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NOTICE to the user/operator.

rhe German Postal Service requires that Systerns assembled by the
operator/user of this instrument must aiso comply with Postal
Regulation, Vig. 1046/1984, Par, 2, Sect. 1.

HINWE!S fur den Benutzer/Betreiber.
Die vom Betreiber zusammengesteits Aniage, innerhalb derer dies

Gerat eingesetzt wird, mug ebenfalis den Voraussetzungen nach Par. 2,
Ziff. 1 der Vig. 1046/1984 genugen.
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OPERATORS SAFETY SUMMARY

The safely information in this summary is for operating personriel.
Warnings and cautions will aiso be found throughout the manual
where they apply.

Terms in this Manual

CAUTION statements identify conditions or practices that could
result in damage 1o the equipment or other property.

WARNING statements identify conditicns or practices that couid
result in personal injury or oss of life.

Terms as Marked on Equipment

CAUTION indicates a personal injury hazard not iImmediately acces-
sible as onereads the markings, cor ahazard to propeny, including the
equipment itself.

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

Symbols in this Manual

This symbol indicates where applicable

A cautionary or other information is to
be found. For maximum input voltage
see Table 7-1.

Symbols as Marked on Equipment

& DANGER —High voltage.
@  Protective ground (earth) terminal.

[\ ATTENTION—Refer to manual.

2232 Operators xf



www.valuetronics.com

Power Source

This product is intended to operate from a power source that does noi
apply more than 250 volts rms between the supply conductors or
between either supply conductor and ground. A protective ground
connection, by way of the grounding conductor in the power cord, is
essential for safe operation.

Grounding the Product

This product is grounded through the grounding conductor of the
power cord. To avoid elecirical shock, piug the power cord into &
properly wired receptacie before making any connections to the
product input or outpud terminals, A prodective ground connection, by
way of the grounding conductor in the power cord, is essential for
safe operation.

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

ductive parts, including knobs and controls that may appear to be
insulating, can render an eleclric shock.

Uee the Proper Power Cord

Use only the power cord and connector specified for your product.
The powsr cord must be in good condition.

For detailed information on power cords and connectors see Figure
2-2.

Use the Proper Fuse

To avoid fire hazard, use only afuse ofthe correcttype, voltage rating
and current rating as specified on the back of your product.

xli 2232 Operators



Do Not Operate in an Explosive Atmosphere
To avoid explosion, do not operate this product in an explosive

atmosphere unless it has been specifically cerdtified for such
operation.

Do Not Remove Covers or Panels
To avoid personal injury, do notremove the product covers orpanels.

Do not operate the product without the covers and panels properly
instalied.

2232 Operators Xiti
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GENERAL
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General Information

INTRODUCTION

The TEKTRONIX 2232 is a combination nonstorage and digital
storage portable, dual-channel oscilioscope with 100 MHz analog
bandwidth and up to 100 MS/s digital sampling rate in both channeis.
The vertical channels have calibrated deflection factors fom 2 mvVto
5\ per division. The Variable VOLTS/DiV gain control increases the
deflection factor at least 2.5 to 1 on any VOLTS/DIV setting. Verlical
display modes are CH 1, CH 2, and BOTH, with a choice iIn BOTH of
ADD, ALT, or CHOP. A BW LIMIT feature limits the vertical amplifier
system and the A Trigger system to 20 MHz,

708501

Figure 1-1. 2232 Digital Storage Oscilloscope.

The horizontal deflection system calibrated A Sweep speeds range
from 0.5 s to 50 ns per division; calibrated B Sweep speeds range
from 50 ms to 50 ns per division. A X10 MAG control decreases

2232 Operators 7-1
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General Information

sweep time per division of the A and B Sweeps by a factor of 10. The
fasiest sweep-speed time of 50 ns per division is extended {o 5 ns
per divisicn in X10 MAG. The Variable SEC/DIV control may be used
1o increase the non-siore sweep time per division by a factor of up to
four times from the calibrated time per division determined by the
SEC/DIV switch setting. In STORE Mode, rofating the Variable
SEC/DIV controt out of the CAL detent position compresses a 4K
sample acquisition record into a record of 1K samples {called 4K
compress mode). Also in STORE Mode, the A SEC/DIV X 10 Multiptier
adds calibrated storage time bases of 1, 2, and 5 s per division {¢ the
NON STORE A Sweep speed range for low-frequency signal
acquisitions.

The dightal storage and display portion of the 2232 is microprocessor
controlled. Selecting the digital storage feaiures is done with a com-
bination of front-panel contrels and menu cheices. Selected front-
panel conirois are read by the microprocessor to determine their set-
tings. Those seltings are reporied to the user in a cri readout display
generated for the CH 1 and CH 2 VOLTS/DIV switch, the A and B
SEC/DIV switch, the DELAY TIME Positien control, the Vollage and
Time cursor differences (on STORE Mode displays only), the position
of AC-GND-DC switches, and the A Trigger LEVEL voltage level. All
the paramelric information for the waveform display is therefore
visible when a hard copy is made to maintain a permanent record of
the display. When in STORE (digital) mode, additional readout
infarmation is displayed showing storage acquisition mode, SAVE
REF memories, if displayed, SAVE mode, and SWEEP LIMIT, if
active.

Digital storage maximum sampling rate is 100 megasampies per
second with a maximum stored record length per waveform of either
4086 bytes {4K) for single-channel acquisitions or 2048 bytes (2K) for
dual-channel acquisitions {(ALT or CHOP). In CHOP mode, both
channels are sampled simuitaneously. The digital storage acqui-
sition system has glilch-catching capabilities for glitch widths as
narrow as 10 ns.

Up to three waveform sets (CH 1 and/or CH 2) of 1Krecord length (512

data points each waveform for dual-channel acquisitions) or one
waveform set of 4K record length (2K when dual-channel) may be

1-2 2232 Operators



General Information

stored in the SAVE REF memories. In either case, previous data is
over-written. A saved waveform may be recalled for display and
comparison with the current acquisition waveform and any or all of the
other saved waveforms. The X10 MAG condrol is also functional for
STORE waveforms and provides for horizontal expansion of 10times.
The CURSOR Control may be used to reposition the display window
on X10 expanded STORE waveforms 1o view ihe entire acquisition.

On stored waveforms (current acquisition and saved displays),
voltage and time measurements may be made using CURSORS. The
cursors are positioned 1o the waveform of interest and then i the
points of interest in the waveform. The AV and At ot readouts indi-
cate the voltage difference and timing difference between the
positions of the cursors on the waveform selecied. Horlzontal
positioning of the 1K display window within a 4K acquisition record is
also provided by the CURSOR Positioning control. Inthis manner, the
entire 4K record length may be scrolled through for display on the crt.
The displayed 1K window of a 4K record length acquisition waveform
is the data stored when using the SAVE REF memory 0 save 1K
waveform data. A 4K record length acquisition may also be com-
pressedio a 1 record iength by rotating the variable SEC/DIV control
away from the CAL detent position. The complete waveform is then
ondy one display window inlength. A 4K compress wavefonm may be
saved in any of the three 1K SAVE REF memories.

ACCURACY AND RESOLUTION

Finite resolution affects any measurement using discrete numbers.
All digital storage stores amplitude values as discrete numbers and
associates those amgiitude numbers with discretely numbered
times. Many measurements must be rounded or truncated. The size
of the truncation orrounding becomes a part of the measurement
error. For example, the following line is 1.5 units long. If it must be
drawn as a line connecting points one unit apart, then it may be

-drawn as a line one unit long or two units long, depending on how it

ocours relative 10 the points,

2232 Operators 1-3
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General Information

Case 1: Line approaches three points;

input line
Measurement resolution
Output line

Case 2; Line approaches two points;

Input line
Measurement resolution
Output line

There are several places where measurements are quantified, and a
one-count error in the measurement cannot be detected. The input
channels are digitized 1o an 8-bit resalution, where one division is
{ignoring expansion and compression) 25 counts. This means there
is an inherent error of 1/25 of a division in any voltage measurement at
acquisition time. Averaging can increase the resolution of a voltage
measurement above the sampler's eight-bit Iimit. To use the
increased resolution, the display has a 10-bit dynamic range in the
vertical axis, as well as the horizontal axis. An averaged signai has a
resolution of 100 points per division (ignoring expansion and com-
pression). in addition, the averaged number is stored with up fo
twelve bits of resolution. Expansion is required 1o view the eleventh
and twelfth biis of increased resoluion.

Time is quantified to determine when each sample occurred and
which display interval gets each sample. Time is resolved by storing,
for example, 4K points. If 4K points are stored, 4K time intervals are
represented. However, in 4K mode, not all of the 4K-point resolution
may be displayed on the 10-bit (1K-point) screen. Therefore, if 4K
COMPRESS is selected to present the whole picture on-screen at
once, only 1Kresolulienremains in the display. When peak-detected
information is acquired, events with high-frequency content such as
fast steps, or short pulses, can only be located within the time interval
from which the peaks came. Even though two display points resuit
from the interval, the event cannot be tied with ceriainty 1o the first or
second point in the interval,
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Gerneral Information

Time Is aiso quantified to determine where to put points in
REPETITIVE acquisitions, where the points acquired at 10 ns intervals
fill only part of the screen. A counter produces a number to represent
the portion of 10 ns between the samples acquired and the ones that
would have included the trigger. This number allows accurate place-
ment into the display record. The display record wili have at most 20
slots t¢ choose from on the basis of the counter number {this is where
each slot represents 0.5 ns of acquisition time).

STANDARD ACCESSORIES

The following itermns are standard accessories shipped with the 2232
instrument:

Operators Manual
Users Reference Guide
Probe Packages

Front Panel Cover
Accessory Pouch
Power Cord

Fuse

DB-8 Male Connector and Connector Shell
Loop Clamp

Flat Washer
Self-Tapping Screw

ed et b ek owwd wd madh ek P b b

For part numbers and further information about both standard and
optional accessories, refer 1o "Options and Accessories” (Section 8)
of this manual. Your Tektronix representative, focal Tekironix Field
Office, or Tektronix products catalog can also provide additional
accessoties information.
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Preparation for Use

SAFETY

This part ofthe manual tells how to prepare for and to preceed with the
initial start-up of the instrument.

Refer 10 the Safety Summary at the front of this manuai for power
source, grounding, and other safety considerations pertaining to the
use of the instrument. Before connecting the oscliloscope to a power
source, read entirely both this section and the Safety Summary.

LINE VOLTAGE

This instrument is capable of continucus operation with input
voltages that range from 90 V to 250 V with source voitage fre-
quencies from 48 Hz to 440 Hz.

POWER CORD

A detachable three-wire power cord with a three-contact plug is
provided with each instrument for connecting to both the power
source and protective ground. The power cord may be secured {o the
rear panel by a cord-set-securing clamp (see Figure 2-1). The
protective-ground contact in the plug connects (through the
protective-ground conductor) to the accessible metal pans of the
instument. For electrical-shock protection, insert this plugonly into a
power-source outlet that has a properly grounded protective-ground
contact,

Instruments are shipped with the power cord specified by the cus-
tomer. Available power-cord information is presented in Figure 2-2,
and part numbers are listed in Options and Accessories (Section 7).
Contact your Teklronix representative or local Tekironix Field Office
for additiocnal power-cord information.
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Figure 2-1, Securing the detachable power cord {0 the Instrument.
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Plug Power Cord/ Line Reference
Configuration | Option Plug Type Voltage Standards P
.. ! ANSI C73.11
Ay u.s. us. 1207 NEMA 5-15-P
. % Std. 120V lEC 83
N UL 198.6
CEE,
EURO 1, IV, Vi
Al 220V 220V fEC 83
iEC 127
8281363
A2 2‘;1'{*)(\; 240V IEC 83
IEC 127
Ausiralian AS C112
A3 240V 240V IEC 127
ANSI C73.20
North NEMA 6-15-P
Ad American 240V IEC 83
240V
UL 198.6
f SEV
as | Swizedand 220V IEC
127
8 A 6A, type C fuse Is also instalied Inside the plug of the Optlon A2 power cord.
b Reference Standards Abbreviations:
ANSI—American Natlonal Standards Institute
AS —Standards Assoclation of Australia
BS — British Standards Institutlon
CEE —iInt, tonal Cour on Rules for the Approval of Electrical
Equipment
IEC —Internationat Electrotechnical Commtssion
NEMA — Natlonal Elecirical Manutaciurer's Agsoclati
SEV — Schwelzervischer Elekirotechnlscher Verein
Uk — Underwriters Laboratorles Ine.
7066-03
Figure 2-2. Optional power cord data.
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LINE FUSE

The instrument fuse holder is located on the rear panei (see Figure
2-1) and contains the line-protection fuse. The following procedure
may be used either 1o verify that the proper fuse is installed or to
install a replacement fuse.

1. Unplug the power cord from the power-input source (if plugged
in}.

2. Press inthe fuse-holder cap and release i with a slight counter-
ciockwise rotation.

3. Puilthe cap (with the attached fuse inside) out of the fuse holder.

4. Verlfy that the proper fuse is Installed (see the rear-panel fuse
nomenclature).

5. Reinstall the proper fuse inthe fuse cap and replace the cap and
fuse in the fuse holder by pressing in and giving a slight clock-
wise rotation of the cap.

INSTRUMENT COOLING

To prevent instrument damage from overheated components, ade-
quate internal airflow must be maintained at all times. Before turning
on the power, first verify that both the fan-exhaust holes on the rear
panel and the air-intake holes on the side panel are free from any
obslructions 10 airflow. After lurning on the instrument, verify that the
fan is exhausting air.

START-UP

The instrurnent automatically performs power-up tests of the digital
portion of the circuilry each time the instrument is twmed on. The
purpose of these tests is to provide the user with the highest possible
confidence level that the instrument is fully functional. if no faults are
encouniered during the power-up testing, the instrument will enter the
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normal operating mode. If the insirument fails one of the power-up
tests, the instrument attempts to Indicate the cause of the failure.

If a failure of any power-up test occurs, the instrument may still be
usable for some applications, depending on the nature of the faiiure.
if the instrument functions for your immediate measurement require-
ment, it may be used, but refer it to a qualified service technician for
repair of the problem at the earliest convenience. Consult your
service depariment, your local Tekironix Service Center, or your
nearest Tekironix representative if additional assistance is requirad.

REPACKAGING

If this instrument is shipped by commercial transportation, use the
original packaging material. Unpack the instrument carefully from the
shipping container to save the carton and packaging material for this
purpose,

if 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 nstrument
dimensions and having a carfon test strengih of at ieast 275
pounds.

2. ltheinstrument is being shipped to a Tektronix Service Center for
repair or caiibration, attach a tag to the instrument showing the
following: owner of the instrument {(with address), the name of a
person at your firm who may be contacted if additional infor-
mation Is needed, complete instrument type and serial number,
and a description of the sewice required.

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

4. Cushionihe instrument on all sides by tightly packing dunnage or
urethane foam between the carlon and the instrument, allowing
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for three Inches of padding on each side {including top and
bottomy).

5. Sealthe carton with shipping tape or with an industyial stapler,

8. Mark the address of the Tekironix Service Center and your returmn
address on the carton in one or more prominent locations.

2-6
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Controfs, Connectors, and Indicators

INTRODUCTION

The following descriptions are intended to famiiiarize the operator
with the location and function of the instrument’s controls, con-
nectors, and indicators.

POWER AND DISPLAY

Refer to Figure 3-1 for location of items 1 through 10.

Internal Graticule — Eliminates parallax viewing error between
the trace and the graticule lines. Rise-time amptitude and
measurement points are incdicaled at the left edge of the
graticule.

| Tektronix 2232 .

TRATS ROTATHIN

®
\@
BEant finn
pal

i L

THAvE REF S '

7066-04

Figure 3-1. Power and display conirols and power-on indicator.
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®
®
®
®

POWER Switch ~Turns instrument power on or off. Press in for
ON; press again for OFF,

Power On indicator - Lights up while instrument is operating.

FOCUS Control— Adjusts for optimum display definition. Once
set, proper focusing is maintained over a wide range of display
intensity.

GRATICULE Intensity Control- Adjusts the intensity of the
graticule Hlumination lamps.

STORAGE/READOUT INTENSITY Control- Adjusts bright-
ness of the STORE mode displayed waveforms and the readout
intensity in both STORE and NON-STORE modes. The fully
counterclockwise position of the contrel toggles ihe
STORE/NON-STORE readout on and off.

BEAM FIND Switch— Compresses the vertical and horizontal
deflection to within the graticule area and intensifies the display
to aid in locating traces that are overscanned or deflected out-
side of the crt viewing area.

TRACE ROTATION Control—Permits alignment of the trace
with the horizontal graticule line. This control is a screwdriver
adjustment that, once set, should reqguire little attention during
normal operation.

A INTENSITY Control—Adjusts the brightness of all NON-
STORE displayed waveforms. The control has no effect on the
STORE mode displays or the crt readouts.

B INTENSITY Conirol—Adjusts the brightness of the NON-
STORE B Delayed Sweep and the intensified zone on the A

Sweep. The control has no effect on STORE mode displays or
cri readouts,
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VERTICAL

Refer 1o Figure 3-2 for location of iterms 11 through 20.

EVERTICA
A/B SWP SE

o

2 VL @ -
{ e 3
s o N O D E g I
i P EH 1 BOTH 6H 2 BW LIMIT ADD  ALT  CHOP |

CH 1 VOLTS/Div CH 2 VOLTS/DIV:
i X

3
cH 2 03 B :

AN

é éé é é@

1066-05

Figure 3-2. Vertical controls and connectors.

VOLTS/DIV Switches - Select the vertical channel defiection
factors from 2 mV to 5 V per division in a 1-2-5 sequence. The
VOLTS/DIV switch setting for both channels is displayed in the

2232 Operators 3-3
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crt readout. The VOLTS/DIV control settings for displayed
waveforms containing cursor symbaols are shown in the crt
readout.

In STORE mode, SAVE waveforms and waveforms waiting to be
updated between trigger evenis may be vertically expanded or
compressed by uptc afactor of 10times {or as many VOLTS/DIY
switch positions remaining whichever is less) by switching the
corresponding VOLTS/BIV control {waveforms acquired at
2 mV/div cannot be expanded and waveforms acquired at
5Vidiv camnot be compressed). The VOLTS/DIV readout
reflects the vertical scale factor of the displayed waveform. ifthe
VOLTS/DIV switch is switched beyond the availabie expansion
or compression range, the readout is tilted to indicate that the
VOLTS/DIV switch setting and the VOLTS/DIV readout no longer
agree.

1X PROBE — Front-panel marking that indicates the defiec-
tion factor set by the VOLTS/DIV switch whena X1 probe ora
coaxial cable is attached to the channel input connector,

10X PROBE-—Front-panel marking that indicates the
deflection faclor set by the VOLTS/DIV switch when a
properly coded 10X probe is attached to the channel input
connector.

i properly coded probes (1X, 10X, or 100X, see Table 3-1) are
connected to a channel input connector, the crt VOLTS/DIV
readout will reflect the correct defiection factor of the display.

Variabie VOLTS/DIV Controis — Provide continuously variable
uncalibrated deflection factors between the calibrated positions
ofthe VOLTS/DIV controls. The VOLTS/DIV sensitivity is recuced
by up to at least 2.5 times the sensitivity at the fully counter-
clockwise position of the variable knob. A datent at the fully
ciockwise position indicates the calibrated VOLTS/DIV position
of the variable knob. The uncalibrated condition is indicated by
a greater-than symbol (=} in front of the affected VOLTS/DIV
readout.
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Table 3-1
Probe Coding

Probe Coding Resistance
1X Infinite
10X 11 kO H10%
100X 56k-10% t06.2k +10%
IDENTIFY () ()
Unknown None of the above

AC~-GND-DC (Input Coupling) Switches — Select the method
of coupling the input signal to the Channel 1 and Channel 2 verti-
cal amplifiers and the storage acquisition system.

AC — Capacitively couples the input signal to the vertical
deflection and signal acquisition systems. The DC com-
ponent of the input signal is blocked. The lower 3 dB
bandpass is 10 Hz or less. Salection of AC input coupling is
indicated In the readout by a tilde symbol (™) over the V on
the associated channel’s VOLTS/DIV readout.

GND - Grounds the input of the vertical amplifier; provides a
zero {ground) reference voltage display (does not ground the
input signal). In STORE mode, the ground reference is
acquired and displayed in the first sample location of the
acquisition waveform display. When GND input coupling is
selected, a ground {(#) symbol is displayed In the
associated VOLTS/DIV readout.

DC—AH frequency components of the input signal are
coupled to the verlical deflection and signal acquisition
systems. When DC input coupling is selected, no additional
indicators are displayed with the associated VOLTS/DIV
readout.
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CH 1 or X and CH 2 08 Y Input Connectors—Provide for
application of signals to the Inputs of the vedical defiection
systern and the storage acquisition system.

Coding-ring contacts on each of the input connectors are used
io automatically switch the scale factor displayed by the crt
readout when a properly coded probe is attached to the input
connector. Displayed STORE mode waveforms are reformattad
to maintain the correct deflection as indicated by the VOLTS/DIV
readout onthe aflected channel(s). In X-Y mode, the signal con-
nected to the CH 1 OR X input connector controls the horizontal
ceflection, and the signal connectedtothe CH2 ORY input con-
nector controls the vertical deflection.

INVERT Switch~—Inverts the Channel 2 display and STORE
mode Channel 2 acquisition signal when pressed in. An invert
symbol (1) is displayed with the CH 2 VOLTS/DIV readout when
Channel 2is inverted. With Channel 2 inverted, the oscilioscope
may be operated as a differential amplifier when the BOTH-ADD
Vertical MODE is selected.

Vertical MODE Switches — Select the mode of operation for the
vertical amplifier. There are two three~position switches and two
two-position push-button switches that determine display,
acquisition modes and bandwidth in NON-STORE mode.

The CH1-~BOTH-CH 2 switch selects Channel 1, Channel 2, or
both channels for digplay.

CH 1 — Selects only the Channel 1 input signal for acquisition
or display.

BOTH - Selects a combination of Channel 1 and Channel 2
input signals for acquisition or display. The CH 1-BOTH-CH
2 switch must be in the BOTH position for ADD, ALT, and
CHOP operation,

CH 2 Selects only the Channel 2 input signal for acquisition
or display.
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The ADD~ALT-CHOP switch selects meihod for switching input
channels when the CH1--BOTH-CH2 switch is in BOTH position.

ADD —In NON-STORE, displays, or, in STORE, acquires
then displays the sum of the Channel 1 and Channel 2 input
signals when BOTH Is also selected. If Channel 2 is inverted,
the difference ofthe Channel 1 and Channel 2input signalsis
displayed.

ALT—In NON-STORE mode, altemately displays the
Channel 1 and Channel 2 input signals. Alteration occurs
during retrace at the end of each sweep. ALT Vertical MODE
is most useful for acquiring and viewing both channel input
signals at sweep rates of 0.5 ms per division and faster, In
STORE mode, Channel 1 and Channel 2 signals are acquired
on alternate acquisition cycles and then displayed at one-
halif the resolution of a single--channel acquisition.

CHOP—In NON-STORE mode, swiiches the display
between the sweep. The chopped switching rate (CHOP
frequency) is about 500 kHz. In STORE mode, both channels
are acquired simultaneously and then displayed at one-half
the resolution of a single-channe! acquisition.

The BW LIMIT and X-Y swilches select vertical bandwidth limit
and X-Y modes. :

BwW LIMIT —Limits the bandwidth of the vertical deflection
system and the A Trigger system in NON-~-STORE and
STORE mode to about 20 MHz when pressed in. This
reduces interference from unwanted high-frequency signais
when viewing low-frequency signals. Pressing the bution a
second time releases the switch and returns the vertical and
A Trigger circuit to full bandwidth.

X-¥Y - Sglects X-Y mode when pressed in. The Channe! 1
input signal provides horizontal deflection for X-Y displays,
and the Channel 2 input signal provides vertical deflectionin
both the NON-STORE and STORE mode. In STORE mode,
Channel 1 and Channe! 2 signals are acquired simul-
taneously. The sampiing rate is controlled by the A orthe B
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i)

SEC/DIV switch (depending on the Horizontal MODE selec-
tion). The X-Y waveform is acquired in sampling mode. The
menu-selectabie STORE display mode may be either dots
(default) or vectors,

In NON-STORE X-Y mode, only the Channel 2 POSITION
control wvertically positions the display and Horizontal
POSITION control horizontally positions the display. In
STORE X-Y mode, boththe Channe! 1 POSITION control and
the Horizontal POSITION control affect the horizontal
position of the displayed waveform.

Vertical POSITION Comtrois—Control the vertical display
position of the Channel 1 and Channel 2 signals.

in STORE mode, the controls determine the vertical position of
displayed waveforms during acquisition and in SAVE maode. Any
portions of a signal being acquired that are outside the dynamic
range of the A/D converter are blanked when positioned on
screen. The Vertical POSITION controls can also reposition a
vertically expanded SAVE wavefarm so that portions of the
waveform ouiside the graticule area can be observed.

A/B SWP SEP Control {(NON-STORE only)—Vertically
positions the B Sweep irace with respect to the A Sweep trace
when the Horizontal MODE is BOTH.

PRB ADJ Connector—Provides an about 0.5 V, negative-
going, square-wave voitage (at about 1 kHz) for compensating
voltage probes and checking the operation of the
oscilloscope’s vertical system. lf is not intended to verify the

accuracy of the vertical gain or the horizontal time-base
circuitry.

GND — Connector Provides an auxiliary ground connection
directly to the instrument chassis via a banana-tip jack.

2232 Operators



Controls, Connectors, and Indicators

HORIZONTAL

Refer to Figure 3-3 for location of itemns 21 through 27.

HORIZONTA
CIPOSITION

ST ——— - A —

AampB SEC/DIV
{STDORE UNCAL=4K COMPRESS)

ONLY}

8 DELAY
TIME
POSITION

7086-08

Figure 3-3. Horizonla! controls.
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(21) SEC/DIV Switches—~Determine the SEC/DIV setting for both

the NON-STORE sweeps and the STORE mode waveform
acquisitions. To obtain calibrated A and B NON-STORE
sweeps, the Variable SEC/DIV control must be in the CAL detent.

In STORE mode, the SEC/DIV swilches determine the available
acquisition and display modes, sets the sampling rate, and
establish the seconds-per-division scale factor of the
displayed waveforms. The SEC/DIV parameters dispiayed on
the crt readout are for the waveforms identified by CURSORS.

Table 3--2 lists the Storage, Acquisition, and Auto Vectors with
respect {o the SEC/DIV switch selting and the selected Trigger
mode. The Acquisition Mode and Auto Vectors shown in bold
face and listed first in Table 3-2 for each S8EC/DIV switch setting
is the defauit mode. The other Acquisition Modes listed for that
setting may be selected by pressing the ACQUISITION MODE
button or frormn the ACQUISITION menu. if the selected acqui-
sition mode is not applicable, the SEC/DIV switch setting
selects the defauit mode. Acguisition settings are saved in a
nonvolatile memaory and recailled on power up.

For a description of the acquisition modes, refer to the SETUP
ACQ MENU portion of the MENU SYSTEM OPERATION in this
section.

To change the vectors, refer to the SETUP DISPLAY MENU
portion of the MENU SYSTEM OPERATION in this section.

A SEC/DIV Switch— Selects the catibrated A Sweep rates for
NON-STORE from 0.5 s t0 0.05 us/div in a 1-2-5 sequence of
22 stepsforthe A Sweep generator and sets the delay time scale
factor for delayed-sweep operation.

In STORE mode, the A SEC/DIV switch controls the available
storage, acquisiticn, and vector modes when making acqui-
sitions using the A Time Base. It also selects the external clock
signal, from the EXT CLK input, for the storage acquisition
circuitry.
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Table 3-2

Digital Storage Modes

Trigger
Mode Storage Acguisitiona | Autod.b
SEC/DIV Setting| Selected Mode Mode Vectors
0.05 ps/div io All Repetitive AVERAGE OFF/ON
0.5 us/div (CH1, SAMPLE
CH2, ADD} or to ACCPEAK
0.2 us/div (ALT,
CHOP)
1 us/div {CH1, All Fast Record SAMPLE ON/OFF
CHz, ADD} or ACCPEAK
0.5 us/divto AVERAGE
2 us/div in ALT,
CHOP Vertical
MODE
5 us/div to All Slow PEAKDET ON/OFF
50 ms/ciiv or Record ACCPEAK
EXT CLK dc SAMPLE
to 100 kHz {Fast AVERAGE
Mode®
0.1 s/div to NORM | Triggered PEAKDET ON/CFF
5 s/div or EXT Scand ACCPEAK
CLK dc SAMPLE
to 1 kHz (Slow AVERAGE
Mode)¢ p_p Untriggered | PEAKDET ON/OFF
AUTO Scand SAMPLE
SGL Scan-roll-
SWP Scand:!
P-P Roli®
AUTO
and
NORM
SGL Triggered
SWpP Roli®

AThe default mode for Acquisition and Vectors AUTO modes are in bold face.
bin X-¥ mode, Auto Vectors are turned off.
CExternal clock speed range is selected in the ACQUISITION menu.

dgcan is selected in the ACQUISITION menu.
2Roll is selected in the ACQUISITION menu.

f Storage mode s Triggered Scan it ACCPEAK or AVERAGE Acquisition

mode is selected.
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B SEC/DIV Switch- Selects the calibrated B Sweep rates for
NON-STORE from 50 ms/divto 0.05 us/div in a 1-2-5 sequence
of 19 steps.

