob is cut.

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

Turn SEC/DIV clockwise with the knob puiled out to magnify the ends
of the interval on the B Sweep while cbserving the entire interval ¢n the
A Sweep (ALT modg). Use TRACE SEP to separate the A-Sweep and
B-Sweep traces as desired.

Set A REF and A to superimpose the magnified dispiays of the
peginning and end of the interval, The readout shaws the interval.

24B5A/2455A/2445A Cperators

Without the CTT, 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 triggered, 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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Delta-Delay-Time Measurement Characteristics

A delta-delay-time measurement is valid between a pair of points
superimpesed on the pair of B Sweeps, regardless of display positions, Trace
Sep setling, and CRT-distortion arrors. In other words, the only points 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
adjustment. See “Operator Checks and Adjustments” section.}

The main sweep trigger event begins the interval of interest for many

" measurements. The delta-delay-time measurement can include the A-Sweep

trigger event with A SEC/DIV set faster than 50 us. If an interval begins less
than 0.05 division from the beginning of A Sweep, the readout shows z
question mark. Move A 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 ionger than 10 us or for low repetition rate signals that make the
display flicker, you may prefer to use the B Sweep without At. Without At, the disptay
repetition rate is higher and the Dly readout shows the time from the start of A Swsep
© to the start of B Sweep. Compared to deita-delay-time measurements, some accuracy
wiil be lost, unless you can take the difference between one defay time and another.

2-18

Display the time interval with the A Sweep running as fast as possible,
unmagnified. If the intervat is a propagation delay or other two-signai
measurement, apply the signals to CH 1 and CH 2. For maximurm display
repetition rate, display only the channel 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 mods),

It a B-Trigger Mode indicator is on, sefect RUN-AFT DLY. (If an A-Trigger
Mode indicator is on, the B-Trigger has been set previously to RUN AFT DLY.)

Set 4 REF OR DLY PCS to place the intensifled zone at the end of the
intervai.

- 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 mode). Use TRACE SEP {0 separate the A-
Sweep and B-Sweep fraces.

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.

If you want to simpiify the dispiay and obtain the best possible view of the eng
of the interval, push the SEC/DIV knob in when A and B SEC/DIV settings are
unegual to display only the B Sweep.
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Precision Timing

The available Counter/Timer/Trigger (CTT; directly and precisely measures any
interval defined by the delayed (B) Sweep and the B Trigger. The CTT also reduces
the effort required for repetitive measurements or measurements on changing signais.

Direct and Indirect Measurements

As the counter completes each direct measurement, the last character of the
units symboi blinks. |f the readout includes the word “SET,” it incicates an
indirect measurement of delay-time, inclucing delta-delay-time or 1/deita-delay-
time. ingirect measurements are inferred from the A Sweep and control
settings.

Indirect delay-time measurements are displayed when any Count, Delay-by-
Events, or Logic-Trigger function of the CTT Is active, except B Sweep
triggered by the Word Recognizer, Indirect measurements are also displaved for
a few seconds when & REF or A are adjusted. Moving any control that affects
direct meastrements produces an indirect reading until 2 new, direct
measurement is complete. ‘

_ Direct, counted measurements may be different from indirect (‘_SE? ")
measurernents for any of the following reasons:

1, Direct measurements are more accurate and show more digits of
resolution; ’

2. When B Sweep is triggered, both the waveform dispiay and the direct
measurement respond to the signal. Indirect measurements respond
only to control settings, regardiess 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 CLY Mode, from the A-Trigger avent
10 the B-Trigger avant. : ‘

Condition Messages

One of the following messages, indicating the described condition, may
appear instead of a measurement:

AVERAGING the selected resoclution requires more sweeps;
NO A TRIGGER the A-Trigger event has not occurred;
MISSING B TRIG at least one A Sweep occurred without &

B-Trigger svent during the A Sweep.
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Triggered Delta-Delay-Time Measurements

The available Counter-Timer-Trigger (CTT; directly measures intervals defined by
the B-Sweep delays and B Trigger. B8 Trigger with At and /A can have diffarent
sources, levels, and slopes for the pair of B-sweaps. Repeatedly pressing the lower
Mode button selects the following sequence of B-Trigger modes with the noted
characteristics:

With or without At or 1/48:
RUN AFT DLY

B Sweep runs immediately after the set delay.

Without At or 1/4E
TRIG AFT DLY

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

With At or 1/4%:
THIG AFT DLY and TRIG A DLY (both indicators on)

_‘ SLOPE and i.EVEi. settings for triggering at A REF deiay and A delay
are commen.

TRIG 4 DLY

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

TRIG AFT DLY

SLOPE and L.EVEL for A REF can be set independent of the setting for
& delay.

TRIG A DLY

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

With At or 1/At and TRIG AFT DLY or TRIG 4 DLY, the upper -Mode bution seiects
the TRIG AFT DLY and TRIG 4 DLY mode, where Siope and Level ars common for
both delays,
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Measure a Time Interval Defined by the B Trigger

1.

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

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

Setect TRIG 4 DLY B-Trigger Mode. For the special case of a
measurement on one signai where the beginning and end of the interva
nave the same slope and threshoid, sefect TRIG AFT DLY and TRIG

A DLY (poth indicators on).

Set B-Trigger Source to VERT, If the measurement is limited tc one
gignai and more than one signal is displayed, either deselect the other
signals or set Source to the appropriate channel.

Set B-Trigger Coupling to CC. For unusual applications, other couplings
may be preferred. '

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

Selact TRIG AFT DLY Mode and repeat step 8. (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 some cases, A-Trigger or B-
Trigger settings may need to change in order to trigger on the beginning
cof the interval. .

Turn SEC/DIV clockwise to magnify the ends of the interval and
reacjust 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 Counter-Timer-Trigger (CT7) measures Delay-Time, Delta-Delay-
Time, and 1/Detta-Delay-Time, with the delayed sweep. You can choose the optimum
time-intervai resolution for these measurements.

1. Activate the C7TT MENLL

a, If the A-SWP indicator is off ar the B-SWP indicator Is on, press AUTO
Setup and push the SEC/DIV knob in for an A-Sweep display.

b. Press A/B/MENU to turn on the MENU indicater and Main Menu:
COUNT DLY/EVTS LOGIC-TRIG RES

o

Turn either MENU.SELECT to position the cursor under RES.

3. Push the upper Trigger-MODE button to display the Time Resolution Menu.
RESOLUTION <AUTO 1ns 100ps 10ps>>

>

Turn either MENU-SELECT to select the desired resolution.
5. Push the upper Trigger-MODE butten to store the selected resolution.

Measurement Updating

AUTO updates the measurement either every /2 second or when a measursment
. s avaiiable, whichever is longer. 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,

2-20 24B5A/2455A4/2445A Operators



Operation

Table 2-1

Resolution Selections

A SEC/DIV Selection Least Digit M for Average:
10 ns to 500 ms AUTC See Tabie 2.2 See Table 2-2
10 nsto5 us 10 ps 10 ps > 108

100 ps 100 ps > 104
1ns ins > 100
10 us to 50 us 10 ps or 160 ps 100 ps > 104
1ns ins > 100G
100 ps to 500 us 10pstolns 1ns > 100
tmsioSms Any 10ns > 1
1t mstc 30 ms Any 100 ns >1
100 ms to 500 ms Any 1.8 > 1
Table 2-2

Auto Resolution

A SEC/DIV Trigger Rate Least Digit N for Average
10nsto 2 us > 20 kHz 100 ps > 104
10nsto 2 us 200 Hz 10 20 kHz 1ns > 100
5 us to 200 us > 200 Hz 1ns > 100
10 ng to 200 us < 200 Hz 10 ns > 1
500 usto S ms Any 10 ns > 1
10 msto 30 ms Any 100 ng =1
100 ms to 500 ms Any 1us > 1
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- Frequency, Period, and Totalize Counting

_ The avallable Counter-Timer-Trigger {CT7) makes various counting measurements.

Measure Frequency or Period

1, Activate the Main CTT Menu,

a. Select an A-Sweep display. {You can press AUTO Setup and push the
SEC/DIV knob in o force the A Sweep on.)

b.  Press A/B/MENU to turn on the MENU indicater and Main Menu:
COUNT DLY/EVTS LOGIC~-TRIG RES

2. Turn either MENU-SELECT to position the cursor under COUNT.
3. Push the upper Trigger-MODE button to display the Count Menu,
a,  Without the avaiiablé Word Recognizer:
- MODE<FREQ PERIOD TOT> EVT=A TRIG

b, With the available Word Recognizer (WR):
MODE<FREQ PERIOD TOT> EVT<A WR>

4. Select the desired count Mode.

a, Withqut the WHA:
Turn Right-MENU.SELECT o FREC or PERICD.

6. With the WA:

1. Turn Left-MENU-SELECT to underline MODE.
Turn Right-MENLUL.SELECT to FREQ or PERIOD.
Turn Left-MENU-SELECT to EVT.

Turn Right-MENU-SELECT to A (A Trigger) or WR (Word
Recognizer), the source of counting events. When counting WA
events, the A Sweep Is also triggered by the WA event.

Ea S

5. Push the upper Trigger-MODE button to dispiay the frequency or period
measurement, it the measured event Is defined by the Word Recognizer,
the WA Configuration Menu comes up next, before the frequency or pariod
measurement. See “Word Recognizer Operation”.
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Totalize Random or Low Repaetition-Rate Events

1. Select the Totalize Count Mode, as described above, for frequency and
period counting, .

2. Move any front panel switch to reset the displayed count.

Cancelling Menu Functions

To cancel any function selected through the menu, press the A/B/MENU
butten {e light the MENU indicator, then press the lower Trigger-MODE button,
When a menu is dispiayed, you can either press the lower Trigger-MCDE
button to escape the menu and deactivate all menu-selected functions or press
the upper Trigger-MODE butten to step threugh the menu levels and restore
the previcus measurement,

The main menu comes Up if you select AUTO trigger with Totalize or AUTO
LVL with the Word Recognizer active. Selecting either LINE Source or 8GL
SEQ Mode capcels any counting measurement.

Delay Sweeps by Event Counts

The avallable Counter-Timer-Trigger /CTT) menu includes delay-by-events for either
the A Sweep or the B Sweep. Event counting begins at a starting event on a vertical
input, defined by the A Trigger. Delay-counting events are dsfined by the B Trigger. In
addition, the availatis Word Recognizer (WHR) can define either start or delay-couniing
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 can be delayed by fime to magnify
waveform details.

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

Delay-by-Events Combinations

Sweep to Start Event to Expianation
Delay At Delay by
A A Trigger -1 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 Swesp is

triggered by the A-trigger event;
then B Sweep runs after the
sefected number of B-Trigger
evenis, if the A Sweep has not
terminated.

Added Delay-by-Events Combinations with Word Recognizer

A Trigger

A Trigger

Word

Recognizer

Word
Recognizer

Word
Recognizer

Word
Recognizer

B Trigger

Word _
Recognizer

Delay begins at the A Trigger; then

- A Sweep runs after the selected

number of words are recognized.

Deiay begins when the A Sweap is
triggered by the A-Trigger event;
thers 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 number of B.
Trigger avents.

The A Sweep runs after the selected
number of words are recognized.

2-24.
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Initiate a Sweep by an Event Count (Delay-by-Events)

1. Activate the Main CTT Menu,

a. Select an A-Sweep display. {You can press AUTQ Setup and push the
SEC/DIV knob in to force the A Sweep on.)

B, Press A/B/MENU to turn on the MENL ingdicator and the Main Menu;
' COUNT DLY/EVTS LOGIC-TRIG RES

2. Turn either MENU-SELECT to position the cursor under DLY/EVTS. ‘
3. Push the upper Trigger-Mode button to display the Delay-by-Events Menu.
a. Withoﬁt the WAR:
SW?<§ B> .STARTmA DLYBYB

b, With the WR:
SWP<A B> START<A WR> DLY BY<<B WR>

4. Select a Sweep to delay, a Start event, and an event to Delay by.

a. Without the WR: Turn Left-MENU-SELECT to select Aor B, the sweep
to deiay, -

b, With the WA:

1. Turn Right-MENU-SELECT to select SWP, START, or DLY BY.

2. At SWP, turn Right-MENU.SELECT 1o select A or B, the sweep {0
detay.

At START, turn Right-MENU-SELECT to select A, for a start event
defined by the A Trigger, or WR, for a start event defined by the
Word Recognizer.

At BLY BY, turn Right-MENU.SELECT to select B, ‘or delaying
events defined by the B Trigger, or WR, for delaying events defined
by the Word Recognizer,

5. Push the upper Trigger Mode button 1o display the delay-by-events
measurement and delay count, If the start event or delaying event is
defined by the Word Recognizer, the Word Recognizer Configuration Menu
is displayed next, before the delay-by-events measurement. See *Word
Recognizer Cperation.”
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it 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
incicate the Delay-by-Events function, and the number of evenis required to
Initiate the sweep, for example:

A DBE 1234567

Change the Number of Events
1. Tumn off any competing function, such as At, so the Delay-by-Events
display appears on the right-hand side of the CRT..
2. Tumn Left-MENU-SELECT to underiine a digit.
3. Turn Right-MENU-SELECT to change the vaiug of the digit.

Reset the Number of Events to Zero

1. Tum Left-MENU.SELECT to underline the most significant digit of the
number. o '

2. Turmn Right-MENU-SELECT counterclockwise until all digits are 8.

Decrementing the most significant digit when it is § or incrementing a
dight when it and higher order digits are at maximum moves the underline
eursar to the right.

Changing Trigger Setltings

To change trigger settings, select the desired trigger by pushing A/B/MENU,
if A Trigger defines the start event, set the SOURCE, COUPLING, SLOPE, and
LEVEL contrels to define the start event when the NCRM or SGL SEQ.
indicator is on. When the MENU indicator is on, the trigger controis affect the B
Trigger, if it defines the delaying events. If the word recognizer is-active, change
the word definition with the MENU-SELECT controis. '
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Avoid Ambiguous Event Counts

With slow signat transitions, the start event detecied 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 not be counted. in most cases,
the ambiguity can be resoived by choosing appropriate trigger slopes for the

- start and defaying events,

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

Cancelling Menu Functions

To cancet any function selected through the menu, press the AIB/MENU
mutton to light the MENU indicator, then press the lower Trigger-MODE button.
When a menu is displayed, you can either press the lower Tngger-MODE
button to escape the menu and deactivate all menu-seiected functions or press
the upper Trigger-MODE button to step through the menu tevels and restore
the previous measurement.

if the A Sweep is delayad by events, selecting AUTO trigger mode wili
display the Main Menu.
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Logic Triggering

The avaiiable Counter-Timer-Trigger (CT7} enhances trigger selectivity. Sweeps
¢an be initiated by combingtions of two vertical signals, defined by A Trigger and B
Trigger. The available Word Recognizer (WR) expands logic triggering to 17-bit
patterns, either synchronous or asynchronous.

Initiate a Sweep with the Logic Trigger

2-28

Activate the CTT MENU.

a. Select an A-Sweep display. (You can press AUTO Setup and push the
SEC/DIV knob in to force the A Sweep on)

k. Press A/B/MENU to turn on the MENU indicator and Main Menu:
COUNT DLY/EVTS LOGIC-TRIG RES

Turn Left-MENU-SELECT to position the cursor under LOGIC-TRIG.
Push the upper Trigges-MQDE button to display the Logic Trigger Menu.
a. Without the WA:
TRIG A SWEEP BY <A'B A+B>

b. The W& adds two functions and changes the menu:
SWPTRIG <A:A-B A:A+B A:WR BiWR>

Turn sither MENU-SELECT o select the swesp 1o trigger and the Jogic
function to trigger it.

Push the upper Trigger-MODE button to activate the trigger. The readout
will show which of the A/B trigger combinaticns is selected. If the trigger is
defined by the WR, the W Configuration Meny is displayed next, before
the trigger activates. See "Word Recognizer Operation.”

Set the A-Trigger and B-Trigger controls or the WR pattern for the desired
trigger. Set SOURCE, COUPLING, SLOPE, and LEVEL for the B Trigger
with the MENU indicator on. Press A/B/MENU to hght the AUTC or NGHM
indicator, then set the A Trigger.
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Each input to the A/B logicat AND or logical OR is TRUE with + SLOPE
and a trigger-source voitage above the trigger level or with — SLOPE and a
trigger-scurce voitage below the trigger level.

When the B Sweep is triggered by the WR, delay-time or delta-defay-time
time is measured by the crystalcontroiled timer. With any other logic-trigger
function, delay-time and deita-delay-time measurements are derived from
delay settings or cursors.

Table 2-4
Sweep Triggering

Selection Triggers When
A'B A Sweep AND of A and B Triggers A:A*B  changes from
FALSE to TRUE,
A+B A Sweep OR of A and B Triggers A:A+B changes from
' FALSE to TRUE.
AWR A Sweep Word Retognrizer detects the selected word.
B:WR B Sweep wWord Recognizer defects the selected word,

Cancelling Menu Functions

To cancel any function selected through the menu, press the A/B/MENU
button to light the MENU indicator, then press the lower Trigger-MODE button,
When a menu is displayed, you can either press the lower Trigger-MODE
button to escape the menu and deactivate all menu-selected functions or press
the upper Trigger-MODE button to step through the menu levels and restore
the previous measurement,

When a logic trigger is active, selecting AUTO LVL Trigger Mode displays
the Main Menu.
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Word Recognizer Operaﬁon

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

When the WR.is invoked, the following display guides radix and clock specification:
RADIX<BIN OCT HEX> CLOCK<T : X

1. Turn Left-MENU-SELECT to underfine RADIX.

2. Turn Right-MENU-SELECT to the desired data format; BIN {binary}, CCT
{octal), or HEX (hexadecimal).

3. Turn Left-MENU-SELECT to CLOCK.

4, Turn Right-MENU-SELECT to the des-ired clock function; 1 {rising edge), ¢
{falling edge}, or X {asynchronous or no clogk),

5. Press the upper Trigger-MODE button to activate the function that invoked
the WA.

6. Specify the desired'pattem. During operaticn of the function driven by the
WA, the WR status is displayed in this format:
scq word

wiiere the “§” character indicates the affected sweep (A or BY; “¢" is
the clock mode (1, 1, or X); “q" is the qualifier bit (0, 1, or X); and
“word” is a 18-bit pattern in the sefected radix.

a.  Turn Left-MENU-SELECT to the clock mode character, the qualifier bit,
or a digit of the word.

b.  Turn Right-MENU-SELECT o define the underlined character. Digits of
the word can be set 1o 0, 1, or X with BIN radix, 8 to 7 or X with 0CT,
and 0 to F or X with HEX, Note that the ciock can be redefined here.