In STORE mode, the B SEC/DIN switch controls the default
storage, acquisition, and vector modes when making acqui-
sitions using the B Horizontal MODE.

Storage Modes

Repelltive—Requires a repetitive tigger signal from
0.05 ps/div to 0.5 ps/div or o 0.2 us/div in ALT and CHOP
Veriical MODE. Sampling of the input signal occurs at the
maximum A/D conversion rate (100 Mega Samples per second).
i a control affecting an acquisition parameter or funclicn is
changed, the acquisition is reset, and the waveform being
acquired is cleared on the next sample acquired. On each valid
trigger, 50 or more equally spaced samples are acquired and
displayed on the waveform record, depending on the SEC/DIV
setling (see Table 3-3).

Tabie 3-3
Repelitive Store Sampling Data Acquisition

SEC/DIV Expected
Switch Samples Per Acquisitions
Setting Acquisition Per Waveform?

iK 4K 1 2
Mode Mode Channe! | Channels
0.05 us 50 200 72 30
0.1 us 100 400 30 12
0.2us 200 800 12 3
0.5 us 500 2000 3 1

AExpected acquisitions per waveform for a 50% probability of fill.

3-12
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The random time delay from the tigger to the following sample is
measured and used to place the acquired waveform samples in
the correct display memory location, Any display location is
equally likely 1o be filled. Table 3-3 gives the statistically
expected number of trigger events required to completely fill the
display, assuming a uniform distribution of trigger evenis
relative 1o the sample interval. The default acquisition mode is
AVERAGE. All acquisition modes except PEAKDET are allowed.

Fast Record- Updates a full record of the acquired waveform
from 1 us/div or 0.5 ps/div (ALT and CHOP Vertical MODE) to
2 us/div. The defaull acquisition mode is SAMPLE. All acqui-
sition modes except PEAKDET are allowed.

Slow Record - Updates a full record of the acquired waveform
from 5 ps/div to 50 ms/div or Ext Clk Fast mode, The default
acquisition mode is PEAKDET. All acquisition modes are
allowed.

Triggered Scan-—Updates pretrigger data when a trigger is
received In NORM A TRIGGER mode and from 0.1 s/div to
5 s/div or Ext Cik Slow mode. The waveform display then scans
to the right from the trigger point to finish the post-trigger acqui-
sition and freezes. The default acquisition mode is PEAKDET.
All acquisition modes are allowed.

Untriggered Scan - Continuously updates the display serially
as each data point is acquired in P-P AUTO mode and from
0.1 s/div to 5 s/div or Ext Clk Slow mode. it writes over previous
data from left to right. The default acquisition mode is PEAKDET.
Only PEAKDET and SAMPLE acqguisition modes are allowed.

Scan-Roll-Scan-—Updates the display serially in SGL SWP A
TRIGGER mode and from 0.1 s/div to 5 s/div or Ext Clk Slow
mode. The waveform dispiay scans left to right untif the pre-
frigger record is filled, and then rolls right to left until a trigger is
recelved. It then scans ieft o right again to fill the post-trigger
acquisition record and then freezes. The default acquisition
mode is PEAKDET. Only PEAKDET and SAMPLE acquisition
modes are allowed.
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Foll-- Continuously acquires and displays signais in P-P AUTO
mode and from 0.1 s/div to 5§ s/div or Ext Clock Slow mode.
Triggers are disabled except in SGL SWP A TRIGGER mode.
The waveform display scrolis fromyright to left across the crt with
the latest samples appearing at the right edge of the crt. The
default acquisition mode is PEAKDET. Only PEAKDET and
Sample acquisition modes are allowed.

Triggered Roli —Rolls the display from right to left until a trig-
gering event occurs In SGL SWP A TRIGGER mode and from
0.1 s/div to 5 s/div or Ext Clock Slow mode. The display con-
tinues to roll after the trigger event until the post-irigger acqui-
sition record is filied, and freezes, The default acquisition mode
is PEAKDET. Only PEAKDET and Sample acquisition modes are
allowed.

X10 (STORE ONLY) Button-Functions only in the STORE
mode at SEC/DIV switch settings 0f 0.1, 0.2, and 0.5 s/div. When
pressed in, the A Sweep time base of these three setlings is
increased by a factor of 10 to 1 s/div, 2 s/div, and 5 s/div.
Releasing the bution returns the STORE mode time base 1o X1.

The X10MAG controt functions normally on wavefarms acquired
in the X10 {STORE ONLY) mode.

A and B SEC/DIV Variable and 4K COMPRESS Control—
Varies the sweep time per division in NON-STORE mode or
compresses a 4K record (four screen lengths) fo a 1K record
{one screen lengih) in STORE mode.

A and B SEC/DIV Varlable-Continuously varies the
uncalibrated NON-8TORE sweep time per division to at least
four times the calibrated time per division set by the SEC/DIV
switch (increases the slowest A Sweep time per division to at
least 2 s/div).

4K COMPRESS — Compresses 4K record to a 1K record in
STORE mode during waveform acquisitions or in SAVE mode
when the SEC/DIV Variable control is rotated out of the CAL
detent. Does not alier waveform acquisition when the SEC/DIV
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Variable control is out of the CAL detent. In 4K COMPRESS
mode, the SEC/DIV Variable control is effectively multiplied by
four and its readout also has a “¢” displayed before . In
PEAKDET and ACCPEAK acquisition modes, peaks are
acquired but may not be displayed. Rotating the SEC/DIV
Variable control does not affect 1K acquisitions.

X10 Magnifier Switch — Magnifies the NON~STORE displays or
expands the STORE acqguisition and SAVE waveform displays
by 10 times. Displays are expanded when the Variable SEC/DIV
knob is pulled to the out position (X10 PULL). The SEC/DIV scale
factor readouts are adjusted to comespond to the correct
SEC/DIV of the displayed waveform. Magnification of the NON-
STORE displays occurs around the center vertical graticule
division; STORE mode displays are expanded around the active
CURSOR, The display window for STORE mode X10 expanded
waveforms may be positioned using the CURSORS coniral to
view any portion (1/10 in 1K record 1/40 in 4K record) of the
acquisitions. In NON-STORE mode, the Horizontal POSITION
control horizontally position the display throughout the entire
waveform.

Horizontal MODE Switch — Determines the operating mode of
the horizomtal deflection system in both NON-STORE and
STORE modes. For STORE mode, the switch selects the acqui-
sition time base and resultant storage mode.

A—0Only the A Sweep is displayed. NON-S8TORE time base
and STORE acquisitions are controlled by the A SEC/DIV
switch. The A SEC/DIV swiich setiing is displayed on the crt
readout.

BOTH—In NON-STORE mode, alternates the display
between the A Intensified and B Delayed Sweeps. The A
Sweep is determined by the setting of the A SEC/DIV switch.
The B Sweep speed and the length of the intensified zone are
both determined by the B SEC/DIV switch setting. In STORE
mode, only the A intensified sweep is displayed. The A
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SEC/DIV switch in STORE mode sets digitizing rate and
acquisition mode.

B --Displays either the NON-STORE or the STORE B Sweep
frace. The A SEC/DIV, B SEC/DIV, and B DELAY TIME
POSITION settings are displayed onthe crireadowt, just asin
BOTH. The STORE mode waveform acquisitions are con-
{rolied by the B SEC/DIV switch.

B DELAY TIME POSITION Control—Adjusis the delay
between the start time of the A Sweep and the time that the B
Sweep either starts (RUNS AFTER DLY) or can be friggered
(triggerable after delay). The A Sweep does not have to be dis-
played. The delay time is variable from 0.5 {0 10 times the A
SEC/DIV, plus 300 ns.

in triggerable after delay, the delay lime readout indicates the
time that must elapse after the A trigger before the delayed
sweep or delayed acquisition can be triggered; not the actual
position of the trigger point. However, the readout of the delay
time on the cort follows the seiting of the B DELAY TIME
PGSITION control in either B Sweep mode.

The sefling of the 1K/4K button affects the delay time position
setting for STORE mode displays by a factor of about four times.
When switching between 1K and 4K record lengths, the delay
time position setling must be readjusted to obiain the same
delay time.

Horizontal POSITION Control —Positions all the NON-STORE
waveforms horizontally over a one-sweep-iength range (either
X1 or X10 Magnified). In STORE mode, waveforms may be
positioned over a range of one display window (10 divisions). If
an acquisition display is longer than one screen (as in 4K
records and/or X10 MAG ), the CURSORS control is used to
position the display window to any position of the acquisiticn
record.
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TRIGGER

Refer to Figure 34 for location of items 28 through 38.
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Figure 3-4. Trigger controls, connector, and indicator.
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NOTE

The Trigger controls affect the acquisition of the next
waveform. They are inactive in SAVE acquisition mode.

A TRIGGER Mode Switches — Determine the NON-STORE A

Sweep triggering mode. STORE mode triggering depends on
the position of the A SEC/DIV and the A Trigger mode. The trigger
position Is marked by a T on acquired waveforms.

NORM —Permits triggering at all sweep rates (an autclrigger
is nol generated in the absence of an adequate trigger
signal). NORM Trigger mode is especiaily useful for low-
frequency and low-repetition-rate signais.

In STORE mode, the last acquired waveform is held on
display between triggering events. The prelrigger portion of
the acquisition memory Is continually acquiring new pre-
trigger data, but the display is not updated until the trigger
event occurs and the rest of the acquisition mernory filis. The
method used to display the postirigger waveform data
depends on the SEC/DIV switch setting.

For SEC/DIV switch setiings sweep speeds of 5 s per
divisionto 0.1 s per division, Scan storage mode is selectad.

The postirigger data points are placed in the display as they
are acquired.

For SEC/DIV switch settings above 0.1 s per division, record
storage mode is used. The postirigger data points are stored
in the acquisition memory prior to compleiely updating the
waveform display, using the newly acquired data,

P-P AUTO/TV LINE—In NON-STORE mode, triggering
occurs on trigger signals having adequate amplitude and a
repelition rate of about 20 Hz or faster. In the absence of a
proper trigger signal, an autolrigger is generated, and the
sweep free nns.

In STORE mode, for SEC/DIV settings of 5 s per division to
0.1 s per division, Roll or Scan storage mode is sefecied,
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and the acquisition free runs. At faster SEC/DIV settings, trig-
gered acquisitions occur under the same conditions as
NON-STORE mode P-P AUTO triggering, and the acqui-
sition free-runs if proper triggering conditions are not met,
The display is filled and updated as described in Fast
Record and Slow Record poriion of the Storage Modes inthis
section.

For either NON--STORE or STORE mode, the range of the A
TRIGGER LEVEL control is automatically restricted to the
peak-to-peak limits of the trigger signal for ease in obtaining
triggered displays and acquisitions, P-P AUTQ is the usual
trigger mode selection to obtain stable displays of TV Line
information.

TV FIELD—Permils stable triggering on a television field
{vertical sync) signal when the P-P AUTO and the NORM
Trigger buttons are pressed in tegether, in the absence of an
adequate trigger signai, the sweep (or acquisition} free-
runs. The instrument otherwise behaves as in P-P AUTO.

SGL SWP — Arms the A Trigger circuit for a single sweep in
NON-STORE or a single acquisition in STORE moda.
Triggering requirements are the same as in NORM trigger
mode. After the completion of a riggered NON-STORE
sweep or a STORE 8GiL SWP acquisition, pressing in the
SGL SWP button rearms the frigger circuitry to accept the
next triggering event or start the next storage acquisition.

In STORE mode when the SGL SWP is armed, the acquisition
cycle begins, but the READY LED does not come on until the
pretrigger portion of the acquisition memory is filled. At the
time the READY LED comes on, the acquisition system is
ready 10 accept a trigger. When a trigger event occurs, the
postirigger waveform data is stored to complete the single-
sweep acquisition. After the acquisition is compieted, the
READY LED goes out, and the single sweep can be rearmed.
The SEC/DWV swilch settings and the STORE mode
determing how the display is updated.
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For SEC/DIV switch setiings of 5 s per division to G.1 s per
division, friggered roll, scan-roll-scan, or triggered scan is
used depending on the selection of Roll or Scan and the
acquisition mode (see Table 3-2}.

For SEC/DIV switch settings of 50 ms per divisionto 5 ps per
division, record mode is used, and the display Is updated as
afullrecord. The previously displayed waveform remains on
the crt until the posttrigger portion of the acquisition memaory
is filled. The waveform display is then updated with the newly
acquired data in its entirety.

For SEC/DIV swiich seitings of 2 us per division 1o 0.05 us
per division, repetitive mode is used. Each time the §GL.
SWP button is pushed in, a partial record is acquired, over-
laying the sampies, if any, accumulaled from past
acguisitions.

RESET/READY Indicator— A dual-function LED indicator. In
P-P AUTO and NORM Trigger modes, the LED is tumed onwhen
triggering occurs. in SGL SWP Trigger mode, the LED {ums on
when the A Trigger circuii is armed, awalting a triggering event,
and turns off again after the single sweep (or acquisition)
completes.

In STORE mode, pressing the SGL 8WP button 1o arm the trigger
circuitry does not immediately turn on the READY LED. The
pretrigger portion of the acqguisition mernory starts filling after the
SGL SWP button is pressed in; the READY LED is tumed on
whenthe filling is completed. The storage acquisition system is
then ready to accept a triggering event. The READY LED is
tumed off after an acquisition is completed,

ATRIGGER LEVEL Control— Selects the voltage level onthe A
Trigger signal that produces triggering. The trigger point for
STORE mode is identified by a T on the acquired waveform. The
A Trigger level is displayed on the crt readout.
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(31) A TRIGGER SLOPE Switch—Selects either the positive or

negative slope of the trigger signal to start the NON-STORE A
Sweep or {o reference the next STORE mode acquisition cycle.

@ A & B SOURCE Switch - Selects the source of the internal trig-

ger signal for both the A and the B Trigger Generator circuits.
Also selects internal trigger as the A Trigger source.

VERT MODE --Trigger signal is obtained alternately from
the Channel 1 and Channei 2 input signals in ALT Vertical
MODE. Inthe CHOP or ADD Vertical MODE the trigger signal
Is the sum of the Channel 1 and Channel 2 input signals.

CH 1 —-The signal appliedto the CH 1 OR X input connector is
the source of the trigger signal.

CH 2 The signal applied o the CH 2 OR Y input connectoris
the source of the trigger signal. The polarity of the CH 2
Trigger signal may be inverted by the Channel 2 INVERT
switch so the displayed slope agrees with the Trigger SLOPE
switch.

A EXT ~Signals applied to the EXT INPUT connector are
routed to the A Trigger circuit.

(33) A COUPL Switch—Selects the method of coupling the input

trigger signal to the A Trigger circult.

NORM — All frequency componenis of the trigger signals are
coupled to the A Trigger circuit.

HF REJ --Attenuates the high-frequency Yriggering signal
components above 40 kHz of the trigger signal.

LF REJ —Attenuates low-frequency Yriggering signal com-
ponents below 40 kHz of the trigger signal.

A LINE SOURCE - Routes a sample of the ac power source
waveform 1o the A Trigger circuit.
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A EXT COUPL Switch~ Selects the method of coupling the
external signai applied to the EXT INPUT connector to the A
Trigger circuit.

AC ~Input signal is capacitively coupled, and blocks the dc
companent of the signal.

DC - Couples de and all frequency componenis of the
external trigger signal.

DC/10— Attenuates the external signal by a factor of 10.
Couples dc and all frequency components of the external
trigger signal.

EXT INPUT Connector— Provides for connection of external
signals o the A Trigger circuit.

B TRIGGER SLOPE Switch— Selects either the positive or the
negative slope of the B Trigger signal (internal source only) that
starts the NON-STORE sweep or completes the STORE
acquisition.

B TRIGGER LEVEL Comtrol— Selects the ampiitude point on
the B Trigger signal where triggering occurs in triggerable after
delay mode. The B Trigger point is displayed as a T on the
STORE mode waveform display when in B Horizontal mode. The
fully clockwise position of the B TRIGGER LEVEL Control
selects the runs afer delay mode of operation for the B Trigger
circuitry. Out of the cw position, B Sweep is triggerable after the
delay time.

VAR HOLDOFF Controf—Varies the holdoff time overa 10to 1
range. NON-STORE Variable Holdoff starts at the end of the A
Sweep. STORE mode Holdoff starts at the end of the acquisition
cycle, and ends after the waveform data has been transferred
from the acquisition o the display memory and the pretrigger
portion of the acguisition memory has been fitlled. After STORE
moede Holdoff ends, the next acquisition can be triggered after
the hoidoff pericd ends. STORE mode Holdotif may be many
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times the length of the A Sweep time so that several holdoff
periods may occur during STORE Holdoft time. This ensures that
STORE mode triggering is controllable by the VAR HOLDOFF
control and will be stable if the NON-STORE display is stable.

STORAGE CONTROLS

Refer to Figure 3-5 for focation of items 39 through 42.

® _®
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L PNONSTORE B
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Figure 3-5. Storage Controls.

STORE/NON-STORE Bution—Selects either the NON-
STORE mode (button oul) or the Store mode (button in) for dis-
play. When switching from Store mode 1o NON-STORE mode,
the last-acquired waveform is stored in memory.

ACQUISITION Buttons—Determine the method of acquiring
and displaying the acquired store waveform.,

SAVE/CONT — Selects continue display update or stops the
current acquisition. If the SEC/DIV switch setting is 0.1 s per
division or slower, the display is entered immediately upon
pressing the button to SAVE. At SEC/DIV settings of 50 ms
per division and faster, if an acquisition has been triggered,
the acquisition is allowed to complete before it is saved.
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The pretrigger portion of an untriggered acquisition stops
filling in SAVE mode. When leaving SAVE mode, a new
acquisition is staried, and a trigger is not accepted until the
prefrigger portion again refllis,

TRIG POS — Positions the trigger point for acquisitions either
near the end (pretrigger), the middle (midtrigger), or the
beginning {postirigger) of the waveform. A “T” is displayed
on the wavetform and bar graph to indicate the trigger point.
Pressing the TRIG POS button in causes a change in trigger
position on the next acquisition. Successive presses of the
TRIG POS button will rotate the trigger point through the
posttrigger, midtrigger, and pretrigger, and back to post-
trigger position again. The change intrigger point will only be
seen on new acquisitions. The 4k bar graph trigger symbol
changes immediately each lime the TRIG POS button is
pressed. The trigger symbot is Halicized until the new acqui-
sition is completed to indicate that it doesn’t match the trig-
ger position of the acquisition on screen.

MODE — Seiects varicus acguisition modes available for
any given sweep speed range (see Table 3-2). Pressing the
MODE button wili cause the acquisition {o reset, and the new
mode will apply to the next acquisition to reset. The present
acquisitions mode Is dispiayed in the crt readout. If the
acqguisition mode selected varies from that of the current dis-
played acquisition, the display is italicized 1o indicate the
mismatch. i the selected mode is not available, it will not
change from the previous, legal mode. If conditions change
after acquisition mode is selected that make it llegal, the
mode changes to the defauit for new conditions.

1K/4K - Selects an acquisition record length of either one
screen (1K) or four screens (4K). In either selection, the dis-
played waveformhas 100 data points per horizontal graticule
division for a single channel or 50 data points when two
channels are acquired,

When a waveform is acquired using the B time base,
switching between record lengths aiso changes the delay
time position setting by the sarmne factor of four. The B DELAY
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TIME POSITION control must be repositionad to obtain the
same delay.

When the 4K record length is selected, a one-screen (1K)
window of the acquisition is displayed, and a bar graph is
used to indicate the position of the displayed window within
the 4K record. Rotate the CURSORS control to move the
display window to any position within the record.,

The 4K record length can be compressed to a length of 1K by
rotating the Variable SEC/DIV controi out of the CAL detent
position. The SEC/DIV readout is adjusted to reflect the cor-
rect time per division of the displayed waveform. The acqui-
sition record may be magnified using the X10 Magnitier.

CURSORS Controls — Set and position the cursor(s) 1o all dis-
played store mode waveforms. Measurements for Delta Volis,
Delta Time, One Over Delta Time, and Delay Time are made with
the CURSORS controls. Positioning of the display window
within a 4K acquisition record length is performed with the
CURSORS Position control. See the '‘Crt Readout”” description
for the cursor readout display.

SELECT WAVEFORM Button—Selects either the acqui-
sition waveform or (waveform pairs) and any displayed ref-
erence waveform(s) for cursor measurements. If there is no
reference waveform, this bution is inactive. When an acqui-
sition control is changed, the cursors return to the acquisition
waveform set. The cursor defaults to the acquisition
waveform in absence of a reference waveform. If one ormore
reference waveforms are displayed, the waveform with the
cursors attached has #s readout underlined.

CURSORS Position Control — Adjusts the active cursor (or
cursor pairs when there is a two-channel waveform)
horizontally. Cursor positioning is active during SAVE mode,
and measwemenis can be made on any displayed
waveform. Since the reference and acquisition display
windows track, cursor positions do not change when they
are moved back and forth from the acquisition to the ref-
erence waveform set.
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Cursors are placed on only one waveform at a time if the
waveform was acquired in a single-channel acquisition
{CH 1, ADD, OR CH 2) or both waveforms from a two-
channel acquisition (ALT or CHOP). Cursors move from the
reference waveform to the acquisition waveform when the
reference waveform is tumed off. The acquisition parameters
of the waveform set in which the cursors are localed are
displayed in the crt readout. The cursor(s) movable by the
CURSORS Position control (active cursor) are enclosed ina
DOX.

When the 4K record length is selected, the position of the dis-
play window (1K) is adjusted by the instrument to provide a
display of the active cursor position. If the active cursor is
positioned to either edge of the display window, further
positioning starts the waveform display scrolling in the
opposite direction as the display-window position moves.
Display-window positioning can be continued o the ends of
the record, allowing observations and measurements to be
made over the entire acquisition record.

SELECT C1/C2 (PUSH) Switch—Selects the cursor(s) that
can be positioned by the CURSORS Position control.
Cursors are activated altemately with each press of the
CURSORS Position Control. The active cursor is an X
enclosed in a box, and the inactive cursor is an X without a
box.

SETUP Buttons-—Selects ACQUISITION menu, DISPLAY
menu, REFERENCE menu, PLOT Menu, or ADVANCED
FUNCTIONS menu. Pressing one of the SETUP buttons causes
a list of items to be displayed above the Menu Select buttons
{mounted in the bezel under the crt). Pressing the Menu item
Select buiton selects the itern in the list above it. The selected
item is boxed. Pressing another SETUP button wiil replace the
displayed menu with a new selected menu. To return the instru-
memnt to a non-menu STORE mode, press the menu display
SETUP hutton a second time. New selections made in the menu
are immediately saved in nonvolatile memory and recalled on
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power up. For a description of the SETUP menus, see MENU
SYSTEM OPERATION in this section.

SAVE REFERENCE/MENU ITEM SELECT

Refer 1o Figure 3-6 for location of item 43,

7085-C8

Figure 3-6. Save reference/menu items select buttons.

Save Reference/Menu ltem Select Buttons—When in STORE
mode, the bezel buttons are used to save or recall acquired
waveforms. YWhen SETUP Menus are displayed, the bezel but-
tons select items from the menus.

Save Reference—Press the SAVE REF button just prior to
pressing one of the Reference buttons (1, 2, 3, or 4K) to write
the displayed acquisition waveform into the selected Save
Reference memory. The written waveform is then displayed
on the crt. Press the SAVE REF button a second time or a
delay of five seconds between pressing the SAVE REF
button and selecting a memory location cancels the Save
Reference request,
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In 4K Acquisition mode, a choice may be made to save the
entire 4K acquisition or the 1K displayed window of the 4K
acquisition. To save the 4K acquisition, press SAVE REF,
then press 4K. The 4K record fills the Reference 1, 2, and 3
memories. To save only the 1K display window of the 4k
record, press SAVE REF, then press 1, 2, or 3 to save the
window in the corresponding reference memory.,

Menu item Select (SAVE REF, 1, 2, 3, and 4K} — Select items
from a SETUP Menu dispiayed along the bottom of the screen.
The selected SETUP Menumay consist of alist of items for each
Menu Item Select button, An item in the Menu is selected by
pressing the Menu ltem Select button undemeath the list. A box
is used to indicate the selected item in the menu. A Menu ltem
Select bution that has no corresponding menu list does nothing
when pressed. Menu selection is accomplished by pressing
one of the SETUP buttons. Menu is removed from the screen by
pressing the selected SETUP Menu button second time.

REAR PANEL

Refer to Figure 3-7 for location of items 44 through 46.

EXT Z-AXIS Input Connector —Allows external signals to be
applied to the Z-Axis circuit to control the intensity of NON-
STORE waveform displays. Applied signals do not affect the
display waveshape. External signals with fast rise and fall times
provide the best defined intensity modulation. Noticeable
intensity modulation is produced at normal viewing intensity
levels by a 5 V p-p signal. The Z-Axis signals rmust be time-
related to the trigger signal to obtain a siable intensity-
madulation pattern on the displayed waveform.
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Figure 3-7. Rear panel,

Fuse Holder—Contains the ac-power-source fuse. See the
rear panel nomenclature for fuse rating and line voltage rangs.

Detachable Power Cord Receptacle-—-Provides the con-
nection point for the ac-power source 1o the instrument.
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SIDE PANEL

The standard side panel includes one AUXILIARY CONNECTOR.
Refer to Figure 3-8 for the location of lem 47.
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Figure 3-8. Side panel.

AUXILIARY CONNECTOR - Provides connections for X-Y
Plotter ouiput and External Clock input (see Table 3-4). Ali con-
nections are labeled on the side panel,
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Table 3-4
Auxiiiary Connector
Pin Number Pin Name Funection
1 EXT CLK External Clock Input
2 RELAY N.C. Pen Lift, Normally Closed
3 X X~-Axis Output
4 SHIELD GND Shield ground for cable
5 Y Y-Axis Output
6 +4.2 Ve +4.2 Vdc output
7 RELAY N.O. Pen Lift, Normally Open
8 RELAY COMM Pen Lift, Relay Common
9 SIG GND Signal Ground
NOTE

- Te meet EMI regulations and specifications, use the speci-

o fied shielded cable and metal connector housing with the
housing grounded to the cable shield for connections to
the AUXILIARY CONNECTOR.

X-Y Ploiter Connections — Provide connections far X-Axis oui-
put, Y~Axis output, and Pen Lift controls to drive an external X-Y
Plotter (see Table 3-4). All displayed waveforms and the crt
readout are fransmitted over the Plotter Interface. The settling
time allowed for each movement is about proportional to the
distance of the movement. Connections for Signal Ground and
Shieid Ground are also provided for grounding between the
instrument and the exiernal X-Y Plotier. Waveforms and the
Readout are plotted on the crt while a plot is in progress.

To be fully compatible, the X-Y Ploiter used must have X and Y
inputs with sensitivity control and penlift control.

Signals available atthe AUXILIARY CONNECTOR allow the Pen
Lift circuit to be wired for a plotter with either active M or active
LO drive requirements and several logic families. Exampies for
both an active Hl and an active LO TTL drive are shown in Figure
3-~9.
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Figure 3-8. X-Y Plotter interfacing.
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EXT CLK Input— Provides an input for external ¢clock signals to
the storage acquisition circuilry in conjunction with the EXT CLK
position of the A SEC/DIV switch. Sampiles are referenced by
failing edges. Input is TTL compatible. Samples become visible
by pairs, as Scan or Roll. Several clocks are reguired before the
point associated with the first clock is visible.

MENU SYSTEM OPERATION

Menus are used to contol instrument setup, waveform siorage,
hardcopy, and diagnostic functions. Pressing one of the five SETUP
buttons displays the corresponding menu onthe cri. Pressing the but-
ton againreturns the display to standard (non-menu) operation. Also,
the display may be switched directly from one menu to another by
pressing the desired SETUP button.

in a menu display, the currently selected menu item is surrounded by
a box. A menu item is selected with the Menu em Select buttons
located cn the crt bezel directly below each menu item (these buttons
also function as the Save Reference butions in normal operation).
Successively pressing a Menu ltern Select bulton will cycle the
selection box through the choices for the item,

In some SETUP menus, one of the menu tems is Cursor Knob Func.
The Menu tem Select buiton is used to select a menu item whose
value is then adjusied using the CURSORS control.

SETUP ACQ MENU
Refer to Figure 3-10 for the ACQUISITION menu display.

Acq Mode

The slorage acquisition mode may be selected from the Acg Mode
menu listing. However, the setting of the SEC/DIV swilch, trigger
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mode, and slow acquisition mode (Roll/Scan} determine which
modes are applicable. If an invalid acquisition mode is selected, the
defauit mode for the present SEC/DIV setling is used when the menu
is switched off.

Also, if a valid selection is made and the SEC/DIV switch is later
adjusted to a setting that does not allow that mode, the defauit mode
is used. See Table 3-2 for the default modes determined by the
SEC/DIV switch, trigger mode, and slow acquisition (Roil/Scan) set-
tings and for the valid modes for the various SEC/DIV switch settings,

acquisimon | ¥ | |
___ Push SETUP ACQ Button 1o exit
w0 ... .. ] E-
%0 .s

i Trig Pos: 128/1K

_ Cursor Knob sets | Avg Wgt: 1/4 |
e | Swp Lime NO LMIT e
I I
- Average. 1.
- Accpeak|Roll | |[Slow I
1 Sampie | Scan—I Fagt — Reset
o% .| ...l | % Default Cursor
 Acq —+ > =01 LEx—_ Acgl_ | Knob__|
Mode sldir Cl%ck {Mode Funlc

|

7066-13

Figure 3-10. ACQUISITION menu.

Peakdet—In Peak Detect mode, the minimum and maximum levels
of the input signal within the time represented by 1/50 of a division
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upmagnified (1/25 of a division in CHOP or ALT) are digitized and
stored in acquisition memory as a data pair. Peakdet is the default far
all SEC/DIV settings slower than 2 us per division.

Average—Used for multiple record averaging. A normalized
algorithm is used to continuously display the signal at full ampiitude
during the averaging process. Averaging is the default for repetitive
storage mode. The amplitude resolution increases with the number of

welghted acquisitions included in the display. The default weight of

Average mode is 1/4. Other weights are menu-selectable (Avg Wot)
from 1/1 to 1/258 {maximum resolution is 12 bits). The number of
sweeps allowed o occur before averaging stops is also menu-
selectable (Swp Lim). The averaging process is reset by changing
any control that causes an acquisition reset. Average mode is valid
for triggered acquisitions only and is not operational in any mode that
does not allow triggers (see Table 3-2).

Accpeak—WH| cause dispiays 10 accumulate (accumulated Peak
Detect). The largest maximum and smallest minimum sampie acqui-
sitions are retained for each trigger-referenced sample record over
multiple acquisition cycles. When Accpeak is used at SEC/DIV set-
tings between 20 us per division and 5 s per division, updating of
maximum and minimum samples also oceuwr's within each time-base
clock pericd. Changing any swilch that affects the acquisition
paramelers resets Accpeak displays. Accpeak mode is valid for irig-
gered acquisitions only and is not operational in any mode that does
not alow triggers {see Table 3-2).

Sample —In Sample mode, the signal is sampled at a rate that pro-
duces 100 samples per horizontal graticule division (50 samples per
horizontal graticule division in Alternate or Chop mode).

> = 0.1 s/Div (Slow Acquisition)

Roll-Store mode that provides a continuous view of a slowly
changing signal. When in the Roll mode with A TRIGGER in P-P
AUTO or NORM, the scope displays data points in a continuous
siream with each newly acquired data point appearing at the right
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side of the graticule. As new dala points are acquired, the previous
data point rolls toward the left side of the graticule, creating a con-
stant flow of data across the crt screen as new data points displace
the old. The effect is similar 1o that of a chart recorder. Setting the A
TRIGGER to SGL SWP will cause the scope 1o operate in the Trig-
gered Roll mode. In Triggered Roll, the display rolls from right 1o left
until the trigger is received. Then, the dispiay continues rolling until
the post trigger acquisition record is filled, at which time the display
freezes, The default acquisition mode is Peakdet; Sampie is the only
other allowable acquisition mode. The Roll mode is only operational
with the SEC/DIV setting at 0.1 s per division to 5 s per division or the
Ext Clock in Slow.

Scan-The Scan storage mode with A TRIGGER in P~-P AUTO con-
tinuously updates the display serially as each data point is acquired.
Previcus data is written over from left to right. With A TRIGGER setto
NORM, prefrigger data is updated when a trigger is received.The
waveform display then scans to theright from the trigger point to finish
the posi-trigger acquisition and then freezes. If the A TRIGGER is set
to 8GL SWP, the Scan-Roll-5can storage mode is activated. The
display scans left to right until the pretrigger record is filled, then rolls
right to left until a rigger is received. Itthen scans left to right againto
fill the post-trigger acquisition record and then freezes. The default
acquisition mode for Scan is Peakdel. The Scan mode is only
operational with the SEC/DIV sefling at 0.1 s per division to 5 s per
division or the Ext Clock in Slow.

Ext Clock

Slow -~ Sets the Ext Clock mode to Roll or Scan (Ext Clock rates from
DC 1o 1 kHz). This mode displays the waveform as it is acquired.

Fast—Sets the Ext Clock mode 1o Siow RECCORD (Ext Clock rates
from DC to 100 kHz). This mode displays the waveform only when an
entire waveform record has been acquired.
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Reset Default Acq Modes
Resets the ACQUISITION setiings to the following defaulls:

Trig Pos: 128/1K {both the trigger position andrecord length are
reset)

Avg Wgt: 1/4

Swp Lim: NO LIMIT

Acg Mode:  Determined by SEC/DIV setting. Refer to Table 3-2 for
default modes.

> =0.1 8/div
(Slow Acq):  Roil
Ext Clock: Slow

Cursor Knob Func

Selects a menu item whose vaiue is then sat with the CURSORS con-
frol. Trig Pos is the number of points acquired prior to the trigger; it
may be set In increments of four from 4 to 1020 for a 1K record or from
16 o 4080 for a 4K record. Avg Wgt is the weight of the last sample in
the Average acquisition mode; itis adjustable from 1/1 o 1/256. Swp
Lim selects the number of acquisitions before the acquisition system
halts; it is adjustable from 1 t0 989,000 or NO LIMIT,

SETUP DISPLAY MENU

Refer to Figure 3-11 for the DISPLAY menu.

AT Display

Selects either AT (time measurement) or 1/AT {frequency measure-
ment) for the cursors display in the crt readout.
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pisetay | 1 | | |
| Push SETUP DISPLAY Button o exit
0 4.
&0 T

ON 3
HAT _ JI[ON 1| OFF
/AT — OFF —+ Auto
0%!3'[
L AT

DésPlay Sm?oth Veo%tors

7086-14

Figure 3-11. DISPLAY menu.

Smooth

Determines the process that is used to produce vector displays when
in Peakdet or AcCpeak acquisition modes. With Smooth OFF, no
reordering of the data points is done, and vectors are given between
all of the minimum and maximum data points. With Smooth ON, data
points are reordered for correct slope and interpolated for drawing a
smooth waveform, Smoothing looks at the change in value of
reordered data points beiween adjacent sample intervals, if the
change in value does not exceed certain limits, the values are
interpreted as a continuous slope for drawing either vectors or dots. If
the vaiue change exceeds the interpreted “no~change” limit, the data
point value is not modified, and the vectors drawn in the display show
a discontinuity in the waveform. This method of display of the
waveform data provides a smoothed display of the waveform, yet
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retains the glitch-catching capabilities of Peakdet or Accpeak
modes. Smoothing applies only to Peakdet and Accpeak modes.

Vectors

Selects Vectors ON, OFF, or Auto acquisition waveform display
mode. The selection appiies to the next acquisition. With Vectors ON,
vectors are used for all acquisition modes. Vectors OFF displays dots
in all modes. Vectors Auto rode selects vectors for all modes except
repetitive sampling and X-Y storage modes.

SETUP REF MENU

The REFERENCE menu consists of two menu displays, NVmem and
Format. The SAVE REF Menu ltem Select buttontoggies between the
displays.

REFERENCE MENU (NVMEM)

The non-volatile memory provides 26 Kbytes of waveform storage
space. Waveforms stored in the non-volatile memory may be pro-
tected from overwriting or deieting. The memory is divided into
focations REFA through REFZ, but the number of aclual waveforms
that may be stored depends on the saved waveform record length
(1024 words or 4096 words) and acquisition mode. Averaged
waveforms require 2 bytes for each point so that an averaged 1K
waveform needs 2 Kbytes of non-volatile SAVE REF siorage and an
averaged 4K waveform needs 8 Kbytes. Specifications for the non-
volatile memory are listed in Table 7-1. Refer to Figure 3-12 for the
REFERENCE menu display with NVmem selected.

The status of the reference memories is displayed by the readout (1,
2, 3, 4K, and A through Z}. The number below each memory location
indicates the amount in Kbytes of the memory used (1, 2, 4, or 8). If the
memory location is protecied, this number is highlighted (intensified).
A downward pointing arrow below the number indicates that the
memory is selected as the Source; an upward-pointing arrow indi-
cates that the memory is selected as the Destination (see Cursor

Knob Func). The FREE readout indicates the amount of unused (free)
non-volatile memory.
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REFERENCE | ¥ | |
. Push SETUP REF Button 1o exit
e 1234K % '

010 0
R + ]

ABCDEFGH IJKLMNOPQRSTUVWXYZ
0800100240000 0000G00000000—1
=3 N T R R R
-+ Cursor Knob sets | Source; 2 H-srrrt
- {[Dest: A
[NVMem . ! ¥
Format-— Copy T
o% |...|Source .|... . F .| .| . {Cursor
Save —| To 1 Protect — Delete — L Knob |
Ref Dest Dest Dest Func

| ] I + 1 | |

7066-15

Figure 3-12. REFERENCE menu (NVmem selected).

Save Ref

Toggles between NVmem and Format menu displays.

Copy Source To Dest

Copies one SAVE REF memory to another memory location,
Waveforms stored in the lettered non-volatile memory focations
(REFA through REFZ) must be moved to one of the numberad SAVE
REF memory locations 1o be displayed, Waveform data to be

refrieved from or written to a non-volatile memory location must go
through a SAVE REF memory.
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Protect Dest

Protects or unprotects the selected memory destination (REFA
through REFZ). Protected memory locations cannot be overwritten or
deleted. Via an optional Communications interface, non-volatile
memory locations may be permanently protecied to prevent them
from being overwritten by the Delete Dest menu function. A protected
memory location has its size highlighted (intensified) in the readout
display.

Delete Dest

Erases the stored data in the selected reference memory, if not
protecied.

Cursor Knob Func

Selects a menu item whose value is then set with the CURSORS
control.

Source — Rotating the CURSOR control selects the memory location
to be copied (REFA through REFZ, REF1 through REF3, and REF4K).

Dest— Rotating the CURSOR control selects the destination for the
data. The destinations are REFA through REFZ, REF1 through REF3,
and REF4K. Also, selects the memory location to be protected or
deleted.

REFERENCE MENU (FORMAT)
The Format menu provides vertical positioning, vertical gain, and
horizontal magnification adjustments for waveforms in the SAVE REF

(1-3 and 4K) memories. Refer to Figure 3-13 for the REFERENCE
menu display with Format selected.

Save Ref

Toggles between NVmem and Format menus.
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REFERENCE | T | |
L Push SETUP REF Button to exit

100
%0 — ACQUIRED SETTINGS REF1
5V 2 ms S!moo?h Ol\i PEAKDET CHZ2

L+ Cursor Knob sets | Vert Pos e+

- | Vert Gain:
Beft T l

NVmem |[Ref2 CHH

T
X10 /
Format It Ref3 —JCH2 —HiX1 5
0% [ Cursor

~ Save — Target Horiz Knob |
Ref Ref TChni Magi Furl}c
[

T

7066-16

Figure 3-13. REFERENCE Menu {Format selected).

Target Ref

Selects one of the reference memories for formatting. If no waveform
is saved in the selected reference memory, a “No signal acquired”
message is displayed. If no signal is acquired, Horiz Mag, Vert Pos,
and Vert Gain cannot be adjusted.

Target Chnl
Selects CH 1 or CH 2 for formatting. If no waveform has been saved

for the selected channel, a “No signal acguired” message is
displayed.
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Horiz Mag

Toggles horizontal magnlification of the selected save reference
memory between X1 and X10,

Cursor Knob Func

Selects a mend item whose value is then set with the CURSORS
control. Vert Pos allows adjusiment of the vertical position of the
selected save reference memory. Vert Gain allows adjustment of the
vertical gain of the selected save reference memory.

SETUP PLOT MENU

Refer {o Figure 3-14 for the PLOT menu display.

Plotter Type

Selects an analog XY or digital plotier output format. The possible
formats are:

XY —Analog X-Y plotter

HPGL —Hewiett-Packard Graphics Language
EPS7—Epson low-speed double-density
EPS8—Epson high-speed double-density
TJET —Hewlett-Packard ThinkJet

Only the XY selection is valid unless a GPIB or RS-232 communi-
cations option is installed.

Grat

Enables or disables plotting of the graticule. With Grat ON selected, a
graticule is plotied each time a manual plot is starled. With ON
selected for both Grat and Auto Plot, the graticule is plotted only once
(onthe first acquisition after the Auto Piot mode is entered). With Grat
OFF selecied, the graticule is not plotted.
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|
7068-17
Figure 3-14. PLOT menu.
Auto Plot

Toggles Auto Plot ON or OFF. In Auto Plot, aplot is started eachtime
an appropriate number of acquisitions is acquired. Upon selecting

Auto Plot ON:

1. A waveform is acquired,

2. Plotting begins.

3.  On the first plot, the graticule (if on) and waveform are drawn
first, then the readout (if on).

4. The instrument then acquires another waveform and plots oniy
the newly acquired data.

5. Acquisitions and waveform plots continue as long as valid trig-
gers are available.
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XY Setup

Generates a pattern to facilitate calibration of analog X-Y plotter gain
and offset.

Siart

Initiates the fransmission of a waveform over the X-Y plotter output or
communications option.

Plot Speed {(analog X-Y plotter only)

The CURSORS knob adjusts the plotter pen speed from 1 through 10
(the units are approximately in divisicns per second.

SETUP ADV FUNCT MENU
Refer to Figure 3-15 for the ADVANCED FUNCTIONS menu display.
Diag Menu
Controls the selection of diagnostic tests, calibration aids and exer-
cisers used o service the instrument. Detalled menu information is
contained in the 2232 service manual.
Comm Menu
This menu is active only if an RS-232 cormmunications option is
instalied. For further information, refer o OPTION 12 R5-232-C
OPERATORS INFORMATION in Section 8.
Save Pwr Up Setting

Saves the state of the software-conirolied front panel settings and
menu settings for recall at power up.

Factory Reset

Resets 1o the factory default acquisition, processing, and display
modes for all sweep speeds.
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ADVANCED FUNCTIONS] | | |
| Push SETUP ADV FUNCT Button o exit

Lk
1T
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i

T066-18

Figure 3-15. ADVANCED FUNCTIONS menu.

CRT READOUT

The readout system provides an alphanumeric display of information
on the crt along with the waveform displays. The readout (non MENU)
is displayed in four rows of characters. Two rows are within the top
gralicide division, and two rows are within the boitom graticule
division. The locations and types of information displayed under
normal operating modes are iliustrated in Figure 3-16.

NON-STORE Mode

in NON-STORE mode the settings of the CH 1 and CH 2 VOLTS/DIV,
A AND B SEC/DIV, and AC-GND-DGC input coupling switches are
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displayed. If either BOTH or B is selected for HORIZONTAL MODE, a
readout of the B DELAY TIME POSITION is displayed.

Also, the A TRIGGER LEVEL voltage is displayed when the A & B
SOURCE switch is in the VERT MODE, CH 1, or CH 2 position. i the
VOLTS/DIV switches are in the uncalibrated position, the trigger leve!
voltages are displayed as percentages.

SAVE INDICATOR
OR

A TIME
CH2 A VOLTS OR  ACQUISITION LIMIT
CH 1A VOLTS TRIGGERLEVEL 1/ATME  INDICATOR

ISPLAY WINDOW | SAVE REF

&
DISPLAY WiNDOW, / TRIGGER %‘D , ,
) ) INDICATOR STATUS

INDICATOR __ '/ POSITION

CURSO0R ACTIVE
CURSCR

T oo i
LS B 2 - O A I A S et 1t ¢

FI
—

I N
LI N e

I
Tt

P
LI o o 2 e 4

s R 5 2|
CH 1 CH2 STORAGE A SEC/DIV B SEC/OIV
VOLTS/DIV VOLTS/DIV MODE
DELAY TIME
70668-10
Figure 3-16. Crt readout display.
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withthe A & B SOURCE switch in VERT MODE, the CH 1-BOTH-CH 2
Vertical MODE switch determines which trigger level voltage is
displayed. In the BOTH position, a trigger level readout is present
only if both the VOLTS/DIV switches and both the input coupling
swilches are at the same seitings. With BOTH and ADD or CHOP
Vertical MODE selected, a trigger level readout (TRIG) with no
channel specified is displayed. f BOTH and ALT Vertical MODE is
seiected, the trigger level voltage readout aitermates beiween CH 1
and CH 2 trigger level voltages.

lfthe A & B SOURCE swiichis inthe CH 1 or CH 2 position, the corre-
sponding trigger level readout is displayed. No trigger level readout
is displayed ifthe switch is in the A EXT position or if A COUPL switch
is set to A LINE SOURCE.

To provide complete parametric data for a waveform dispiay,
gspecially useful when a hard copy is made 1o malmain a permanent
record, the foliowing symbols may appear in the readout:

Greater-than symbols (>) are used {0 indicale uncalibrated
VOLTS/DIV and A AND B SEC/DIV swiich settings.

A down-arrow symbol (¢ ) is used infront of the CH 2 VOLTS/DIV
readout to indicate the CH 2 INVERT switch is depressed.

BWL is displayed If the Vertical MODE BW LIMIT swilch is
depressed.

The AC-GND-DC input coupling selection is indicated in the
associated VOLTS/DIV readout with a tilde symbol (™) above
the volts symbol for AC, a ground symbol () for GND, and no
symbol for DC input coupling.

The A TRIG LEVEL voltage readout displays a tilde symbol (™)
above the volts symbol if the A COUPL switch is setfo LF REJ or
if the trigger source channe! input coupling is AC.

STORE Mode

In the STORE mode, additional parameters associaled with the
stored waveforrms are displayed in the crt readout.
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if the acquisition record length is longer than one screen, a bar graph
is displayed to indicate the position of the display window within the
acquisition recard. The displayed porfion of the record is enclosad in
brackets. Onthebar graph, the cursor positions are indicated with X's
and the trigger position is marked with a large T.

When one or more of the SAVE REF waveforms are displayed, a
readout of the waveform reference number is displayed. If the SAVE
REF button on the crt bezel is pressed, a SAVE REF readout is tern-
porarily displayed indicating the stalus of the SAVE REF memories
(FULL or EMPTY).

The cursor readout displays the voltage difference (either AV1 or
AV2) and the time difference (either AT or 1/AT) between cursors.

The storage acquisition mode is displayed; it is underlined if
smoothing is active.

if the VOLTS/DIV control Is switched beyond the available expansion
or compressionrange, the VOLTS/DiV readout istilted, indicating that
the VOLTS/DIV swilch seiting and the VOLTS/DiV readout no longer
agree,

in 4K COMPRESS (SEC/DIV in uncalibrated mode), a ¢ is displayed
in front of the SEC/DIV readout.

When ACQUISITION SAVE is selected, the readout displays a save
indicator (SAVE).

If a sweep limit value (other than NO LIMIT) is set, an incremeanting
count of the sweeps is displayed; when the sweep limit is reached,
the readout digplays LIMIT.

When making ground-referenced AV measurements {ground dot
displayed and the cursor positioned onthe ground dot), the A symbol
is replaced by a ground symbal #r.
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BASIC OPERATION

This subsection contains basic operating information and techniques
thal shouid be considered before atternpting to make any measure-
ments with the Instrument. For locations and functions of instrument
controls,connectors, and indicators refer to CONTROLS,
CONNECTORS, AND INDICATORS (Section 3 of this manual).

GRATICULE

The graticule is internally marked on the faceplate of the crt to
eliminate parallax-viewing errors, increasing measuremeant accuracy
{see Figure 4-1). The graticule is marked with eight vertical and ten
norizontal major divisions. in addition, each major division is divided
into five subdivisions. The vertical deflection factors and horizontal
timing are calibrated to the graticule so that accurate measurements
can be made directly from the cri. Also, percentage marks for the
measurement of rise and fall times are located on the left side of 1he
graticule.

GROUNDING

The most rellable signal measurerments are made when the oscillo-
scope and the unit under test are connected by a common reference
{ground lead) in addition to the signal lead or probe. The probe’s
ground lead provides the best grounding method for signal inter-
connection and ensures the maximum amount of signal-lead
shielding inthe probe cable. A separate ground lead can also be con-
nected from the unit under test o the oscilloscope GND receptacle
located on the oscilioscope’s front panel.
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15T OR LEFT 11TH OR RIGHT
VERTICAL VERTICAL
GRATICULE GRATICULE
LINE LINE

| “_ |

s

RISE AND CENTER CENTER
FALL TIME VERTICAL HORIZONTAL
MEASUREMENT GRATICULE GRATICULE
PERCENTAGE LINE LINE
MARKERS

T0B6-20

Figure 4-1. Graticule measurement markings.

SIGNAL CONNECTIONS

Probes

Generally, the accessory probes suppiied with the instrument pro-
vide the most convenient means of connecting a signal to the vertical
inputs of the instrument, The probe and probe lead are shielded to
prevent pickup of eleclromagnetic interference, and the 10X attenu-
ation factor of the probe offers a high input impedance that minimizes
signal loading in the circuitry under test, The atienuation factor of the
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standard accessory probe is coded so that the VOLTS/DIV readout
seen on the crt is avtomatically switched to the correct scale facior
when the probe Is attached. Both the probe itself and the probe
accessories should be handled carefully at ali times to prevent
damage to them. Avoid dropping the probe body. Striking a hard
surface can cause damage to both the probe body and the probe tip.
Exercise care to prevent the cable from being crushed or kinked. Do
not place excessive strain on the cable by puiling. The standard-
accessory probe is a compensated 10X voltage divider. Itis a resis-
tive vollage divider for low frequencies and a capacitive voltage
divider for high-frequency signal components. Inductance intro-
duced by either a long signal or ground lead forms & series-resonant
circuit. This circuit will affect system bandwidth and will ring if driven
by a signal containing significant frequency components at or near
the circuit’s resonant frequency. Oscillations (ringing) can then
appear on ihe oscilloscope waveform display and distort the true
signal waveshape. Always keep both the ground lead and the probe
signal-input connections as short as possibie to maintain the best
waveform fidelity.

Misadjustment of probe compensation is a common source of
measurement error. Due to variations in oscilloscope input character-
istics, probe compensation should be checked and adjusted, if
necessary, whenever the probe is moved from one oscilloscope to
another or between channels. See the probe compensation pro-
cedure in Operator’s Check and Adjustments, or consult the instruc-
tions supplied with the probe,

Coaxial Cables

Cables may also be used to connect signals to the vertical input con-
nectors, but they may have considerable effect on the accuracy of a
displayed waveform. To maintain the original frequency charactear-
istics of anapplied signal, only high—quality, low-10ss coaxial cables
should be used. Coaxial cables should be terminated at both ends in
their characteristic impedance. If this is not possible, use suitable
impedance-maiching devices.
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INPUT-COUPLING CAPACITOR
PRECHARGING

When the Input Coupling switch is set 1o the GND position, the input
signal is connected to ground through the input-coupling capacitor
and a high resistance value. This series combination forms a pre-
charging circuit that allows the input-coupling capacitor to charge to
the average dc voltage level of the signal applied to the input con-
nector. Thus, any large voltage fransients that may accidentally be
generated are not applied to the vertical amplifier’s input when the
input coupling is switched from GND to AC. The precharging network
also provides a measure of protection 10 the external circuitry by
reducing the current level that is drawn from the external circuitry
while the input—-coupling capacitor is charging.

If AC input coupling is in use, the following procedure should be fol-
lowed whenever the probe tip is connected to a signal source having
a different do level than that previously apptied. This procedure
becomes especially useful if the de-level difference is more than ten
times the VOLTS/DIV swilch setting.

1. Setthe AC-GND-DC (input coupling) switch io GND before con-
necting the probe tip 1o a signal source.

2. Touch the probe tip to the oscliloscope GND connector.

3. Wait several seconds for the input-coupling capacitor 1o
discharge.

4, Connect the probe tip 1o the signal source.

5, Wait several seconds for the input-coupling capacitor'io charge
10 the dc level of the signal source,

8. Settne AC~-GND-DC switch to AC. A signal with a large dc com-
penent can now be vertically positioned within the graticule area,
and the ac compcnent of the signal can be measured in the
normal manner.
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Operator’s Checks and Adjustments

INTRODUCTION

To verify the operation and basic accuracy of your instrument before
making measurernents, perform the following checks and adjustment
procedures. If adjusiments are required beyond the scope of these
operator’s checks and adjustments, refer the instrument to qualified
service personnel.

For new equipment checks, before proceeding with these instruc-

tions, refer to “‘Preparation for Use” in this manual to prepare the
instrument for the initial stari-up before applying power.

INITIAL SETUP

1. Verify that the POWER switch is OFF (switch Is in the out
position), then plug the power cord into the ac power outlet,

2. Press inthe POWER switch (ON) and set the instrument controls
to obtain a baseline trace;

Display
A and B INTENSITY Midrange
STORAGE/READOUT
INTENSITY Midrange
(with READQUT on)
FOCUS Best defined display
Vertical {Both Channels)
POSITION Midrange
MODE CHA1
x-yY Off (butten out)
BW LIMIT On {button In)
VOLTS/biV 2mv
VOLTS/DIV Variable CAL detent
INVERT Off (button out)
AC-GND-DC DC
2232 Operators 5-1
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Horizontal
POSITION Midrange
MODE A
A SEC/DIV 20 us
SEC/DIV Variable CAL detent
X10 Magnifier Off knob in)
A Trigger
VAR HOLDOFF ‘NORM
Mode P-P AUTO
SLOPE Positive {button out)
LEVEL Midrange
A&B SOURCE VERT MODE
A COUPL NORM
Storage
STORE/NON-STORE NON-STORE (button out)

. Adjust the INTENSITY and FOCUS controls for the desired dis-

piay brightness and best focused trace.

. Adjust the Vertical and Horizontal POSITION controls to position

the trace within the graticule area.

. Allow the instrument to warm up for 20 minutes before

commencing the adjustment procedures. Reduce the INTENSITY
levels during the waiting time.

TRACE ROTATION ADJUSTMENT

NOTE

Normally, the trace will be parailel to the center horizontal
graticule line, and TRACE ROTATION adjustment is not
required.

. Preset the instrument controls and cobtain a baseline frace as

described in “'initial Setup.”
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2.

Use the Channel 1 POSITION control to move the baseline trace
1o the center horizontal graticule line.

if the baseline trace is not parallel to the center horizontal
graticule line, use a smali-bladed screwdriver or alignment tool
to adjust the TRACE ROTATION control to align the trace with the
graticule fine.

PROBE COMPENSATION

Misadjustment of probe compensation is a source of measurement
error. The attenuator probes are equipped with a compensation
adjustment. To ensure oplimum measurement accuracy, always
check probe compensation before making measurements. Probe
compensation is accomplished by:

1.

Preset the instrument controls and obtain a baseline irace as
described in “Initial Setup.”

. Connect the two 10X probes (supplied with the instrument) 1o the

CH1 0ORXand CH2ORY input connectors. Observe thatthe CH 1
VOLTS/DIV readout changes from 5 mV to 50 mV when the 10X
probe is attached to the CH 1 OR X input.

. Connect the Channel 1 probe to the PRB ADJ connecior.

. Use the CH 1 POSITION control to vertically center the display. If

necessary, adjust the A TRIGGER LEVEL control t¢ obtain a
stable display on the plus Positive Slope.

. Check the waveform display for overshoot and rounding (see

Figure 5-1); if necessary, use a small-bladed screwdriver to
adjust the probe compensation for a square front comer on the
waveform.
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Figure 5-1. Probe compensation.

6. Remove the Channel 1 probe from the PRB ADJ connector.
7. Connect the Channel 2 probe to the PRB ADJ connector.
8. Set the VERTICAL MODE to CH 2.
3. Set the A TRIGGER A & B SOURCE switch to CH 2.
10. Use the CH 2 POSITION control to vertically center the display.

11. Check the waveform display for overshoot and rounding (see
Figure 5-1); if necessary, use a small-bladed screwdriver to
adjust the probe compensation for a square front comer on the
waveform.

NCTE

Refer to the instruction manual supplied with the probe for
more complete information on the probe and probe
commpensation.
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HORIZONTAL ACCURACY CHECK

A check of the horizontal timing can be made usingthe time measure-
ment capability of the CURSOR measurement mode:

1.

10.

11.

12.

Preset instrument controls and obtain a baseline trace as
described in “‘Initial Setup”.

. Set:
CH 1 AC-GND-DC GND
STORE/NON STORE STORE (button in)
A SEC/DIV ims
TRIG POS POST TRIG
. Turnthe Horlzontal POSITION control to align the start of the trace

to the first vertical graticule line,

. Turn the Vertical POSITION control to align the baseline trace with

the center horizontal graticule fine.

. Position the active cursor to the second vertical graticuie line

using the CURSORS control.

. Push in the CURSORS control knob to activate the other cursor.

. Position the active cursor to the tenth vertical graticule line using

the CURSORS control for a spacing of eight divisions between
CLISOrS.

. Check that the Delta Time readout is 7.84 ms and 8.16 ms.

. Verify that the CH 1 probe tip is in the PRB ADJ connector,

Setthe CH 1 AC-GND-DC switch to DC.

Adjust the SEC/DIV switch setling for a display of at least one full
period of the probe adjust signal (0.1 or 0.2 ms per division).

Use the Vertical and Horizontal POSITION controls to center the
display.
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13.

14.

15.

16.

17.

18.

19.

Use the CURSORS control and the SELECT C1/C2 switch (push
in the CURSORS control knob) to align the cursors with therising
edges of the PRB ADJ signal (measurement is of the probe adjust
signal period). Note the cursor time difference readout and the
graticule measurement (horizontal distance between rising
edges as taken from the graticule markings) of the signal for later
reference.,

Check that the cursor readout of the probe adiust signal period
and the graticule measurement of the calibrator period are within
2%.

Set the STORE/NON-STORE switch 1o the NON-STORE posi-
tion (button out).

Determine the horizontal graticule measurement of the probe
adjust signal period. Note the reading for later reference.

Check that the NON-STORE Mode probe adjust signal period
measurement obtained from the graticule markings is within 3%
of the STORE Mode probe adjust signal period obtained in
step 8.