7. Connect the WR probe to the system under test. Note that bits 8 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 to connect at least one of the GND terminals

to a good signal ground in the system, as closé to the signal test points as
pessible, )
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s Mfawordis defined in one radix then displayed in another, scme but not all bits
of a hexadecimat or octal dight may be X {irrelevant), rendering the digit ambiguous,
Ambiguous digits are displayed as question marks,

ATOTIXX XXX0  AT0 1?X077  AT10 ?73F
BIN QCT HEX

When the WR defines the starting event or the counting event for Delay-by-
Events, the dispiay shows both the WA status and the delay count. Any character
in either field can be defined with MENU.SELECT,

The Word Out Signal

The available Word Recognizer {WH) generates a WORD QUT signal at a 2NC
connector on the rear panel, The output is TTL-high when the selected werd is
recognized. The most recent word definition sontrols the signal, whether of not the
function that invoked the WR is active. The timing of the word occurrence, 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 osciloscope from disptaying
the signal transition that generates the trigger, when triggered by the WH or the
WORD OUT signal. :

DMM

The available Digital Multimeter (DMM) adds a powerfui set of floating-input
measurements, See the last few pages of the *Controls, Conneciors, ang Indicators”
section for operating information.
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Save énd 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 to the setup number
buttons, 1 through 8, which are alsc the Vertical MODE buttons. Twenty-two more
setups are accessible using the 4 control to scroil through the st 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 o proceed with a SAVE or F%ECA%.L
operation, press SAVE/MELP or RECALL/HELP again, Each time you press

SAVE/MELP or RECALL/HELP, the readout shows another message, The
Messages appear in & repeating sequence.

Save a Setup

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

2. Press SAVE. The readout will indicate the Direct Save mode.

Top Row - " SAVE 4-8 DIRECTLY. NAMEDOXXXXX
Cursor B
Bottorn Row™ - PUSH ANY QOF 1-8 TO SAVE SETUP.

{f the Direct-Save mode displays “SAVE FUNCTIONS DISABLED," refer to
EXER (7, gesoribed in Appendix A

3. if you want a new name for the setup, turn A o define the first
character, then turn A REF to selest and A to define each additional

character, up to seven. A small cursor marks the character selected for
definition,

4, Press one of the setup number buttons. The readout will show, in the
corner, the number of the button you pushed and either the new name

you defined or the name of the setup previously asscciatad with that
sefup number,

You can also save more than 8 setups by pressing STEP/AUTO, turning A
to the desired one, then pressing STEP/AUTO again.

Save a Sequence

See Appendix B for sequence programming instructions.
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Recall a Setup

1. Press RECALL. The readout wilf 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
botiom row. For example:

Top Row . SKEW ADJ.PLL TP-2467 CLOCK
Bottom Row - ACE  KING QUEEN JACK

2. Press the setup number button (1 through 8) that occupies the same
position among the buttons as the name of the desired setup ocoupies
among the names dispiay, The readout will show, in the upper left
corner, the number of the button vou pushed and the name of the setup
associated with that setup number.

You can aiso recall any of the setups beyond 8 by turning A to the desired
one, then pressing STEP/AUTC, This does not establish the Step mode.

RECALL a Sequence

1. Press RECALL. The readout will indicate the Direct Recalt modae by
shewing the user-defined menu of the first eight setups.

2. Press STEP. The readout witl show the name of the begérming step of
ihe first sequence and the names of additional sequences, up to four.

3. Press the setup number butten, 1 through 4, that occupies the same
position among the buttens as the name of the desired sequence
occupies among the names dispiay. The readout will show, In the upper
laft corner, the number and the name of the first setup in the selected
sequence, If more than four sequences have been saved and you want
o run & sequence other than the first four, turn A to the number and
name of the first step in the desired sequence,

4, Press STEP to recail each setup in the sequence, in turn. When the iast
setup in the sequence has been recalied, the next cperation of STEP
recalls the first step in the sequance.

5. Press RECALL to cance! the sequence mode,

The STEP Indicator

if the STEP indicator is off, AUTC/STEP automatically establishes a
waveform display, as described earlier. if the indicator is on, AUTO/STEP
sequentially recalls setups. if the STEP indicator is on, press SAVE or RECALL
1o extinguish it A switch closure or TTl-low signal connected to the
STEP/AUTC EXT SWITCH connector on the rear pane! has the same effect as
pushing the STEP/AUTO button.
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Applications

Peak-to-Peak Voltage

With AV turned on and VOLTS/DIV VAR fully clockwise, afign the & REF cursor
with the bottom of a waveform and align the 4 cursor with the top. The readout
shows the equivalent voltage between the cursors anywhere on a waveform,
Accuracy Is degraded at frequencies appreaching the instrument bandwidth.

Absolute Voltages

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

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

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

3. Switch Input Coupling to DC and set the A cursor o the point of interest.

DELTA CURSOR INSTANTANEOUS
VOLTAGE LEVEL

At | 0.0v] |favi 8.55\}/

- § L VOLTAGE LEVEL
o
2'V "] 20 us
- REFERENCE CURSOR GROUND REFERENCE
{3832-13) 5854-11

.Figure 3-1. Instantaneous voltages.
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Noise Immunity

Set the AV cursors to the upper and lower threshald lirmits of a digital efrcuit.
For example, with TTL;

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

~ Set the A cursor for & 2.8 V readout.

Set the A REF cursor for 1.2 V readout, the difference between the 0.8 V
lower-threshoid iimit and the 2.0 V upper-threshold firmit.

Set Input Coupling tc 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 iow level appears between cursors,

“Quick and Dirty” DC Voltage Measurement

Sometimes a 5% estimate of a do voltage is good enough to verify the
operation of a powsr supply, trace power supply distributicn, or verlfy the state of

- a controf system.

. Display either CH 1 or CH 2, and cennect it to the voltage.

Push AUTO Setup and read the voitage in the trigger level readout. For
voitages 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,

Amplitude Modulation

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

Align the reference aV cursor with the positive peaks of the minimum-
ampfitude part of the envelops and the & cursor with the positive peaks of
the signat envelope.

The RATIO readout shows the modulation index in percent.
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Frequency Modulation

For moduiation index more than 1%:

1. Set SEC/DIV and VAR so the average signal period covers five divisions,
If deviation is less than 1 division in one cycle (20%), turn on X10 MAG.

© Align At cursors with the extremes of the deviation,

oo

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

For moduiation index from 0.1% to 2%:

1. Measure the carrier period.
2. Display A-Sweep with SEC/DIV between 1 and 2.5 times the period;

3. Turn off at, pull SEC/DIV, and turn A REF for a DLY reading 10 times the
carrigr period. If a B-Trigger mode indicator is on, select RUN AFT DLY.

4. Turn and push SEC/DIV (o display the B-Sweep and set SEC/DIV at 0.2
times the period, using the switch and VAR, (The display. wili show one
cycle in five horizontal divisions.) If the DLY setting is less than 200 ns, turn
4 REF 16 zerc DLY, then turn A REF to move ten cycles past a point in the
display. -

5. Align At cursors with the deviation extremes.

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

For modulation index from 0.01% to 0.2%, procead as above for 8.1% 0 2%
except: ‘

« at step 2 set SEC/DIV between 10 and 25 times the period;

+ at step 3 set A REF for 100 times the carrier period; and

+ oat siep 6 divide the reading by 100.

The instrumant adds about 0.01% spurious medulation to the display. This error
can be minimized by measuring the apparent frequency modulation of an

unmodulated carrier, at the same fraquency and with the same control settings,
and suttracting that value from very low moduiation-index readings.
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Measuring Video Signals in IRE Units

1. Display a video signal with VOLTS/DIV VAR adjusted out of detent for five
divisions amplitude from the white level t0 the black level. (The black level
is defined by the front and back "porches.”)

2. Measure ihe features of interest with AV cursors. The RATIO readings in
percent are equivalent 1o IRE units.

Avoiding Faise Displays with Multi-Mode Signals

A signaf that has two characteristic forms on alternate cycles can produce
incomglete displays. With Alt. Vertical mode and two displayed channgls, the
oscilloscope could show the same one of the two forms every time a particuiar

“channel is shown, Also, if a signal's pericd is less than the total duration of the
sweep plus the tigger holdeff, the display could show only one of several signai
modes,

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

2. CHOP Vertical Mode ofien wilt superimpose the mumpie modes of
waveforms in multi-channet displays.

Algebraic Addition to Detect Coincidence or Cancel
Interference ‘

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

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

1. S%gnal‘peaks should not exceed =+ 8 times the VOLTS/DIV setting.

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

3. To cbtain similar responses from each channel, set Channel 1 and
Channe! 2 input couplings the same.
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Observing Coincidence of Digital Signals

With digital signals applied to CH 1 anhd CH 2, the Add waveform is high when
both signals are high, iow when both are low, and at an intermediate level when
one signal is high and the other is low. By inverting CH 2, you can cbserve the
coincidence of ong signal and NOT the other. To observe coincidence of TTL
signals:

1, Connact the signals of interest to CH 1 and CH 2. If the coincidence of
interest has one signal high and the other cne low, invert CH 2.

2. Display CH 1, CH 2, and Add. Set both VOLTS/DIV to 2 V and beth inputs
to GND. Position both channels an screen and the Add trace one division
apove the bottom of the graticule, Then desetect CH 1 and Ci4 2.

3. Set both inputs to DC. Set Trigger mode o Auto and Scurce 1o Vert, If the

© ceincidence of interest is high-high, set trigger SLOPE o 4. i the
coincidence is low-low, set SLOPE to —. (If 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 raspond ic the high-
high or low-low state combination. {Trigger level readout doesn’t operate
with Add Source.}

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

Méasuring Off-Ground Signals And Cancelling
Interference

The Add mode can measurs voitage betwseen a npair of points whera neither
point is ground. The technique can cancet interfering signals or uninterasting
components of a signal through commaon-mode rejection,

1. Display the signal on CH 2 at the point you consider low, commen, 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 amplitude
on the larger of the pair of signals.

3. Select the Add dispiay, Invert CH 2, connect the CH 1 probe temporarily to
the CH 2 point, and adiust 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 to increase vertical sensitivity by one Volts/Div step, keeping
CH 1 and CH 2 equat, without serious distertion. If the common mode signal has
the same repetition rate as the signal of interest, CH 1 or CH 2 may be usable as
the trigger source. Vert Trigger Source is often more desirable because it responds
only to the differential signal. Figure 3-2 shows an exampie.
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Figure 3-2, Eliminating common-mode signals.

Period and Frequency

1. Set SEC/DIV and, f necessary, X10 MAG 10 spread one cycle over as wids
a span as possible. - -

2. Tum on At or 1/Atand align the cursors with identical, fast-slewing points
on consecutive cycles, such as zero-crossings.

With the available Counter-Timer.Trigger /CT7) you can measure period and
frequency more accurately and with less effort,
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1. Press A/B/MENU to display the main CTT Menu.

Turn A to select COUNT, then press the upper Trigger MODE button.
Turn A to select FREQ or PERIOD, then press the upper MODE button,

Ro® o

"The readout will automatically show the frequency or pericd of the A«
Trigger signal, up to 150 MHz, until a conflicting function is selected or the
function is cancelied by pressing AUTC Setup or by selecting the Menu and
pressing the lower Trigger Mode button. -

Rise Time and Fall Time

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

2. Set Trigger SLOPE o + for rise time or o — for fall time.

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

4. Turn on At and align the cursors with the points where the transition
intersects the 10% and 80% graticule lines.

For best accuracy, observe the considerations given in the Signal Connection
parts of the “Cperation” section and be sure TRACE ROTATION is set correctly,
- as described in the “Checks and Adjustments” section.

RISE TIME

A1 | 00V]| iat B81.0Bus |

i

H

- H
r T~ 00% POINT

~— .

j, Jff TR U S UV SR S D

2V /// i 20#5\\\\\ :

1 1 ! ] |
REFERENCE DELTA
CURSOR CURSCR

(3832-18) 5834-14

Figure 3-3. Measuring rise times.
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Propagation Delay

1. Dispiay the input 0 the device under test on one channel and the output on
another, with the largest practical vertical amplitude while keeping the
zoro-volt level on screen,

Trigger the sweep on the input signal.'

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

a. Turn on AV and adjust A for the desired threshoid voitage.
b. Press TRACK/INDER to select TRACK.

¢ Adiust A REF to aligh the A tursor, the one with dashes, with the
graticule line you want the signal to cross,

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

8. Select DC vertical input coupling,

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

5. Turn on At and afign the curscrs with the intersections of the waveforms
with the chosan graticule lines.

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

Setup and Hold Times

Proceed as if measuring propagation delay, treating the clock as an input and
the data signal as an output, Use high settings of INTENSITY to observe

variations. It setup time exceeds 30 or 40 ns, you may prefer to ireat the data as
input and the clock as output.
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n Two Signals

s with equal time delays, display the reference
parison signal on CH 2. For higher frequencies,
re critical. The procedure for matching delays is

nnet 2 Delay” in Section 4,
3/DIV and VAR controis to obtain equal

"3 and the comparison signals. Set the amplitudes

ntrols to center both displays vertically, Phase
spends on the accuracy of vertical centering.

i display one cycle of the reference signal aver five

3 both the At and AV buttons together.

jor with a zero-crossing of the reference signal.
ith the nearest zerc-crossing of the comparison

se as thareference signal zero-crossing {see Figure
fizontal graticule line as the reference for aligning the

grees from the CRT readout.

an 1 horizontal division (72 degrees), you can
neasurement. Use the X10 MAGHifier, without
2 expand the dispiay; align the cursors with the zero

ASE readout by 10 (see Figure 3-7}.

Signals

attenuation probes, deflection factors range down 1o
: the vertical sensitivity by a factor of ten, either use a
with CH 1. To obtain 200 pV/division, use a 1X probe
. the signaf to CH 2 and cascade CH 2 with CH.1..To

output on the rear panel, through a 50-Q cahle, to the

front panel.

itat 1 MQ DC or AC.
LIMIT on. This will reduce the trace "thickening” caused
se and avoid oscillation of the vertical system. if you
1 source, you probatly need to use HF REJ coupiing.
5/DIV at 2 mV {20 mV with 10X probe) and set CH 1 at
ivision.
H 1 scale factor and deita-voits readings agree with the
3 2 probe-tip with a 10X probe. With a 1X probe, the scale
a-volts readings should be divided by ten.
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Figure 3-7. Small-angle phase difference.
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Checks and Adjustments

Introductior

The checks and adjustments in this section eliminate some significant sources
of measurement error and improve measurement confidence. If adjustments are
required beyond the scope of this section, refer the instrument to a qualified
service technician.

Initial Setup

1. Pressin the POWER switch button (ON) and allow the instrument 1o warm
up (2¢ minutes s recommended for maximum accuracy).

2. Setinstrument controls to obtain a display:

READOUT INTENSITY Midrange between “QOFF" and fully clockwise
© INTENSITY Midrange

FOCUS Midrange o

VERTICAL MODE CH 1

CH 1 Input Coupling 1MQDC

3. Connect the Calibrator cutput to the CH 1 input with a standard accessary
probe and ground the probe near the Calibrator output.

4. Press the AUTO Setup button te obtain a display. (If the STEP indicator is
Hluminated, press RECALL to cancel the Step mode, then press AUTO to
obtain a display.) Adiust the INTENSITY and READOQUT INTENSITY
controls as desired. Set the FOCUS control for the best trace definition.

Trace Rotation and Adjusiment

1. Preset instrument controls and obtain a display as described in “Initial
Setup.”

2,. Set CH 1 Input Coupling to GND, 20 MHz BW LIMIT on, and adjust the
.CH 1 POSITICN controi to position the trace on the center horizontal
graticuls line.

3. it the trace is not paraliel to the center horizontal graticule line, use a
small-bladed screwdriver to adjust the TRACE ROTATION control and align
the frace with the center horizontal graticuie ling.
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Checks and Adjustments

Astigmatism Adjustment

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

2. Set 20 MHz BW LIMIT on and adiust the Ci 1 POSITION contrel 1o center
the display on the screen,

R ‘Select AV and position the cursors near the fop and bottom of the screen,
4. Set SEC/DIV to 1 us.

5. Slowly adjust the FOCUS controi to its optimum setting (best defined
display of curser dots).

8, Use a small-bladed screwdriver to adiust the ASTIG controt for best defined

display of cursor dots. The waveform and the eﬂtxre readout should be
well-defined.

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

NOTE

Onice set, the ASTIG adjustrment should. be correct for any display. How-

ever, it may be negcessary to reset the FOCUS control shghrfy wheri the
iNTENSI TY controt set?mg is changed.

Auto DC Bélance Routine

The oscilioscope can automatically de-balance Channel T and Channel 2. This
routing minimizes trace shifts when adjusting the VOLTS/DIV and VOLTS/DIV VAR
controls, and when switching Channet 2 between noninverted and inverted. This dc
balance remains valid as long as the instrument is operating within 5¢C of the.
ambient temperature at whish the routine was performed, provided the Instrument
has had a 20-minute warm-up period.

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

NOTE

If & circuit defect prevents accurate dc balance, the routine halts and LIMIT

is displayed. Press the upper Trigger COUPLING button to continue balang-
ing the remainder of the circuitry.

If power to the instrument is interrupted before the bafancing cycle is complete,
a DT balance error may be apparent in subsequent operation, When power is
restored, restant the DC bafance 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 a probe is
. attached to the instrument or any other time you are not certain of correct
compensation. Because of minor differences between channeis, CH 1 and CH 2
probes shouid be compensated on their respective channels. CH 3 and CH 4
probes should 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. if the probe to
‘be compensated s connested to CH 2, enable the Channel 2 display. Set
~ ihe appropriate VOLTS/DIV controi to 100 mV,

3. Connect the probe to the CALIBRATCR output.

4. Check the waveform for overshoot and rolioff {see Figure 4-1}). if necessary,
adjust the probe for a square front corner on the waveform, using the smali
adjustment tool supplied in the probe accessory package. Insert the tool
through the small hoie in the side of the box attached to the verticai input

connecior. )
i I
: -/ 1
e \ I *‘\
I N
" I /OVER COMPENSATED
dorpeffrgrfriorp et~ H‘::;.‘t‘ .~
~ TN\ [ CORRECT
- YNDE.R COMPENSATED
0 - ! AN A
] T i
0% T ..
- j 100 mV 100mv 1ms
! ] T !
(3832-12) 585419

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

- Matching Channel 2 Delay

The apparent signal delay in Channel 2 may be adjusted up to 800 ps to
mateh the apparent delay present in any of the other three channels. This
adjustment is most commoniy used to eliminate delay differences between Channal
1 and Channel 2 that may be introduced by the probes. It has no effect on
common-mode rejection when ADD Vertical Mode is selected. Match Channei 1
and Channel 2 as follows:

®» ;oW

=

Cernect two 10X prebes suppiisd with the instrument to the CH 1 OR X
and CH 2 nputs.

Check and adjust, if necessary, the probe's low-frequancy compensation,
Refer to *Probe Compensation” in this section,

Connect both probes via hook tips to a fast-rise pulse generator output.
Select both CH 1 and CH 2 Vertical mode displays.
Press AUTO Setup to obtain a display.

Set the CH 1 and CH 2 VOLTS/DHV and POSITION controls for 310 6
divisions of amplitude and superimposed dispiays.

Set SEC/DIV to 5 ns.

Puil out the SEC/DIV knob and observe the message CH 2 DELAY-—TURN
A In the upper right-hand cormer of the screen.

NOTE

if the message CH Z DLY DISABLED appears in the readout, the instrumsni
has been set to disable the delay-offset adjusting feature. If adjustment of

the delay matching is disabled, refer the adjustment to a qualified service
technician,

9.

Set X10 MAG On and adjust the & controf untif the two fast edges are
superimpeosed horizontafly.

NOTE

The 4 'REF OR DLY POS control can also be used to make the adjustment,

10. Push in the SEC/DIV switch. The adjustment is then permanently stored for

future operation, even when power is interrupted,
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Checks and Adjustmenis

Amplitude Check

1. Obtain a dispiay as described in “Initiai Setup.”

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

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

4, CHECK--Amplitude of the CALIBRATOR signal is between 3.88 and 4.12 '
divisions as measured on the center vertical graticule line.

5. Select AV and carefully superimpose the cursors on the high and low levels
of the waveform. CHECK—-4V readout is between 392 mV and 408 mv,

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

Timing Check

The period of the CALIBRATOR signal automatically tracks the A SEC/DIV
setting within the range of 100 ms o 100 ps. Within that SEC/DIV rangs, the
CALIBRATOR peried is 200 ms to 200 ns, 5 cycles per 10 divisions of the A
Swaeep, To quickly check the operation and calibration of the oscilioscope tmng,
use the foliowing procedure:

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

‘2. CHECK--Timing accuracy by confirming that five complete cycles of the
squarg-wave signal are displayed cver 10 major divisions {£0.1 division)
along the center horizontal graticule fine for all A SEC/DIV settings from
100 ms o0 100 ns. Confirm that 2 cycles of the Calibrator signal cover 8
divisions at 50 ns/dlv and that 1 cycle covers 10 divisions at 20 ns/div.
Qbserve that the displayed transition time of the signal remains
approximately the same when A SEC/DiV is changed to 10 ns and & ns.
(The number of horizontal divisions covered by the transition #me 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/BIV to 1 ms, switch the X10 MAG on, and CHECK——that
1/2 cycle covers 9.8 to 10.2 divisions.

3. Set X10 MAG O and carefully align the At cursors with the falling edges of
the first and fifth cycles. CHECK—at reading is within 7.93 ms to 8.07 ms.
Repeat the test at any A-Sweep speed in the 100 ms tc 100 ns range.

4, If desired, delay timing can be checked by using Alt horizontal 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 falling edges of
the first and fifth cycles and superimpose the expanded display of the
edges on the B Sweep, running at least 10 times faster than the A Sweep.
CHECK-At reading is 8 times the A SEC/DIV setting, = 0.5%.
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Controls, Connectors, and Indicators

Introduction

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

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

Fowsr And Display

Refar to Figure 3-1 for the location of itams 1 through 10.

@ INTENSITY

Control

BEAM FIND
Button

®
@ Focﬂs
®

Control

TRACE
ROTATION
Caontrol

@ READOUT

INTENSITY
Controt

Adjusts the brightness of the waveform.

Limits the CRT deflection both vertically and horizontaily
1o 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

lires, Relocating the instrument to a different magnetic
amblent may result in slight misalignment of the trace

and graticule, indicating a need to readjust the TRACE
ROTATICN contral, using a screwdriver,

Adjusts the intensity of the CRT readout display and
either enables or disables the display of scale factors.
Digital measurements, Save/Recall readouts, the *50 0
OVERLOAD" message, the available Counter-Timer-
Trigger (CTT) menu, and the available Television/Video
{TV) function Indicators are always enabled.
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Controls, Connectors, and Indicators

@ ASTIG Control

SCALE ILLUM
Controi

POWER
Switch

@ @

@- CRT

GPIB STATUS

Indicators

5-2

Various functions generate dispiays-in the upper row.
The most recently setected function dispiaces any
previcus readout. If deita or delay readouts displace
displays generated by the available 7V enhancement
or CTT, the TV or CTT displays shift to the upper
left corner, in lieu of the trigger level readout.

Minimum intensity occurs at the controt's midrange,
OFF position, Clockwise rotation from midrange
increases the intensity and enables all displays.
Counterclockwise rotation from midrange increases
the infensity and disables the scale-factor and
control-status displays,

Adiusts the CRT beam shape to obtain a well-defined
display over the entire graticule area, in conjunction with
the FOCUS control. Once adiusted with a screwdriver, it
nermally does not require readjustment.

Adiusts the level of graticule Hlumination.

Turns instrument power on and off. Prass 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
reapplied to the instrument, uniess saved setup number
1 is selected by EXER 06, describad In Appendix A.

Has a 80-mm vertical by 100-mm horizontal dispiay
area. Internal graticule lines eliminate parallax-viewing
error betwsen the trace and the graticule lines. The
graticuie inciudes 0%, 10%, 90%, and 100% marks for

- rise-time measuremeants.

Inciuded only with the avallabie |EEE-Standard-488
interface (GPIB), show key interactions with a GPIB
system. LOCK lights when the instrument controls are
disabled by a focal lockout message from the system
controfier. SRQ fights when the instrument requests a
service response from the system controfler. REM lights
when.the system controller assumes control of the

“instrument. See 24X54/2467 Option 10 Instrument

Interfacing Guide for detailed information on using the
instrument in a GPIB system.
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Controls, Connectors, and Indicators
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Figure 5-1. Power and display centrois.
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Controls, Connectors, and Indicators

Setup and Vertical

5.4

Refer to Figure 5-2 for the location of iterms 11 through 17,

STEP/AUTO
Button

SAVE/HELP
Button

@ RECALL/HELP
Buiton

Recalls the next step in a stored sequence of setups, if
the STEP ingicator is lluminated. If the STEP indicator
is not itluminated, the oscilloscope automatically
establishes triggering and scaies the waveform display
vertically and horizontally (AUTO).

Saves the current oscilloscope control settings in a
numbered sstup when followed by one of the setup-
number buttons, 1 through 8, which are also the Vertical
MGOE buttons. Pushing the SAVE/HELP button

repiaces the top and bottom rows of the normal readout
display with prompting and help messages. These heip
messages may be gycied through by repeatedly pushing
the SAVE/HELP bulton, Additional setups are accessible
by using 4 and STEP. For operational information, see
the "Operation” section and Appendix B,

Restores previous cscilloscope control settings saved in
& numbered setup when followed by one of the setup-
number buttons. Pushing the RECALL/HELP butten
replaces the top and boftom rows of the normal readout
with the user defined menu. Repeated operation of the
HELP button produces a cycle of help messages.
Additional setups are accessible by using A and STEP,
For operational information, see the *Gperation”. section
and Appendix B.

Each setup carries a name with one 1o seven
characters. The name of a setup can be defined when it
is saved or redefined at any time. The names of setups
one through sight appear on the screen as a user-
defined menu when RECALL is pressed. The names
appear on the screen in the same relative positions as
tha corresponding setup rumber buttons, also used as
Vertical MODE buttons. When a setup is recalled, the
setup number and name appear in the upper left of the
readout until a controf is moved ¢r & measurement
changes the readout,

2465A/2455A/2445A Operators



Conirols, Connectors, and Indicators
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Figure 5-2. SETUP and MODE buttons, and CH 1 and CH 2 PCSITION controls,

POSITION Set vertical position of the Channel 1 and Channel 2
Controls signal displays. Clockwise rotation of a control moves
the associated trace upward. When the X-Y display
feature is in use, Channel 1 POSITION contrel moves
the display horizontally: clockwise moves it to the right.
- The Channet 2, Channel 3, and Channel 4 vertical
POSITION controls move the asscciated X-Y display

vertically.
@ MODE Select the indicated channel{s) for display. Any
Buttons combination of the five possibie signal selections can be

displayed by pressing the appropriate buttons, The
Chanrel 1 signal will be dispiayed if none of the displays
are sefected. Each button has an asscclated indicator to
show when the respective display or characteristic is
active. Pressing a button toggles the-dispiay or
characteristic on or off. These buttons have a secondary
funetion of selecting setup memories (1) through (8)
when pressed after pressing SAVE or RECALL.

When multiple channels are selected, they are displayed

sequentially in order of priority. The established pricrity
order is: CH 1, CH 2, ADD, CH 3, then CH 4.
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CHOP

ALT

The algebraic 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 Channel 2 signals. The INVERT
button aiso invaris the polarity of the signal output &t
the CH 2 SIG OUT connector on the rear panel. At
the same time, the Channel 2 trigger-signal polarity is
inverted so that if CH 2 is selected as the TRIGGER
SOURCE, the displayed slope will agree with the
TRIGGER SLOPE setting.

Selects the vertical display mode for multipie-channel
displays.

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

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

When more than one channal is selected, if the
SECIOW setting for the displayed sweep is in the
range of 20 as/div to 2 us/div, each channel is
displayed for 400 ns. Otherwise, each channel is
displayed for 1 us. The chop switching rate is
desynchronized from sweep repetitions to minimize
waveform breaks when viewing repetitive signais.

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

The Alt vertical mode enables a slaved delta-time
mode for measuring time intervals between two
channels. In the slaved delta-time mode, the first
selected display in the sequence is displayed with the
delta reference delay and the second selected dispiay
in the sequence is displayed with the delta delay,
Any additionat channels are dispiayed with both
delays. The slaved deita-time mode also requires the
following controt conditions: either At or 1/At
selected, inten, Alt, or B horizontal display with the
dual delays and not cursors, multiple verticat
dispiays, and a single A-Swesep trigger source.
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LIMIT Button

@ 20 MHz BW

Limits the bandwidth of the vertical deflection system o
20 MHz. Full vertical bandwidth is available when the
bandwidth fimit function is off. Neither the trigger
signals nor the output from the CH 2 SIG OUT
connector is affected by the 20 MHz BW LIMIT.

Refer to Figure 5-3 for the location of items 18 through 21,

MO 15 F S 400VNK 1ML 15pF = 400V pk

605155er5 500 <5Y RMS
\

=
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Figure 5-3. Channel 1 and Channel 2 controls and connectors.

VAR Controis

Provide continucustly variable, uncalibrated deflection
factors between the calibrated settings of the
VOLTS/DIV switches. These controls vary the deflection
facters from calibrated (fully clockwise detent position)
to at least 2.5 times the calibrated deflection factor #ully

" counterciockwise position). When out of the calibrated
detent, & greater than (>) sign appears in front of the
associated VOLTS/DIV readout display.
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5-8

(19) voLTsov

Switches

input

Coupling

Buttons and
. Indicators

1 M2 AC

1 MQ GND
{2 identical
positions)

Select vertical deflection factor settings in 3 1-2-5
sequence with 11 positions. The VAR control must be in
the detent (fuilly clockwise) position 1o obtain a calibrated
deflection factor. Baske deflection factors are from 2 my
per division to 5 mV per division. The switches can
retate continuously, but have no effect beyond the
extreme settings. Deflection factors shown in the CRT
readout reflect actual deflection factors when Tektronix
attenuation-coded probes are connected to the inputs.

Setect the method of coupling input signals to Channel 1
and Channel 2 and indicate the selection made. If the-
upper Channel 1 and Channel 2 Input Coupling buttons
are both pressed together, the instrument automatically
performs & dc balance of Channel 1 and Channel 2
vertical circuitry.

Input signal is capacitively coupled 1o the vertical
attenuator, The dc component of the input signal is
biocked, The low-frequency limit {—3 dB point) is
10 Mz or less when using either a 1X probe or &
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 ingut
coupling is AC, pressing the upper button activates
the ciamp and displays “TVC" in the readout. The
clamp locks the back porch feature of the video
signal to a constant levet and elfiminates drift, hum,
and tilt, despite changes in-signal ampiitude ang
average luminance leveis. Pressing the lower button
restores AC coupling and turns off the clamp,

The input of the vertical ampilifier is grounded to
provide a zero {ground) reference-voltage display.
Input resistance is 1 M 1o ground. This input
selection allows precharging of the input-coupling
capacitor to prevent a sucdden shift of the trace if AC
input coupiing is selected iater. The input signai is
net grounded. If the input coupling of a channel ™
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 selectad, the sweep free runs only if both Channel
1 and the Channel 2 input couplings are set 1o GND.
While power is off, coupling is at 1 MQ GND,
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1MQDC

504 DC

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

Al frequency components of the input signal are
coupled to the vertical, with the input terminated by
50 Q to ground. If excessive signal is applied to
either the CH 1 or the CH 2 input connactor while

50 & DC input coupling is setected, input coupling will
revert o 1 M GND and a CRT readout will indicate
the overloaded condition. Changing the input
coupling of the affected channel removes the
overload message,

Conduct external signals to the Channel 1 and Channel
2 vertical inputs. A signai applied o the CH1 OR X
connector provides the horizontal deflection for an X-Y
display. Each connsctor includes a coding-ring contact
for Tekironix-coded probes.

Refer to Figure 8.4 for the location of items 22 through 26.

PP,

POSITION VOLTS/DIV - POSITION

SN BN B i
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a
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Figure 5-4. CH 3 and CH 4 controis and connectors and CALIBRATCR outpdt.
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@
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|

540

CH 3 and
CH 4 input
Connectors

POSITION
Controls

VOLTS/DIV
Switches

CALIBRATOR
Connector -

Auxiliary
Ground Jack

Conduct external signals to the Channel 3 and Channel
4 vertical inputs. Each connector includes a coding-ring
contact for Tektronix-coded probes. input coupling from
these connectors s DG only, Channel 3 and Channel 4
ara most useful as digital-signal and trigger-signal input
channels, given their fimited choice of deflection factors.

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

Toggle between 0.1 V and 0.5 V per division deflection
factors for Channet 3 and Channel 4,

Provides a 0.4-V p-p square-wave inio a 1 MR load,
0.2-¥ p-p into a 50 § de-coupled load, or 8-mA p-p into
a short circuit. The signal is useful for checking sweeps,
delay-times, and vertical 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 dispiays five cycies per 10 divisions. At 100 ms
per division and slower, the CALIBRATOR frequency is
5 Hz; 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,

NOTE

The calibrator signal changes phase during trigger
hoidoff. This does not affect the accuracy of the
calibrator signai that is present during a sweep.
However, if the CALIBRATOR signal is used with
other instruments, the sweep of the instrument
must be shut off, If it is not, the signal will appear
to jitter and will give false {low) frequency counts,
The sweep of the instrument is easily shut off by
setting TRIGGER MODE to SGL SEQ.

Provides an auxiliary signai ground. The jack is
compatible with standard banana piugs. A standarg
accessory binding post piugged into the jack provides a
probe ground when probing the CALIBRATOR output
and provides a versatile ground connection,
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Horizontal

Refer to Figure 3-8 for the location of items 27 through 36.
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Figure 5-5. Horizontal and deita measurement controls.

SEC/DiV Salects A-Sweep speeds, B-Sweep speeds, Delay Time

Switch and ranges, horizontal 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 SWP and B SWP indicators show which sweep
or sweeps are displayed.

A SEC/DV When the A Sweep is displayed without the
B Sweep, SEC/DIV seiects 25 calibrated A-Sweep
speeds from 500 ms/div to 5 ns/div in a 1-2-5
sequence (24 steps to 10 ns/div in the 2455A and
2445A). 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 horfzontal
deflection system.
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B SEC/DIV

When the B Swesp Is displayed, SEC/DHV selects
B-Sweep speeds in 22 calibrated steps from 50
ms/civ to 5 ns/div in a 1-2-5 sequence {21 steps to
10 nsjdiv in the 2455A and 2445A).

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

A

PULL-INTEN

5-12

When the SEC/DIV knob is in, the A Sweep is
displayed, unless the B Sweep has teen dispiayed
and the B Sec/Div setting remains faster than the A
Sec/Div setting. The excaption is that Channel 1 Is
displayed in the horizontat at the extremns
counterclockwise setting of SEC/DiV.