Set the X10 MAG switch to on {pull variable SEC/DIV knob out)
and set the A SEC/DIV swilch sefting to obtain a display of at
least one full period of the probe adjust signal (0.1 or 0.2 ms pear
division).

Check that the magnified NON-STORE Mode probe adjust sig-
nal period measurement obtained from the graticule markings is
within 4% of the STORE Mode probe adjust signal period
obtained in step 8.
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INTRODUCTION

The procedures in this section enable the operator 10 make basic
measurements using the capabilities of the oscilloscope. Many of
these measurements can be obtained with either the non-storage
mode or one of the storage modes. After becoming familiar with the
capabilities of the instrument, the operator can choose the best
method for making a particular measurement. Read the Operating
Considerations part of this manual for information on signal con-
nections, grounding, and other general operating information that
may be useful in your application,

When the procedures call for cbtaining a baseline display, refer to
Initial Setup In the Operator's Checks and Adjustments part of this
manual. The initial control settings listed in the Initial Setup procedurs
are considered as the initial control setup. Aliermnate control setlings
are usually required for making a specific measuremeant. The operator
must determine the correct control setlings applicable to VOLTS/DIV,
SEC/DIV, TRIGGER, and other conirols to obtain a stable display of
the desired display. Only the readouts necessary for each specific
example are shown in their associated illustrations.

OSCILLOSCOPE DISPLAYS

The following procedures will allow the operator o set up and operate
the instrument to obtain the most commonly used oscilloscope dis-
plays. Verify that the POWER swiich is OFF (push bution out), then
plug the power cord into the ac-power-input source outlet.

NON-STORE DISPLAYS

The foliowing procedures are used {0 obiain the most commonily
used conventional oscilloscope displays.
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Normal Sweep Display

1.

2.

Preset the instrument controls and obtain a baseline display.

Using the supplied 10X probe or a properly terminated coaxial
cable, apply a signalio the CH 1 OR X input connector. The signal
source output impedance determines the termination required
when using a coaxial cabie to interconnect test equiprment.

NOTE

instrument warm up time required to meet all speci-
fication accuracies is 20 minutes.

Advance the A INTENSITY controi uniii the display is visible, Ifthe
display is not visible with the INTENSITY control at midrange,
press the BEAM FIND push button and hoid it in while adjusting
the Channel 1 VOLTS/DIV switch fo reduce the verticai display
size, Center the compressed display using the Vertical and Hori-
zontal POSITION controls. Release the BEAM FIND push button.

Set the Channel 1 VOLTS/DIV switch and the Vertical and Hori-
zortal POSITION controls to locate the display within the
graticule area.

Adjust the A TRIGGER LEVEL controi for a stable, triggered
display.

Set the A SEC/DIV switch for the desired number of cycles of

displayed signal. Then adjust the FOCUS contral for the best
defined display.

Magnified Sweep Display

1.

2.

6-2
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Preset the instrument confrols and obiain a baseline display.

Adjust the Horizontal PGSITION conirel to move the area to be
magnified to within the center crt graticule division (0.5 division
on each side of the center vertical graticule line}. Change the
SEC/DIV switch setting as required.
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3.

4,

Pull out the SEC/DIV Variable knob and adjust the Horizontal
POSITION control for precise positioning of the magnified
display.

To calculate the magnified sweep rate, divide the SEC/DIV
switch setting by 10.

B Delayed Sweep Display

1.

2.

Preset the instrument controis and obitain a baseline display.

Set the HORIZONTAL MODE switch to BOTH and the B TRIGGER
LEVEL control to B RUNS AFTER DBLY.

Pull out the B SEC/DIV knob to unlock it from the A SEC/DIV knob
and turn it clockwise from the counterciockwise stop until the
intensified zone is the desired length. Adjust the A INTENSITY
and B INTENSITY conirois as required to make the intensified
zone distinguishable from the remainder of the display.

Adjust the B DELAY TIME POSITION control o move the intensi-
fied zone to cover the portion of the A trace that is to be displayed
on the B trace.

Set the HORIZONTAL MODE switch to B. The intensified zone
adjusted in steps 3 and 4 is now displayed as the B frace at the
sweep rate indicated by the B SEC/DIV switch.

A more stable display with less jitter may be obtained by
adjusting the B TRIGGER LEVEL conirol for atriggered B Sweep.

NOTE

The B DELAY TIME POSITION control will not provide
continuously variable delay when the B TRIGGER LEVEL
conircl is set t0 a position other than B RUNS AFTER
DLY. Also, differential time measurements are invalid
when the B TRIGGER LEVEL controlis not setto B RUNS
AFTER DLY.
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Alternate Horizontal Sweep Display

1.

2.

Preset the instrument controls and obtain a baseline display.

Set the HORIZONTAL MODE switch 10 BOTH and the B TRIGGER
LEVEL control to B RUNS AFTER DLY.

NOTE

Two traces will be visible; the A trace with an intensified
zone, and the B delayed trace without the intensified
zone.

Adjust the Channel 1 POSITION control and the A/B SWP SEP
control as required to display the A trace above the B trace.

Pull out the B SEC/DIV knob to unlock it from the A SEC/DIV knob
and turn it clockwise to the desired B Sweep rate.

Adjust the A and the B INTENSITY controls as required 10 make
the intensified zone distinguishable on the A trace and to set the
B trace infensity to the desired brightness,

Adjust the B DELAY TIME POSITION control to move the intensi-

fiad zone to cover the portion of the A trace that is 1o be displayed
on the B trace.

A-Y Display

6-4

. Preset the instrument controls and obtain a baseiine display.

Rotate the A INTENSITY control fully counterclockwise and dis-
connect the CH 1 input signal.

Use two coaxial cables or probes of equal delay and apply the
vertical signal (Y-axis) fothe CH 2 OR Y input connector and hori-
zontal signal (X-axis) to the CH 1 OR X input connector.

Set the VERTICAL MODE switch to X-Y (button in).
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5. Advancethe A INTENSITY control until the display isvisible. if the
dispiay is not visibie with the A INTENSITY control at midrange,
press and hold inthe BEAM FIND push button while adjusting the
Channel 1 and Channel 2VOLTS/DIV switches until the display is
reduced in size, both verlically and horizontally. Center the
compressed display with the POSITION controls (Channel 2
POSITION control for vertical movernent, Horizontal POSITION
control for horizontal movernent). Release the BEAM FIND push
buiton. Adjust the FOCUS control for a well-defined display.

NOTE

The display obtained when sinusoidal signals are
applied to the X- and Y-axis is called a Lissafous Figure,
This display is cormmonly used to compare the
frequency and phase relationship of the two input
signals. The frequency relationship of the two input
signals determines the pattern seen. The pattern will be
stable only if a common divisor exists between the two
frequencies.

6. Setthe X-Y switch o the out position and disconnect the input
signals from the vertical input connectors.

Single Sweep Display
1. Preset the instrurnent conircls and obtain a baseline display.

2. Forrandom signals, set the A TRIGGER LEVEL control to trigger
the sweep on a signal that is approximately the same amplitude
as the random signal.

3. Press in the SGL SWP RESET button for a moment. The next
trigger puise will initiate the sweep, and a single trace will be dis-
played. If no trigger signal is present, the READY indicator LED
should illuminate to indicate that the A SWEEP Generator clrcuit
is set to initiate a sweep when a trigger signal is received,

4. When the single sweep has been triggered and the sweep is
completed, the sweep logic circuitry is locked out, Ancther
sweep cannot be generated until the SGL SWP RESET bution is
pressed into setthe A Sweep Generator to the READY condition.
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DIGITAL STORAGE DISPLAYS

The following procedures explain how to set up and use the digital
storage capabilities of the instrument. A combination of fromt-panel
controls and Menu selections sets the conditions under which a
waveform is acquired for display. Display amplitude is controtled by
the VOLTS/DIV switches. The storage time base is controlled by the A
or B SEC/DIV switch and the CURSORS controls. Certain conditions
ofthe SEC/DIV switch and the TRIGGER Mode switch will acquire and
display waveforms using defaull parameters, Using the Menu, many
of the defaults may be changed. See Table 3-2 for a listing of the
defauit selections and optional choices.

STORE Mode Display
1. Preset instrument controls and obtain a baseline trace.

2. Press the TRIG POS button for the desired trigger position
{(PRETRIG, MIDTRIG, or POST TRIG).

3. Set the STORE/NON-STORE swiich to the STORE position
{button in).

SAVE Mode Display

1. Acquire a waveform using one of the storage modes.

2. Select SAVE with the SAVE/CONT button (readout displays
*SAVE").

3. The SAVE mode display may be expanded horizontally by the
X10 Magnifier switch. The display is expanded horizontally in
both directions from the active cursor and is correctly scaled for
the switch settings.

4. The SAVE mode display may be expanded or compressed verti-
cally by a factor of 10 times {or by as many VOLTS/DIV switch
positions remaining whichever is less} by switching the cor-
responding VOLTS/DIV switch (a waveform acquired at 2 mV per
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division cannotbe expanded, and a waveform acquired at 5V per
division cannot be compressed).

5. Saved waveforms may be repositioned using the Menu even if
they have been expanded or compressed.

SAVE REF Display

1. Acguire the waveform to be used as a reference using the
previous SAVE Mode Digplay procedure.

2. Press in the SAVE REF push button,

3. Push in one of the Reference buttons. The waveform is stored in
the Reference Memory selected by the Reference button pushed.

4. Ifihe SAVE REF display contains the active cursor, use the Menu
to horizontally expand or compress the SAVE REF display by a
factor of up to 10 times, if desired. The display is expanded hori-
Zomally in both directions from the active cursor and is correctly
scaled for the swilch settings. A waveform acquired at 2 mV per
division cannot be vertically expanded, and a waveform
acquired at 5 V per division cannot be vertically compressed.

5. Push the appropriate Reference button (without first pushing the
SAVE REF button) to retrieve and display a stored reference
waveform. A new reference waveform is saved each time the
SAVE REF button is pushed and then a Reference button is
pushed.

ACCPEAK or PEAKDET Displays
1. Preset the instrumert controls and obtain a baseline display.

2. Set the STORE/NON-STORE switch to the STORE position
{button in}.

3. Adjustthe ATRIGGER LEVEL control to obtain a stable display of
the waveform 1o be stored. This ensures that the trigger and the
waveform 10 be stored are synchronized, especially on low-
repetition-rate waveforms.
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4, Press the TRIG POS button to select PRETRIG ACQUISITION

mode to acquire 7/8 of the waveform before the trigger event,
MIDTRIG ACQUISITION mode 1o acquire 1/2 of the waveform
after the trigger event, or POST TRIG ACQUISITION mode to
acquire 7/8 of the waveform that occurs after the trigger.

NOTE

Using the Acquisition Menu, the trigger point can be
selected to be any point within the acquisition record.

. Push the ACQ SETUP bhuiton once to display the ACQUISITION

Menu.

. Use the SAVE REF button to select ACCPEAK or PEAKDET.

. Push the ACQ SETUP button again o retumn 1o standard (non-

store) operating mode.

NOTE

The acquisition mode may also be selected from the
front panel by successively pressing the ACQUISITION
MQODE button until the desired rode is displayed in the
readout.

AVERAGE Mode Display

. Preset the instrument controls and obtain a baseline display.

2. Set the STORE/NON-STORE switch to the STORE position

{outton in).

. Adjustthe ATRIGGER LEVEL control to obtain a stable display of

the waveform to be siored. This ensures that the trigger and the
waveform to be stored are synchronized, especialiy on low-
repetition-rate waveforms,

. Press the TRIG POS bution to select PRETRIG ACQUISITION

mode to acguire 7/8 of the waveform before the trigger event,
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MIDTRIG ACQUISITION mode to acquire 1/2 of the waveform
after the trigger event, or POST TRIG ACQUISITION mode o
acquire 7/8 of the waveform that occurs after the trigger.

. Push the ACQ SETUP button once to display the ACQUISITION

Menu.

. Use the SAVE REF button to select AVERAGE.

. Use the 4K button to select Swp Lim on the menu. Then tum the

CURSORS knob to change the number of sweeps accumuiated
inthe display before the averaging (acguisitions) stop, if desired.
The number is automatically set to infinity (NO LIMIT) at
power-up.

. Use the 4K button to select Avg Wgt on the menu. Adjust the

CURSOCHS control to change the weight of the last (current)
acguisition inthe average, if desired. The weight is automaticaily
set 1o 1/4 at power-up.

NOTE

The weight of the last (current) acquisition to be
averaged into the display is selectable from 1/2 to 1/256
in powers of 2. A normalized algorithm is used to display
the averaged signal. Averaging continues until a new
mode is selected or Swp Lim Is reached. Display of the
average continues untit @ new mode is selected,
Changing a front-panel controf that affects the data
being acquired restarts the averaging process;, the
algorithm displays the new average at full amplitude.

NONSTORAGE MEASUREMENTS

The following procedures will enable the operator to perform some
basic measwements and familiarize the operator with the con-
ventional oscilloscope capabilities of the instrument.
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VOLTAGE

Ac Peak~to-peak Voitage

To make a peak-to-peak voltage measuremernt, use the following
procedure:

NOTE

This procedure may also be used to make voltage
measurements between any two poinis on the
waveform.

1. Presetl instrument condrols and obtain a baseline trace.

2. Apply the ac signal to either veriical-channel input connector and
set the VERTICAL MOCDE switches 1o display the channel used.

3. Set the appropriate YOLTS/DIV switch to display about five
divisions of the waveform, ensuring that the VOLTS/DIV Variable
control is in the CAL detent.

4. Adjust the A TRIGGER LEVEL control to obtain a stable display.

5. Adjust the A SEC/DIV switch to display several cycles of the
waveform.

6. Vertically position the displayed waveform so that the negative
peak of the waveform coincides with one of the horizonial
graticuie lines (see Figure 6-1, Point A).

7. Horizontally position the display so that one of the positive peaks
coincides with the center vertical graticule line (see Figure 6-1,
Point B).

8. Measure the vertical deflection from peak 1o peak (see Figure
6-1, Point A 1o Point B).
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Figure 6-1. Peak-to-peak waveform voltage.

NOTE
A more accurate value can be obtalned by measuring

from the top of a peak to the top of a valley. This
eliminates trace thickness from the measurement.

9. Calculate the peak-fo-peak voltage, using the foilowing

formuia:
Volts vertical VOLTS/DIV probe
- deflection X switch X altenuation
©-p) (dlivisions) setting factor
2232 Operators 6-11
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EXAMPLE: The measured peak-io-peak vertical deflection is &
divisions {see Figure 6-1) with a VOLTS/DIV switch setting of
0.5V, using a 10X probe.

Substituting the given values:

Volts (p-p) = & div X 0.5 V/divX 10 = 25V

Ground-Referenced Dc Voltage

1.

NOTE

Either channel input cornector may be used for the sig-
nal input. Use the VERTICAL MODE switches to select
the appropriate channel for display.

Apply the signal to be measured to the selected channel input
and obtain a NON-STORE display,

Ensure that the VOLTS/DIV Variable conirol is in the calibraled
detent and determine the polarity of the voltage to be measured
as follows:

a. Setthe AC-GND-DC switch to GND and vertically position
the baseline trace to the center horizontal graticule line.

b, 8etihe AC-GND-DC switch to DC. if the waveform moves
above the center line of the crt, the voltage is positive. if the
waveform moves below the cenler line of the crt, the voliage
is negative.

Set the AC-GND-DC switch to GND and position the baseline
frace to a convenient reference line. For example, ifthe voitageto
be measured is posilive, position the baseline trace 1o the
bottom graticule line. If a negative voltage is to be measured,
position the baseline trace 10 the {op graticule line.

Set the AC-GND-DC switch to DC. Measure the divisions of
vertical deflection between the reference line and the desired
point on the waveform (see Figure 5-2).
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Figure 6-2. Ground-referenced vollage measurement.
5. Calculate the voltage, using the foliowing formula:
verticai Polarit VOLTS/DIV probe
Voltage = distance X 2 = 3_’) X switch X attenuation
(divisions) setting factor

NOTE

The attentuation factor of the probe being used must be
included if it is not a 10X scale-factor-switching probe.
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EXAMPLE: The vertical distance measured is 4.6 divisions (see
Figure 6-2). The waveform is above the reference line, the
VOLTS/DIV switch is setto 2V, and a 10X scale-factor-switching
probe is used.

Substituting the given values Into the formuia:

Voltage = 46 divX {(+ 1) X2V/div= +92V

Algebraic Addition

With the VERTICAL MODE switches in the ADD position, the
waveform displayed represents the algebraic sum of the signals
applied 1o the Channel 1 and Channel 2 input connectors (CH 1 +
CH 2). if the Channel 2 INVERT switch is pressed in, the resulting
waveform is the difference of the signals appliedto the Channel 1 and
Channel 2 input connectors (CH 1 - CH 2). The total deflection factor
in the ADD mode is equal to the deflection factor indicated by either
VOLTS/DIV switch (when both VOLTS/DIV swiiches are set to the
same deflection factor). A common use for the ADD mode is to pro-
vide a dc offset for a signal riding on top of a dc level.

The following general precautions should be observed when using
the ADD mode:

a. Do not exceed the input voitage rating of the osciilloscope.

b. Do not apply signals that excead the equivalent of about
eight times the VOLTS/DIV switch setting, since large volt-
ages may distort the display. For exampie, with a VOLTS/DIV
switch setting of 0.5 V, the voliage applied to that channel
input should not exceed about 4 volts.

EXAMPLE: Using the graticule center line as OV, the Channel
1 signal is at a 3-division, positive dc level (see Figure
6~3A).

1. Multiply 3 divisions by the VOLTS/DIV switch setling to determine
the dec-lavel value,
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--------- - R S Figure 6-3. Algebraic addition.
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2. To the Channel 2 input connector, apply a negative dc lavel {or
positive level, using the Channe! 2 INVERT switch) whose value
was determined in step 1 (see Figure 6-3B).

3. Select ADD and BOTH VERTICAL MODE 1o place the resultant
display within the operating range of the Vertical POSHION con-
trols (see Figure §-3C).

Common-mode Rejection

The ADD mode can also be used to display signals that contain un-
desirable frequency components, The undesirable components can
be eliminated through common-mode rejection. The precautions
given under the preceding Algebraic Addition procedure shouid be
observed.

EXAMPLE: The signal applied o the Channel 1 input connector
coniains unwanied frequency components (see Figure 6~-4A). To
remove the undesired components, use the following procedure:

1. Preset instrument controls and obtain a baseline trace.

2. Apply the signal containing the unwanted components to the
Channel 1 input.

3. Apply the unwanted signal 1o the Channel 2 input.

4. Select BOTHand ALTVERTICAL MODE and press in the Channel
2 INVERT button.

5. Adjust the Channel 2 VOLTS/DIV switch and Variable control so
the Channel 2 display is approximately the same amplitude as
the undesired portion of the Channel 1 display (see Figure 6-4A).

6. Select ADD VERTICAL MODE and slightly readjust the Channel 2
VOLTS/DIV Variable control for maximum cancellation of the
undesired signal component (see Figure 6-4B),
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Figure 6-4. Commeon-mode rejection.

Amplitude Comparison

In some applications it may be necessary to establish a set of deflec-
tion factors other than those indicated by the VOLTS/DIV swilch
settings. This is useful for comparing unknown signals to a reference
signal of known amplitude. To accomplish this, a reference signal of
known amplitude is first set o an exact number of vertical divisions by
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adjusting the VOLTS/DIV switch and Variable control. Unknown
signals can then be quickly and accurately compared with the ref-
erence signal without disturbing the setting of the VOLTS/DIV
Variable control. The procedure is as follows.

1.

Preset instrument controls and obtain a baseline frace.

2. Apply ihe reference signal to either vertical channel input and set
the VERTICAL MODE switch 1o display the channel used.

3. Set the amplitude of the reference signal 1o an exact numier of
vertical divisions by adjusiing the VOLTS/DIV switch and
VOLTS/DIV Variable control.

4, Establish avertical conversionfactor, using the following forrmula
{reference signal amplitude must be known):

i reference signal
Vertical amplitude (volts)
Conversion = - -
Factor vertical deflection VOLTS/ONW
{divisions) switch setling

5. Disconnectthe reference signal and apply the unknown signalto
be measured to the same channel input. Adjust the VOLTS/DIV
switch to a setting that provides sufficient vertical deflection o
make an accurate measurement. Do not readjust the VOLTS/DIV
Varlabie control.

6. Establish an arbitrary deflection factor, using the following
formula:

Arbitrary vertical VOLTS/DIV
Deflection = conversion X swilch
Factor factor setting
7. Measure the vertical defiection of the unknown signal in divisions
and calculate its amplitude using the following formula:
Unknown arbitrary vertical
Signal = defiection X deflection
Amplitude factor {divisions)
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EXAMPLE: The reference signal amplitude is 30 V, with a VOLTS/
DIV switch setling of 8§ V and the VOLTS/DIV Variable controi
adjusted to provide a vertical deflection of exactly 4 divisions,

Substituting these wvalues in the vertical conversion factor

formula;
Vertical

Conversion = -—-——3—L = 15
Factor 4 div X 5V/div

Continuing, for the unknown signal the VOLTS/DIV switch setting is 1
and the peak-to~peak amplitude spans five vertical divisions. The
arbitrary deflection factor is then determined by substituting values in
the formula:

Arbitrary

Deflection = 1.5 X 1V/div = 1.5V/dv
Factor

The amplitude of the unknown signal can then be determined by sub-
stituting values in the unknown signal amplitude formula:

Amplitude = 1.5V/div X 5div = 75V

TIMING

Time Duration

To measure time between two points on a waveform, use the fol-
lowing procedure;

1. Preset instrument controls and obtain a baseline trace.

2. Apply the signal o either verticai-channe! input connector and
set the VERTICAL MODE switches to display the channel used.

3. Adjust the A TRIGGER LEVEL control to obtain a stable display.
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4. Setthe A SEC/DIV control to display one complete period of the
waveform. Ensure that the A and B SEC/DIV Variable control is in
the CAL detent.

5. Position the display to place the time-measurement poiris on
the center horizontal graticule line (see Figure 6-5).

8. Measure the horizontal distance between the time-measurement
points.

.............. S 7. Calculate time duration, using the following formula:

horizontal distance A SEC/DIV

Time (divisions) switch setting
Duration R
magnification factor
100 -
90 us
L / \\\:3
_5’::3 4+ 444 HH::‘HE + - i.‘},”
7 I 7
‘ N
Pouit FUURE RN RS DUNDE SUNDE U DU DR & B
1V 1 2ms
HORIZONTAL
(& DISTANCE
7066--26
Figure 6-5. Time Duration.
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EXAMPLE: The distance between the time-measurement points
is 8.3 divisions {see Figure 6-5), and the A SEC/DIV switch Is set
to 2 ms. The X10 Magnifier switch is pushed in (1X magnification).

Substituting the glven values:

Time

Duration 83div X 2ms/div = 16.6ms

Frequency

The frequency of arecurrent signal can be determined from its time-
duration measurement as follows:

1. Measure the time duration of one waveform cycle using the pre-
ceding Time Duration measurement procedure.

2. Calculate the reciprocal of the time-duration vaiue fo determine
the frequency of the waveform.

EXAMPLE: The signal in Figure 6-5 has a time duration of
16.8 ms.

Calculating the reciprocal of time duration:

1 1
Freguency = T e——
quency time duration 16.6 ms 60 Hz

Rise Time

Rise-time measurements usée the same methods as time duration,
except that the measurements are made between the 10% and 90%
points onthe leading edge of the waveform (see Figure 6-6). Fail time
is measured between the 90% and 10% points on the trailing edge of
tha waveform.
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Figure 5-5. Rise {ime.

. Preset instrument controls and obiain a baseline frace.

. Apply an exact 5-division signal to either vertical-channel input

connector and set the VERTICAL MODE switches to display the
channe! used. Ensure that the VOLTS/DIV Variable control is in
the CAL detent.

NOTE

For rise time greater than 0.2 5, the VOLTS DIV Variable
control may be used to obtain an exact 5-division
display.

. Setthe A TRIGGER SLOPE swilch to OUT (pius). Use a sweep-

speed setting that displays several complete cycles or events (i
possible).
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4. Adjust vertical positioning so that the zero reference of the
waveform touches the 0% graticule line and the top of the
waveform touches the 100% graticule line (see Figure 6-6).

5. Setthe A SEC/DIV switch for a single~-waveform display, with the
rise time spread horizontally as much as possible.

6. Horizontally position the display so the 10% point on the
waveformn intersects the second verlical graticule line (see Figure
6-6, Point A).

7. Measure the horizontal distance between the 10% and 80%
points and calculate the time duration using the following

formula;
. horizontal distance A SEC/DIV
Rise {divisions) switch setting
Time

magnification factor

EXAMPLE: The horizontal distance between the 10% and 80%
peints is 5 divisions (see Figure 6-6), and the A SEC/DIV switchis
set 0 1 pus. The X10 magnifier knob is pushed in (1X
magnification).

Substituting the given values in the formula:

5div X 1ps/di
Rise Time = 3 pe/alv = Hpus

Time Difference Between Two Time-related Pulses

The calibrated sweep speed and dual-trace features of the instru-
mert allow measurement of the time difference between two
separate events. To measure time difference, use the following
procedure:

1. Preset instrument controls and obtain a baseline trace.

2. Setthe A TRIGGER A&B SOURCE switch to CH 1.
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3. Setboth AC-GND-DC switches to the same position, depending
on the type of input coupling desired,

4. Using either probes or cables with equal time delays, connect a
known reference signal to the Channel 1 input and the com-
parison signal to the Channel 2 input.

5. Set both VOLTS/DIV switches for 4- or 5-division displays.

6. Select BOTH VERTICAL MODE; then select either ALT or CHOP,
depending on the frequency of the input signals.

7. Adjust the A TRIGGER LEVEL coniro] for a stable display.

8. Setthe A SEC/DIV switchto a sweep speed which provides three
or more divisions of horizontal separation between the reference
points on the two displays. Center each of the displays vertically
(see Figure 6-7).

9. Measure the horizontal difference between the two signal-
reference points and calculate the time difference using the
following formula:

A SEC/DIV horizontal difference
=  Switch selting {divisions)

magnification factor

Time
Difference

EXAMPLE: The A SEC/DIV switch is set to 50 us, the X10 mag-
nifier knob is pulled out, and the horizontal difference between
waveform measurement poinis is 4.5 divisions,

Substituting the given values in the formula;

Time Difference = ~QS/AV X 45dv ) o s

10
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Figure 6-7. Time difference between two time-related pulses.

Phase Difference

In & similar manner to Time Difference, phase comparison between
two signals of the same frequency can be made using the dual-trace
feature of the instrument. This method of phase difference measure-
ment can be used up to the frequency limit of the vertical system. To
make a phase comparison, use the following procedure:

1. Preset instrument controls and obtain a baseline trace, then set
the A TRIGGER A&B SQURCE switch to CH 1.

2. Setboth AC-GND-DC switches to the same position, depending
on the type of input coupling desired.

3. Using either probes or coaxial cables with equal time delays,
connect a known reference signal to the Channel 1 input and the
unknown signal to the Channel 2 input.
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4. Select BOTH VERTICAL MODE; then select either ALT or CHGP,
depending on the frequency of the input signals. The reference
signal shiould precede the comparison signal in time.

5. If the two signals are of opposite polarity, press inthe Channel 2
INVERT buiton to invert the Channel 2 dispiay.

8. Set both VOLTS/DIV switches and both Variable controls s0 the
displays are equal in amplitude.

7. Adjust the A TRIGGER LEVEL control for a stable display.

8. Setthe A SEC/DIV switchto a sweep speed which displays about
one full cycle of the waveforms.

g. Position the displays and adjust the SEC/DIV Variable conirol so
that one reference-signal cycle occupies exactly eight horizontal
graticule divisions at the 50% rise~time points (ses Figure 6-8).
Each division of the graticule now represents 45° of the cycle
{360° - 8 divisicns), and the horizontal graticule calibration can
be stated as 45° per division.

10. Measure the horizontal difference between comesponding points
on the waveforms at a common horizorital graticule fine (50% of
rise time) and calculate the phase difference using the foliowing

formula:
Phase horizontal horizontal
Difference difference X graticule
(divisions) calibration (°/div)

EXAMPLE: The horizontal difference is 0.6 division with a
graticute calibration of 45° per division as shown in Figure 6-8.

Substituting the given values into the phase difference formula:

Phase Difference = 0.6div X 45°/div = 27°
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7086-28

Figure 6-8. Phase difference,

More accurate phase measurements can be made by using the
X10 Magnitier function to increase the sweep speed without
changing the SEC/DIV Variable contro] setting.

EXAMPLE: If the sweep speed were increased 10 times with the
magnifier (X10 Magnifier oul), the magnified horizontal graticule
calibration would be 45°/division divided by 10 (or 4.5 /division).
Figure 6-8 shows the same signals illustrated in Figure 6-8, but
magnifying the displays results in a horizontal difference of 6
divisions between the two signals.

Substituting the given values in the phase difference formula:

Phase Difference = 6div X 45°/div = 27°¢
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Figure 6-9. High-resolution phase difference.