Pedlling the SEC/DIV knob out while the A Sweep is
displayed selects the Intensified horizontal disciay
mode and cancels the Deita Volis function if it is
actlve. The A-Sweep display intensifies during the B
Sweep. The 8 Sweep is not displayed, but it runs
either 100 times faster than the A Sweep or at 5 ns
per division, whichever is siower, in Alt horizontat
display mede, setting B Sec/Div equal to A Sec/Div
also selects the Intensified horizontal dispiay mode,

With At or 1/At, a pair of intensified zones appears.
With multiple vertical displays, Alt vertica! mode, and
& single A-Trigger source (CH 1, CH 2, ADD, CH 3,
or CH 4}, the palr of intensified zones appear as
follows:

1. The reference zone appears on the first
selected trace iny the dispiay sequence: CH 1,
CH 2, ADD, CH 3, CH 4,

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

3. Both zones appear on additional traces when
more than two traces are selected,

Both zones appear on all traces with Chop vertical
mode or multiple A-Trigger sources.
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Pulling the SEC/CIV switch knob out at the fastest 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 enabled, the &
control or the A REF controf can adjust the apparent
delay between the Channel 1 signat 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 ne effect on
the common-made rejection between Channel 1 and
Channel 2,

TURN-ALT 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 delayed B-Sweep. The posiion
of the intensified zone on the A.-Sweep indicates the
time position of the B-Sweep, and the length of the
intensified zone indicates the B-Sweep duration. A
separate B-Sweep runs for each intensified zone..

PUSH-B I the Alt herizontal display mode, pushing in the
SEC/DIV knob displays only B-Sweeps.

When the B-Sweep speed Is set equal to the A-
Sweep speed in Alt or B display mode, the mode
changss from A 10 B or from Inten fo AlL

@ VAR Control Continucusly 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 pesition slows the sweep by a
nominal factor of three. The CRT readout displays the
actual time-per-division scale factor for ail settings of the
VAR centrol. When the Intensified A-Sweep or the B-
Sweep is displayed, VAR affects only the B-Sweep
scale factor, '
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TRACE SEP

Control

Control

POSITION

X10 MAG
Button

Positions the B trace downward from the A trace in Alt
horizertal display mode. In the B horizontat display
mode, with At or 1/at, TRACE SEP positions the trace
associated with the A control downward. Fully clockwise
rotation efiminates separation between the iraces.

Horizontally positions the sweep displays.

Horizontally magnifies the portion of the sweep dispiay
positioned at the center vertical graticule line by a factor .
of 10. When in Alt or B horizental dispiay mode, only the
B-Sweep is affected.

Delay and Delta Controls .

The AV, At, and TRACK/INDEP buttons, with the A REF OR DLY POS and A
rotary controls, are used o make voitage, time, frequency, ratio, and phase
measuremsnis. These controls aiso affect the SAVE ang RECALL functions and
the CH 2 DLY matching function. With the avaitable TV enhancement, A alsc
$8rves as a line number selector and “FLD LINE #" nomenciature is added, With
the available C7T, A REF and A serve as menu selectors, with “MENU SELECT”
nomenclature added, and also as delaying-event-count controls, With the availabie
WH, they serve as word definition controls.

@ AV Button

Activates the Deita Voits measurement function and
cancels the At or 1/At measurement function. When the
AV function is active, two horizontal cursors are
superimposed on the dispiay. The CRT readout shows
the eguivalent voitage batween the two cursers. Cursors
are positioned by the A REF OR DLY POS controi and
the A control. With multiple verticat displays, the
deflection factor of the first selected channei in the
display seguence determines the cursor scale factor,
The cursor readout is displayed as a percent RATIO
under either of the following conditions:

1. When the VOLTS/DIV VAR control of the
channai determining the scale factor is out of the
detent position,

2. When the Add vertical display mode is selected
along and the Chanrnet 1 and Channel 2
VOLTS/DIV settings are not the same.

Prassing the AV button when the function is active

cancels AV. Pulling SEC/DIV out alsc cancels the
Delta Volts function.
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@ At Button 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 display, two
verticai gursors are established. Ona delay time or
cursor position is controlled by the A REF OR DLY POS
control, and the ather is controlled by the A control. The
CRT readout displays sither the differance between the
two delay times or the equivalent time between the
vertical cursors.

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

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

1/at Momentiarily pressing the At and AV buttons

Function together activates the 1/Deita-Time function and
cancels any other Delta measurement function. The
waveform display and the Delta controls operate the
same as for At, but the readout shows the reciprocat
of the time in Hz (frequency).

if the SEC/DIV VAR controi is not in the detent
position (full clockwise rotation), and the A-Sweep or
R.Sweep hotizontal display mode is selected, the
readout dispiays the time between cursors as
degrees of phase, where five divisions are egual to
360 degrees.

When the 1/Delta Time function is active, pressing

the At and AV butions together deactivates the
funetion.
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5-16

DLY, AV, At
and 1/At
Readouts

- Each of these readouts includes a function name, a
signed, floating-point numeral, and the appropriate
unit symbol. Numerais are displayed with larger sized
characters. A numeral immediately following “AV”
indicates which channei provides the delta voltage
scaling, the lowest numbered of the dispiayed
channels. Sweep Delay Time {(DLY) is displayed for
the Inten, Alt, and B horizontal dispiay modes when
none of the deita functions are selected. Except for
DLY, these readouts are enabled with Readout
Intensity set for Scale Factors On or Scale Facters
Qff.

A question mark appears after the AV function label
when the function applles to CH 3 or CH 4,
indicating poorer accuracy than is available with
CH1orCHZ2

A question mark appears in a DLY readout or ina At
o Hat readout with a pair of sweep delays, when
one or both of the sweep delay settings is iess than
1% of maximum delay {ull scale) setting or when the

- B-Trigger mode is TRIG AFT DLY {or, with CTT,
TRIG A DLY). With the CTT, these question marks
disappear when a direct measurement is complete. A
questions mark also appears when the difference
betweeen the pair of delays in 1/At is less than 1%
of full scale, and the CTT does not remove it

For the lowest 0.5% of the range of DLY settings,
the reading is zero. This offset lends acouracy to
delav time sattings, It is rslated to the circuit offset
that makes the A-Sweep triggering event viewable at
minimum delay,

Sets the B-8weep Delay Position. it sets the reference
B-Sweep delay when At or 1/At is active with two
delays. When any cursor mode is active, the A REF OR
DLY POS control positions the reference cursor (dotted
fine) and has ne effect on B-Sweep delay.

When TRACK mode is selectied, 4 REF moves both the
refererice and delta cursors or delays, equally,

When a Save mode is active, A REF selects character
positions In a setup name or attribute flelds in a
sequence step definition,

With the availabie C77, A REF selects items or ifem
groups in the CTT menu and sefects character positions
in event-count definition displays. With the WR, A REF
selects character positions in word-definition displays.
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@ A Control Positions the delta B-Sweep delay or time cursor
{dashed vertical line) when either At or 1/Atis active.
When AV is active, the A control positions the delia
cursor (dashed horizontal 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.

With the available CTT, A selects tems inthe CTT menu
and defines characters in event-count definition displays.
With the WA, A defines characters in word-definition
displays.

With the available TV enhancement, the controi
nomenclature includes "FLD LINE #." The control
selects specific line numbers within a video fleid for
triggering the A Sweep when trigger Coupling is set to
FLD 1, FLD 2, or zlternate FLD 1-FLD 2. Possible line
numbers range from 1 © the maximum number of ines

~per frame in the television signal. Rotating the control
clockwise increases the iine number; rotating it
counterciockwise decreases the line number, Increasing
the line number above the number of lines in a field or
decreasing the number beiow the minimum automatically
sets the line number {o the minimum or the maximum in
the other field and selects the opposite FLD 1 or FLD 2
coupling. In ALT, the coupling does not change and line
numbers are limited to the numbers shared by both
fields. See TV EXER 61 and TV EXER 62 in Appendix A
to define the daesired line number format. For axampla,
the lines in a 525-line, interlaced-scan signal can be
numbered:

~112,,.26226831 1 2 ,..2612621..
, ' or
wi12,.,,282 2631264 265...,, 5245251,

With FLD 1 or FLD 2 trigger coupling, the readout
displays the selected fine numnber. The fine number
readout is followed by a A symbot if the A FLD LINE
# contral is directed 1o ine number selection. if the A
symbol is not present, the control is directed to
another function and the line number is fixed. The
control Is redirected to line-number selection or back
to a A function by pressing a Trigger Coupling button
or the respective A button(s).
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TRACK/INDEP  Selects sither the Tracking or Independent mode for the
Button . A REF OR DLY POS control. in the Tracking mode,
rotating the A REF OR DLY POS control changes both
delays or both cursors equally until the limit 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
SUrsor.

Refer to Figuré 5.6 for the location of items 37 through 48.

@
Eﬁrﬁ;ﬁ%q\
QST

B
Lt FMis &

MENU SL;P{ ..sr@w%—j ! g
O O O~

5

i
i
i
tosmsendony fow
R S B .
o Mg O CH e

i -
o gt e | umes | P

@ ? e THET qr T B)

[ andy ¢ ) moz TRl M

. 4 N ISR

MODE JOURCE COUPLING

a3

6014-07
Figure 5-6. Trigger controis and indicators,
MODE" Select the mode of either the A Trigger or the B Trigger.
Buttons and Pressing a button steps the MODE selection ance:
Indicators holding the button causes the MCDE selection to step

repeatedly. indicators show the selected mode of either
the A Trigger or the B Trigger according to the selected
horizontsl dispiay mode and as directed by the A/B
TRIG button {or A/B/MENL, with the CTT).
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A-Trigger Modes:

AUTQO LVL

AUTO

2485A/2485A/2448A Operators

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

In Auto Lvl mode, LEVEL covers the range between
the positive and negative peaks of repetitive
triggering signals. if the triggering signal amplitude
changes, the trigger lavel does not change unless a
trigger is no longer 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 extrems, or when the
upper MODE button is pressed. if the LEVEL control
is set near either end position, the kigger level is set
near the ccrresponding signal peak. If LEVEL is in
the midrange between either end, the trigger levei set
by AUTO LVL is near the midpcint between the
trigger signal paaks. When INIT@50% is pressed,
the trigger level is set near the midpoint of the signal,
regardless of the setting of LEVEL, The established
trigger ievel remains in effect when switching to Auto
trigger mode. :

To obtein triggered sweeps, the triggering signal
repetition rate must be greater than a nominat limit,
depending on the selacted sweep speed,

Wit Auto Lvi mode and Vert trigger source, the
lowest numbered channei displayed, or Add if it is
displayed, provides the trigger signal. When the
trigger mode is changed from Auto Lvi to Auto while
more than one channel is displayed, the single
channel trigger source is retained 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.

Sweep free runs in the absence of a triggering signal.
The trigger level changes only when the LEVEL
conirol is adjusted to a new pesition or when
INIT@50% is pressed,
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5-20

NORM

SGL SEGQ

B-Trigger Modes:

MENU

RUN AFT
- DLY

TRIG AFT
DLY

Sweep is triggered and runs when an adequate
triggering signal is applied. In the absence of an
adequate triggering 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 verticat display is selected, the
A Sweep free runs if Channel 1 and Channel 2 input
coupiing are both set to GND.

When armed by pushing the lower MODE button, the -
sweep runs once for each of the traces defined by
the following controls: Verticai MODE, A and B
SEC/DiV, and At or 1/at. Each sweep requires a
distinct A-Sweep friggering eventt? lg The READY
indicator remains iluminated until the final trace in
the sequence is completed. At the end of the display
sequence, scale-itumination flashes and the readout
dispiay is written once to prasent the scale factors
and other readout data.

Only with the available CTT, the Menu indicatar
lights when a menu is displayed and when the trigger
controls are directed to the B Trigger with & Delay-
by-Events or Logic Trigger function, Pressing
AIB/MENU with the A-Sweep displayed, not
intensified, displays the main CTT menu and lights
MENU. Pressing the upper trigger Mode button with
the B Sweep active (Inten, Alt, or B horizontal mode)
and RUN AFT DLY B-Trigger mode aisc displays the
CTT main menu and fights the indicator. Pressing the
lower trigger Mode buiton while MENU is on cancels
any Logic Trigger or Delay-by-Events mode and
turns MENU off. .

The B Sweep runs immediately after the delay time
set by A SEC/DIV, A REF OR DLY POS, and, if at
or /At is active, 4,

The 8 Sweep runs when triggered atter the set
delay, determined by the same controls as for RUN
AFT DLY, provided the A Sweep has not terminated.
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TRIG A DLY

Only with the available CTT, and with At or 1/At
active, the B-Trigger Siope and Level for the A delay
can be set separately from those for the REFerence
delay. If both TRIG AFT DLY and TRIG A DLY
indicators are on, the B-Trigger Slope and Leve! are
comymon for the two delays. TRIG A DLY should
normally be used with VERT trigger 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
triggers.

SOURCE Select the trigger-signal source for either A Sweep or B
Buttons and Sweep.

Indicators

VERT

CH 1, CH2,
CH 3, or
CH 4

. LINE {A-
Trigger
Only)

The sweep triggers on the displayed channel when
only one channel is selected. If multiple vertical
displays are sefected, both the trigger Mode and the
Chop/Alt salection affect the triggering source. With
Alt vertical mode and with A-Trigger modes other
than Auto Lvl, each displayed channet in turn
provides the triggering signal and the respective LED
indicator for each displayed channel is Huminated.
With Auto Lvl trigger mode or with Chop vertical
mode, the lowest-numbered channel, or ADD # it is
displayed, is the triggering-signal source. The Scurcs
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 ifluminated.

A triggering signal is obtained from the
corresponding vertical channel,

A triggering signal is obtained from a sampie of the
ac power-source waveform. This trigger source is
useful when vertical input signais are related (muitiple
or submuitiple) o the frequency of the ac power-
source veltage.

COUPLING Select the method of coupling the triggering signai to the
Buttons and trigger gererator.

indicators

pc

2465A/2455A/2445A Operators

All frequency components of the signal are coupled
to the trigger. This coupling is preferred for most
signals.
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5.22

NOISE REJ

HF REJ

LF REJ

AC.

All fraquency components of the input signal are
coupled to the trigger. This coupling improves trigger
stability with signals 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 signat appiied to the
trigger. It aliows triggering on the low-frequency
components of a complex waveform,

Signais are capacitively goupled, bipcking the de
component of the triggering signat and attenuating
the low-frequency signal components below 50 kHz.
This coupling allows triggering on the high-frequency
components of a complex waveform.

Signals are capacitively coupled, Frequency
components below 60 Mz are attenuated, and the do
component of the input signal is blocked. This
coupling works for signals that are superimposed on-
slowly changing de voltages. This method will work
for most signals when trigger-eve! readout is not
desired.

Only with the available TV enhancement, the trigger Coupling buttons and
indicators select four additional trigger counlings, The raadout shows which
of these couplings and which ling number are selected, in the upper right
corner of the CRT. If that corner is occupied, the TV information is displayed

in the upper left corner.

LINES

FLB 1

FLD 2

The A Sweep triggers at TV horizontal line-syng
puises. AUTO trigger mode Is automatically selected.

The A Sweep triggers on a selected line in the first

-fietd of & TV signal. NORM trigger mode is

automatically selected.

The A Sweep triggers on a selected line in the
second fieid of a TV signal, NORM trigger mode is
attomatically setected.

2465A/2455A/2445A Operators
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ALT The A Sweep alternately triggers on the same
selected line in both TV fields. Both the FLD 1 and
the FLD 2 indicators light. NORM trigger mode is
automatically seiected.

With CHOP vertical mode, ail chanrels are displayed
with both the FLD 1 and the FLD 2 triggers.

With Alt vertical mode and more than one channel
displayed, field 1 of the video signal triggers the

" sweep with the first displayed channel and fleld 2
triggers the sweep with the next displayed channei.
With more than two channels, each additional
channel is displayad with triggers from both fieids.

A/BTRIG (o The MODE, SOURCE, COUPLING, SLOPE, LEVEL,
A/B/MENU) and INFT@50% controls are hormally directed to the
Button A Trigger. They are directed to the B Trigger with Inten,

Alt, or B-Sweep horizontal dispiays, if B mode is TRIG
AFT DLY (or, with the CTT, TRIG A DLY). The trigger
controls are directed to the opposite trigger while the
A/B TRIG {or, with the CTT, A/B/MENU) button is
pressed. With Inten, Alt, or B-8weep horizontal dispiays,
and with B-Trigger mode set to RUN AFT DLY or with
A-Trigger mode set to Sgi Seq, the irigger controls are
aiternately directed to the A Trigger or to the B Trigger
each time the bution is pushed.

@ LEVEL Sets the amplitude point on the triggering signal at
S Control which A-Sweep or B-Sweep triggering oceurs.

When the A-Trigger mode is set to Auto Lvi, the effect
of the LEVEL control is spread over the peak o peak
amplitude of the triggering signal. When the control is
rotated to either exireme, the peak values are
measured, and the control range is redefined 10
correspond 1o the peak values. If LEVEL is fully
clockwise, the initial level is near the positive peak. If
LEVEL is fully counterciockwise, the initial level is near
the negative peak.
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®

SLOPE Button
and Indicators

A SWP
TRIG'D
Indicator

READY
Indicator

HOLDOFF
Conirol

INIT@50%
Button

Determines whether the A Trigger or B Trigger respond
t¢ the positive-going or the negative-gcing siope of a
signal. With the available TV enhancement, Slope

selacts positive or negative sync polarity. With the
available C7T, in Loglc Trigger modes, Slope determines
whether the high (+) or low {—) state of the signhal is the
true input 1o the logic function.

Hiuminates when the A Sweep is triggered. it
extinguishes a short time after completion of a sweep
uniess & triggering signal is received.

luminates when Sgt Seq mode is selected and the A
Sweep is armed and waiting for a triggering event to
oeour, It extinguishes following the compietion of all the
traces selected for the Sgl Seq display.