Time Comparison

In a similar mamer to Amplitude Comparison, repeated time com-
parisons between unknown signais and a reference signat (e.g., on
assembly-line test) may be easily and accurately measured with the
instrument. To accomplish this, a reference signa! of known time
duration is first set to an exact number of horizontal divisions by
adjusting the A SEC/DIV switch and the SEC/DIV Variable control,
Unknown signals can then be compared with the reference signal
without disturbing the setting of the SEC/DIV Variable control. The
procedure is as follows:

1. Setthetime duration of the reference signalio an exact number of

horizontal divisions by adjusting the A SEC/DIV switch and the
SEC/DIV Variable control.
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. Establish a horizontal conversicn factor, using the following for-

mula (reference-signal time duration must be known):

reference signal
time duration

Horizontal {seconds)
CG;‘;’S;E;O” = norizontal distance .. A SEC/DIV
(divisions) (switch setting)

. Forthe unknown signal, adjust the A SEC/DIV switch to a setting

that provides sufficient horizontal defiection to make an accurate
measurement. Do not readjust the SEC/DIV Variable conirol.

. Establish an arbitrary deflection factor, using the foilowing

formula:
Arbitrary horizontal A SEC/DIV
Deflection = conversion X switch
Factor factor setting

. Measure the horizontal distance of the unknown signal in

divisions and calculate its time duration using the following
formula:

arbitrary horizontal
Time Duration = deflection X distance
factor (divisions)

EXAMPLE: The reference signal time duration is 2.19 ms, the A
SEC/DIV switch setting is 0.2 ms, and the SEC/DIV Variable con-
frol is adjusted 1o provide a horizontal distance of exactly 8
divisions.

Substituting the given values in the horizontal conversion factor
formula:

Horizontal

Conversion = 219 ms = 137
Factor  8dv X 02ms/div.
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For the unknown signalthe A SEC/DIV switch setting is 50 ps, and one
complete cycle spans seven horizontal divisions. The arbitrary
deflection factor is then delermined by substituting values in the
formula:

Arbitrary
Deflection = 1.37 X 50 us/div = 68.5 ps/div
Factor

The time duration of the unknown signal can then be computed by
substituting values in the formuta:

Time

Duration = 085 mps/div X 7div = 480 ps

The frequency of the unknown signal is then calcutated:

Freguency = 48(; be = 2.083 kHz

TELEVISION SIGNALS

TV Line Signal

The following procedure Is used to display a TV Line signal:

1. Preset instrument controls and select the A TRIGGER mode of
PP AUTO/TV LINE by pushing in the P-P AUTO button.

2. Apply the TV signal to either verlical-channel Input connector
and set the VERTICAL MODE switches to display the channel
used.

3. Set the appropriate VOLTS/DIV switch o display 0.3 division or
more of composiie video signal.
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4, Setthe A SEC/DIV switch o 10 us.

5. Setthe A TRIGGER SLOPE switch to either OUT (for positive-
going TV signal sync pulses) or IN (for negative-going TV signal
sync pulses),

NOTE

Toexamine a TV Line signalin more detail, either the X10
Magnifier or the Delayed-Sweep Magnification feature
may be used.

TV Field Signal

The television feature of the instrument can also be used to display TV
Field signals.

1. Preset instrument controls and obtain a baseline trace.,

2. Set the A TRIGGER Mode switch to TV FIELD (P-P AUTO and
NORM buttons both pushed in) and set the A SEC/DIV switch 1o 2
ms,

3. Todisplay a single field, connect the TV signal {o either vertical-
channel input connector and set the VERTICAL MODE switch 1o
display the channel used.

4. Setthe appropriate VOLTS/DIV switch to display 2.5 divisions or
mere Of composite video signal.

5. Setthe A TRIGGER SLOPE switch to either QUT (for positive-
going TV signal sync pulses) or IN (for negative-going TV signal
sync pulses).

6. To change the field that is displayed, momentarily interrupt the

trigger signal by setting the AC-GND-DC switch to GND and
then back to AC until the desired field is displayed.
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NOTE

To examine a TV Field signal in more detail, either the
X10 Magnifier or the Delayed-Sweep Magnification
feature may be used.

7. To display a selected horizontal line, first rigger the sweep ona
vertical (field) sync pulse, then use the Magnified Sweep Runs
After Delay procedure in this part (steps 5 through 7) to magnify
the selecied horizontal line for a closer examination. This pro-
cedure is useful for examining Vertical interval Test Signals

(VITS).

8. To display either Field 1 or Field 2 individually, connect the TV
signal to both CH 1 and CH 2 input connectors and select BOTH
and ALT VERTICAL MODE.

8. Set the A SEC/DIV swiich to a faster sweep speed (dispiays of
less than one full field). This will synchronize the Channei 1
dispiay to one field and the Channel 2 display to the other field.

DELAYED-SWEEP MAGNIFICATION

The delayed-sweep feature of the instrument can be used to provide
higher apparent magnification than is provided by the X10 Magnifier
switch. Apparent magnification occurs as a result of displaying a
selected portion of the A trace at a faster sweep speed (B Sweep
speed). The A SEC/DIV switch setting determines how often the B
trace will be displayed. Since the B Sweep can occur only once for
each A Sweep, the A Sweep time duration sets the amount of elapsed
time between succeeding B Sweeps.

The intensified zone is an indication of both the lecation and length of
the B Sweep interval within the A Sweep interval. Positioning of the
intensified zone {i.e., setting the amount of {ime between start of the A
Sweep and the start of the B Sweep) is accomplished with the B
DELAY TIME PCSITION control. With either BOTH or B HORIZONTAL
MODE selected, the B DELAY TIME POSITION conirol provides
continuously variable positioning of the B Sweep. The range of this
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control is sufficient to place the B Sweep interval at any location
within the A Sweep interval. When BOTH HORIZONTAL MODE is
selected, the B SEC/DIV swilch setting determines the B Sweep
speed and concurrently sets the length of the Intensified zone on the
A trace.

Using defayed-sweep magnification may produce a display with
some slight horizontal movement {pulse jitter). Pulse jitter includes
not only the inherent uncertainty of triggering the delayed sweep at
exactly the same trigger point each time, but also jitter that may be
present in the input signal. If puise jitter needs to be measured, use
the Pulse Jitter Time Measurement procedure,

Magnified Sweep Runs After Delay

The following procedure explains how 10 operate the B Sweep ina
nontriggered mode and to determine the resulting apparent magnifi-
cation factor.

1. Preset instrument controls and obtain a baseline trace.

2. Apply the signal to either vertical channel input connector and set
the VERTICAL MODE swiich 1o dispiay the channel used.

3. Set the appropriate VOLTS/DIV swilch to produce a display of
approximately 2 or 3 divisions in amplitude and center the
display.

4. Setthe A SEC/DIV switch to a sweep speed which displays at
least one complete waveform cycle.

5. Select BOTH HORIZONTAL MODE. Adjust both the appropriate
channel POSITION control and the A/B SWP SEP control to
display the A trace above the B trace.

6. Adjust the B DELAY TIME POSITION control to position the start

of the intensified zone to the portion of the display to be magni-
fied {see Figure 6~10).
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Figure 6-10. Delayed-sweep magnification.

7. Set the B S8EC/DIV switch 10 a setting which intensifies the full

portion of the A trace to be magnified. The intensified zone wilibe
displayed as the B trace (see Figure 6-10). The B HORIZONTAL

MODE may also be used to magnify the intensified portion of the
A Sweep.

. The apparent sweep magnification can be calculated from the

following formula:

Apparent
Delayed A SEC/DIV switch setting
Sweep ~ B SEC/DIV switch setting
Magnification

EXAMPLE: Determine the apparent magnification of a display
with an A SEC/DIV switch sstting of 0.1 ms and a B SEC/DIV
switch setting of 1 us.
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Substituting the given values:

Apparent _ 1 X10%s

Magnification TX 10es 102 = 100

Triggered Magnified Sweep

The foliowing procedure explains how {0 operate the B Sweep in a
friggered mode and to determine the resulting apparent magnifi-
cation factor. Operating the B Sweep in a triggered mode provides a
more stable display, since the delayed display is triggered at the
same point each time.

1. Perform steps 1 through 7 of the preceding Magnified Sweep
Runs After Delay procedure.

NOTE

The Intensified zone seen in the ALT HORIZONTAL
MODE display will move from trigger point to trigger
point as the B DELAY TIME POSITION control is rotated.

2. Adjust the B TRIGGER LEVEL control so the intensified zone on
the A trace is stable.

3. The apparent magnification factor can be caiculated from the for-
mula showrnt in step 8 of the Magnified Sweep Runs After Delay
procedure.

DELAYED-SWEEP TIME

Cperating the instrument with HORIZONTAL MODE set to either
BOTH or B permits time measurements {0 be made with a greater
degree of accuracy than attained with HORIZONTAL MODE set {o A.
The following procedures describe how these measurements are
accomplished.

2232 Operators 6-35




Basic Applications

Time Difference Between Repetitive Pulses

ramb

10.

itl.

. Preset instrument controls and obtain a baseline race.

Turn the Readout ON if it’s not on already.

Apply the signal to sither vertical-channel input connector and
set the VERTICAL MODE switch o display the channel used.

Set the appropriate VOLTS/DIV switch to produce a display of
approximately 2 or 3 divisions in amplitude.

Set the A SEC/DIV switch to display the measurement points of
interest within the graticule area.

Select BOTH HORIZONTAL MODE and adjust both the appro-
priate channel POSITION control and A/B SWP SEP control {o
display the A trace above the B frace.

Forthe most accurate measurement, setthe B SEC/DIV switchto
the fastest sweep speed that provides a usable (visibie) intensi-
fied zone.

Adjust the B DELAY TIME POSITION control to move the intensi-
fied zone 1o the leading edge of the first puise (on the A trace),
thenfine-adjust until the rising portion (onthe B frace} is centered
at any convenient vertical graticule line (see Figure 6-11).

Record the DELAY TIME POSITION readout.

Adjust the B DELAY TIME POSITION conyrol clockwise to move
the intensified zone to the ieading edge of the second pulse (on
the A trace}; then fine-adjust until the rising portion (on the B
frace) is centered at the same vertical graticule used in step 7.

Record the DELAY TIME POSITION readout.
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Figure 6-11. Time difference between repetitive pulses.

12. Calculate the time difference between repetitive pulses using the
following formula:

Time Second First
Difference = Delay Time — Delay Time
{Duration) Readout Readout

Rise Time

The measurement method for rise time is the same as for time dit-
ference between repetitive pulses, except that the measurements are
made between the 10% and 90% points on the leading edge of the
waveform. Fail time is measured between the 90% and 10% points
on the tralling edge of the wavefarm.
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10.

. Preset instrument controls and obtain a baseline trace.

Apply a 5-division signal to either vertical-channel input con-
nector and set the VERTICAL MODE swiich to display the
channel used. Ensure that the VOLTS/DIV Variable control is in
the CAL detent.

NOTE

For rise times less than 0.2 us per division, the VOLTS/
DIV Variable control may be used to obtain an exact
5-division display.

Vertically position the trace so that the zero reference of the
waveform touches the 0% graticule ifine and the top of the
waveform touches the 100% graticule line (see Figure §-12).

Set the A SEC/DIV switch for a single-waveform dispiay. Ensure
that the A and B SEC/DIV Variable control is in the CAL detent.

Select BOTH HORIZONTAL MODE and set the B SEC/DIV switch
to spread the rise-time-measurement portion of the display as
much as possibie,

Select the B HORIZONTAL MODE. Adjust the B DELAY TIME
POSITION control until the dispiay intersects the 10% point atthe
center veriical graticule line (see Figure 6~12, Point A).

Record the DELAY TIME POSITION readout.

Adjustthe B DELAY TIME POSITION control untii the display inter-
sects the 90% point at the center veriical graticule line (see
Figure 6-12, Point B).

Record the DELAY TIME POSITION readout.

Calculate rise time using the same formula listed in the Time
Difference Between Repetitive Pulses measurement procedure.
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Figure 6-12. Rise time, differential time method.

Time Difference Between Two Time~Related
Puises

1. Preset instrument controls and obtain a baseline trace.

2. Using probes or cabies having equal time delays, apply the ref-
erence signal to the Channel 1 input and apply the comparison
signal {o the Channel 2 input.
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10.

11

12.

Set both VOLTS/DIV switches to produce a display of 2 1o 3
divisions in amplitude.

Select BOTH VERTICAL MODE and either ALT or CHOP,
depending on the frequency of the input signals.

Set the A SEC/DIV switch to display the measurement points of
interest within the graticule area.

Select BOTH HORIZONTAL MODE and CH 1 VERTICAL MCDE,
Adijust both the Channel 1 POSITION control and the A/B SWP
SEP control so that the A trace is displayed above the B {race.

Rotate the B DELAY TIME POSITION control to move the intensi-
fied zone o the fising edge of the reference pulse (on the Atrace);
then fine adjust until the rising portion (on the B trace) is centered
at any convenient verlical graticule line (see Figure 6-13,
Point A).

Record the DELAY TIME POSITION readout.

Select CH 2 VERTICAL MODE and adjust both the Channel 2
POSITION control and the A/B SWP SEP control as necessary to
display the A frace above the B trace.

Rotate the B DELAY TIME POSITION control to set the rising por-
tion of the Channel 2 pulse (on the B trace) to the same vertical
reference point as used in step 7 (see Figure 6-13, Point B).
Observe the A trace {o position the intensified zone to the correct
pulse (if more than one pulse is displayed), Do not change the
setting of the Horizontal POSITION control.

Record the DELAY TIME POSITION readout.

Calculate the time difference between the Channel 1 and Chan-
nel Z puises as inthe preceding Time Difference Between Repeti-
tive Pulses measurement procedure.
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Figure 6-13. Time difference between two time-related pulses,
differential time method.
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DIGITAL STORAGE MEASUREMENTS

The following procedures will enable the operator to perform some
basic measurements and familiarize the operator with digital storage
measurement technigues,

VOLTAGE

Ac Peak-to-peak Voltage Using Cursors

NOTE

Either channel Input connector may be used for the sig-
nal input, Use the VERTICAL MODE switches to select
the appropriate channel for display.

1. Preset instrument controls and obtain a baseline trace.

2. Set the STORE/NON-STORE switch to the STORE position
{button in).

3. Select a VOLTS/DIV swilch setting that gives the desired vertical
deflection.

4. Set the A SEC/DIV switch to display several cycles of the
waveform.

5. Two cursors are displayed on the waveform to be measured. The
boxad cursor is the active (selected) cursor.

6. Use the CURSORS control to move the active cursor to either
peak of the waveform.

7. Pushinthe CURSORS knob (SELECT C1/C2) to select the other

cursor, and use the CURSORS control to move the cursor to the
oppesite peak of the waveform (see Figure 6-14),
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Figure 6-14. Ac peak-to-peak voltage, cursor method.,

NOTE

After the waveform is acquired, the SAVE Storage mode
may be selected. This mode holds the waveform frozen
and reduces the amount of cursor [itter seen in the dis-
play. The SAVE display may be expanded horizontally
and vertically for a more detailed examination of the
waveform (see SAVE Mode Display).

8. Read the peak-to-peak amplitude from the AV readout. if the
VOLTS/DIV Variable control is out of the calibrated detent, the AV
readout switches 1o a ratio.
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Ground-Referenced Dc Voitage

NOTE

Either channel input connector may be used for the sig-
nal input. Use the VERTICAL MODE switches to select
the appropriate channel for display.

Preset instrument controls and obtain a paseline trace.
Detarmine the polarity of the voitage 1o be measured as follows:

a. Setthe AC-GND-DC swiich to GND and verlically position
the baseline trace to the center horizontal graticule line.

b. Set the AC-GND-DC switch to DC.

If the waveform moves above the center line of the ci, the
voltage is positive,

if the waveform rmoves below the center line of the ¢, the
voltage is negative.

Set the AC-GND-DC switch to GND and the STORE/
NON-STORE switch to STORE mode (button in}. If the channel
signal Is being used as the internai ¥rigger source, ensure that the
TRIGGER Mode swilch is set to P-P AUTO.

Use the appropriate channel Vertical POSITION control o move
the baseline trace 1o a convenient referance line. For example, if
the voliage to be measured is positive, position the baseline
frace to the bottom graticule line; if the voltage is negative,
position the baseline trace 1o the top graticule line; and if the
voltage is an alternating signal, position the baseline trace io the
center graticuie iine.
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NOTE

if the ground reference is set more than *5 divisions
from the center horizontal graticule line, the ground ref-
erence will not be stored. When using ADD VERTICAL
MODE, both channel input coupling switches must be in
GND to store a ground reference.

5. Setthe selected channel AC-GND-DC switch to DC. An intensi-
fied ground reterence dot is visible at the left edge (the first
sample location of the waveform display) of the crt graticule.

NOTE

If the vertical position of the display is moved after the
ground reference is stored, the displayed ground ref-
erence is no longer avalid reference. Also, the accuracy
of the ground reference is affected by dc offsets due to
thermal drift and balance (DC and INVERT) adjustments.
Additionally, if the AC-GND-DC switch is set to AC, the
location of the ground reference indicates the average
value of the ac component of a waveform.

8. Use the CURSORS control o move the active cursor o the
ground reference point.

7. Pushin the CURSORS knob (SELECT C1/C2) to select the other
cursor. The nonmoving cursor is now the DO-volt reference for
making measurements on the waveform.

8. Use the CURSORS control to move the active cursor to the point
of interest on the waveform (see Figure 6-15).

8. Read the unsigned dc voltage from the readout.
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Figure 6-15. Ground-referenced de voltage, cursor method.

TIMING

Time Duration

1. Preset instrument controls and obtain a baseline trace.

2. Set the STORE/NON-STORE switch to the STORE position
{outton in).

3. Select a VOLTS/DIV switch setling that gives the desired vertical
deflection.

4. Settihe A SEC/DIV switch to display one complete period of the
waveform to be measured (see Figure 6-186).
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A1
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Figure 6-16. Time duration, cursor method.

5. Check that the time measurement mode is set to AT, (At power-

up, the default is AT.) If not, push the DISPLAY SETUP button,
then use the SAVE REF button to select AT on the Display Menu.
Push the DISPLAY SETUP button again 1o return to standard
{non-menuy) operating rmode.

. Usethe CURSORS control to move the active cursor to the start of

the fime 10 be measured.

Push in the CURSORS knob (SELECT C1/C2) to select the cther
cursor, and use the CURSORS control to move the cursor to the
end of the time to be measured.

. Read the time duration (between the cursors) from the crt

readout.
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Frequency

1.

2.

Preset instrument controls and obtain a baseline trace.

Set the STORE/NON-STORE switch to the STORE position
{bution inj.

Select a VOLTS/DIV switch setting that gives the desired vertical
deflection.

Set the A SEC/DIV switch to display one complete period of the
waveform to be measured.

Push the DISPLAY SETUP button, then use the SAVE REF button
1o select 1/AT on the Display Menu. Push the DISPLAY SETUP
bution again to return to standard (non-menu) operating mode.

Use the CURSORS control to move the active cursor (o the start of
the frequency to be measured.

Push in the CURSORS knob (SELECT C1/C2) 10 select the other
cursor, and use the CURSORS control 1o move the cursor to the
end of the frequency to be measured,

Read the frequency (between the cursors) from the cri readout.

Rise Time

Rise-time measurements use the same methods as time duration,
except that the measurernents are made between the 10% and 90%
poinis on the leading edge of the waveform. Fall time is measured
between the 90% and 10% points on the waveform trailing edge.

1.
2.

Preset instrument conirols and obtain a baseline frace.

Set the STORE/NON-STORE switch to the STORE position
(button in).

Select the appropriate display window and Trigger SLOPE set-
tings that will display the leading edge of the waveform at the
start of the frace.
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4, Setthe SEC/DIV switch for a single-event display, with the rise
time spread horizontally as much as possible within the viewing
area. The waveform’'s maximum and minimum levels must still be
visible (see Figure 6-17).

NOTE

Pulses with fast rise times have only a few sample points
on the leading edge, and it may not be possible to place
the cursor at exactly the 10%, 80%, 90%, or 100%
points.

5. Use the CURSORS control 1o move the aclive cursor to the mini-
mum level of the waveform.

6. Pushin the CURSORS knob (SELECT C1/C2) to select the other
cursor, and use the CURSORS control to move the active cursor
to the maximum level of the waveform.

AVi=108.0% 1 Al=46, Bns
AR R O IR e o i AN

L R EXACT

- Pt Dt e b 5-DIVISION

I k | DISPLAY
E'LT

%,..‘.‘ .......... y

2y SAMPLE| Ghs

(4998-17)7066-38

Figure 5-17. Rise-time setup, five~-division display.
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7. Setthe VOLTS/DIV switch and the VOLTS/DIV Variable control (or
signal amplitude) for a AV readout of 100%,

NOTE

SAVE may be selected with the SAVE/CONT button
to save the selected
waveform for as long as desired. Voltage and time
measurements may be made on the SAVE waveform

(readout displays

with less trigger jitter.

“SAVE")

8. Use the CUURSORS control to move the active cursor down the
waveform's leading edge until the AV readout is 80%.

9. Pushinthe CURSORS knob (SELECT C1/C2) o select the other
cursor, and use the CURSORS control to move the active cursor
up the wavefornmy’s isading edge until the AVreadout is 80% (see

Figure 6-18).
AVi=89 .24 AT=10. 20ns
0o - B 1T AT
A N i
: PRRL] CURSOR
n [ AT 90% GRATICULE
‘ ACTIVE
: - CURSOR -
B !?I‘ | AT 10% GRATICULE
i i
I S T
2V SAMPLE | GSms
(4306-18)7066-36

Figure 6-18. Rise time, cursor method.
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10. Read the pulse rise time from the crt delta time readout.

Waveform Comparison

Repeated comparisons of newly acquired signals with a reference
signal for ampiitude, timing, or pulse-shaped analysis may be easily
and accurately made using the SAVE REF function of the Instrument.

1.
2.

8.

Preset instrument controls and obtain a baseline trace.

Set the STORE/NON-STORE switch to the STORE position
{hutton in}.

Select a VOLTS/DIV switch setting that gives the desired vertical
deflection.

Set the A SEC/DIV switch 1o dispiay the reference signal with the
desired sweep rate.

Push In the SAVE REF button.

Push in the Number 1 Reference putton to store the reference
waveform into reference memory 1.

Acquire the waveform that is {o be compared with the reference
waveform.

NOTE

A stored reference will remain displayed until the Ref-
erence button for the stored reference Is again pushed.
Switching the Instrument to NON-STORE removes
stored waveforms from the display, but the saved ref-
erence waveforms remain in the digital storage memory
for use upon return to & storage mode. A new reference
waveform is saved when the SAVE REF button andthen a
Reference button are pushed.

Use the selecled channel's Vertical POSITION conirol to overlay
the newly acquired waveform on the reference waveform for
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making the comparison (see Figure 6-18). The vertical deflection
and sweep rate ramain callbrated o allow direct measurement
from the graticule, or cursors may be used 10 determine voltage
or time differences.

8. Theacquisition waveform display may be positicned horizontally
for comparison with the reference signal by using the following
procedure:

a. Use the B TRIGGER LEVEL conirol 1o set the B TRIGGER
— R e e e Source to Siarts After Delay.

b. Setthe HORIZONTAL MODE swilch to B.

c. Lleavethe A and the B SEC/DIV kncbs locked together and
use the B DELAY TIME POSITION conirol 1o move the acqui-
sition waveform display horizontaily.

SAVE REF
WAVEFORM
&%
- N /1
—'/,/“ - me&:m: H -"Z*’{:’n
§ i /’X\
’;/ \W/ F\ —
o | A COMPARISON
WAVEFORM

I

{4968-19)7066-40

Figure 6-19. Waveform comparison.
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Time Difference Between Repetitive Pulses

Preset instrument controls and obtain a baseline frace.

Set the STORE/NON-STORE switch to the STORE position
(button in).

Select a VOLTS/DIV switch setlting that gives about 5 divisions of
display amplitude,

Use the selected channel Vertical POSITION control to center ihe
display.

Setthe A SEC/DiV switchto display the points of interest between
which the measurement is 10 be made,

. Select SAVE with the SAVE/CONT button (readout displays

“SAVE") to hold the acquired waveform and to provide a more
stable display for measurement.

. Use the CURSORS conttrol o move the active cursor to the 50%

level on the leading edge of the first pulse.

. Push in the CURSORS knob (SELECT C1/C2) 10 select the other

cursor and use the CURSORS control to move the active cursorto
the 50% level on the leading edge of the second pulse (see Fig-
ure 6-20).

NOTE

Pulses with fast rise times have only a few sample points
on the leading edge, and it may not be possible to place
the cursor dot at exactly the 50% level.

9. Read the time difference between pulses from the crt readout.
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Figure 6-20. Time difference between repetitive pulses.

Time Difference Between Two Time-Related
Puises

1. Setthe VERTICAL MODE switches fo BOTH and ALT.

2. Use probes or coaxial cables with equal time delay to apply the
pulse signais to be measured to the input connectors; one 1o
Channel 1 and the second to Channel 2.

3. Set the VOLTS/DIV switches to obtain about three divisions of
display amplitude for each signal.

4. Setthe STORE/NON-STORE switch to STORE (button in), setthe
A TRIGGER Mode switch to NORM, set the A&B SOURCE switch
to CH 1, and set the A COUPL switch to NORM.

5. Adjust the A TRIGGER LEVEL and SLOPE control for a con-
tinuous, triggered acquisition of the signals.
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10.

11.

Set the A SEC/DIV switch to obtain a display of the measurement
points on the two pulses between which the measurement is to
be made,

Press the TRIG POS bution o select PRETRIG, MIDTRIG, or
POST TRIG as required to obiain the entire pulse display.

Select SAVE with the SAVE/CONT button {readout displays
“"SAVE") to save the waveform and to present a more siabile dis-
play for measurement. Cursors will appear on both the Channel 1
and Channel 2 traces in SAVE moda,

Use the CURSORS control 1o move the active cursor 1o the 50%
point of the Channel 1 pulse leading edge.

NOTE

Pulses with afast rise time have only a few sample points
on the leading edge, and it may not be possible to place
the dot at exactly the 50% level on the leading edge.

Push in the CURSORS knob {the SELECT C1/C2) to select the
other cursor, and use the CURSORS control to position the active
cursor at ihe 50% level of leading edge of the Channel 2 puise
(see Figure 6-21).

Read the time difference between the pulses from the crt readout.
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Figure 5~21. Time difference between two time-related pulses.

Phase Difference Between Sinusoidal Signals

1.
2.

Preset instrument conirols and obiain a baseline frace,

Using probes or coaxial cables with equal time delay, connect
the reference signal to the CH 1 OR X input connector and the
other (phase-shifled) signal to the CH 2 OR Y input connector,

Select a VERTICAL MODE of BOTH and ALT or CHOP, de-
pending on the input signal frequencies.

Setihe A&B SOURCE swiichto the CH 1 position and adjust the A
TRIGGER LEVEL control and the A TRIGGER SLOPE control for a
stable, triggered display.

Use a SEC/DIV switch setting that displays about two cycles of
each input signal.

Set the STORE/NON-STORE switch to the STORE position
(button in).
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7. Check thatthe A TRIGGER LEVEL control is adjusted for a stable,
triggered acquisition.

NOTE

Use the NORM Trigger Mode for low-repetition-rate
signals (below approximately 20 Hz). This ensures that
the storage window and trigger signal are synchronized
when the trace is friggered.

8. SetbothVOLTS/DIV switches and adjust the VOLTS/DIV Variable
controls 1o oblain a 5-division vertical display of each input
signal.

NOTE

Use the Vertical POSITION conirols in conjunction with
the VOLTS/DIV Variable controls to vertically center the
&-division display between the 0% and 100% dotted ref-
erence graticule lines.

9. Setthe TRIG POS switch (PRETRIG, MIDTRIG, POST TRIG) and A
TRIGGER SLOPE switch as necessary 1o place the measurement
points within the graticule area (see Figure 6-22A).

10. Select SAVE with the SAVE/CONT button (readout displays
“SAVE”).

11. Use the CURSORS control to move the active cursor to the sine
wave’s first zero-crossover point (center horizontal graticule
ling).

12. Push in the CURSORS knob (SELECT C1/C2) to select the other
cursor, and use the CURSORS control to position the active cur-
s0r to the sine wave's third zero-crossover point (360°),

13. Note the time of the sine-wave period (T,) from the crt readout,
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Figure 6-22, Phase difference between sinusoidal signals.
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14.

15,
186.

Use the CURSORS control to position the active cursor to the first
zero-crossover point of the phase-shifted signal (see Figure
6-22B).

Nete the phase-difference time (T,) from the ot readout.
The amount of phase shift in degrees is calculated from the fol-

lowing formula:

Phase shift (degrees) = %2—- X 360°
1

EXAMPLE: The period (T,) of the reference signal shown in Figure
6-22 is 34.8 ms, and the phase-difference time (T} is 6.3 ms.

Substituting these values into the equation:

Phase
o _ 63X 109%s . _ .
(desgr;:tes) = 348 % 1055 X360° = 6517
Slope

The slope of a particular portion of a waveform is the rate of change of
voltage with respect to time. The following procedure is useful for
making the measurements required for determining the slope of a
portion of a waveform.

1.

2.

Preset instrument controls and obtain a baseline frace.

Set the STORE/NON-STORE swiltch to the STORE position
{button in).

Set the VOLTS/DIV switch to obtain about 5 divigions of vertical
amplitude.

Setthe A SEC/DIV switch to horizontally spread the portion of the
waveform 1o be measured across the width of the graticule area
{sse Figure 6-23).
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Figure 6-23. Slope using cursors.

. Select SAVE with the SAVE/CONT bution (readout displays

“SAVE"} to save the acquired waveform and to provide a more
stable display for measurement.

. Use the CURSORS control to move the active cursor 1o the first

point of interest.