Varies the time from the end of an A Sweep 1o enabiing
the next sweep 1o be indtlated by the triggering signal.
This control can be set to stabilize some aperiodic
signals. In the B ENDS A position (fully clockwise)
trigger holdoff time is minimum, and A Sweep terminates
immediately at the end of the B Sweep. This enables the
fastast possible sweep-repetition rate at slow A-Sweep
speeds. ‘

initializes the rigger level 2t the midpoint hetween
peaks, for either the A Trigger or B Trigger, in any
mode,

It Vert trigger scurce is selected and more than one
channef is displayed, INIT@50% automatically sets the
frigger sourcs to the lowest numbered of the displayed
channels, However, with the available CTT, with a
“slaved delta-time” display and separate B-Trigger
settings for reference and deita delays, INFT@50% sets
the level for each of the first two channels separately
and does not change the trigger source. If Sgl Seq
mode is selected, the A-Trigger mode changes to Norm.
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Rear Panel

Refer to Figure 3-7 for the location of items 47 through 57,

® ®

® ® ®6

e .
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A GATE OUT
and B GATE
ouT

Connestors

Line Yoltage
Selector
Switch

EXT Z-AXIS
IN Connector

Fuse Holder

Detachabile
Power Cord
Receptacle

CH 2 SIGNAL
outT
Connector

Mod Slots

STER/AUTO
EXT Switch
Connector

Provide TTL-compatible, positive-going gate signals that
are Hi during their respective sweeps ang LO while the
sweep is not running, When the A SEC/DIV switch is set
to 5 ns per division, a gate signal is present at both the
A GATE QUT and the B GATE QUT connectors,

Selects either 118 V or 230 V nominal ac-power-source
voltage.

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

Contains the ac power-source fuse.

Connects the ac power source 1o the'instrument.”

Suppiles a normalized signal that represents the
Channei 2 input signat,

Contain identification of any instalied instrument
modifications.

A connector on the rear panet accepis a standard, 2.5-
mim, micro-phono plug, compatible with some commonly
available remote-controf switches for audio recorders, A
contact closure or TTL-low at this input produces the
same effect as operating the STEPJAUTO button,
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Word:
Recognizer
Probe
Connector or
Probe Power
Connector

WORD

RECOG OUT
Connector or
Probe Power
Connector -

@ - GPIB
Connector

Connects the 17-Bit Word Recognizer Probe o the
instrument, only with the available WA (Option 093, or
supplies conditioned de voltages to active probes, only
with Option 11,

Provides a LSTTL-compatible, positive-geing pulse
when the Word Recognizer detects the selacted word,
onfy with the available WR (Option 09), or supplies
conditicned de voltages 10 active probes, only with
Option 11,

Provides the IEEE Sid 488-1978 compatible electrical
and mechanical connection to the GPIR,
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Figure 5-7,

Rear panel controls 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 58 through 70.

RANGE Select full-scale ranges for measurements.
Buttons :
AUTO Selects autorange. The measurement range changes

UP and
DCWN

as necessary to maintain the reading within % to
100% of full scale. Autoranging is automatically”
selected each time a new measurement function is
selecied. If autoranging is active, pressing AUTO
deselects autoranging. When the button is pressed
again, autoranging returns.

When a measurement range changes, the display
blanks momentarily. lf a measurement exceeds a
manually selected range or the highest range with
autoranging, *OVER" is displayed in the readout.

Change the measurement range, In aulorange mode,
pressing either button disables autoranging and
selects the next range above or telow the present
range, Pressing the UP button at the highest range
or DOWN at the lowest range does not change the
range, but changes the mode either from autoranging
to manual ranging or from manual to automatic. Wita
manual ranging, the display shows “MNL."

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

@ DCV/DC A 'Turns the de volts or de amps function on or off,

@ ACV/AC A Selects or cancels ac rms volts or ac rms amps,

(61) dBV/dBm Selects or cancels dBV or dBm.

dBY

2465A/2455A/2445A Operators

Displays a¢ rms voltage measurements as the log of
the ratio of the input voltage to 1 V. Readings squal
20X 109(Vippu Ve Where Vi, is the input voitage
and V is 1 V. With zero input, the readout displays
“OVER."
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dBm

(62) cont

(63) Moo

=
o]

Loq

Displays ac rms voitage measurernents as the log of
the ratio of the input voitage 1o a 1 mwW reference at
800 . Readings equal 20 X10G{V 4V erh Where
Vinput 18 the input voitage and V, is 0.7748 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 <«
100" or "OPEN > 10 Q." 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, 200k, 2 M,
and 20 M g ranges. At fuil scale, 2 V appears across
the test ieads, which will bias a silicon semiconductor
junction to forward conduction..

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

Tektronix 24654 3077 ¢ gt

SETUP ditaranss VERTIG A1 ixssioes
Toorommion L poanes

) WD‘; ’ (5 mw: {D :

T T & 1 1

L traspans
o .

6014-09

Figure 5-8. DMM controls and connectors.
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°CI°F Selects or deselects temperature measurement, If a
. temperature probe is not connected 1o the input jacks,
the readout shows *ATTACH TEMP PROBE."

°C Measures temperature in Celsius degrees.
°F Measures temperature in Fahrenheit degrees.
@ SHIFT Setects the secondary functions of the other DMM

buttons. Primary functions are indicated on the panel
above the DMM buttons and secondary functions are
indicated belew. Pressing SHIFT while shift is pending
canceis the shift prefix, A pending shift prefix wilt clear
automatically if another DMM button is ot pressed
within 10 seconds. While the shift prefix is pending,
“SHIFT” appears in the readout.

HOLD/SMOOTH Changes the display moda,

HOLD “Freezes” the display, which aiso shows “HLD.”
‘ Display updating resumes when any DMM button is
pressed. ' -
SMOOTH Filters measurement variations from the display. The

display represents the mean vajue calculated from a
serles of acoumulated messurements. A numerat in
the upper right of the dispiay shows how many
measuremnents the displayec average includes: 8, 18,
24, 32, 40, 48, 56, or B4. After 84 measurements are
accumullated, the running average is updated, after
each gight measurements, to reflect the most recent
64 measurements. To reset the averaging process,
smoothing must be deselected, then salected again.

MIN/MAX Displays the minimum or maximum measurement or
DISPLAY ~en resets the minimum and maximum to the next
MIN/MAX measurement value,
RESET

Repeated 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, regardiess
of whith of the three displays is selected and regardiess
of whether smoothing is in effect.
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MIN/MAX
RESET

REF DISPLAY
/REF SET

REF
DISPLAY

REF SET

HIGH and
LoOwW
Connectors

Fuse

Initiglizes the minimum and maximum values when
the next measurement is made. Selecting a new
DMM function also resets the minimum and
maximum values.

Displays or seis a reference measurement.

Shows the present reference value. If no reference
has been set, the display wilt show 0.

Initializes the reference valye o the present display.
Al subsequent measurements will be displayed with
this reference value subtracted from them. H no
measurement is displayed, or if the present
measurement Is out of range, REF SET has no
effect.

When a measurement has a reference vaiue
subtracted from it, the dispiay includes & A symbol.
With dBV or dBm, the reference takes the place of
Ve Selecting a new DMM function or turning off
power clears the reference. The reference is retained
if another instrument 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
DOC and resistance measurements, the upper, red
terminat is positive and the lower, black input is
negative.

Excessive Input in & current-measuring mode may opan
the input fuse. i the fuse opens, none of the DMM
furictions wilt work. To replace the fuse, turn off the
instrument, remove the DMM probes, and unscrew the
fuse hoider. Replace the fuse with a 1.5 A, fast acting,
3AG fuse: {The fuse hoider will accept a2 5§ X 25 mm
fuse, with the appropriate cap substituted for the
original.) Then, replace the probes and turh on the
instrument,
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DMM Displays

Large digits indicate measured values. Parameter units and other text
except "OVER" are displayed as smalier letters and digits. The following

examples show various display formats:

DC Voltage

SMOOQTH

Using a Reference Value
Refersnce Display
Minimum Display
Maximum Display

{with Reference)
Continuity Display

Over-Range Display

Display-Mode Interactions

15693 V DC
1.4356 A DC /64/
AG9B81 ADC
1.3461 V DC=REF

0.5201 V AC=MiN

4 0.8283 V DC=MAX

OPEN > 104
SHORTY <104

QOVER

Selecting REF SET or SMOOTH cancels any HOLD, REF DISPLAY, or
MIN/MAX DISPLAY, but those dispiays can be reselected and work with
refarence values or with the SMOOTH display mods, With SMOOTH, MINMAX
DISPLAY continues to show the extremes of measurements, not the smoothad

values.

24G5A/2455A/2448A Operators
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Performance Characteristics

Performance Conditions

The foliowing electrical characteristics (Tables 6-1 through 8-8} 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 teast 20 minutes, and is operating at
an ambient temperature between —15°C and +55°C (unless otherwise noted). "

items listed in the “Performance Requirements” column define the measurement
capabilities of the instruments. Supplementary measurement conditions may also
be listed in the *Performance Requirement” column,

Mechanical characteristics are listed in Table 8-7.

Environmental characteristics are given in Table 8-8. The oscilloscope meets the
envircnmental requirements of MIL-T-28800C for Type lll, Class 3, Style C
equipment, with the humidity and temperature requirements defined in paragraphs
3.8.2.2,3.8.2.3, and 3.9.2.4.
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Table -1

2485A/2455A/2445A Electrical Characteristics

Characteristics

Performance Requirements

VERTICAL DEFLECTION SYSTEM—~CHANNEL 1 AND CHANNEL 2

Deflection Fagtor

Range 2 mv/division to 5 V/division in a 1.2-5
: sequence of 11 steps.
Accuracy 1 MQ input, noninverted.,

+15°C t0 +35°C
On-Graticule Accuracy

Within 2% at any VOLTS/DIV setting for a
four or five-division signai centered on the
screen.

AV Accuracy {using
cursors over entire
graticule area)

(1.25% of reading +0.03 div + signal
gherrations).

—15°C to +15°C and
+35°C to +585°C

Add +2% of reading.

50 Q Coupling Add £1% of reading.
CH 2 Inverted Add %1% of reading.
AV Range +8 X VOLTS/E)IV‘setting.

V/BIV VARiabie, noninverted

Continucusly variable between VOLTS/DIV
settings. Extends deflection factor 10 >12.5
V/division.

6-2
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Table 6-1 {cont)

2465A/2455A/2445A Electrical Characteristics

Characteristics

Performance Requirements

Frequency Response

~3 dB Bandwidth

2465A
+15°C to +-35°C

Bandwidth is measured with a leveled, 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 probe is checked using a
probe-tip-to-GR {017-0520-00) termination
adapter.

Bandwidth with external termination is checked
using 2 BNC 50-0 feed through terminator
{011.9049.01),

Using standard accessory probe or internat
50.02 termination, .

De to 350 MHz. e -

—15°*C to +15°C and
+35°C 0 +55°C

Dc to 300 MHz.

24554
+15*C to +35°C

Do to 250 MHz.

—15°C to +15°C and
+35°C to +-55°C

D¢ o 200 MMz,

2445A

B¢ to 160 Midz,

~4.7 dB Bandwicth

2465A
—15°C to +35°C

Using 50-0 external termination on 1-MQ input,

e to 350 MHz,

+35°C 10 +55°C

D¢ to 300 MHz.

2455A
=~15°C to +35°C

D¢ to 250 MHz.

+35°C to +55°C

De to 200 MHz.

24454

De to 150 MHz.
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Table 6-1 (cont)
24685A/2455A/2445A Electrical Characteristics

Characteristics

Performance Reguirements

AC Coupled, Lower —3 ¢B 10 Hz or less.
Frequency
With Standard Accessory Probe | 1 Hz or less.
Step Response Rise Time Calculated from T,=0.35/BW.
. 24B8A =<1 ns,
2455A =1.4ns.
24454 =233 ns,

Channel {sclation

=100:1 attenuation of deselected channel at
100 MHz; >50:1 at 350 MHz, for an eight-
division input signal from 2 mV per division to
580 mV per division, with equal VOLTS/DIV
settings on both channeis.

Displayed Channel 2 Signal Delay
with Respect to Channal 1 Signal

Adjustable through a range of at least —500 ps
to +500 ps. .

Input R and C {1 M)}
Resistance

1 M £0.5%.

Capacitance

15 pF 2 pF.

Maximum Input Voltage A

BC, AC, or GND Counled

400 V'(dc + peak ac).

Input R (50 Q}

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

Rasistance 50 Q +1%,
VEWR
2465A
D¢ to 300 MHz <1.3:1,
300 to-350 MMz =1.5:1.

‘24584, 2445A

=1:3:1 for De to Nominal Bandwidth.

Maximum input Voltage A

5V rms, averaged for 1 second; x50 V peak.
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B

Table &-1 {cont}
2465A/2455A/2445A Electrical Characteristics

Characteristics Performance Requirements

Cascaded Operation Channei 2 Vertcal Signal Qutput into Channel 1
input; DC coupled using a 50 O RG-58C/U
coaxial cable, terminated in 50 Q at the
Channel 1 input. Channet 1 and Channet 2
VOLTS/DV set at 2 mV and Bandwidth Limit
On. N

Defiection Factor 400 4V per division £10%.

CMRR {(ADD Mode with Channel 2 | At least 20:1 at 50 MHz for common-mode
inverted) signals of ¢ight divisions or iess, with VAR
VOLTS/DIV control adjusted for best CMRR at
50 kMz, at any VOLTS/DIV setting.

VERTICAL DEFLECTION SYSTEM~CHANNEL 3 AND CHANNEL 4

Deflection Factors

Values 100 mV and 500 mV per division. *
Accuracy Within £ 10%. u
Frequency Response Bandwidth is measured with a jeveled, low

distortion, 50-2 source, sina-wave generator,
terminated in 50 Q. The reference signal
amplitude is set at the lesser of § divisions or
the maximum leveled amplitude,

Bandwidth with probe Is checked using a
probe-tip-to-GR (017-0520-00) termination
adapter.

Bandwidth with external termination is checked

using a BNC 50-Q feed through terminator
{011-0048-01).

— 3 dB Bandwidth Using standard accessory probe.
2468A
+15°C to +35°C Dc to 350 MHz.

-~15°C to +15°C and De to 300 MHz.
+35°C to +85°C

2455A
+158°C to +35°C De to 250 MMz,

—18°C to +15°C and Do to 200 MHz.
+35°C to +55°C

2445A Dc to 150 MHz.
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Table -1 {cont)
2465A/2455A/2445A Electrical Characteristics

Characteristics Performance Requirements
—4.7 dB Bandwidth - Using 50-0 external terminatiorn.
2465A
+15°C to +35°C De 10 350 MHz.
—15°C to +15°C D¢ to 360 MHz.
and +35°C to +585°C
24554
+15°C to +35°C Dc to 250 MHz,
~15°C to +15°C Dc 10 200 MHz.
and +35°C to +55°C
24454 Dc to 150 MHz.
Step Response Rise Time ‘ Calculated from 7,-==0.35/8W.
2465A ' : =<1 ns.
2485A -é? 4 ns,
2445A <233 ns.
Channel isclation >50:1 attenuation of deselected channel at
100 MHz with an 8-division input signal.
Signal Delay Betwesn. Channel 1 Within £1.0 ns, measured at the 50% points,
and Either Channet 3 or Channe} 4
input Resistance 1MQ +1%,
input Capacitance t 15 pF 3 pF.

Maximum Input Voltage A 400 V {dc -+ peak ac),
o 800 V p-p ac at 10 kHz or less.

VERTICAL UEFLEC'-TION SYSTEM—ALL CHANNELS

Low-frequency Linearity .1 division or less compression. or expansion of
. " a two-division, center-screen signal when
positioned anywhere within the graticule area.

Bandwidth Limiter Reduces upper 3 dB bandpass to a imit of
13 MHz to 24 MMz,
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Table 6-1 {cont)

2465A/2455A/2445A Electrical Characteristics

Characteristics

Performance Requirements

Vertical Signal Defay

At least 30 ns of the sweep is displayed before
the triggering event is displayed at any SEC/DIV
=10 ns/div. At 5 ns/div, at least 10 ns of the
sweep is displayed befcre the triggering event.

Chopped Mode Switching Rate

With displayed SEC/DIV in the 20 us to 2 us/div
range, the switching rate is 2.5 MHz £0.2%.
Otherwiss, the switching rate is 1 MHz +£0.2%.
The display cycle rate equals 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

Mirimum P-P Signal Ampilitude for

Stable Triggering from Channel 1 or

Chanrel 2 Source
2465A and 2455A

DC Coupfe& §.35 division from de to 50 MHz; Increasing to
1.0 division at 300 Mz and 1.5 divisions at
500 MMz,

NOISE 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 80 Hz to 50 MMz, increasing

0 1.0 division at 300 MKz and 1.5 divisions at

500 MHz. Attenuates signais below 60 Hz.

HF REJ Coupled 0.5 division from dc to 30 kHz.

LF REJ Coupled 0.5 division from 80 kHz to 50 MHz; increasing
to 1.0 division at 300 MHz and 1.5 divisions at
500 MHz.

2445A

DC Coupled 0.35 division from de to 50 MHz; increasing o
1.5 divisions at 250 MHz.
=1.2 divisions from dc to 50 MHz; increasin,

NOISE REJ Coupled

to 4.5 divisions at 250 MHz. ‘
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Table 6-1 {cont)
2485A/2455A/2445A Electrical Characteristics

Characteristics

Performance Requiremenis

AC Coupled

.35 division from 8¢ Hz to 50 MHz; increasing
to 1.5 divisions at 250 MHz. Attenuates signais
betow 60 Hz.

HF REJ Coupled

0.5 division from dc to 30 kHz.

L.F REJ Coupled

. 0.50 division from 80 kHz to 50 MHz;
increasing to 1.5 divisions at 250 MHz,

Minimum P-P Signal Amplitude for
Stable Triggering from ADD Source

Add 0.5 division to CH 1 or CH 2 requirement at
300 MHz and 504 MHz for 2465A and 2455A.

Minimum P-P Signal Amplitude for
Stable Triggering from CH 3 or
CH 4 Source

6.5 x CH 1 or COH 2 requirement.

Minimum P-P Signal Amplitude for
Stable Triggering from Composite,
Multiple Channel Source, ALT
Vertical Mode

Add 1 division to the single-channel source
specification.

Checked at 50 mV per division.

Maximum P-P Signal Rejected by
NQOISE REJ COUPLING Signals
Within- the Vertical Bandwidth

CH 1or CH 2 SOURCE

=0.4 division for VOLTS/DIV settings of
10 mV/div and higher.

Maximum noise amplitude rejected is reduced at
2 mV/div and 5 mV/div.