. Push Inthe CURSORS knob (SELECT C1/C2) to select the olher

cursor, and use the CURSORS control to position the cursor to
the second point of interest.

. Read the voliage difference between cursors from the crt

readout.

. Read the time difference between the two measurement points

from the ort readout.
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10. Slope is determined by using the measured voltage and time to
calculate the rate of change using the following formula:

Change in voltage
Change in time

Slope (rate of change) =

As an example, in Figure 6-23, the voltage difference between the
measurement points is 1,74 V, and the time difference is 5.42 s.

Substituting these values into the formula;

1.74 ¥V
S!opg = Sars = 0.32V/s

LOW-LEVEL SIGNALS

A displayed signal acquired in STORE mode at 5 mV per division may
be vertically expanded up to 10 times by using the Menu. Figure 6-24
is an illustration of a 4 mV peak-to-peak signal being displayed at 2
mv per division. The stair~step pattemn is due to the small changes of
signal applied to the digitizing circuitry when STORE mode is usedto
acquire the waveform. The numerous spikes in the waveform are due
to the noise accompanying the signal.

The AVERAGE Processing mode may be used to reduce, or even
eliminate, the noise displayed with the signal. Even though the sig-
nal-level changes applied to the digitizing circuitry are small,
processing of the average waveform data results in a smooth display
of the signal,

2232 Operators 6-61

www.valuetronics.com



Basic Applications

2my

(48908-24)7066-45

Figure 6-24. Low-level signal, STORE mode.

Figure 6-25 is an iliustration of the same signal level as displayed in
Figure 6-24, bulthe waveform was averaged before being displayed.
Low-{evel signals can be acquired in the same manner as explained
in previous acquisition procedures. External triggering may be helpful
for producing a stable display If the amplitude of the signal being
acquired is very low. All measurement procedures described in the
preceding part of this manual are also valid for low-level signals.

The AVERAGE processing mode is front panel {(MODE) or menu-
selectable (refer to the preceding AVERAGE Mode Display pro-
cadure). Also, it is the default processing mode with the SEC/DIV
control set at 0.05 ps/div 1o 0.5 ps/div with CH 1 or CH 2 selected (or
1o 0.2 us with ALT or CHOP VERTICAL MODE selected).
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Figure 6-25. Low-level signal, AVERAGE mode.

OBSERVING AND REMOVING ALIASES IN
STORE MODE

Aliasing

This discussion assumes the acquisition mode is set to SAMPLE,
either via the Menu or by default. In digital sampling, the accuracy of
the reproduced waveform, when displayed, increases with the num-
ber of samples obtained during one full cycle of the signal. That is, a
more accurate reproduction of a signal is possible when more
samples of the signal are obtained. The instrument displays 1000
samples across the fuil 10 horizontal divisions of the graticule whenin
the STORE mode. This means that a sine wave spread across the full
screen is sampled 1000 times, but if the sine wave is only cne
graticule division in width, it will be sarnpled one-tenth as many times
(100 samples). This number is still adequate for accurate repro-
duction of the stored waveform.
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if the SEC/DIV switch Is set so that the entire sine-wave period fills
one-tenth of a graticule division, itis sampled only 10 times during its
acquisition. This means that only ten samples of the waveform wilibe
avallable to reproduce the waveform for display. In theory, If a sine
wave is sampled at least two times during Its period, it may be
accurately reproduced. In practice, the sine wave can be recon-
structed, using special filters, from slightiy more than two samples.

At 1 us per division, the instrument’s SAMPLE mode has a useful
storage bandwidth of 10 MHz and a maximum sampling rate of 100
MS/s. Consequently, a signal at the upper frequency limit is sampled
a minimum of 10 times during the complete sine-wave period {20
times for 2 periods), and the waveform will be accurately reproduced.

If the input frequency is increased beyond 40 MHz, the sampies will
soon become less than two times per period. This occurs at 50 MHz
for a 100 MS/s sample rate. Past this point, information sampled from
iwo different sine-wave pericds would be used o reconstruct the
displayed waveform. Obviously, this waveform could notbe a correct
reproduction of the input signal. At certain input frequencies the data
sampled would reproduce what appears 1o be a correct display,
when infact Hwas only related to the input signal by some multiple or
part of a multiple of the input signal. Thistype of display is one type of
alias {see Figure 6-26A).

The example given is for the maximum sampling rate of 100 M8/s.
However, the sampling rate is controlled by the SEC/DIV switch, and
whenever it i1s set so that the input signal is sampled less than 10
times per period of the fastest frequency component, observable
aliases ocour.
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Figure 6-26. Anti-aliasing.
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Anti-aliasing

in the event that an alias is suspected, three things may be done to
determine whether the display is of an alias. The first is fo switch back
to NON-STORE mode to determine if the input signal is higher in
frequency than the apparent signal being displayed (see Figure
6-26B). Ensure that this display is being triggered as indicated by the
TRIG'D LED being iHlluminated. The second is 1o use either the
ACCPEAK or the PEAKDET storage modes (PEAKDET is the default
mode for SEC/DIV settings from 5 s per division to 5 us per division),
which hold the maximum, and minimum points being acquired.
PEAKDET storage mode holds the maximum and minimum points
acquired In a single trigger cycle, and ACCPEAK accumulates the
rnaximum and minimum points acquired over many trigger cycles.
Since the maximum and minimum points of the alias waveform do not
occur at exactly the same pointin relation to the trigger each time, the
display soon acguires maximum and minimum ampiitude levels in
every siorage address and the top and bottom of the alias display
become flat lines (see Figure 6-26C).

Third, if an alias Is detected, the SEC/DIV switch may be set for a
faster sweep rate so that the number of samples per cycie of the input
signal is increased. However, at sweep speeds of 1 us per division
and faster, the sampling rate is notincreased; and if an alias signal is
still present at 5 pus per division, ihe frequency limit of the digital
circuilry has been exceeded for nonrepetitive signals. When the
SEC/DIV swilch is set for sweep speeds faster than 1 us/div,
Repetitive Storage mode and AVERAGE are selacted. On repetitive
signals, the random phase between successive triggers and the
time-base clock suppress aliased waveform displays as a result of
the increased effective sample rate.

GLITCHES AND PULSES

Glitch Catching

Pulses that are present for a very short time duwaticn during the
viewing of longer pulse duration signals, such as a logic pulse train,
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may not be visible at the sweep speed in use (see Figure 6-27A). In
digital jogic circuitry, a small switching transient (glitch) may cross
the logic threshold level and cause an error. Setting up the instrument
to trigger on the error event should position the storage window to
acquire the pulse train that contains the glitch.

To caich a glitch, first select PRETRIG ACQUISITION mode, This will
acguire 7/8 of a waveform occurting before the frigger. Select
ACCPEAK mode using the Menu. This will acquire the waveform
maximum and minimum points over a selected number of sweeps.
The location of the gliich will be displayed In the accumulative
envelope display (see Figure 6-27B).

i

{A) NON STORE {GLITCH NOT VISIBLE).

H

(B) ACCPEAK STORE MODE (GLITCH DISPLAYED).

{4568-27)7066-48

Figure 6-27. Glitch display, ACCPEAK Store mode.
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Glitch Measurement

Once a glitch has been observed, you may wish to obtain measure-
ments of amplitude and pulse width, The following procedure may be
used to acquire the glitch in STORE mode using delayed sweep. By
selecting appropriate rigger sources, the procedure may be used for
any similar waveform situation (l.e., selecting triggers that set up a
siorage window corttaining the pulse, or glitch, to be acquired).

To view the glitch in the pulse train for measurement purposes:

1. Preset instrument controls and oblain a baseline trace, with the
folowing exceptions:

STORE/NON-STORE STORE (buiton in
TRIG MODBE NORM

A&B SOURCE A EXT (error event)
HORIZONTAL MODE BOTH

2. Adjust the A TRIGGER SLLOPE and LEVEL controls for a stable
dispiay of the A trace. Set the B TRIGGER LEVEL controi fully cw.

3. Setthe A SEC/DIV switch to display the portion of the pulse train
containing the glitch. Pull the B SEC/DIV knab {0 unlock it from
the A SEC/DIV switch, and setthe B SEC/DIV switchto reduce the
intensified zone o the size of the area of inferest (see Figure
6-28A).

4. Usethe B DELAY TIME POSITION controi to move the intensified
zone to the area of the signal containing the glitch.

5. Set the HORIZONTAL MQDE swiich to B,

6. Using the Menu or MODE button, select either PEAKDET or
ACCPEAK Acquisition mode,

7. Adjust the INTENSITY control as necessary for desired display
brightness. The glitch should be seen in the display (see Figure
6-28B). it may be expanded further by setting the B SEC/DIV
switch {o faster sweep speeds (see Figure 6-28C).
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k1

, (A) BOTH HORIZONTAL DISPLAY.
o [ A TIME/DIY AT 2ms/DIV,

(B) STORE MODE B HORIZONTAL MODE.
B TIME/DIV AT 2us/DIV.

(C} STORE MODE B HORIZONTAL MODE,
B TIME/DIV AT 0.5us/DIV,

(4598-28)7086-45

Figure 6-28. Glitch display, STORE mode using B HORIZONTAL
MODE.
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Basic Applications

8. Select SAVE with the SAVE/CONT button (readout displays
“"SAVE") to hold the acqguired waveform and provide a more
stabie dispiay for measurement. The SAVE ACQUISITION mode
display may be horizontally expanded up to 10 times using the
SEC/DIV switch (if enough SEC/DIV switch pasitions remain) and
vertically expanded up to 10 times, using the VOLTS/DIV switch
associated with the channel from which the signal was acquired.

NOTE

PEAKDET Acquisition mode will catch at least 50% of
the amplitude of a puise as narrow as 20 ns. If the glitch
is repetitive, its shape may be observed at sweep
speeds faster than 1 u8 per division (REPETITIVE Store
sarmpling).

Missing Puise

ACCPEAK mode is useful for finding an intermittent pulse in a pulse
frain. The pulse may either be missing or present erratically. In either
case, the change in amplitude leveis is dispiayed as a completely
filled In pulse (see Figure 6-20).

1. Presel instrument controls and obiain a baseline trace.

2. Set the STORE/NON-STORE switch to the STORE position
{button in}.

3. Select the triggers, SEC/DIV setting, and storage window
(PRETRIG, MIDTRIG, or POST TRIG) to display the pulse train of
interest.

4. Select ACCPEAK acquisition mode using the Menu or MODE
bution.

If the waveform acquired is repetitive, each pulse in it will show only
the pulse outline. A puise missing or present part of the time will show
a compietely filled display at the pulse location. Pulse breakdown
(erratic changes in amplitude or width) will also be displayed by this
storage mode.
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N1=40 ZnmV I AT=125,3us
AR D Lo b MISSING .
i o
20my : 2@us
{4998-29)7066-50

Figure 6-29. Missing pulse, ACCPEAK STORE mode.
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Peformance Characteristics

INTRODUCTION

The following electrical characteristics (Table 7-1) are valid when the
instrument has been adjusted at an ambient temperature between
+20°C and +30°C (+ 68°F and 86°F), has had a warm-up period
of at least 20 minutes, and is operaling at an ambient temperature
between (°C and +50°C (32°F and 122°F) (unless otherwise
noted).

ftems listed in the “Performance Requirements” coiumn are verifiable
gualitative or quantitative limits that define the measuwrement capa-
bilities of the instrument.

Environmental characteristics are given in Table 7-2. This instrument
meets the requirements of MIL-T-288000 for Type li, Class 5 equip-
ment, except where noted otherwise,

Physical characteristics of the instrument are listed in Table 7-3.

2232 Operators 7-1
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Peformance Characteristics

Tahie 7-1

Electrical Characteristics

Characteristics

Performance Requirements

YERTICAL DEFLECTION SYSTEM

Deflection Factor

Range 2 mV per division to 5 V per division
ina 1-2-5 sequence.
DC Accuracy
(NON-STORE)
+15°C 10 +35°C +2%.
0°CTO +50°C +3%2

For 5 mV per division to 5 V per divi-
sion VOLTS/DIV swiich setltings, the
gain is set at a VOLTS/DIV switch
setting of 10 mV per division.

2 mV per division gain is set with
the VOLTS/DIV switch set to 2 my
per division.

On Screen DC
Accuracy (STORE)

+15°C 1o +35°C

12%.

0°CTO +50°C

+3%.28

Gain set with the VOLTS/DIV switch
set to & mV per division.

Range of VOLTS/DiV
Variable control

Coniinuously variable between set-
tings. Increases deflection factor by
atleast 2510 1.

Linearity (Relalive to
center screan)

Within + 5%.

Linearity is measured by positioning
a two-division test signal anywhere
on screen and noting the amplitude
change.

Eperformance Requirement not checked In manual.
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Peformance Characteristics

Table 7-1 {cont)

Characteristics

Performance Requirements

Storage Acquisition
Vertical Resolution

8-bits, 25 levels per division. 10.24
divisions dynamic range.?

Step Response
(NON-STORE Mode)

Rise Time
0°CTO +35°C

5 mV per division
to B V per division

3.5ns orless @

2 mV per division

4.4 ns or less.@

+35°C to +50°C

5 mV per division
{0 6 V per division

3.9 ns or less.@

2 mV per division

4.4 ns or less.@
Rise fime is calculated from:

0.35

Rise Time = & ndwidth (-3 dB)
Step Response
{STORE Mode)
Useful Storage Rise
Time
SAMPLE Single Trace CHOP/ALT
SEC/DIV X 1.68 s SEC/DIVX 1.68 s
100 50
PEAKDET or SEC/DIV X 162 SEC/DIV X 1.62
SMOOTH

Rise fime is limited t0 3.5 ns mini-
mum with derating over temperature
{see NON~STORE Rise Time).

Apearformance Requirement not checked in manual.
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Peformance Characteristics

Table 7-1 {cont)

Characteristics

Performance Requirements

Aberrations (NON~8TORE

and STORE in Default
Modes)

2 mV per division

to 50 mV per division

+4%, 4%, 4% p-p.

0.1V per division
10 0.2 V per division

+8%, 6%, 6% p-p.

0.5 V per division

+6%, -6%, 6% p-p@

1V per division to
5V per division

+12%, -12%, 12% p-p2@

Measured with a five-divisio refer-
ence signal from a 50-0 coaxial
cable terminated in 50-0) at the input
connector; with the VOLTS/DIV Vari-
able control in the CAL detent. Verti-
cally cerder the top of the reference
signal, Trigger SLOPE set {0 Positive
and positioned on a positive going
waveform.

NON-STORE Bandwidth

(-3 dB)
0°Cto +35°C

5 mV per division
to 5V per division

DC to at least 100 MHz.

2 mV per division

DC 1o at least 80 MHz,

+35°Cto +50°C

2 mV per division
1o 5V per division

DC to at least 80 MHz .2

Measured with a vertically centered
six-division reference signal, from a
500 source driving a 50~ coaxial
cable terminated in 50~} at the
input connector; with the VOLTS/DIV
Variable control in the CAL detent.

Zperformance Requirement not checked in manual.
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Peformance Characteristics

Table 7-1 (cont)

Characteristics

Performance Requirements

BW LIMIT (-30B)

20 MHz +10%.

AC Coupled Lower
Cutoff Frequency

{0 Hz or less at -3 dBA@

Useful Storage
Periormance

RECORD, SCAN and
ROLL Store Modes

SAMPLE Acquisition,
no AVERAGE
1 us per division
to 5 s per division

EXT CLOCK
{up to 100 kHz)

Single Trace CHOP/ALY

...........19__ Hz& _mf:)..m Hza

SEC/DIV SEC/DIV

EAT e _EXT
10 20

Useful storage performance is
limited 1o the frequency where there
are 10 samples per sine wave
signal period at the maximum
sampling rate. (Maxdimum sampling
rate is 100 MHz.) This yields a maxi-
mum amplitude uncertainty of 5%.
Accuracy at the useful storage
bandwidth limit is measured with
respect 10 a six-division 50 kHz ref-
erence sine wave.

8performance Requirement not checked in manual.

2232 Operators
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Peformance Characteristics

Table 7-1 {cont)

Characteristics

Performance Requirements

Useful Storage
Performance (cont)

PEAK DETECT

Sine-Wave

Amplitude Capture
(5% p-p maximum
amplitude uncertainty)

10 MHz2

Pulse Width
Amplitude Capture
{60% p-p maximum
amplitude uncertainty)

10 ns.

REPETITIVE Store Mode

SAMPLE and AVERAGE

0.05 u.s per division
0.1 us per division

0.2 i:5 per division

to 2 us per division
{5% maximum ampli-
fude uncertainty)

Single Trace CHOP/ALT
100 MHz (-3 dB)® 100 MHz (-3 dB)®
100 MHz (-3 dB)®P 50 MHz (-3 aB)?

— 10 e S N
SEC/DIV SEC/DIV

ACCPEAK

0.05 us per division
to 5 s per division

Same as NON-STORE Bandwidth?®

Aperiormance Requirement not checked in manual.

bOne hundred MHz bandwidth derated for temperatures outside

0°Cto +35°C and at 2 mV per division YOLTS/DIV setting as for
NON-STORE.

REVY JUN 1989 2232 Operators




Peformance Characteristics

Table 71 {cont)

Characteristics

Performance Requirements

AVERAGE Mode
Sweep Limit

Adjustable from 1 10 898,000 or NO
LIMIT. Resolution is 1 from 1 to 200;
2 from 202 tc 1000; 10 from 1010 to
2000; 20 from 2020 to 10,000; 100
from 10,100 to 20,000; 200 from
20,200 1o 100,000; 1000 from
101,000 1o 200,000; and 2000 from
202,000 to 998,0002

Weight of Last
Acguisition

111, 1/2, 1/4, 1/8, 1/16, 1/32, 1/64,
1/128, or 1/256 (MENU selections).
AVERAGE mode default weight is 1/4.

Resgojution

Assuming uncorrelated triggers and
greater than 1 LSB of the 8-bit
acquisition of vertical signal noise,
the averaging weight for the first
acquisition is 1, the averaging
weight for the second acquisition is
1/2 and for n acquisitions s 1/2"1
The MENU selects the least weight
used. Maximum signal-to—-noise
improvement is achieved after

(2 X weight factor) X (expected
acquisitions to fill).

NON-STORE CHOP
Mode Switching Rate

500 kHz +309%.8

A/D Converter Linearity

Monotonic with no missing codes.@

NON-STORE Common-
Mode Rejection Ratio
(CMRR)

At least 10 to 1 at 50 MHz.

Checked at 10 mV per division for
common-mode signals of six
divisions or less with the VOLTS/DIV
Variable control adgjusted for the
best CMRR at 50 kHz.

A performance Requirement not checked in manual,
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Peformance Characteristics

Tahle 7-1 (coni)

Characteristics

Performance Requirements

Analog CH1/CH2
Delay Match

1.0nst

Input Current

1 nA or less (0.5 division or less
trace shift when swiiching between
DC and GND input coupling with the
VOLTS/DIV switch set to 2 mV per
division)2

Input Characteristics
Resistance

1M £2% 2

Capacitance

20 pF +2pFa

Maximum Safe Input
Voltage (CH 1 and CH 2)

DC and AC
Coupled

See Figure 7-1 for maximum input
voitage vs frequency derating curve.

400V (dc + peak ac) or 800V ac
p-p at 10 kHz or less.2

Channel Isolation
STORE and NON-STORE

Greater than 100 (o 1 at 50 MHz.

POSITION Control Range

At least +11 divisions from graticule
center.

A/B SWP SEP Control
Range (NON-STORE
Mode Only)

+3.5 divisions or greater,

Trace Shift with
VOLTS/DIV Switch
Rotation

0.75 division or less; VOLTS/DIV
Variable control in the CAL detent.2

Trace Shift as the
VOLTS/DIV Variable
Control is Rotated

1 division or less®

Trace Shift with INVERT

1,5 divisions or less @

Aperformance Requirement not checked in manual.
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Peformance Characteristics

Table 7-1 {cont)

Characteristics Performance Requirements

TRIGGERING SYSTEM

A Trigger Sensitivity
P-P AUTO and NORM | 10 MHz | 60 MHz | 100 MHz
» Internal 0.35div | 1.0div 1.5 div
............... L External 40 mV 120 mV 150 mv
Extemnal trigger signal from a 50-0
source driving a 50-(} coaxial cable
terminated in 50 O at the input
connector.
HF REJ Coupling Reduces trigger signal amplitude at

high frequencies by about 20 dB
with roiloff beginning at 40 kHz
£25%.

Should not trigger with a one-
division peak-1o-peak 250 kHz
signal when HF REJ is ON.

LF REJ Coupling Attenuates signals below 40 kHz
(-3 dB point at 40 kHz * 25%).

Should not trigger with a 0.35 peak-
to-peak 25 kHz signal when LF REJ

is on.
P-P AUTO Lowest 20 Hz wiih 1 division internal or
Usable Frequency 100 mV external @
TV LINE
intermal 0.35 div@
External BmVp-pl
TV FIELD 21 division of composite sync?
B Trigger Sensitivity 10 MHz S0 MHz 100 MHz
(Internal Only) 035dv  10dv  15dv

Apearformance Requirement not checked in manual.
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Peformance Characteristics

Table 7-1 (cont)

Characteristics

Performance Requirements

EXT INPUT

Maximum input
Voltage

400 V (dc + peak ac) or 800 V ac
p-p at 10 kHz or less.® See Figure
7-1 for maximum input voltage vs
frequency derating curve.

Input Resistance

1MQ £2%2

input Capacitance

20 pF +25pF.2

AC Coupled Lower
Cutoff Frequency

10 Hz or less at -3 dB 2

LEVEL Control Range

A Trigger (NORM)
INT May be set at any voltage level of
the trace that can be displayed.?
EXT, DC Atleast £1.6V, 3.2V p-p.
EXT, bC = 10 Atleast +1.6V,3.2Vp-p@

B Trigger (Internal)

May be set at any point of the trace
that can be displayed.?

VAR HOLDOFF Control
{(NON-8TORE Holdoff)

increases A Sweep holdoff time by
at least a factor of 10,

STORE holdoft is a function of
microprocessor activity and the pre-
rigger acquisition. The VAR HOLD-
OFF control maintains some control
over the STORE holdoff by pre-
venting a new trigger from being
accepted by the storage circuitry
until the next {or current, if one is in
progress) NON-STORE holdoff has
completed,

Trigger Level Readout
Accuracy

(3% of 10 times the VOLTS/DIV
switch setting). Applies to +10 divi-
sions from zero volts,

Zperformance Requirement not checked in manual.
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Peformance Characteristics

Table 7-1 (cont)

Characteristics

Performance Reguirements

Acquisition Window
Trigger Point

Pretrigger

Seven-eighths of the waveform
acquisition window is prior to the
trigger (other trigger points are
selectable via the MENLU).

Midtrigger

One-half of the waveform acqui-
sition window is prior to the trigger
{other trigger points are selectable
via the MENU).

Post Trigger

One-eighth of the waveform acqui-
sition window is prior 1o the trigger
{other trigger points are selectable
via the MENU}.

Acquisition Window trigger poinis
(Pre, Post, and Mid) are set at
the foliowing points: @

Pre Mid Post
1K Record — 128 512 836
4K Record——512 2048 3584

HORIZONTAL DEFLECTION SYSTEM

NON-STORE Sweep
Rates

Calibrated Range

A Sweep 0.5 sec per division to 0.05 us per
division in a 1-2-5 sequence of 22
steps.c

B Sweep 50 ms per division 1o 0.05 s per

division in & 1-2-5 sequence of 19
steps.¢

2performance Requirement not checked in manual.
CThe X10 MAG control extends the maximum sweep speed {0 5 ng

per division.

2232 QOperators
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Peformance Characteristics

Table 7-1 (cont)

Characteristics Performance Requirements
STORE Mode Ranges
REPETITIVE ' 0.05 us per division to 0.5 s per
division®.d
RECORD 1 s per division to 50 ms per
......................... diViS§On?,d
ROLL/SCAN 0.1 s per division to 5 s per division.
(A Sweep only).&d
NON-STORE Accuracy Unmagnified Magnified
+15°C 1o +35°C
0.5 s per division to 2% +3%
0.1 us per division
0.05 us per division 2% £4%
0°C fo +50°C
0.5 s per division to +39%2 +4%8
0.1 us per division
0.05 us per division +3%2 +6%2
Bweep accuracy apples over the
center eight divisions. Exclude the
first 40 ns of the sweep for magni-
filed sweeps and anything beyond
the 100th magnified division.
STORE Accuracy See Horizontai Differential Accuracy
and Cursor Time Difference
Accuracy @

8performance Requirement not checked in manual.

dThe X10 MAG control extends the maximum sweep speedio S ns
per division. The 4k COMPRESS control multiplies the SEC/DIV
by 4.
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Peformance Characteristics

Tablie 7-1 (cont)

Characteristics

Performance Requirernents

NON-STORE Sweep
Linearity

0.5 s per division o
10 ns per division

1 0.1 division.

5 ns per division

1 0.15 division.

Linearity measured over any two of
the center eight divisions. Exclude
the first 40 ns and anything past the
100th division of the X10 magnified
sweeps.

Digital Sample Rate Single Trace CHOP/ALT
SAMPLE 100 50
(1 us per division seciov % secow HE°
to 5 s per division)
PEAKDET or 100 MHza 100 MHz 2
ACCPEAK
{1 us per division
10 5 s per division)
REPETITIVE Store 100 MHz#a 100 MHz?2
(0.05 us per division
o 0.5 us per division)
External Clock
Input Frequency
Slow Dcto 1 kHz.
Fast Dc to 100 kHz.

Digital Samgple Rate

100 MHz in ACCPEAK and PEAKDET,
otherwise it is equal to the input
frequency.a

4performance Requirement not checked in manual,

2232 Operators

REV JUN 1989 7-13

www.valuetronics.com




Peformance Characteristics

Table 7-1 (cont)

Characteristics

Performance Requirements

Extemnal Clock {cont)
Screen Update Rate

Slow One data pair for every second
failing clock edge.®
........ Fast Varies with record length and sweep
speed.@
Duty Cycle 10% or a minimum pulse width of

5 us; whichever is greater. @

Ext Clock Logic

Logic Thresholds are TTL

Threshoids compatible?

Maximum Safe 25V (dc + peak ac) or 25V p-p ac

Input Voltage at 100 KHz or less @

Input Resistance Greater than 20 k0 (LSTTL
compatible).

STORE Mode Resolution

Acquisition Record
Length

1024 or 4096 data points

Single Waveform
Acquisition Display

1024 data points {100 data points
per division across the graticule
area)?

CHOP or ALT
Acquisition Display

512 data points (50 data points per
division across the graticule area)®

Horizontal POSITION
Control Range

Start of the 1Gth division wiil
position past the center vertical
graticule fine in X1; 100th division in
X10 magnified and NON-8TORE,

Aperformance Requirement not checked in manual.
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Peformance Characteristics

Table 7-1 (cont)

Characteristics

Performance Requirements

Horizontal Variable
Sweep Conirol Range

NON-STORE

Continuously variable between cali-
brated settings of the SEC/DIV
switch. Extends the A andthe B
Sweep speeds by at least a factor
of 2.5 fimes over the calibrated
SEC/DIV settings.

STORE

Harizontal Variable Sweep has no
affect on the STORE Mode time
base. Rotating the Variable SEC/DIV
control out of the CAL detent
position horizontally compresses a
4K point acquisition record to 1K
polnts in length, so that the whole
record lengih can be viewed on
screen. Screen readout is altered
accordingly,

Displayed Trace Length

NON-STORE Greater than 10 divisions,
STORE 10.24 divisions .8
Delay Time

0.5 us per division to
0.5 s per division
{A Bweep)

Dslay POSITION
Range

Less than (0.5 div + 300 ns) to
greater than 10 divisions.

Delay Time is functional, but not
calibrated, at A Sweep speeds
faster than 0.5 us per division,

Aperformance Regulrement not checked in manual,
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Peformance Characteristics

Table 7-1 {cont)

Characteristics Performance Requirements

Delay Time (cont)

0.5 us per division to
(.5 s per division
(A Sweep) (cont)

NON-STORE One part or less in 5,000 (0.02%) of
Delay Jitter the maximumn available delay time.

Delay Time Differential
Measurement Accuracy
(Runs After Delay only)

+15°Cto +35°C +1% of reading, $0.5% of full scale
(10 divisions).
0°C 1o +50°C 12% of reading, +0.5% of full scale

(10 divisions).2

Exclude delayed operation when
the A and B SEC/DIV knobs are
locked together al any sweep
speed or when the A SEC/DIV
switch is faster than 0.5 us per
division. Accuracy applies over the
B DELAY TiME POSITION control
range.

DIGITAL STORAGE DISPLAY

Vertical
Resolution 10 bits (1 part in 1024)2

Display waveforms are calibrated
for 100 data points per division.

Linearity (Relative to Within +5%.

Genter screen) Linearity is measured by positioning
a two-division test signal anywhere
on screen and noting the amplitude
change.

8performance Requirement not checked in manual.
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Peformance Characteristics

Table 71 (cont)

Characteristics

Performance Requirements

Vertical {cont)

Position Registration

NON-STORE to
STORE

* 0.5 division at graticule center at
VOLTS/DIV switch settings from

2 mV per division to 5 V per
division.

CONTINUE to SAVE

+0.5 division at VOLTS/DIV switch
settings from 2 mV per division {0
5V per division.

SAVE Mode Expansion
or Compression Range

Up to 10 times as determined by the
remaining VOLTS/DIV switch
positions up or down.

2 mV per division acquisitions can-
not be expanded, and 5 V per
division acquisitions cannot be
compressed.

Any portion of a stored waveform
vertically magnified or comprassed
up to 10 times can be positioned to
the 1op and 1o the bottom of the
graticule area.

Storage Display
Expansion Algorithm
Error

£0.1% of full scale 8

Storage Display
Compression
Algorithm Error

+0.18% of reading 20.4% of full
scaled@

2232 Operators

www.valuetronics.com

Aperformance Requirement not checked in manual.

REV JUN 1989 7~17




Peformance Characteristics

Table 7-1 {cont)

Characleristics Performance Hequirements
Horizontal
Resolution 10 bits (1 part in 1024).2
Calibrated for 100 data poinis per
division.
Differential Accuracy Graticule indication of time cursor

difference is 2% of the readout
value, measured over the center
eight divisions.

SAVE Mode Expansion | 10 times as determined by the X10
Range MAG switch.

Expansion Accuracy Same as the Vertical 2
DIGITAL READQUT DISPLAY

CURSOR Accuracy

Voltage Difference +3% of the AV readout value,
£ 0.4% of full scale (10 divisions).

Applies within center 6 divisions.

Time Difference

RECORD or
ROLL/SCAN

SAMPLE or 11 display interval.
AVERAGE

PEAKDET or 12 display interval.®
ACCPEAK

REPETITIVE

SAMPLE or +(2 display interval + 0.5 ng)?
AVERAGE

ACCPEAK +(4 display interval + 0.5 ns)@

A display interval Is the time between
two adjacent display points on a
waveform.

Aperformance Requirement not checked in manual.
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Peformance Characteristics

Table 7-1 (cont)

Characteristics

Performance Requiremenis

X-Y OPERATION

(X1 MAGNIFICATION ONLY)

Defiection Factors

Same as vertical deflection systern
with the VOLTS/DIV Variable
controls in the CAL detent position.

NON-STORE Accuracy

X-Axis
+15°Cto +35°C

Measured with a de-coupled, five-
division reference signal.

13%.

0°Cto +580°C

14%.2

Y-Axis

Same as vertical deflection system.2

NON-STORE Bandwidth
(-3 dB)

X~Axis

Measured with a five-division
reference signal

DC to af least 2.5 MHz.

Y--Axis

Same as vertical defiection system.@

NON-STORE Phase
Difference Between
X-Axis and Y-Axis
Amplifiers

+3 degrees from dc to 150 kHz.®
Vertical Input Coupling set to DC,

STORE Accuracy
X-Axis and Y-Axis

Same as digital storage vertical
deflection system?

Useful Storage Bandwidih

RECORD and
REPETITIVE Store
Modes

5

_— a
SEC/DNV %

“performance Raquirement not checked in manual.

2232 Operators
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Peformance Characteristics

Table 7-1 {cont)

Characterigtics

Performance Requirements

STORE Mode Time
Difference Belween
Y-Axis and X-Axis
Signats

RECORD, SCAN, +.0ns?@
and ROLL Modes
REPETITIVE Store SEC/DIV X 42
100

PROBE ADJUST

Output Voltage on
PRB ADJ Jack

0.5V +5%.

Probe Adjust Signal
Repetition Rate

1kHz £20% 2

Z-AXIS

Sensitivity (NON-STORE
Cniy)

5 V causes noticeable modulation.
Positive-going input decreases
intensity.

Usable frequency range is dc {o
20 MHz.

Maximum Input
Voltage

30V (dc + peak ac) or 30V p-p at
1 kHz or lags 2

Input Resistance

Greater than 10 kQ.#2

2oerformance Requirement not checked in manual.
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Peformance Characteristics

Table 7-1 (cont)

Characteristics

Performance Requirements

POWER SUPPLY

Line Voltage Range

90 Vac to 250 Vac.2

Line Frequency

48 Hz to 440 Hz.@

Maximum Power
Consumption

85 watts (150 VA).2

Line Fuse

2 A, 250V, slow blow@

Primary Circuit Dislectric
Requirement

Routine test to 1500 V rms, 60 Hz,
for 10 seconds without breakdown.@

CRT DISPLAY
Display Area gcmX 10 cm?
Standard Phosphor p31.2
Nominal Accelerating 14 kv@

Voltage

X-YP

LOTTER QUTPUT

Maximum Safe
Applied Voltage, A
Any Connector Pin

25V {dc + peak ac) or 25V p-p ac
at 1t kHz or less @

X and Y Plotter Cutputs
Pen Lift/Down

Fused relay contacts, 100 mA
maximum2

Cutput Voltage Levels

500 mV per division £10%. Cenier
screen is OV +1 division.

Measured with a do-coupled, five-
division reference signal.

Series Resistance

2k H0% A

4.2V Output

+10% through 2 kO ®

Apgrformance Requirement not checked in manual.
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Peformance Characteristics

Table 7-1 (cont)

Characteristics Parformance Reguiremenis
MEMORY
Non-Vaolatile Memory 26 Kbyltes.

Power-Down
Battery Voltage

Memory retained for battery
voltages greater than 2.3 V.2

Data Retention

Memory maintained at least 6
months without instrument power @

Battery Life

Power-down data retention
specification shall be maintained
for 3 years without battery change?

Power-down Detection
Threshoid

Fail asserted for supply drop 1o less
than 4.5 V.2

Reset hetd until supply is greater
than 4,75V @

Reset Delay

Power-down interrupt to reset delay
21 ms?

GPIB OPTION

GPIB Requirements

Complies with ANSIIEEE Standard
488-1978.2

R5-232-C OPTION

R5-232-C Requirements

Complies with EIA Standard

RS-232-C.°
Baud Rates
Available Rates 110, 300, 1800, and 2400 baud.
Accuracy < 1% error.?

8parformance Requirement not chacked in manual.
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Table 7-2 (cont)

Characteristics

Performance Requiremenis

Shock

Cperating and
Nonoperating

30 g hali-sine, 11 ms duration, three
shocks per axis each direction, for a
total of 18 shocks.@

Meets requirements of
MIL-T-288000, para 4.5.5.4.1,
except limited 1o 30 g.

Bench Handling Test

Each edge lifted four inches and
allowed 1o free fall onto a solid
wooden bench surface. 2

Meets requirements of
MIL-T-288000, para 4.5.5.4.3.

8performance Requiremeant not checked in manual.

2232 Operators
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Table 7-3

Physical Characteristics

Characteristics

Performance Reguirements

Weight

With Power Cord,
Cover, Probas,
and Pouch

See Figure 7-2 for dimensional
drawing.

9.4 kg (20.7 1o).

With Power Cord Only

8.2 kg (18 Ip).

Domestic Shipping
Weight

12.2 kg (26.9 1b).

Height 137 mm (5.4 in).
Width
With Handle 360 mm (14.2 in).
Without Handle 328 mm (12.9 in).
Depth

With Front Cover

445 mm (17.5 in).

Without Front Cover

440 rom (17.3 in).

With Handle Extended

511 mm (20.1 in).

7-26

REV JUN 1989 2232 Operators



Peformance Characteristics

50

125V

YOLTS {0 + PEAK AC)

20 /

10

10 kHz 50 kHz 100kHz 500kHz 1MHz 100 MHz

706651

Figure 7-1. Maximum input voltage versus frequency derating curve
forthe CH 1 OR X, CH2 OR Y, and EXT INPUT connectors.
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INTRODUCTION

This section Is divided info three subsections. The first contains a
general description of available instrument options and the second is
the operating instructions for the Option 10 and Option 12 Communi-
cations interfaces. The third subsection is the Command Lists,
status-bytes and event codes, and waveform fransmilting data
common o both Cormmunications Options. Also included in the first
subsection is a complete list (with Tekironix part numbers) of stan-
dard accessories included with each instrument and a partial list of
optional accessoties. Additional information about Instrument
options, option avaliability, and other accessories can be obtained
either by consuiting the current Tekironix Product Catalog or by con-
tacting your iocal Tektronix Field Office or representative.

ACCESSORIES AND OPTIONS
DESCRIPTION

STANDARD ACCESSORIES

The following standard accessorles are provided with each
instrument:

Qty Description Part Number
2 10X Probe packages P5109
1 Power Cord As Ordered
1 Operators Manual 070-7066-00
1 Users Reference Guide 070-7088-00
1 Front Panel Cover 206-2520-00
1 Accessory Pouch 016-0677-02
1 Fuse, 3AG, 2A,

250 V Slo-Blo 159-0023-00
1 DR-8 Male Connector

and Connector Shell 131-3579-00
1 Loop Clamp 343-0003-00
i -Flat Washer 210-0803-00
1 Self-Tapping Screw 213-0882-00

2232 Operators 8-1
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OPTIONAL ACCESSORIES

The following optional accessories are recommended foruse withithe

instrument.
Description

Service Manual

Reference Guide (Options 10 and 12)

Probe Tips, IC grabber,
{2 each for P6109 probes)

Rack Adapter
Viewing Hood
Carrying Strap
Carrying Case
Rain Cover

C-5C Option 02 Camera
K212 Portable Instrument Cart

1107 Dc inverter

Part Number

070-70687-00
070-7221-01

013-0181-00
016-1003-00
016-0566-00
346-0199-00
016-0792-01
016-0848-00

POWER CORD OPTIONS

Instruments are shipped with the detachable power-cord option
ordered by the customer. Descriptive information about the inter-
national power-cord options is provided in Section 2, “Preparation
for Use.” The following list identifies the Tektronix option number for

the available power cords,

Standard

Option Al
Option A2
Option A3
Option A4
Option A5

8-2

120V
220V
240V
240V
240V
220V

North American
Universal Euro
United Kingdom
Australian

Norttt American
Switzerland

REY NOV 1989
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OPTION 10

Option 10 provides a GPIB {General Purpose Interface Bus) com-
munications interface. The interface implemented conforms to the
specifications contained In [EEE Standard Digital Interface for
Programmable Instrumentation (ANSIIEEE Std 488-1978). i also
complies with a Tektronix Standard relating to GPIB Codes, Formats,
Conventions and Features. Operating Information for the Option 10
GPIB interface is given in the COMMUNICATION OPTION
OPERATION subsection of this section.

OPTION 12

Option 12 provides an RS-232-C serial communications interface,
The interface implemented conforms to RS-232-C specifications.
The option provides both DTE and DCE capability to aid in hooking
up the various types of printers, piotters, personal computers, and
modems that may be encountered. Operating information for the Op-
fion 12 RS-232-C interface is given in the COMMUNICATION
OPTION OPERATION subsection of this section. Information regard-
ing RS-232-C interconnection cables is given in Appendix 8 of this
manual.

OPTION 33

Option 33, the Travel Line option, provides impact protection needed
for rough industrial and service environments. When the instrument is
ordered with Option 33, it comes equipped with the Accessory
Pouch, the Front Panel cover, shock-absorbing rubber guards
mounied on the front and rear of the cabinet, an easy-to-use power-
cord wrap, and a carrying sirap.

2232 Operators REV JUN 1989 8-3



www.valuetronics.com

Options and Accessories

COMMUNICATIONS OPTION
OPERATION

The cormmunications options allow rermote waveform acquisition and
the transfer of waveform data both to and from the instrument.
Waveform dala may also be directly output to compatible digital
printers or plotters for producing hard copies of the displayed signals.

The Oplicn 10 interface conforrms to GPIB IEEE-488 bus standard
and the Option 12 interface conforms to the standard for R§-232-C
serial communication. Both options also conform to Tekironix stan-
dards on Codes, Formats, Conventions, and Features. In general,

messages 1o the oscilloscope sent via the communication options
have one of the foilowing purposes:

1. Query the stale of the oscllioscope.
Query the result of a measurement made,

Set or change the instrument’s operating mode.

AWM

Request waveform data transfer.

OPTION 10 GPIB OPERATORS
INFORMATION

The GPIB Communications Option complies with ANSHIEEE
Standard 488-1978. All other specifications for the instrument
(including the performance conditions) are identical to those
specified In “Performance Characteristics” in Section 7 of this
marnual.

Standard Functions, Formats, and Features

The interface~function capabilities of a GPIB instrument, in terms of
interface-function subsets, are identified in ANSIIEEE Sid 488-1878,

The status of subsets applicable to this instrument with Option 10 are
listed in Table 8-1.
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Table 8-1
Function Subsets implemented

Other
Function States Other Subsets
Subset Capability | Omitted | Requirements| Required

SH1 (Source | Complete None None TS5
Handshake} Capability
AH1 {Acceptor | Compiete None None None
Handshake} Capability
T5 (Talker) Basic Talker, | None Include [MLA | SH1and L3

Serial Polt, (ACDSY

Unaddress if

MLA
L3 {Listener) Basic Listener, | None Inciude [MLA | AH1 and TS

Listen Only, {ACDS)]

Unaddress if

MTA
SR1 (Service | Complete None None TS
Request Capability
RL2 (Remote/ | No Local LWLS RTL always L3
Local) Lockout and false

RWLS

PPO (Parallel | No Capability | All None None
Polly
DC1 {Device Compiete None None L3
Clear) Capabiiity

{Selective

Bevice Clear)
DT {Device No Capability | All None None
Trigger
CO (Controlier | No Capability | Al None None
E2 (Driversg) Three-state
2232 Operators 8-5



www.valuetronics.com

Options and Accesscries

The GPIB interface conforms to the Tekironix standard on Codes,
Formats, Conventions, and Features of messages sent over the bus
to communicate with other GPIB instruments. Specific format choices
implemented in this Instrument are listed in Tabie 8-2; specific
features implemented are shown in Table 8-3.

Table 8-2
Specific Format Choices

Format Parameter

Cholce Made

Format Characlers

Not transmitted; ignored on
reception.

Message Terminator

Either EQIl or LF can be selecied for
message termination.

Measurement Terminator

Follows program message-unit
syniax.

Link Data (Arguments)

Used in Listen and Talk.

Multiple Event Reporting

Not implemented to report ali
events on a single query. Multiple
events may be reported by using
multiple queries.

instrument identification
Query

Descriptors added for all options.,

Set Query

Extended by using other commands.

Device Trigger (D7)

Not implemented.

INIT Command

Causes the instrument to retum 1o a
default set up conditicn.

Time/Date Commands

Not implementad.

Stored Setting Commands

Not impiemented.

Waveform Transmission

Implemented.

Return to Local (it

Not implemented.

iEEE 728

Compliance not intended.

8-6
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Table 8-3
Implementation of Specific Features

Feature Choice Made Comments
Secondary Not implemented.
Addressing
indicators ADDR (addressed), LSRQ

(service request), and PLOT
(acquisitions locked ouf)
indicators are included.

Parameter A ten-section swilch sets the Switch
Selection Instrument’s bus address, settings
message terminalor, listen- are read only
only or talk-only mode, and at power on,
makes printer/plotter
selections.

Option 10 GPIB Side Panel

The Opticn 10 instrument is supplied with the side panels shown in
Figure 8~1. The Option 10 side panel includes one AUXILIARY
connector, cne GPIB (EEE 488-1978) interface port, and one
PARAMETERS switch. The Controls, Connectors, and Indicators part
of this manual contains information on the use of the AUXILIARY Con-
nector. Refer to Figure 8-1 for location of the Option 10 side-panel
controls and connectors.

AUXILIARY Connector - Provides connections for an X-Y Plotter
and an EBExternal Clock input (see Controls, Connectors, and
Indicators).

GPIB Connector—Provides the ANSI/IEEE Sid 488-1978 com-
patible electrical and mechanical connection to the GPIB. The con-
nector is only on instruments with Option 10. The function of each pin
of the connector is shown in Table §-4.
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AUXILIARY PARAMETERS
CONNECTOR SWITCH

. PARAMEYERS
: HELAY COMM I
l_msisseeu [ml::Duz :

ADDH

EG -

[

[

[

[ L¥ oazdl
[ i
|CLT i Ton
1T Ak s
ACT - AUX 2

Z25Vpk AND <I100mA ABS, MAX

CAUTION
AFPLIED TG ANY CONNECTOR

fEEE 5TD 488 PORT
SH1 AML TE, L3, 3R1, BL2, PP,
D OTe, Od, g2

- S/
Grig
CONNECTOR
{8530--28)7068-53)
Figure 8-1. Option 10 side panel.
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Table 8-4

GPiB Connector

Pin Line Name Description

1 DiO1 IEEE-488 Data I/O

2 DIO2 IEEE-488 Data I/O

3 DIO3 IEEE~488 Data /0O

4 DIO4 IEEE-488 Data /O

5 EO IEEE-488 END or |dentify

8 Dav IEEE-488 Handshake

7 NRFD IEEE-488 Handshake

8 NDAC IEEE-488 Handshake

9 IFC IEEE-488 input

10 SRQ IEEE-488 Output

11 ATN IEEE-488 input

12 SHIELD Systemn Ground (Chassis)

13 DIos IEEE-488 Data [/O

14 DIO8 IEEE~488 Data I/O

15 DIO7 IEEE-488 Data l/O

16 DIOS IEEE-488 Data I/O

17 REN [EEE-488 Input

18 GND Digital Ground (DAV)

i9 GND Digital Ground (NRFD)

20 GND Digital Ground {NDAC)

21 GND Digital Ground (IFC)

22 GND Digitai Ground (SRQ)

23 GND Digitai Ground (ATN)

24 GND Digitai Ground (LOGIC)
2232 Operators 8-8
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GPIB PARAMETERS Switch — Allows the selection of selup options
for the GPIB interface. The switch is read at power-up and when inter-
face clear messages are received. Five sections of the switch select
the GPIB address, one selects the terminator, two select talk/listen
modes, and two are used for prirter/plotter selection. The function of
each switch section is shown in Table 8-5.

Switches 9 and 10 select printer/ploter devices at power-up. The
devices may be changed after power-up using Oplion commands, or
inthe case of the 2232, the MENU conirols. Two EPSONg formats are
selectable. EPS7 uses seven print wires per head pass, and is
usually slower. ltis the chr(27) “L” mode. EPS8 uses eight print wires
per head pass, and is usually the faster print-head speed. ltis the chr
{27} “Y” mode. In this mode, most Epson and Epson-compatible
printers wili not strike any print wire more often than every second
pixel. EPS8 Is selected when parily Is disabled.

Printing/plotting devices are selected with the following switch
positions:

Switch 8 Switch 10 Device Selected

0 0 HP-GL® plotter

1 0 Epson® EPS7 or EPSS
0 1 ThinkJet® prirger

1 1 X-Y Plotier

HP-GL and ThinkJet are frademarks of Hewlett-Packard Company.
Epson is a rademark of Epson Corporation.
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Table 8-5

GPIB PARAMETERS Switch

Switch Switch
Section Position Function
1 Address selection
0 0
1 Binary weight = 1
2 Address selection
0 0
1 Binary weight = 2
3 Address selection
0 0
1 Binary weight = 4
4 Address selection
0 0
1 Binary weight = 8
5 Address selection
0 0
1 Binary weight = 16
6 Terminator selection
0 EQ]
1 LF or EQI
7 0 No function
1 LON {Listen only)
8 0 No functfon
1 TON (Talk only)
9 Printer/plotter selection
10 Printet/plotter selection
2232 Operators 8-11
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GPIB Parameter Selection

The correct selection of GPIB parameters (primary address,
message terminaior, and tali/listen mode) must be made before
power on. That s when the GPIB PARAMETERS switch is read to
determine what the address and other settings of the switch are, See
Table 8-5 (shown previously) to determine the specific paramsaters
switch settings.

PRIMARY ADDRESS —The selected GPIB address establishes the
talk and listen address for the cscilloscope. it canbe set to any value
between 0 and 31, inclusive. Address 31 is “OFF LINE”. With an
address of 31, the instrument still presents an active load, but it
neither responds to nor interferes with any bus traffic.

SECONDARY ADDRESS-—-Not implemented in the 2232 digital
storage oscilloscope.

INPUT END-OF-MESSAGE TERMINATOR-The end-of-
message terminator can be seiected to be either the End-or-identify
(EO) interface signal or the Line-Feed (LF) character.

When ECI {(normal mode} is selected as the terminator, the instrument
will:

@ accept only EQI as the end-of-message terminator, and

® assert EQl concurrently with the 1ast byte of a message.

When LF is selected as the terminator, the instrument will:

e accepi sither LF or EOI as the end-of-message terminator, and

e send Carriage Retumn (CR) followed by LF at the end of every
message, with EOl asserted concurrently with the LF.

TALK/LISTEN MODE — Four talk/listen modes are selectable:

& TALK ONLY mode allows the instrument to send data over the
GPIB but not to listen.

& LISTEN ONLY mode permits the instrument {o receive data over
the GPIB but not to 1alk.

8-12 2232 Operators
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8 TALK/LISTEN mode (both TON and LON modes unselected)
allows the instrument 1o both send and recelve data over the
GPIB.

¢ OFF BUS mode (both TON and LON modes selected) swilches
the instrument off the bus (same as setting address to 31).

To select a different Talk/Listen mode, see the GPIB PARAMETERS
switch settings in Table 8-5. The new settings must be made before
power on to be in effect.

Option 10 Interface Status Indicators

Three indicators appear in the CRT readout to indicate the status of
the GPIB communication option. The indicators are labeled SRQ
{(service request pending), ADDR (addressed to talk), and PLOT (out-
put data 1o the plotter) onthe CRT bezel. The active indication is seen
as an intensified line in the CRT display just below the associated
label. Refer to Figure 8-2 for the location of the communications inter-
face status indicators.

SRQ Indicator—indicates the communications option reguires
service by the controller. Service requests are cleared when the
instrument has been polied for its status and no further warning or
error conditions are pending. The communication option asserts a
power-up service request {8RQ) when tumed on. Other service
requests are asserted as enabled by the RQS and OPC commands.

ADDR Indicator — Indicates the instrument is addressed to talk or
listen.

PLOT Indicator -Indicates the communication option is currently
sending waveform data over its interface and acquisitions are
inhibited.

2232 Operators 8-13
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Figure 8-2. S8RQ, ADDR, and PLOT indicators,

Instrument Response To Interface Messages

OPTION 10 GPIB. The following explain effects on the oscilloscope
of standard interface messages received from a remote controfler.
Message abbreviations used are from ANSYIEEE Std 488-1978.

LOCAL LOCKOUT (LLO} —Local Lockout is not supported by
the instrument. Inresponse 10 a LLO message via the GPIB inter-
face, Option 10 generates an SRQ error.
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REMOTE ENABLE {REN)-When Remote Enable is asserted
and the instrumentreceives its listen address, the oscilloscope is
piaced in the Remote State (REMS). When In the Remote State,
ihe oscilloscope’s Addressed (ADDR) indicator is lit.

Unasserting REN causes a transition to LOCS; the instrument
remains in LOCS as long as REN s false. The transition may
ocour after processing of a different message has begun. In this
case, execution of the message being processed is not inter-
rupted by the transition.

GO TO LOCAL (GTL)—Instruments that are already listen-
addressed respond to GTL by assuming a local state. Remote-
to~local transitions caused by GTL do not affect the execution of
any message being processed when GTL was received.

MY LISTEN AND MY TALK ADDRESSES (MLA AND
MTA)-—-The primary Talk/Listen address is established as
previcusly explained in the GPIB Parameter Selection
information,

UNLISTEN (UNL) AND UNTALK (UNT)-When the UNL
message is received, the oscilloscope’s listen function is placed
in an idle (unaddressed) state. In the idle state, the instrument will
not accept commands aver the bus.

The talk function is placed in an idle state when the oscilloscope
receives the UNT message. In this state, the instrument cannot
transmit data via the interface bus.

INTERFACE CLEAR (IFC) —When IFC is asserted, both the Talk
and Listen functions are placed in an idle state and the CRT
ADDR indicator is turned off. This produces the same effect as
receiving both the UNL and the UNT messages.

DEVICE CLEAR (DCL)—The DCL message reinitializes com-
munication between the instrumert and the controller. In
response to DCL, the instrument clears any input and output
messages as well as any unexecuted control settings. Also
cleared are any errors and events waiting to be reported (except
the power—on event). if the SRQ line is asserted for any reason
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(other than power-on), it becomes unasseried when the DCL
message is recelved.

SELECTED DEVICE CLEAR (8DC)—This message performs
the same function as DCL; however, only instruments that have
been listen-addressed respond 1o SDC.

SERIAL POLL ENABLE AND DISABLE (SPE AND SPD}~The
Serial Poll Enable (SPE} message causes the instrument to
fransmit its serial-polt status byte when itis falk-addressed. The
Serial Poll Disable {SPD) message switches the instrument back
{0 its normal operation.

Reset Under Communication Option Control

Some oscilloscope modes may be set to their default or power-on
states by sending the NIt command via the communication option.
The major settings that are affected by INIt are:

ACQUISITION REP:AVE
ACQUISITION HSREC.SAMPLE
ACQUISITION LSREC:PEAKDET
ACQUISITION SCAN:PEAKDET
ACQUISITION ROLL:PEAKDET
ACQUISITION SMOOTH:ON
ACQUISITION WEIGHT:4
ACQUISITION NUMSWEEPS:0
ACQUISITION VECTORS:ON
DATA ENCDG:BINARY

DATA SOURCE:ACQ

DATA TARGET:REF1

PLOT GRAT.OFF

PLOT FORMAT: < power-on setting>
READOUT ON

Menu system reset.

Opticn 10 Status and Error Reporting

The status and error reporting system of Option 10 interrupts the GPIB
bus controller by asserting an SRQ (service request). The service
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request indicates that an event has occurred that requires attention,
when the controller polls the bus, the status-byte retumned by the
oscilloscope indicates the type of event that occurred. A further
EVEN? query wili return an event code that gives more specific infor-
mation about the cause of the service request. The SRQ status byte
and the event code provide a limited amount of information about the
specific cause of the service request. Command errors, execution
errors, and internal errors assert an immediate SRQ (if BQS is an). To
retrieve other system eventand warming status bytes, OPC must also
be ON, and the oscilloscope must be queried by the STAtus? com-
mand. See Tables 8~33 and 8~34 al the back of this section for status
and event codes.

GPIB Programming

Programming considerations are provided in this part to assist in
developing your own unique pragrams for interfacing to the oscilio-
scope via the GPIB.

Before a program can be used for controlling the oscilloscope, the
GPIB parameters (primary address, message terminator, and
talk/listen mode) must be set. Procedures describing how these
parameters are selected and set at the oscilloscope were given pre-
viously in this section of the manual.

Programs are usually composed of two main parts {(or routines),
which can be generally categorized as a command handler and a
service-request handler.

COMMAND HANDLER —Basically, a command handler should
establish communication between the controller and oscillo-
scope, send commands and queries to the oscilloscope, receive
responses from the oscilloscope, and display responses as
required. The following outline indicates the general sequence of
functions that the command-handling routine should perform to
accommodate communications between the controller and
oscilloscope over the GPIB,

1. Initialize the controller.

2. Disable the service-request handler until the program is
ready to handie them,
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Get the GPIB addraess of the oscilloscope.
Enable the service-request handler,

Get the command to send to the oscilloscope.
Send the command to the oscilioscope.
Check for a response from the oscilloscope.

If there 1s a response, perform the desired function.

© @ N ® 0

You are ready for a new command. Repeat the functions in
statements 5 through 9 as many limes as desired.

SERVICE-REGUEST HANDLER-Typical service-request
handler routine contains the necessary instructions to permit
proper processing of interrupts. For example, whenever
power-on occurs, the ascilloscope asserts an SRQ interrupt. if a
GPIB program is operating on the controller when a power-on
SAQ is received, the program should be able to determine that
the oscilloscope’s power was interrupted at some time during
program operation. This event could cause improper program
execution, uniess the program was written to adequately handle
the possibility of a power-on SRQ occurring.

Other interrupts {or events) for which the oscilloscope asserts SRQ
are identified in Table 8-12.

While some controllers have the capability of ignoring service
requests, others require that all SRGs be managed. The programmer
should understand the controlier being used. If service requasts are
to be handled in the program, the interrupts must first be enabled.

A service-request handier routine can be developed to service inter-
rupts when they occur during program operation. It basically should
consist of an interrupt-enabling statement (ON SRQ) near the
beginning of the program and a serial-pol subroutine somewhere in
the program. The ON SRQ statement directs program control to the
serial-poll subroutine whenever an SBQ interrupt ocours. For each
imerrupt recelved by the controller, the program should perform a
serial-poll subroutine.
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The following general steps are required to handle service requests
from the oscilloscope:

1. Perform a serial poll.
2. Send an EVENT? query 1o the oscilloscope requesting service.

3. ¥f the EVENT? query response is not zero, then perform the
response required to handle the event,

4, Retum to the main program.

OPTION 12 RS-232-C
OPERATORS INFORMATION

The R8-232-C Communications interface conforms to the Tekironix
standard on Codes, Formats, Conventions, and Features for
messages sent over to bus for communications to other RS-232-C
devices. Secondary addressing is not implemented in Option 12,
Specific formats implemented in the 2232 for the Option 12 Cormmuni-
cations interface are listed in Table 8-6.

Comm Menu

The Comm Menu resides under the ADVANCED FUNCTIONS, and al-
iows the selection of parameters for communications options.

Stop Bits— Seilects the number of stop bits (One or Two) for
R8-232-C data transmissions. The usual choice for stops is

One, but some printers/plotters require Two stop bits for some
baud rates.
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Tahle 8-86

Specific Format Choices for Option i2

Format Parameter

Choice Made

Format Characters

Nat transmitted; ignored on
reception.

Message Terminator

Either CR or CR-LF may be se-
lected as the message terminator.

Measurement Terminator

Follows program message—unit
syntax.