CH 3 or CH 4 SOURCE =0.2 division.
Jitter
2465A <50 ps with 5 divisions of 300 MHz at
) 500 ps/division.
2455A <50 ps with 5 divisions of 250 MHz at
1 ns/division,
2445A =100 ps with 5 divisions of 150 MHz at

1 ns/division,

LEVEL Control Range
CH 1or CH 2 SOURCE

=18 X VOLTS/DIV setting.

CH 3 or CH 4 SOURCE

£9 X VOLTS/DIV setting.

6.8
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Table 6-1 {cont)
2485A/2455A/2445A Electrical Characteristics

Characteristics

Performance Requirements

LEVEL Readout Accuracy

CH 1 or CH 2 SOURCE
+15°C to +35°C

For triggering signals with transition times
greater than 20 ns.

Within +[3% cf setting + 3% of p-p signal +
0.2 givision + 0.5 mV + (8.8 mV x probe
attenustion factor)] with Vertical input at 1 MQ
DC, CH 2 Scurce Not Inverted, and Trigger DC
Coupied.

~15°C to +35°C and
+35°C to +55°C

Add 1.5 mV % probe attenuation to +15°C to
+35°C specification,

50 Q input

Add £1% to 1 MQ input specification,”

CH 2 Inverted

Add + 1% of setting to non-inverted
specification,

NCISE REJ Coupled

Adg 0.8 division to DC Coupled
specifications,

CH 3 or CH 4 SOURCE

Within +{3% of setting + 4% of p-p gignal +
8.1 division + (0.5 mV X probe attenuation
factor)} and Trigger DC Coupled.

NOISE REJ Coupled

Add +0.3 division to the DC Couplad

specification.

AUTO LVL Mode Maximum
Triggering Signal Period

A SEC/DIV Setting .
<idms

At least 20 ms,

1G ms to 50 ms

At least four times the A-SEC/DIV setting.

>50 ms

At least 200 ms,

AUTO Mode Maximum Triggering

Signal Period
A-SEC/DIV Setting
<10 ms

At least B0 ms.

10 ms 10 580 ms

At least 16 times the A-SEC/DIV satiing,

>50 ms

At least 800 ms.
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Table 8-1 {cont)
2465A/2455A/2445A Electrical Characteristics

Characteristics

Performance Requirements

 AUTO LVL Mode Trigger
" Acquisition Time

Eight to 100 times the AUTO LVL Mode
maxirum triggering signal peried, depending cn
the triggering signal period and waveform,

Trigger Holdo#
Minimuim

The greater of the A-SEC/DIV setting value or
2 8, within +33% 1o ~10%, except 1 us at
5 ns/div.

Variable

Increases trigger holdoff time to 10 1o 25 times
the minimuom hoidoff. ‘

SLOPE Selection

Cenforms to trigger-source waveform or ac
power-source waveform. )

HORIZONTAL DEFLECTION SYSTEM

A Sweep Time Base Range
| 2485A

500 ms/div to 5 ns/div in a 1-2-5 sequence of
25 steps. X10 MAG extends maximum sweep
rate to 500 ps/div.

2455A and 2445A

500 ms/div to 10 ns/div in a 1-2-5 sequsnce of
24 steps, X10 MAG extends maximum sweep
rate 10 1 ns/div,

B Sweep Time Base Range
2465A

50 ms/div to 5 ns/div In a 1.2-5 sequence of 22
steps. X10 MAGQ extends maximum sweep rate
to 500 ps/div.

2456A and 2445A

50 ms/div 10 14 ns/div in a 1.2-8 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 scalé).

4t Accuracy With Cursors,
Unmagnified

£{0.5% of time interval + 0.3% of full scale).

At Accuracy with Sweep Delay

+(0.3% of time interval + §.1% of fuil scale).

Delay Accuracy, A Sweep
Trigger, to Start of B Sweep

£{0.3% of delay setting + 0.6% of full scale)
+01t0 —25 ns,

B-Sweep Accuracy and At Accuracy
with Cursors on B Sweep

Add +0.3% of ime intervai 1o A-Sweep
specifications.

6-10
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Table 6-1 {cont)
2485A/2455A/2445A Electrical Characteristics

Characteristics

Performance Requirements

X10 MAG Accuracy

Add +0.5% of tima interval to unmagnified
Sweep and At Cursors specifications. Exclude
the first G.5 division after the sweep starts {the
first 0.6% of the fult 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 (—158°C to +15°C
and +35°C to +55°C)

Add =0.2% of time interval to ali At and delay
specifications. Add =0.5% of interval 1o sweep
accuracy specification. :

At Readout Resciution
2465A

Greater of either 10 ps or 0.025% of full scale.

2455A, 2445A

Greater of either 20 ps or 0.25% of full scale,

At Range

10 times A-SEC/DiV setting with Cursors,

£9.95 times A-SEC/DIV setting with Sweep

Delay.

Sweep Delay Range

G to .95 times the A SEC/DiV setting, from
500 ms to 10 ns with 2465A, or 500 ms to

20 ns with the 2455A and 2445A. A-Sweep
triggering event is observable on B Sweep with
zero delay setting for A SEC/DIV settings 50 ps
or faster,

Delay Jitter

Within 0.004% {one part or tess in 25,000} of
the maximum available delay, plus 50 ps.

X10 MAG Registration

Within 0.5 division from graticule center at 1 ms
SEC/DIV setting (X10 MAG on to X10 MAG
off},

Horizontal POSITION Range

Start of 1 ms per division sweep can be
positioned from right of graticule center to at
teast 10 divisions left of graticule center. Scme

-portion of 1 ms per division sweep Is always

visible with X10 MAG off.
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Table 6-1 {cont) -
2465A/2455A /2445 A Electrical Characteristics

Characteristics

Performance Requirements

X-Y Operation

X-Axis Deflection Factor Range,
© Variable, and Input
Characteristics

Same as Channetl 1.

Deflection Facior Accuracy

Same as Channel 1,

X-Axis Bandwidth

De to 3 MHz.

Phase Difference Between X and
Y with BW Limit Off

=1° from dc to 1 MHz; =3° from 1 MHz to
2 MHaz.

X-Axis Low-frequency Linearity

8.1 division or less compression or expansion of
a two-division, center-screen signal when
positioned within the graticule area.

DISPLAY

Cursor Position Range
Delta Voits (aV)

At least the center 7.6 vertical divisions. .

Delta Time (AY) -

At least the center 9.6 horizontal divisions.

Graticule
Size 80 mm X 100 mm.
Markings 8 major diviéions vertically and 10 major

divislons horizontally, with auxiiiary markings,

Trace Rotation Range

Adequate to afign trace with the center
horizontai graticule line.

8.12
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Tabile 8-1 {cont}
2465A/2455A/2445A Electrical Characteristics

Characteristics

Performance Requiremenis

Z-AXIS INPUT

Sensitivity
"Deto 2 MHz

Positive voltage decreases intensity; +2 V
blarks a maximum Intensity trace.

2 MHz to 20 MHz

% V modulates & normal intensity trace.

input Resistance

9k £10%,

Maximum Input Voltage A

£28 V peak; 25 V p-p ac at 10 kHz or less.

SIGNAL QUTPUTS

CALIBRATOR.
Cutput Voltage and Current

With A SEC/DIV set to 1 ms.

04V %1% into a 1-MQ load, 0.2 V £1.5% into
a 50-0 load, or 8 mA +£1.5% into & short circuit,

Repetition Period

Accuracy

Two times the A SEC/DIV setting for SEC/DIV
from 100 ns to 100 ms.

+0.1%, during sweep time,

CH 2 SIGNAL OUT
Qutput Voltage

20 mV/division +10% into 1 Mg,
10 mV/division +10% into 50 0.

Cffset

+20 mV into 1 MQ, when dc balancé nas been
performed within =5°C of the operating
temperature,

A GATE QUT and B GATE OUT
Qutput Voltaga

2.4 V'to 5 V positive-going pulse, starting at
0V to 400 mv.

Qutput Drive

Wil supply 400 pA during Hi state; will sink
2 mA during LO state.

24BEA/2455A/2445A Operators
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Tabie 6-1 {cont}
2465A/2455A/2445A Electrical Characteristics

Characteristics Performance Requirements

AC POWER SOURCE

Scurce Voltage
Nominal Ranges

115V 90 Vio 132 V.
280V 180 Vio 250 V.
Source Frequency - 48 Hz to 440 Hz,
Fuse Rating 2 A, 250 V, AGC/3AG, Fast blow; or 1.8 A,

250V, 5 » 20 mm Quick-acting.

© Maximum Power Consumption (fully| 120 watts (180 VA).
optioned instrument) o .

Primary Clrcuit Dielectric Voltage 1800 ¥ rms, 80 Hz for 10 seconds without
Withstand Test breakdown, Co

Primafy Grounding Type test to 0.1 @ maximum. Routine test to
check grounding cortinuity between ghassis
ground and protective earth ground.
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Table 6-2

Option 01 (DMM) Electrical Characteristics

Characteristics

Performance Requirements

DC YOLTS

Accuracies by Range
+18°Cto +28°C
200 mV o 200 v

£{0.03% of reading + 0.01% of iull scala),

500 v

£{0.3% of reading + 0.04% of full scale),

~15°C to +18°C and +28°C
to +55°C

200 mV o 200 V

Add £(0.003% of reading + (0.001% of ful
scale)/* C below 18°C or above 28°C.

500 v

Add = (0.003% of reading + 0.004%.of ful
scale)/° G below 18°C or above 28°C.

Commion Mode Re;eciion Ratio

>100 dB at dc: >80 dB at 50 and 60 Hz, with
1 k@ imbalance,

Normat Mode Rejection Ratio

>80 dB at 50 and 60 Hz.

Resclution

1 part in 20,000 of full scale except 0.1 V on
500 V range.

Step Hesponsé Time

Manua! Range

Less than 1 second.

Auto Range

Less than 2 secends.

Input Resistance
200 mV and 2 V- Ranges

=>1GQor 10 MQ, 1%,

20 V to 500 V Ranges

10 MQ £1%.

input Blas Current at 23°C Ambient
Temperature

Less than 10 pA.

Reading Rate

Approximately 3 per second,

2465A/2455A/2445A Operators
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Table 8-2 (cont}

Option 01 {(DMM) Electrical Characteristics

Characteristics

Performance Requirements

AC VOLTS

‘Accuracies by Range
. 418°Cto +28°C
- 200 mVto 200V
40 Hz to 10 khz

Crest Factor <4,

Input signat between 5% and 100% of full scale. .

+(0.6% of reacing + 0.1% of full scale).

20 2 to 40 Mz and
10 kHz t0 20 kHz

(1% of reading + 0.1% of full scale).

20 kHz to 100 kHz

(8% of reading + 0.1% of Ll scalg).

500V -
40-Hz to 10 kHz

Input signal between 100 V and 500 V.

+{0.6% of reading + 0.2% of fuil scale).

20 Hz to 40 Hz and
10 kHz 1o 20 kHz

(1% of reading + 0.2% of fuil scals),

20 kHz 10 100 kKz

+{5% of reading + £.2% of fuil scale),

—15°C to +18°C and +28°C

to +55°0
200 mVto 200V
40 Hz to 10 kHz

Input signal between 5% and 100% of full scale,

+{0.8% of reading + 0.1% of fult scala),

20 Mz t0 40 Hz and
10 kMz to 20 kHz

*(1.3% of reading + 0.1% of full scale).

20 kHz to 10 kHz

+{8% of reading + 0.1% of {ull scaie}.

500V

40 Mz to 10 KMz

Input signal greater than 100 V and less than
500 V.

=(0.8% of reading + 0.3% of full scale).

20 Hz to 40 Hz and
10 kHz to 20 kMz

+{1.3% of reading + 0.3% of full scale).

20 kMz to 100 kHz

+{6% of reading + 0.3% of full scale).

Cormmon Mode Rejection Ratio

=60 ¢B from dc to 80 Hz, with 1 k2 imbalance.

Resolution

1 part in 20,000 of fuill scale except 0.1 V on

. 500 V range.

616
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Table 6-2 (cont)
Option 01 (DMM) Electrical Characteristics

Characteristics

Performance Redquirements

Response Time
Manual Range

Less than 2 seconds,

Aute Aange

Less than 3 seconds.

input impédanée

1 MQ £ 1% in parallel with less than 100 pF.

dBY, dBm
Accuracy dB readings are calculatart from AC VOLTS
measurements.
Resciution 0.01 ¢B.
Hi OHMS

scuracias by Range
+18°C to +28°C
2k to 2 MO

+{0.1% of reading + 0.01% of full'scale},

20 MQ

£(0.5% of reading 4+ 0.01% of full 'scile),

~15° Ct0 +18°C and +28°C
to +55°C

2kQto 200 kO

Add 1(0.01% of reading + 0.001% of full
scale)/°C above 2B°C or below 18°G.

2 MQ

Add £(0.01% of reading -+ 0.001% of fuli
scale)/°C above 28°C or Delow 18°C +2% of
reading per 10% relative humidity above 70%
reiative humidity.

20 MO

Add £(0.05% of reading + 0.001% of full
scale)y/°C above 28°C or below 18°C 2% of
feading per 10% relative humidity above 70%
relative humidity.

Voitage at Full Scala

Approximately 2 V.

Maximum Open Circuit Voltage

Less than 6 V.

Resoclution

One part in 20,000 of full scale,
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Table 6-2 (cont)
Option 01 {(DMM) Electrical Characteristics

Characteristics Performance Requirements

Measuring Current by Range

2k - Appreximately 1 mA.
20 kQ Approximately 0.1 mA.
200 kg Approximately 10 pA.
2 MO Approximately 1 uA.
20 M ' Approximately §.1 A,
Response Time
2 kQ to 2 MQ
Manual Range Less than 1 second.
Autc Range Less than 2 seconds.
20 M Range Less than 5 seconds.

. Reading Rate by Range _
2 kQto 2 MQ o Approximately 3 per second.

20 M0 - Approximately 1.5 per second.
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Table 6-2 (cont)
Option 01 (DMM) Electrical Characteristics

Characteristics

Perfcrmance Requirements

LO OHMS

Accuracies by Range
+18°C to +28°C
2000

%(0.1% of reading + 0.1% of full scale).

2k 10 200 k2

*+{0.1% of reading + 0.01% of fuil scale).

2 M

i +{0.28% of reading + 0.01% of full scalg).

~15°C to 4+ 18°C and +28°C

o +55°C
2009 10 20 k@2

Add =(0.01% of reading + 0.001% of ful}
scale)/*C above 28°C or helow 18°C,

200 ks

Add +{0.01% of reading 4 0.001% of full
scalel/°C above 28°C or below 18°C 2% of
reading per 10% relative humidity above 70%
refative humidity.

2 MG

Add =(0.025% of reading + 0.001% of fult
scale)/°C above 28°C ar below 18°C £2% of
reading per 10% relative humidity above 70%
relative humidity. '

Voitage at Full Scaie

Approximately 0.2 V,

Maximum Open Circult Voitage

Less than 6 V,

Measuring Current by Range
200 ¢

Approximately 1 mA.

2 k0 Approximately ¢.1 mA.

20k Appreximately 16 wA,

200 kO Appreximately 1 A,

2 MQ Approximately 0.1 pA.
Resolution 1 part in 20,000 of full scale.

Response Time
Manual Range

l.ess than 1 second.

Auto Range

Less than 2 seconds,

Reading Rats

Approximately 3 per second,

24B5A/2455A/2445A Operators
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Table §-2 {cont)
Option 01 {DMM) Electricat Characteristics

Characteristics Pertormance Requirements

AMPS

DC Accuracy |
+18°Cto +28°C +{0.1% of reading + 0.02% of full scale).

~18°C 10 +18°C and +28°C | ={0.15% of reading + 0.06% of full scale).
to +55°C

AC Accuracy . 20 Mz t0 10 kHz sinusocidal waveform.
+18°C to +28°C +{0.6% of reading + 0.1% of full scale).
—18°C to +18°C ang +28°C *{0.7% of reading + 0.15% of fuil scale).
1o +55°C

Response Tima
Manual Range : Less than 1 second.

Aute Range Less than 2 seconds.

Input Resistance by Range

100 A Approximately- 1.0 k.

1 mA Approximately 100.0 Q.

'10 A Approximately 10.5 Q.

106 mA Approximately 1.5

1 A (1000 mA) Approximately 0.5 Q.
Maximum Input Current 1A,
Resciution 1 part in 18,000 of full scale.
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T

able 6-2 {cont)

Option 071 (OMM) Electrical Characteristics

Characteristics

Performance Requirements

CONTINUITY

Rasponse Time

Appreximateiy 0.1 second.

Threshoig Resistance

00210

TEMPERATURE

Accuracy

+18°C to +28°C Ambient
Temperature

+(2% of reading + 1.5°C).

~15°C o +18°C and +28°C
1o +55°C Ambient Temperature

+{2% of reading + 2.0°C}.

Probe Tip Measurement Range

~62°C 10 +220°C in one range.

Resolution

0.1°Cor0.1°F,

ADDITIONAL CHARACTERISTICS

Warmup time to Meet Electrical
Specification

45 minutes.

Maximum Voltage between Inputs
from either Input to Ground

DC to 20 kMz

800 V rms; 700 V peak,

Above 20 kHz

107 V*Hz,

NOTE

For AMPS modes, maximum voltage between Inpuis is limited by maximurn

input current.

24B5A/2455A/2445A Operators
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Tabie §-3

Option 05 (TV) Electrical Characteristics

" Characteristics

Performance Requirements

VERTICAL DEFLECTION SYSTEM—CHANNEL 1 AND CHANNEL 2

Frequency Response

Full Bandwidth
50 kHz to 5 MHz

For VOLTS/DIV settings between 5 mV and
0.2 V with VAR control in calibrated detert.
Five-division, 50-kHz reference signal from a
50-2 system. With external 50-Q termination on
1 MQ input,

Within +1%.

=5 MHz to 10 MHz

Within + 1%, —2%.

=10 MHz to 30 MHz

Within 2%, —3%,

Bandwidth Limit
50 kHz t0 5 MHz

Within 4-1%, —4%.

Square Wave Flatness

With fast-rise step {rise ime =1 ns}, 1 MO dc
input coupling, an external 50 Q termination,

and VAR VOLTS/DIV control in calibrated
detent. Exclude the first 50 ns foliowing the step
transition. For signais with rise times <18 ns,
add 2% p-p betwsen 155 ns and 1465 ns after
step transition.

Field Rate
§ m¥/div to 10 mV/div 1.5% p-p at 50 Hz with input signat of 0.5 V.
20 mV/div 1% p-p at 60 Hz with input signal of 0.1 V.
50 mV/div 1% p-p at 80 Hz with input signal of 1.0 V.
Line Rate .
5 mV/idiv té 10 mv/div 1.5% p-p at 15 kHz with input signat of 0.1 V,
20 mV/div 1% p-p at 15 kHz with input signal of 0.1 V.
50 mV/div 1% p-p at 15 kHz with input signal of 1.0 V.
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_ Table 63 {cont)
Option 05 {TV) Electrical Characteristics

Characteristics

Performance Requirements

TV (Back-Porch) Clamp {CH 2 only)

60 Mz Attenuation

For VOLTS/DIV settings between 5 mV and
0.2 V with VAR control in calibrated detent.
Six-division reference signal, - o

=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,
525 10 1280 lines, 50 Hz or 60 Hz, interiaced or
nonineriaced systems.

For noninteriaced scan systems, the video
signal source must start and end with full lines
of video for correct line identification in the field
trigger modes.

Line Selection Rangs in FLD1,
FLD2, or Both Coupling Modes

The lesser of 1280 or the number of ines in the
fieid.

input Slgnat Amplitude for Stabie
Triggering

Channel 1 or Channel 2

Compaosite Video

Minimum sync-pulse ampiitude within 18
dvigions of inpizt ground reference,

1 division,

Composite Sync

2.3 division.

Channel 3 or Channel 4

Composite Video

Minimum sync-pulse amplitude within 8
divisions of input grrcund reference.

0.5 division.

Composite Syne

0.25 division,

2465A/2455A/2445A Operators
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Table 6-4

Cption 06 (C/T/T) Electrical Characteristics

Characteristics

Performance Requirements

SIGNAL INPUT

Maximum Input Frequency for
Count and Delay by Events

With DC Coupling of A Trigger and B Trigger.

=150 MHz.

Minimum Width of High or Low
State of Input Signal for Count and’
Detay by Events

=<3.3 ns.

Sensitivity

De to 50 MHz (0.5 Hz 1o 50 MMz
for Frequency and Period)

For Count, Delay by Events, and Logle Trigger
Functions Excluding Word Recognizer,

CHiandCH 2 1.5 divisions.
CH3and CH4 0,75 division.
50 MHz to 150 MHz
" CH1andCH2 4.9 divisions.
CH3and CH 4 2.0 divisions.
FREQUENCY
Ranges RANGE : LSD
1 Mz 100 nHz
10 Hz t uHz
100 Hz 10 uHz
1 kHz 100 uHz
10 kHz 1 mHz
100 kHz 10 mHz
1 MHz 100 miz
10 MHz 1 Hz
100 MMz 10 Hz
150 MHz 100 Hz

Automatic Ranging

Upranges at 100% of full scale: downranges
at 9% of full scale. Downrange cccurs at
20 MHz on 150 MHz range.

Full scale corresponds to the value given in
the Range column, The maximum displayed
value for any range is the Range value minus

the L.S0 vaiue.
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Table 6-4 (cont)

Option 06 {C/T/T) Electrical Characteristics

Characteristics

Performance Requirements

Accuracy

*[Resolution + (Frequency x TBE)] Hz.

Time Base Error {TBE)

10 ppm with less than 5 ppr per year drift,

Resolution

1.4 x Frequenoy® X TJE | | gp
< :

Dispiay Update Rate

Twice per second or twice the period of the
input signal, whichever is slower.

PERIOD
Ranges RANGE LsD
10 ns 1fs T
100 ns 10 fs
1us 100 fs
10 us 1ps
100 us 10 ps
1ms . 100ps
10 ms 1ns
1006 ms 10ns
1s 100 ns
2s 1 us
Minimum Period 6.7 ns.

Automatic Ranging

Upranges at 100% of full scaie; downranges
at 9% of fuil scala.

Full scale corresponds to the valus given in
the Range column. The maximum displayed

valug for any range is the Range vaiue minus
the LSD value.

Accuracy

E [Resoiétion + (TBE X Period)}.

Resolution

£[LSD + (1.4 X TJEYN].

Display Update Rate

Twice per second or twice the period of the
input signat, whichever is siower.

2465A/2455A/2445A Operators
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Tabie 6-4 {cont)
Option 06 {C/T/T) Electrical Characteristics

Characteristics Performance Requirements

TOTALIZE

Maximum Count 9990509,

Display Update Rate Twice per second or once per event, whichever

is siower,

DELAY BY EVENTS
Maximum Event Count 4194303,

Mindmum Time from Start Signalto | 4 ns.
Any Deiay Event

LOGIC TRIGGER
Minimum Function-True Time 4 ns.
Minimum Function-Faise Time ' 4 ns,
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Table §-4 {cont)
Option 06 (C/T/T) Electrical Characteristics

Characteristics Performance Requirements

ADDED DELAY TIME CHARACTERISTICS WITH C/T/T
Run After Delay

Agguracy LSDP + {0.0012 x (A SEC/DIVY] + [0.03 X
(B Time/Div)¥] 4 A Trigger Level Error + 50 ns.

When the A Sweep is triggered by the Word
Recogriizer it synchronous mode, add 100 ns
for probe delay: in asynchronous mode, add
200 ns for probe delay,

Triggerable After Delay

Accuracy For intervals within 70 ns to 10 times the
A-SEC/DIV Setting. o

LSOP + [10 ppm X (measured infervai)] +
TJE + A-Trigger Level Error + B-Trigger Levei
Error + 0.5 ns.

If the A and B Sweeps are triggered from
different channels, add 0.5 ns for channel-to-
channel intsmateh.

When the A Gweep is triggered by the Word
Recognizer in synchroncus mode, add 100 ns
for probe defay; in asynchronous mode, add
200 ns for probe delay.

Minimum Measurable Delay Time: <70 ns.

Display Update Rate fn Auto Resolution, twice per second or ence
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
sefting and the trigger repetition rate.

PSee Tahles 2-1 and 2-2.
¢B Time/Div includes SEC/DIV, X10 MAG, and VAR,
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Tabie 6-4 {cont)
Option 06 (C/T/T) Electrical Characteristics

Characteristics

Performance Requirements

ADDED DELTA-DELAY-TIME CHARACTERISTICS WITH C/T/T

Run After Delay
- Agouracy

LSDY 4+ [0.0008 X (A SEC/DIV)} + [0.01 x
{B Time/DivF} + 83 ps.

When the A Swesp is triggered by the Word
Recognizer in synchronous mode, add 1 ns for
probe Jitter; In asynchronous mode, add 20 ns
for probe jitter,

Triggerable After Qelay
Accuracy

Superimposed Delta Time

Nonsuperimposed Delta Time

Both delays are within 70 ns 1o 10 times the
A-SEC/DIV setting.

LSDP + [0.0% x (B Time/DiviF] + [10 ppm X
{A SEC/DIV)] + [10 ppm X {measured interval)]
+ 50 ps «+ TJE.

I CH 3 or CH 4 is one channel of a two-channel
measurement, add 0.5 ns for channel-to-channet
delay mismatch,

80P + It — to - 19+ TUE + [(0.0008
div) X (1/SRage + 1/SRog 7} + (10 ppm X

{A SEC/DIVY] + [10 ppmr % (measured interval)]
+ 50 ps.

H Aand B sweeps are triggered from different
channels, add 0.5 ns for channel-to-channel
mismatch + [0.5 div X (1/8Rggr + 1/8Rpe 1]
for trigger offset,

Display Update Rate

in Auto Resoiution, twice per second or once

for every four sweeps, whichever is slower.

in 1 ns, 100 ps, and 14 ps resolution modes,
the update rate depends on the A SEC/DIV
satting and the trigger repetition rata.

b5ee Tables 2-1 and 2-2.

°B Time/Div Includes SEC/DIV, X10 MAG, and VAR.

4Thia term sssumes the trigger points are betwseen the 16% and 30% points of the
waveforms, Fall lime is expressed as a negative rissiime.
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Table 6-4 (cont}
Option 06 [{C/T/T) Electrical Characteristics

Characteristics Performance Requirements

DEFINITIONS

A Trigger Levet Error = {A Trigger Level Readout Error)/SR,.
B Trigger Level Error = (B Trigger Levei Readout Error)SRp,

troge = Tise time, reference trigger signal.

o = Mee time, delta trigger signal.
SR, = slew rate at trigger point, A sweep trigger signal in div/sec.
SRy = slew rate at trigger point, B sweep trigger signal in div/sec.

‘ SRpez = slew rate at trigger point, referenée trigger signal in div/sec.
SRpg. 7 = slew rate at rigger point, delta triggef sighal in divisec.
TJE = trigger jitter error.

N

Far delay or deita time, disregarding noise in the signai, this term contributes

<1 LSD if the siew rate is greater than £.03 vertical div/ns or if the slew rate is

greater than 30000 vertical div/horizentai div.

Trigger Jitter = [{Reference Trigger Signal Jitter? + {Delta Trigger Signal Jitter)?
-+ (A Sweep Trigger Signal Jitter)2]*2,

Reference Trigger Signal Jitter = (eng + @nner/SRrer.

= () for Frequency mode.

ny = SCOpa noise in div.

== 0.05 div for HF REJ trigger coupling
== 0.1 div for DC trigger coupling, § mV to 5 V sensitivity.
= 0.15 div for OC trigger coupling, 2 mV sensitivity.

Brpee = reference signal rms noise in div,
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Table §-4 {cont)
Option 06 (C/T/T) Electrical Characteristics

Characteristics Performance Requirements

Deita Trigger Signal Jitter = (e, + en,. JSRpg 1.
= @ for Frequency or Deiay mode.

eném = delta signal rms noiss in div.
A Trigger Signal Sweep Jitter = {eng T &n, /SR,

en, = A sweep trigger 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 m number of averages during measurement interval.

= See Table 2-1 for Delay or Deita Time. |

= (measured frequency) X (measurement interval} for Frequency or Period.

Measurement Interval = 0.5 s or two periods of measured signal,

whichaver Is greater.
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T

Table 6-5

Option 09 {WR) Electrical Characteristics

Characteristics

Performance Requirements

SYNCHRONCUS MODE

Coincidence to Word Out

Data Setup Time 25 ns.
Dp-—0y5 and Q
Data Heid Time 0ns.
DO-—'D15 and Q
Minimum Clock Pulse Width

High 20 ns.

Low 20 ns.
Minimum Clock Period 50 ns.
Delay from Selected Clock Edge =55 ns.

- to Word Qut from C/T/T
ASYNCHRONOUS MODE

Maximum Trigger Frequency 10 Mz,
Minimum Ceincidence Between <85 ns.
Data Inputs {Dg—Dy5 & Q)
Resulting in a Trigger
Maximum Ceincidence Between =20 ns.
Data Inputs (Dp--0,5 & Q)
Without Producing & Trigger
Defay from Input Word <140 ns.

24B5A/2455A/2445A Qperators
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Table 6-5 {cont}
Option 09 {WR) Electrical Characteristics

Characteristics Periormance Requirements
INPUTS AND QUTPUTS
Input Voltages
Minimum Input Voltage A ~05V,
Maximum input Voltage A 5.5 V.
Maximum Input Low Voitage 0.8V,
Mindmum Input High Voltage 20V,
WORD RECOG OUT
High > 2.5 V L8TTL output.
Low . < 0.5 V LBTTL ocutput,
input High Current <20 pA. -
input Low Current = —0.6 mA source.
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Table 6-6
Option 10 (GPIB) Electrical Characteristics

Characteristica

Performance Requirements

Vertical Pesition Accuracy

Position accuracy Is only valid when:

1. Positioning cccurs after a BAlance
command is invoked at the ambient
temperature in which the
instrument is operating.

2. The VOLTS/DIV VAR control is In
the calibrated detent.

CH 1, CH 2 {noninvertad)
+156°C to +35°C

CH 2 Inverted

£(0.3 div + 3% of distance from center
screen in aiv + 0.5 mV/V/DIV setting.}

Add 0.2 div.

" —15°Cto +15°C and +35°C.
to +85°C

Add 1.5 mV/V/DIV setting.

CH3andCH 4

+={0.7 div + 3% of distance from center
screen in div.)

IEEE 488 Outpq%s
Volts Qut for True (=48 mA)

Max 0.5 V.

Volts Out for Faise {lyp=~5.2 mA]

Min 2.5 V.

Voits Qut with Quiput Disabled

Max 3.7V, Min 25 V.

Output Leakage Current with
Power OFF {0 V <V <25 V)

Max 40 uA.

|EEE 488 lnputs
Volts In for True

Max 0.8 V, Min 0 V,

Volts in for False

Max 5.5V, Min 2.0 V.

Current In for True (V=05 V)

. Max —0.1 mA.

Current In for False (Vi =2.7 V)

Max 20 zA.

24B85A/2455A/2445A Operators
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Table 6-7

Mechanical Characteristics

Characteristics

Description

Weight
With Accessories and Pouch
With Option 05, 06 and 09, or 10

With Option 01

10.2 kg (22.4 Ip).
12.0 kg {26.44 Ib).

13.1 kg {28.8 o).

Without Accessories and Pouch

9.3 kg (20.5 in).

Domestic Shipping Weight
2465A, 245584, 2445A
With Option 05, 08 and 09, or 10

wWith Option 01

12.8 kg {28.2 o).
17.6 kg (38.8 1b).

182 kg (42.21b).

Height _
Without Accessories Pouch -

2485A, 2455A, 2445A with or without
Options 05, 06 and 08, and 10

160 mm (6.29 in).

2465A, 2455A, 2445A with Cption 01

202 mm {7.86 in).

With Feet and Accessories Pouch

2485A, 2456A, 2445A with or without
Options 05, 06 and 09, and 10

202mm + 254 mm (7.94In = 1.0
in}.

2468A, 2455A, 2445A with Option 01

243 mm + 264 mm (8580 = 1.0
in),

Width (with handle)

338 mm {13.31 in).

Depth .
With Front Panel Cover

434 mm (17.1 in}.

508 mm (20.C In}.

With Handle Extended

Cocling Forced-air circulation.

Finish Tek Biue vinyl clad materiaf on

: aluminum cabinet.

Construction Aluminum-alloy chassis (sheet
metal). Plastic.laminate front panel.
Glass-laminate circuit boards.
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Table 6-8

Environmental Requirements

Characteristics

Performance Requirements

Environmmental requirements qualify the electrical and
mechanical specifications. When not rack mounted, the
instrument meets the environmental requirements of
MIL-T-28800C for Type lii, Class 3, Style C equipment,
with the humidity and temperature requirements defined
in paragraphs 3.8.2.2, 3.8.2.3, and 3.9.2.4. Rack
mounting changes the temperature, vibration, and shock
capabilities. The rack mounted insiruments meet or
exceed the requirements of MIL-T-28800C with respect
o Type ill, Class 5, Style C equipment with the rack-
mounting rear-support kit installed. Rack mounted
instruments wili be capable of meeting or exceeding the
requirements of Tekircnix Standard 062-2853-00,

class 8.

Termperature
_ Operating

—15°C to +55°C.

Far a rack mounted instrument, ambient temperature
should be measured at the instrument’s air inlet, Fan
exhaust temperature should not exceed +65°C.

Nonoperating (Storage)

—82°C to +-85°C.

Altitude
Operating

To 15,000 feet. Maximum cperating temperature
decraases 1°C for each 1000 feet above 5000 feet.

Noneperating (Storage}

To 50,000 feet.

Hurnidity
Operating and Storage

Stored at 95% relative humidity for five cycles (120
hours) from 30°C to 60°C, with operational
performance checks at 30°C and 55°C,

Vibration {operating)
Net Rack Mounted

15 minutes along each of three axes at a ictaj
displacement of 0.025 inch p-p {4 g at 55 Hz), with
frequency varied from 10 Hz o 55 Hz in one minute
sweeps. Hold 10 minutes at each major resonance or, if
none exists, hold 10 minutes at 55 Hz (75 minutes total
test time).

Rack Mounted

Change displacement to 0.015 inch p-p {2.3 g at 35 Hz).

636

2465A/2485A/2445A Qperators



Performance Characteristics

Table 6-3 (cont}

Environmental Hequirements

Characteristics

Performance Requirements

Shock {operating and
nonoperating)

Not Rack Mounted

50 g, half sine, 11 ms duration, three shocks on each
face, for a total of 18 shocks. '

Rack Mounted

30g.

Transit Drop {(notin
shipping package)

8.inch drop on each corner and each face
{MIL-T-28800C, para. 4.5.5.4.3).

Bench Handling (cabinet on
and cabinet off)

MIL-STD-810C, Method 816.2, Procedure V
{MIL-T-28800C, para. 4.5.5.4.3).

Topple {operating with
cabinet instailed)

Set on rear fest and allow te toppie over onto each of
four adjacent faces (Tektronix Standard (62.2858-00),

Packaged Transportation
Drop )

Meets the Emits of the National Safe Transit Assn., test
procedure 1A-B-2; 10 drops of 36 inches (Tektronix
Standard $62-2858-00),

Packaged Transportation
{Vibration)

Meets the fimits of the Naticnal 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-C0).

EMI (Electro-magnetic
Irterference)

Meets MIL-T-28800C; MIL-STD-461B, part 4 (CE-03
and CS-02), part 5 (CS-08 and RS-02), and part 7
(CS-01, RE-02, and RS-03)—limited fo 1 GHz: VDE
0871, Category 8; Part 15 of FCC Rules and
Regulations, Subpart J, Class A; and Tektronix
Standard 062-2866-00.

Electrostatic Discharge.
Susceptibility

Meets Tektronix Standard 062-2862-00. The instrument
will not change contrel states with discharges of less
than 10 kV,

X-Fay Radiation

2485A/2456A/2445A Operators
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Options and Accessories

Introduction

This secticn contains a generai description of instrument options available at
the time of publication of this manual. Alsc included is a complete list (with
Tektronix part numbers) of standard accesscries included with each instrument and
a partiat list of optional accessories. Additional information about instrument
options, option availabifity, and other accessories can be obtained either by
consutting the current Tektronix Product Catalog or by contacting your local
Tektronix Field Office or representative.

Options 01, 05, 08 and 08, and 10 are discussed throughout this manual,
Option 11

Cptlen 11 provides two probe-power connectors on the rear panel of the
instrument. Voitages supplied at these connectors meet the power requirements of
standard Tekironix active oscilioscope probes.

Option 1R

When the cscllloscope is ordered with Option 1R, it is shipped ina
configuration that permits easy installation into a 19-inch-wide electronic-equipment
rack,

When rackmounting the instrument, the rear-support kit enabies the
rackmounted instrument to mest appropriate electrical and environmentat
specifications.

Connector-mounting holes are provided in the front panel of the rackmounted
mstrument. These enable convenient accessing-of the four bne connectors (CH 2
SIGNAL OUT, A GATE QUT, B GATE CUT, and EXT Z AXIS IN} and the two
PROBE POWER connectors iocated 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, these items can be separately
ordered from Tekironix.

Complete rackmoeunting instructions are provided in a separate dogument
shipped with Option 1R. These instructions alsc contain appropriate procedures 1o
convert a standard instrument into the Option 1R configuration by using the
rackmounting conversion kit.
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Power Cord Options

instrurnents are shipped with the detachable power-cord configuration ordered
by the custorner. Descriptive information about the International power-cord
options is provided in Section 1, “Praparation for Use.” The following list identifies
the Tektronix part numbers for the avallable power cords and assoclated fuses.

Option A1 (Universal Euro)

~ Power cord (2.5 m)
Fuse (1.6 A, 250 V,

5 x 20 mm, Quick-acting)
Option A2 (UK)

Power cord (2.5 m)
Fuse (1.6 A, 250V,

§ x 2¢ mm, Quick-acting)
Option A3 (Australian)

Power Cord (2.5 m}

Fuse (1.6 A, 250V,
5 x 26 mm, Quick-acting)

Option A4 (North American)

Power Cord (2.5 m)

Fuse (2 A, 250 v,
AGC/3AG, Fast-biow)

QOption A5 (Switzerland)

Power Cord (2.5 m)

Fuse {1.6 A, 250 V,
- & x 20 mm, Quick-acting)

7.2

161-0104-06

158-0098-00

161-0104-07

158-0098.0¢

161-0104-05

159-0098-00

161-.0104-08

188-0021-00

161-0167-00

158-0098-00
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Standard Accessories

The following standard accessocries are provided with each instrument:
Gty Description Part Number

2 Probes (10X, 1.3 m) with Accessories

(2485A and 2455A) PE136 Opt 01
2 ) Probes (10_)(, 2'm) with Accessories g

(2445A) P5133 Opt 01
1 Banana Plug/

Binding Post Adaptor .~ 134-0016-C1
1 Accessory Pouch, Snap Fastener : 016.0682-00
1 Accessory Pouch, Zip-lock Fastener 016-0537-00
1 Operators Manual ’ 070-6014.00
1 - Fuse(2 A, 250 V) 158-0021-00
1 CRT Filter, Biue Piastic {installed) 378-0198-00
1. CRY Fiter, Clear Plastic - _ 378-0208-00
1 FrontCover - 200-3199-00
1 U.8. Power Cord ) 161-0104-00

The following standard accesscries are providen with instruments containing
Option 01 (DMM):

Qty Description Part Number
1 Probe Set 012-0841-01
1 Accessories to Prohe Set 020-0087-00

1 P6B02 Temperature Probe 010-58602-00
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The folfowing standard accessories are provided with Instruments centaining

Cption 05 {TV):
Gty Description Part Number
1 CCIR Graticule 378-0199-01
1 NTSC Graticule 378.0199.02
1 Polarized Viewing Hood (018-0180-00

The folfowing siandard accessories are provided with instruments containing
Cption 09 (WR):

' Qty Rescription Part Number
1 Pa407 Word Recognizer Proba 010-6407-01
2 10-wide comb, 10-inch leads {(without grabbers) 012.0747-00
20 Grabber Tips 206-0222-00
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Optional Accessories

The following optional accessories are recommended:

Description o Part Number -

Protective Cover, Waterproof, Biue Vinyl 016-0720-00
- Probe Package:

2465A and 2455A $6136 Opt 01
2445A 76133 Opt 01
Rackmounting Conversion Kit ‘ 016-0825-01
Polarized Collapsible Viewing Hood 016-0180-00
Folding Viewing Hood, Light-shislding 016-0592-00
Collapsible Viewing Hoed, Binocular 016-0566-00
Osciloscope Camera See C30B Series
SCOPE-MOBILE Cart " 200G
Carrying Strap : ' 345-0058-00
24654 Service Manual 070-8019-00
2455A and 2445A Service Manual 070-8017-00
24X5A/2487 Options Service Manual {covers 07¢-5857-00

Option 01 (CMM), Option 95 (TV), Opticn U6
(CTT}, Option 09 {WR), and Option 10 (GPIB)]
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Appendix A

Extended Functions with Diagnostic

Exercisers

Diagnostic exercisers provide access 1o an operating-time log and they control
instrument setup modes and the viewing-time display. The available GP!B interface
adds exercisers to establish system parameters of the instrument and to transfer the
set of thirty saved setups from one instrument 1o one or more other instruments. With
tha available Television/Vided TV} enhancement, added exercisers control video line
numbering. The available DMM ziso adds an exerciser, DM EXER 72. The Service
Manual describes other exercisers which are used only for instrument testing and

troubleshooting,

EXER 05
EXER 06
EXER 07
EXER 08
GP EXER 11
GP EXER 12
GP EXER 13
GP EXER 14
TY EXER &1
TV EXER 62
TV EXER 53
DM EXER 72

Cisplay Operating Time and Power Cycle Count
Select Setup to Use at Power Up

Enable/Disable Setup SAVE and Sequence Definition
Initiafize Setups

Program GPIB Address

Program GPI8 Message Terminator and Talk/Listen
Receive-Setups Mode

Send-Setups Mode

Select TV system-M ¢r non-system-M

Select TV line numbering format

Select TV syne polarity default

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 holding AV and At The readout wili
. display *"DIAGNSTIC, PUSH A/B TRIG TO EXIT,” indicating the Diagnostic

Monitor mode.

2. Repestediy 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,

3. Press the upper Trigger COUPLING button o execute the selected Exarciser.
in all isted exercisers except EXER 05, the GP EXER's, and OM EXER 72,

repeatedly pressing the upper Trigger COUPLING button cycles through the
avaitable selections.

4. To exit an exerciser, p;ress the lower Trigger COUPLING button,

5. To return to normal instrumant operaticn, press A/B/TRIG (or, with the
available CTT, press A/B/MENLU).
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In the descriptions below, the lines marked with *>" show what is dispiayed in the
top row of the readout.

EXER 05 Display Operating Time and Power Cydle Count
=> HRSCN nnnn OFF/ON CYCLES mmmm

annn = Accumuiated Number of Hours with Power Applied
mmmm = Accumuiated Number. of Power Cycles

EXER 08 © 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§

- EXERO7 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 Seguence-definition functions are disabled.

> ENABLE SAVE 1 - 8, NO SEQ-CHANGE

Only setups 1 through 8 can be changed. BEGIN/STEP/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 lower Trigger COUPLING to retain saved setups,
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GP EXER 11 Program GP!B Address
>  GPIB ADDRESS nn

nn = a primary address within 0 to 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 to select EO1 or LF as message terminator,
Press the upper COUPLING button to select TALK/LISTEN or LISTEN
operation.

> TERMINATOR ECIL MCODE TALK LISTEN

The instrument accepts only the EOI bus message as the end of
a string of received bytes. The instrument assens EOt at the
end of a string of transmittad bytes, The instrument can be
addressed as a talker 1o send settings and readings.

> TERMINATOR LF MODE TALK LISTEN

- The instrument accepts either the EC! bus message or an LF
{line feed) character as the end of a string of received
bytes. The instrument asserts CR {carriage return) then LF
with EOI &t the end of a siring of transmitted bytes.

> TERMINATOR EOf MODE LISTEN ONLY

The instrument wii not operate as a bus talker.

> TERMINATOR LF MODE LISTEN ONLY
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GP EXER 13 Receive-Setups Mode
> - READY TO RECEIVE SETUPS

1. Connect the instrument to another instrument of the same mode}
and with the same opticns by a GPIB cable, If the instrument is a
differant model in the foliowing fist: 2445A, 2455 A, 2465A, 2465A
CT, 2485A DM, 2465A DV, and 2467, or.cne with a different set
of options, most setups will be valid, but some will give
unpredictable resuits.

" 2. Select GP EXER 14 in the other instrument,

> RECEIVING SETUPS
When the transfer is complete, the instrument will exit
EXER 13 automatically,

Y

GP EXER 14  Send-Setups Mode

Before executing this exerciser, make sure the instrument is

connected to another by a GPIB cable and be sure the other instrument
is in the “READY TO RECEIVE SETUPS” state initiated by

GP EXER 13.

> SENDING SETUPS

When the iransfer is compiete, the instrument will exit
EXEH 14 automatically.

TV EXER 61  Select TV system-M or non-system-M
> . LINE 1 OCCURS PRIOR TO FLD SYNC

System-M protocol is selected and the line count begins three
lines before the field-sync pulse,

> LINE 1 COINGIDENT WITH FLD 8YNC

Non-system-M protocol is selected and the fine count begins
coincident with the field.syne pulse.
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TV EXER 62  Select '{\;I line numbering format
> LINE NO RESETS ON EACH FIELD

. Line numbering begins with the first line of both field 1
ahd field 2. ’

> LINE NO RESETS ON FLD 1 ONLY

Line numbering begins at the first line of fleid 1 and
continues through field 2.

TVEXER 63  Select TV sync polarity default
>  TVSYNC:SLOPE DEFAULT
Trigger Slope, which corresponds to syne polarity, does not
change when LINES Coupling is selected.
> TVSYNC:POSITIVE

Trigger Siope is initialized to + when Coupling is changed
from AC to LINES.

> TVSYNC:NEGATIVE

Trigger Slope is initialized to - when Coupiing is changed
from AC to LINES,

UM EXER T2 Seiect UMM Continufty Tone and Input Resistance
>  MOVE SOURCE 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 button fo lower the pitch.

Press the upper COUPLING button to exit the continuity tone
modde and press it again as required to select the desired
input resistance.

> INPUT Z ON Q.2VDC 2VDC = 10 MQ
Input resistance on alf DCV ranges = 10 MQ
= INPUT Z ON 0.2vDC 2VDC > 106GQ

The Input approaches an open circuit on the two lowest DCV
ranges and equais 10 MQ on all ather DCV ranges,
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Sequence Programming and Operation

As many as thirty stored setups can be organized into one or more sequences
to be sequentiaily recalled by the STEP/AUTO button. Unless otherwise defined, all
thirty setups can be recalled in one sequence.

A sequence is defined as 4 contiguous group of saved setups, where the fizst
setup includes the BEGIN attribute and the tast setup includes the END attribute.
The Sequence-Save mode provides access fo the BEGIN/END attributes and
provides sequence 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 attribute, a setup number, the
“NAME:" prompt, and the name argument in the top row and a HELP message in
the bottom row. (i the Direct-Save mode displays “SAVE FUNCTIONS
DISABLED” or If the Sequence-Save mode dispiays “SEQUENCE DEFINITION
DISABLED,” refer to EXER 7, described in Appendix C.)

Top Row - REPLACE STEP :nn NAME: xxxxxxx
or - REPLACE BEGIN nn NAME: xxxxxxx
or - - REPLACEEND :nn NAME: OO

Bottom Row - PUSH STEP TO REPLACE SETUP.

A REF moves a cursor 1o the definition mode field, the step attribute field, the
setup number fieid, or any character in the NAME argument. The A control selects
a definition mode, REPLACE, INSERT, or DELETE; a 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. initia values of the step attribute and
setup NAME are the values previously stored at the seiected setup number, unless
NAME was changed in the Birect-Save mode. The initial value of the setup number
is one more than the previously defined or selected setup. The cursor initially
remains 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 atiribute and the displayed NAME, if the NAME has
been changed, replaces setup “nn.”

A step with the BEGIN attribute begi'ns a sequenoé of setups. END defines' a
step that ends a sequence.
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While REPLACE Is selected, repeated operation of SAVE presents this cycle of
HELP messages in the bottom row.

Top Row - REPLACE STEP :nn  NAME:xxxxxxx
or - REPLACE BEGIN :nn NAME OGO
or - REPLACE END :nn NAME:XXXXXX

Bottom Row - PUSH STEP TO REPLACE SETUP.

Cor - TURN 4 REF TO FIELD, THEN--
or - TURN A TO DESIRED SETTING.
or . PUSH RECALL TO CANCEL THIS MODE.

When STEP is pressed in the INSERT definition mode, the numbers attached to
the currently setected setup and each higher-numbered setup are increased by one
and setup 30 is discarded. The current instrument setup, the dispiayed step
attribute, and the dispiayed NAME are then stored In the selected memory location,

While INSERT is selected, repeated operation of SAVE presents this cycle of
HELP messages in the botiom row.

Top Row - INSERT STEP nn NAMExxxxx
- ar - INSERT BEGIN 1n  NAME xxxxxxx
or - INSERT END ~ :nn NAME:xxxxxx
Bottom Row - INSERT WILL DESTROY STEP 30,
o - PUSH STEP TO INSERT SETUP.
or - TURN 4 REF TO FIELD, THEN--
or - TURN A TO DESIRED SETTING.

or - PUSH RECALL TO CANCEL THIS MODE.

In the DELETE definition mode, the attribute and NAME fieids cannot be
changed. When STEP is pressed, the currently sefected setup Is moved to 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 bottom row, ’

. Top Row ~ - DELETE STEP :nn NAME:XxXxXxXX
or - . DELETE BEGIN :nn NAME:XXXXXXX
or - DELETE END  :nn - NAME:Xxxox

Bottom Row - PUSH STEP TO DELETE SETUP.
: or - TURN A REF TQ FIELD, THEN-
or - - TURN A 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
Operation section. Then pressing STER in the Direct-Recall mode enables the
Sequence-Recall mode. The top row of the readout shows the names of the first
four defined BEGIN steps. it no BEGIN steps are defined, step 1 is the beginning
of a sequence, by defauit. Pressing a setup-number button initiates the
corresponding sequence and illuminates the STEP indicator, The position of each
button-among the others corresponds to the position of a sequence name among
the others on the screen. Pressing STEP mlt:ates the first defined sequence and
iltuminates the STEP indicator.

Repeatedly pressing RECALL presents this cycie of HELP messages. In
message 1, "~—n" is Dlank, *—2," *~3,” or “—4," depending on how many
sequences are defined,

Bottom Row - PUSH 1—n OR STEP TC START SEQ.
or - TURN A TO SELECT ANY STEP,
or - PUSH SAVE TO CANCEL THIS MODE.

Turning 4 REF or & while in the Sequence-Recall mode accesses to any setup,

STEP recalls any selected setup, initiates sequential setups, and fluminates the
STEP-indicator. If the step number is decremented below 1, the Direct-Recall mode
Is reestablished,

Top Row - nn xxxxxxx  TURN & TO SELECT,
Bottom Row - PUSH STEP TO BEGIN SEQ HERE.
‘ or - PUSH SAVE TO CANCEL THIS MODE,

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 pravious 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 operationai. They include a Kemel test and Confidence tests. :

Kernel Test

A kernel test failure is considered “fatal” to the operation of the instrument. A
Kernel test fallure causes the TRIG'D) indicator to flash and displays a binary code
pattern on other front panel indicators. if a kernel test fails, the user can attempt to
operate the instrument normally by pressing the A/B TRIG button. Operation is
unpredictable; it depends on the nature of the failure. ‘

Confidence Tesls

) Confidence tests are performed after the processor kernel has been found
operational. These tests check a portion of the Instrument for correct operation.

1f a Confidence test fails, the readout will indicate the nature of the failure by a
coded message in this format:
TEST XX FALL YY

where XX is a two-digit test number and YY is a failure code. Table C-1 shows the
function affected by detected fallures.
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Table C-1
Confidence Test Numbers and Affected Functions
Test Number Description
0 Controller Timing Signal Missing or Wrong Period
02 | Mementary Switch Stuck
03 Readout Interface o} Memory Failure
04 Calibration Data Parity or Checksum Error
05 Main Board Failure Detected by Auto Level Trigger on LINE
: - Spurce
06 | Memory-Battery Voltage Too High or Too Low
GP 11 GPIB Interface Failure Detected
DM76 | Digital Mulmeter Failuré Detected
CT 81 . 87 Counter-Timer-Trigger Failure Detected
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Delta-Time and Delta-Delay-Time
Accuracy under Noted Conditions
for the C/T/T Option
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CONDITIONS:;

1} Input signal is 5 vertical divisions with a 2 ns rise time.
2} Measured times are 4 horizontai divisions.
3} TJE is negligible for slew rates greater than 0.1/div ns.
 4) For all 8-Trigger modes, the beginning and end of the measured
interval are visually superimposed. '
B} RUN and TRIG accuracies are with RUN AFT DLY and TRIG AFT DLY
B.Trigger Modes.

* Selected resolution. See *Resclution Selections” table for
resolutions corresponding to trigger rates with AUTO resciution.

*B-Trigger Modes
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TIME INTERVAL ACCURACY

Delay-Time Accuracy under Noted Conditions
for the C/T/T Option
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. MEASURED TIME INTERVAL
. CONDITIONS:

1} input signai Is 5 vertical divisions with a 2 ns rise time.
2) Measured times are 4 horizontal divisions.

3) TJE Is negligible for slew rates greater than 0.1 div/ns.
4]

RUN and TRIG accuracies are with RUN AFT DLY and TRIG AFT DLY
8-Trigger Modes.

* Selected resolution. See *Resolution Selections” table for
resolutions corresponding 1o trigger rates with AUTO resclution.

“B-Trigger Modes
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