Link Data (Arguments)

Used in sending and receiving
messages.

Multipie Event

Not implemented to report muitiple
events on a single reporing query.
Multiple evenis may be reported by
mulliple gueries.

Instrument ldentification
Query

Descriptors added for all options.

Set Query

Extended by using other commands
as queries.

Device Trigger (DT)

Not imptemented.

INIT Command

Causes the instrument o relum fo a
dafault initialization state.

Time/Date Commands

Not impiemanted.

Stored Setting Commands

Not implemented.

Waveform Transmission

Implemented. Waveforms may be
encoded in ASCH, HEX, or BINARY.
The oscilloscope powers on with
the encoding set (o BINARY.

Remote On/Of

REMote must be set to ON to get
the instrument o change a remote-
controflaple function. The instrument
powers up with REMote OFF.

IEEE 728

Compliance not intended.
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Once communication is established between the controller and
the oscilloscope, commands may be sent 1o the oscilloscope.
When dealing with the transfer of data via the R§-232-C inter-
face, the bits used to make up a character consist of a start bit,
seven or eight data bits, and, finally, one or two stop bits. Start
and stop bits separate the data byles and are called framing
pulses. The start bit Is always set to a mark, and the one or two
stop bits are set to a space. One stop bit is used in most appli-
cations. Two stop bits may be needed for some printers at some
baud rates, The command STOP 1 or STOP 2 sets the number of
stop bits in the character frame.

The transition from one character’s stop bit(s) to the next charac-
ter's start bit is used to synchronize the receiver to the fransmitter.
This causes the coded data bits for each character to be read at
the best time relative 1o the start of the character’s start.

Errors that ocour due to mismatched baud rates, data bits, or stop
bits show up as framing errors. The start-bit and stop-bit frame
surrounding the character bits have the wrong timing relationship
with respect to each other. Since they are not recognized
properly, the data stream cannot be interpreted by the receiving
device.

Flow— Sets the data fiow control over the interface ON or OFF.
Binary waveform information cannot be sent with Flow On.

When transmitting data using modems 1o Interconnect two
devices via the telephone lines, the normal handshaking lines
are not used. The two devices can still communicate using a
data-transmission technique called flow control. Using this
method, the data sent can be separated from non-data being
received (such as noise). This is done by interpreting every
correctly framed data pattern as a valid character and constantly
checking for two specific characters that turn the transmission on
and off,

These flow-control characters are called XON (transmission on)
and XOFF (fransmission off). The usual assignment for these is
<control-Q > for XON and <control-S > for XOFF, though the
specific characters chosen are a function of the communications
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program used. When communicating over telephone lines, flow
control greatly increases the chance that ASCIt or HEX encoded
data will be correctly ransferred.

The Flow On command allows the oscilloscope some on/oft
controi of the data transfer. At power-on, the default data
encoding is BINARY. Flow control can not be used for the trans-
mission of binary-encoded waveform data, so the power-on set-
ting of Flow is set to off. Before sending binary~encoded data,
Flow Off must be sent if flow control was previousily set ON. The
Advanced Functions menu of the 2232 also has a menu choice
for setting flow control.

Option 12 Side Panel

The side panel for Option 12 instruments (Figure 8-3) includes one
AUXILIARY connector, one R5-232-C interface port (providing both
DTE and DCE capability), and one PARAMETERS switch. The
Controis, Connectors, and Indicators part of this manual contains
information on the use of the AUXILIARY Connector. Refer to Figure
8-3 for location of the Option 12 side~-panel controls and connectors.

AUXILIARY Connector—Provides conneclions for an X-Y Plotter
and an BExternal Clock input (see Conirols, Connectors, and
Indicators).

NOTE

Do not hook up external devices to the DTE connector
and the DCE connector at the same time.

RS-232-C DTE Connector — Provides connection meeting the ElA
R§-232-C standard for data terminal equipment (see Figure 8-3).
Table 8-7 lists the function of each pin of the connector. This con-
nector is provided only on Option 12 instruments.

NOTE

Do not hook up external devices to both the DTE con-
nector and the DCE connector at the same time.
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AUXILIARY PARAMETERS
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Figure 8-3. Option 12 side panel.
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Table 8-7

RS-232-C DTE Connector

Signal Name
Pin Function
internal External
1 CHAS CHAS Chassis ground
GND GND
2? ITXD TXD Transmitted data
38 IRXD RXD Received data
4 IRTS RTS Request to send
5 ICTS CTS Clear to send
6 IDSR DSR Data set ready
78 sIG SIG Signal ground
GND GND
8 IRLSD2 RLSD Received line signal
detect
20 IDTR DTR Data terminal ready

AThese lines are all that are requlired for communication without
hard controt lines.

R5-232-C DCE Connector — Provides a connector that meets the
ElA RS-232-2 standard for data communications equipment (see
Figure 8-3). Table 8-8 lists the function of each pin of the conneclor.
The connector is provided only on Option 12 instruments.

R5-232-C PARAMETER Switch — Allows the selection of setup op-
tions for the RS-232-C interface. The switches are read at power-up.
Four sections of the switch select the baud rate, three select parity,
one selects the terminator, and two are for printer/plotter selection,
The function of each switch section is shown in Table 8-9.

8-24
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Table 8-8

RS-232-C DCE Connector

Signal Name
Pin Function
internal External
1 CHAS CHAS Chassis ground
GND GND
23 IRXD TXD Transmitted data
34 ITXD RXC Received data
4 ICTS RTS Request to send
5 IRTS CTS Clear to send
8 IDTR DSR Data set ready
7@ SIG SIG Signal ground
GND GND
8 IRLSD1 RLSD Received line signal
detect
20 IDSK DTR Data terminal ready

2These lines are all that are required for communication without
hard control lines.
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Table 8-9
RS-232-C PARAMETERS Switch

Switch Switch
Section Position Function

e Baud rate®
— Baud rate®
Baud rate@

— Baud rate®

[ B - B ERS
|
!

Payity enable/disable

0 Parity is not checked. The data
word Is 8 bits long.

1 Parity is checked according to the
settings of switches §and 7. A
parity error causes a status byteto
be sent if RQS is on. The data
word is 7 bits long with the 8th bit
being the parity bit.

6 Parity selectb
7 Parity selectb

8 Line terminator selection

0 Lines are terminated with carriage
return (CR).

1 Lines are terminated with carriage
Return-line feed (CR-LF).

9 Printer/Plotter selection

10 Printer/Plotter selection

83pe Table 8-10.
Pgee Table 8-11,

§-26 2232 Operators



Options and Accessories

Option 12 Interface Status Indicators

The three indicator labels (SRQ, ADDR, and PLOT) above the CHT
indicate the status of the Communications interface. Refer 1o Figure
8-3 {shown previously) for the location of the status indicators. Their
operation is as follows:

SRQ Indicator—Turns on only during the time an asynchronous
status byte is being sent, A status byte or event code is not gen-
erated for power-on. Events must be queried to receive pending
events codes. Status must also be queried to receive pending
status bytes, except for command and execution error status
which are retumed immediately upon recognition of an error. If
OPC is also on, additional system events (i.e;, warmings and
operation complete) will also generate an asynchronous service
request. All status bytes are prevented from reporting if RQS is
off, but the 8RQ indicator does not indicate that a status byte is
pending. inthis case, the event cede must be queried (EVENt?) to
find out if an event has happened.

ADDR Indicator—Turns on when a carrier is detectad. With no
devices connected to either the DTE port or the DCE port, the
ADDR indicator will be on. If an R5-232-C DCE device is con-
nected io the DCE port, the carrier wili also be on ail the time. The
indicator will be off if a DTE device is connected to the DTE port
and no carrier is detected.

PLOT indicator —Turns on when the communication option is
currently sending waveform data. Acquisitions are inhibited
during this time.

RS-232-C Parameter Selection

Selection of R§-232-C parameters (pbaud rate, parity, and line termi-
nator) must be made prior to power on using the R5-232-C
PARAMETER switch and Tabie 8-3 through Table 8-11. Changes to
the PARAMETER swiich after power on will not be read unti the next
power on occurs. PARAMETERS switch settings and setups for some
cormmon printers and plotiers are given in Appendix B. There are two
other communications parameters that are set using cormmands via
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the interface itself. These are STOP bits and FLOW control. The most
used sefting for STOP ig 1. The power-on default for FLOW is OFF.

The function ofthe RS-232-C PARAMETER swilch sections are given
in Table 8-8. Switches 8 and 10 select printer/plotier devices at
power up. The devices may be changed after power-up using Option
commands or, in the case of the 2232, the MENU contrels. Two
EPSON formats are selectable. EPS7 uses seven print wires perhead
pass, and is usually slower. li is the chr (27) L mode. EPS8 uses eight
print wires per head pass, and is usually the faster print-head speed.
it Is the chr (27) Y mode. In this mode, most Epson and Epson-
compatible printers will not strike any print wire more often than every
second pixel. EPS8 Is selected when parity is disabled. Printing/plot-
fing devices are selected with the following switch positions:

Switch @ Switch 10 Device Seletted

HP-GL® plotier

Epson® (EPS7 or EPS8)
ThinkJet® printer

X-Y Plotier

b € b D
(PR o 2N ]

HP-GL and ThinkJet are tradermnarks of Hewlett-Packard Company.
Epson is a trademark of £Epson Corporation.

Baud Rate. Baud rate switch setlings determine the baud rate used
by the instrument for both sending and receiving data. The available
baud rates are listed in Table §-10.

When OFF LINE (baud-rate switch settings 1111} is selecied, the
instrument still presents an active load to the other R5-232-C device,
but it can’'t send or receive any interface traffic.

Use Table 8-8, Table 8-10, and the PARAMETERS swiich to select
the desired baud rale.

Parity. The selected parity settings delermine the oscilloscope’s re-

sponse o received parity errors and the parity of data sent by the os-
cilloscope.
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Section 5 of the PARAMETERS switch determines whether or not re-
ceived parity errors will cause an error report (see Table 8-10). With
parity enabled, seven hits represent the characlers being sent. The
eighth bit is the parity bit, and is inlerpreted as selected by the
setlings of switches 6 and 7. These sections of the PARAMETERS
swiich determine the parity used when transmitiing and receiving
data over the R5-232-C interface. ODD, EVEN, MARK, or SPACE
parity is selectable (see Table 8-11).

Table 8-10
Baud Rate
Switch Position
Baud Rate
4321
0000 50
0001 75
0010 110
0011 134.5
0100 150
0101 300
0110 600
0111 1200
1000 1800
1001 2000
1010 2400
1011 3600
1100 4800
1111 Off Line
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Tabie 8-11
Parlty Selection®

Switch
Position i?i_ag'g Comments

6 7 ¥

g o oD The parity bit of each byte is set or
cleared as needed to make the
number of logical ones per word
byte odd.

1 0 EVEN The parity bit of sach byte is set or
cleared as needed o make the
number of iogical ones per word
byte even.

0 1 MARK The parity bit is always set t0 a
logical one.

1 i SPACE The parity bit is always cleared to a
logical zero.

8Characters are always accepted if possible, If parity is enabled
and BQS is on, a status byte is sent If the recelved parity doesn't
match the parity selected. Parity must be disabled (PARAMETERS
switch position & set {o 0 before power on) for binary data
transfers.

By setting both the fransmitting and receiving devices o use parity,
some degree of checking may be done on7-bit data. Sefting parity to
even causes the ransmitter to send a parity bit that makes the number
of mark bits in the data (plus the parity bit) come out to an even
number. Upon receiving the data, the receiving device adds up the
mark bits In the data byte. if an error is detected, a system event
status byte Is sent. When the event code byte is interpreted, the con-
troliar may make a hardware change or alfer its routing to handle the
eror.

Qdd parity works In the same way, except that the number of mark

bits is expected o be odd. Parity may also be set to mark or space
where the parity bit is always set to a mark or a space respectively,
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Message Line Terminator. PARAMETERS switch section 8 selects
the line terminator. The line terminator is either CR (carriage return),
with switch section 8 open, or CR-LF (carriage return and line feed),
with switch section 8 closed (see Table 8-9).

NOTE

Commands to the oscilloscope are interpreted and carried
out as soon as they are recognized as such; the oscillo-
scope does riot wait for a CR or CR-LF to end the command
string. If a command needs to be correctly done before the
next command is semt, the controller must wait for the
correct return. If an error occurs (due to command syntax or
incompatible instrurnent settings), the error status will be
immediately reported. The controlier can detect the error,
query the event code, and take corrective action before
going on with another command that may not be handled
properly. This Is especially true if the previous command
puts the oscilloscope in a state that prevents it from
responding. For this reason, the recommended practice is
to send only cne command in each message line to the
osciffoscope.

Whean CR (normal mode) is selected as the terminator, the instrument
will:

8 Accept only CR as the line terminator.

# Send CR as the last byle of a message.

When CR-LF is selected as the terminator, the instrument wilk:
e Accept either CR-LF or LF only as the line terminator.

® Send CR-LF (carriage return followed by line feed) at the end of
every message.

HRemote-Local Operating States

The following paragraphs describe the two operating states of the
instrument: Local and Remote.
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REMOTE OFF (LOCAL)-—-With REMOTE OFF, instrument seltings
are controlied manualiy by the operator using the front-panel con-
trols. Option interface messages such as REMOTE ON, RQS ON,
and OPC ON are received and executed, Queries about instrument’s
states or measurement results will be answered. Device-dependent
commands that require an instrument operating mode change 1o be
made cause an execution error, and a service request will be gen-
erated if RGS is on.

REMOTE ON (REMOTE) —In this state, the oscilloscope executes
ali commands sent 10 it. Remote-controllable front-panel indicators
and CRTreadouts are updated as commands are carried out. There is
no local lockout (LLO). Changing any cption-controllable front-
panel setting locally overrides the remote settings. If a waveform is
being ransmitted, the PLOT indicator will be Iit, and new waveform
data will not be acquired until the transmission is done.

Reset Under Communication Option Control

Certain default settings for acquisition and plot maties may be setup
sending the iNlt command. The INIt command does not invoke the
power-up test. Upon completion of the INIt command, no status byte
or event cede is generated,

The default settings are as follows:

ACQUISITION REP:AVE
ACQUISITION HSREC:SAMPLE
ACQUISITION LSREC:PEAKDET
ACQUISITION SCAN:PEAKDET
ACQUISITION ROLL:PEAKDET
ACQUISITION SMOQTH:ON
ACQUISITION WEIGHT:4
ACQUISITION NUMSWEEPS:0
ACQUISITION VECTORS:ON
DATA ENCDG:BINARY

DATA SOURCEACQ

DATA TARGET:REF1

PLOT GRAT.CFF

PLOT FORMAT: < power-on setting >
READOUT ON

Menu system reset.
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R5-232-C PROGRAMMING

Things to consider when writing programs for your RS-232-C con-
frofler are given here to help you when you must develop your own
interfacing software. Before a program can be used fo control the
oscilloscope, the RS-232-C communication parameters for baud

rate, line terminator, and parity must be set. Settings for these

parameters are selected and set using the RS-232-C PARAMETERS
switch found on the side panel of the oscillcscope.

Controller programs are usually composed of two main parts or
routines. The two paris are generally called the command handler
and the service-request handler.

COMMAND HANDLER--Basically, a command handler estab-
lishes communication between the controller and the oscilloscope,
sends commands o the oscilloscope, receives responses from the
oscilloscope, and displays the responses as required. The steps of
the following procedure are the general functions that the command-
handler software routine should be able to do forthe most useful com-
munications.

# Initialize the controller in the communications mode.
® Watch for a service request.

Check the event code (by sending an EVEnt? query) if a service
request ocours.

® Determine the action nesded to be taken from the event code
byte that is returned and take it.

& Get a command o send to the oscilloscope.
# Send a command to the oscilloscope.
# Check for a response from the oscilloscope.

® If the response is an error status, check the event code (Step 3)
and take the appropriate action {Step 4).

® Repeat Steps 5 through 8 as many times as needed.
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SERVICE REQUEST HANDLER-The service-request handler
routine should contain the necessary instructions to process the
possible event codes generated by the 2232, The instument
requests service by sending asynchronous status byltes when certain
errars ocour {if RQS is ON). Other status bytes return as theresult ofa
STAtus? query, or when OPC is on. The immediate mode service
request may cause the controller 0 halt unless the controller's
program is written to properly handle them. A user may also want the
controller routing 1o be able to recognize and handle the other events
requiring service. These evenis are identified in Tables 8-32 and
8-33 at the back of this section.

The following general steps are required to handle service requests
from the oscilloscope.

1. Walch for an asynchronous service-reguest status byte, This is
the same concept as checking for an SRQ with the GPIB con-
roller program.

2. Send an EVEM? query to obtain the event-code byte that
describes in more depth what caused the service request.

3. Iftheresponse to the EVEN? query is not zero, perform the action
reguired to handie the event.

4. Return to the main program.

Option 12 Status and Error Reporting

The status and error reporting system used by the Communication
Option sends status bytes that may be viewed as a service request
when monHored by the appropriate controller sofiware. As soon asa
change of status or an error oceurs, the 2232 returns a service request
status byte that ingicates the type of event that occurred (if RSQ is
on}. The status byte returmned and the event code returned as the reply
o an EVEM? query provide a limited amount of information about the
specific cause of the service-request status-byte. Command errors,
execution errors, and intemal errors generate a service-request
status byte immediately (if RQS is ON). To retrieve other system-
event and waming status bytes, OPC must be ON, and the
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oscilloscope must be queried by the STAlus? command. See Tables
8-32 and B-33 at the back of this section for status-byte and event
codes,

COMMUNICATION AND
WAVEFORM TRANSFER

This subsection contains information comrmon to both Option 10 and
Option 12. The commands available, the command protocol,
waveform transfer information, and the service request status bytes
are included in this subsection.

READOUT/MESSAGE COMMAND
CHARACTER SET

Character translations performed by the MESsage command and
query, when sending data to or receiving data from the CRT readout,
are indicated in Table 8-12. The standard ASCIi character codes are
given in Table 8-13.

NOTE

Values in Table 8-12 that have no CRT equivalent are
transiated into spaces when sent to the display.
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Table 8~12
Readout/MESage Command Character Set

BY @ ] @ 1] 1 1 1 1
BS ] @ 1 1 9 ) L 1
B5 @ 1 1) 1 ] 1 g 1
BITS UPPER LOWER
B4 B3 B2 B1] CONTROL | SYMBOLS CASE CASE
G ¢ 0@ T a9 0 @ P )
0 g:10 18220 32130  AB140  s4i50 0 80480 98|70 112
izi 17
g @ @ ! 1 A Q a
1 tle1 a7der  malsy golay eslsy  sikey  §7i7e 113
@ 9 1 97 Bw " 2 B R b ¥
2 2112 18§22 34102 50§42 O BBIE2  B2d62  OB|FZ 114
g2 11 & # 3 C 8 ¢ 8
3. al13 tof2a  35(33 s1l43 e7ls3  83les  goi7s 118
g 1 g d] A § 4 [+) T d 2
4 4414  20f24 36134 52844 B881R4  H4g64 100174 118
g 1 ¢ 1 - 1 Yo 5 £ Y 2 #®
& Bl4g" alor  aylap  safas  eolss  esfes 101175 117
g 1 1 01 = ¥ & 5 F v § ¥
6 @l 220za oslas salas  7oise  ssles 102ive 118
g1 1 1] 4 ’ 7 G W a w
I 117 payoy  30iay  SREAT 71|57 87467 03|77 119
1609 8 H X ] X
8 gli18. 24128 40i88 58243 72158 2 88E68 104178 120
(I ) 9 I Y i ¥
9 _glia osfee  4tlag  s7ld0  73iso  asoleg 105179 " 121
T4 18 * : J 4 i z
A 1018  2BE2A  4213A  Bgi4p  TAIBA  ODESA 1081YA 122
16 11 + ; K [ k
8 11318 27428 43138  Bof4B 75158 S1RSR JOTITB 123
11 @ ¢ , < L AN i #
&} 1211 28ioc  A413C B0RAC  7BIBC  92:6C 108170 124
11 g1 - = M m }
p _salth polen  4s|ap e1l4p  77iSD 931sD_108i7D 425
11 1 @ Hz . > M ~ n ~
E J411E 30326 4613 GeldE  FOISE  944BE 110 7E 120
11 1 1 A / ? 0 o

E 15) 4F  8if2r  4risF  e3B4F  7olsF T osiek  13d7F 127
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Table 8-13
ASCIHl Code Chart
B7 @ 1] @ ¢ 1 1 1 1
B6 @ @ 1 1 @ 1] 1 1
85 % 1 1) 1 3 1 @ 1
BITS NUMBERS UPPER LOWER
B4 B3 B2 B1f CONTHROL | SYMBOLS CASE CASE
a 70 FERN FVRETY ETRR RG] PG KT
9 ¢ ¢ ¢§ nut | pie | sp 0 @ P . P
olic  i6l2o  32ia0 ~ asfa0 - ealso  solsg  oelzo ' 11z
1 arL|2t L4l A8 ITEIor 112t A7kial irier 17
# ¢ @ 1] son | pei ! 1 A G a g
1 {11 s7fet  sslay  dedar aslst sidsy  e7i7Ti s
2 72 47 2|67 TTRITOE 2|12z 18314z 21162 18
¢ g 19 STX De2 » B 4] b 4
2 2liz. siee 34|30~ sofao eslsp  spder  oslye 114
3 23 43 3|63 193105 3[123 197143 3]163 19
@ @ 1 1} erx | pes
3

# 3 C 8 c s
3113 19323 35133 51143 87153 23163 29|73 115
4 sDC|24 DCLY4s 4184 200104 4p124 20{144 41184 20
@ 1 ¢ @] eor | ca $ 4 D T d t
4 a1 20024 36134 s2)as  esisa  salsa 1oolze 1is
5 PPCI25 PPUI4E 5185  21]106 51125 21145 5165 21
g 1 ¢ 1 ENG | NAK Y 5 E u e u
5 515, . 21kes  avias  salas —eaiss — asfes o1l7s 47

& 26 48 G186 22§106 6126 22]148 B|166 22
1 1 ¢ ack i syn & 8 F Vv t v
8 6116 _zziee 38las " 54i4e  7oiss  geles 102178 118
7 z7 47 767 Zali0r 71127 23}147 7]167 23
@1 11 BEL ETB ' 7 G W g w
7 7397 23127 3olar  sslar C yiisy s7ier T108}77. 119
10 GET]30 SPEJ&G 8|70 241110 81130 24{150 B]170 24

1 ¢ ¢ §f Bs | cad ( 8 H X h X
a Bi18  paged 40133 56848  72les 88168 104178 170
11 TCT {31 SPOESY gf7t  25§111 8131 25j515% gii{v1 25
1¢ @ 1] wr Ed ) 8 I Y i ¥y
9 Q119  26i2c 41139 57843  731BQ0  HORBg  105{79 T2y

2 32 52 10172 26{112 10]132 261152 101178 26
1 ¢ 1 0@ LF 8UB * . J Z i z
A__1011a  aeion  aclan © ssiap - 7aisa - oolea T1oslza Tigo]
13 a3 55 1173 274113 11138 274168 111173 27
18 1 1§ v ESC + ; K [ k {
B i oriom  aslas o solap 78ise t wijes jo7lre ‘123
12 34 54 12]74 28)114 121134 2BJ154 12174 28
11 6 @ FF [ , < L \ I |*
G . dgiic peioc ’aalac  spjdc - 7Rise  eedec joal7o 124
15 ) 56 13175 28]116 131135 256|165 13]175 29
11 ¢ 1t CR as - = M i m }
0. 13130 2ol20  asian  stjapy  77isp aslen 1os|7p fizs
16 36 56 14176 S0J116 141136 30156 14] 1786 30
11 1 ¢} so RS . > N ~ n ~
E._J4i1E  dojoe " asizs  selac valse  galee 110l7e 42
17 37 57 1§77 UNL[T17 15137 UNT187 {177
1 1 1 1 sl us ! ? [»] o LROUT)
£ st 3F sileF * a7igr  safar — volse —osler T11d7e g
ADDRESSED UNIVERSAL LISTEN TaLK SECUNDARY ADDPESSES
COMMANDE COMMANDS ARRRERSES ADORIS5EE OF COMMARDS
(PPE}  (PPD}
¢ * on some keyboards
octal o5 ppul GPIB code of systems
KEY NAK | ASCIH character
hex {15 24 decimal
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MESSAGES AND COMMUNICATION
PROTOCOL

The commands available to the user via either the Option 10 GPIB or
the Option 12 RS-232-C communicaticns option can set scme of the
instrument’s digital storage operating modes, query the results of
measurements made, or query the state of the oscilioscope. The
commands are specified in mnemonics that are related to the func-
tions implemented. For example, the command INH initializes instru-
ment settings to states that would exist if the instrument’s power was
cycled. To further facilitate programming, command mnemaonics are
similar to front-panel control names.

All measurement results returned by the options have the same
accuracy as the main instrument.

Commands

Commands for this instrument, like those for other Tektronix instru-
menis, follow the conventions established in a Tekironix Codes and
Forrmats Standard. The command words were chosen io be asunder-
standable as possible, while still allowing a user familiar with the
commands to reduce the number of key strokes needed and still have
the command unarnbiguous. Syniax is also standardized to make the
commands easier 1o leam.

In tha Command tables found at the end of this seclion, headers and
arguments are listed in a combination of upper-case and iower-case
characters. The instrument accepts abbrevialed headers and argu-
menis that contain at least the upper-case characters shown in the
tables (whether sent in upper case or lower casej. The lower-case
characters may be added 10 the abbreviated (upper case) version,
but they can only be those shown in lower case. For a gquery, the
questionmark must immediately follow the header. For example, any
of the following formats are acceptable to the oscilioscope:

VMO? or vimo?

VMOA? or vimod?
VMOde? or vimode?
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HEADERS A command consists of at least a header. Each com-
mand has a unique header, which may be all that is needed to invoke
a command; for example:

NIt
OPC

ARGUMENTS — Some commands require the addition of arguments
to their headers to describe exactly what isto be done. Ifthere is more
to the command than just the header (including the question mark if it
is a query), then the header must be followed by at least one space.

in some cases, the argument is a single word; for example:

REFTo REF4
PLOt STAr

Inother cases, the argument itself requires another argument. When a
second argument, or link argument, is required, a colon must
separate the two arguments. Two examples of this are:

ACQuisition REPetitive:SAMple
and
WkMpre XiNcr:1.0E-3

Where a header has multiple arguments, the arguments (or argument
pairs, if the argument has its own argument) must be separated by
commas. Two examples of this syntax are:

DATa ENCdg:BINary, CHAnnel:CH2
and
VMCde? GH1,CH2,ADD
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NOTE

With Option 12, multiple commands (especially queries)
should not be used in a single programmed message
line. Commands {and arguments to cominands) are
interpreted and acted on by the oscilloscope as soon as
a separator Is recognized; the oscilfoscope does not
walt for the message terminator (CR or CR-LF) to signal
the end of the command line. If one of the commands in
acommand line requires aresponse for any reason (i.e.,
command error, illegal command, or unable to do the
command), the oscilloscope’s service-request status-
byte response will be asynchronously sent. If the service
request is not handled correctly, the controlier may not
be able to continue with its program.

COMMAND SEPARATOR—Muitiple commands may be put into
cne command line by separating the individual commands with a
sernicolon; for example: :

DATa ENCdg:BiNary, CHAnnel:CH2, WFMpre XiNcr;1.0E-3

Multiple commands in a message are not recommended with
RS-232-C controlier routines for Option 12. See the previous NOTE.
However, the command separator is valid, and multiple commands
onthe same message linemay be used. A waveformpreamble is one
example of using mulliple commands in a single message. With
Option 10, GPIB controller programs often use multiple commands in
a singie line.

GPIB MESSAGE TERMINATOR-As previously explained, GPIB
messages may be terminated with either EOI or LF. Some controliers
assert E0I concurrently with the last data byte; others use only the LF
character as a terminator. The GPIB interface can be set to accept
either terminator. With EOI selected, the instrument interprets a data
byte received with EOl asserted as the end of the input message; It
also asserts £O! concurrently with the last byte of an output message.
With the LF setting, the instrument interprets the LF character without
EQI asserted (or any data byte received with EQl asserted) as the end
of an input message; it transmils a Cariage Return character
followed by Line Feed (LF with EQlasserted) to terminate messages.
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RS-232-C MESSAGE TERMINATOR — R8-232-C messages from
the oscllloscope may be terminated with either carrlage return (CR) or
the CH and line~feed (LF) characters. The R§-232-C QOption can be
set to send and receive elther terminator as the last byte of a
message. The instrument does not wait for the end-of-line terminator
when it handles incoming messages. It recognizes a semicolon as
the end of command terminator and Immediately begins its response
to the preceding command string. Because of the way the instrument
handles commands, messages should be limited to one command
per line. Incoming and outgoing messages are not stacked. If more
than one command per line is sent, responses 1o the first commands
in aline may be lost when the output buffer is reinitialized to output the
response to the last command in a line. Even single command mes-
sages should not be terminated twice. The response to the command
may be lost when the instrurment sees the second terminator.

COMMAND FORMATTING —Commands sent o the oscilloscope
must have the proper format (syntax) o be understood; however, this
format is flexible in that many variations are acceptable. The fol-
lowing paragraphs describe this format and the acceptabie
varlations.

The oscilloscope expects all commands to be encoded as either
upper-case or lower-case ASCIl characters. All data output is in
upper case,

Spaces can be used as formatting characters to enhance the
readability of command sequences. As a general rule, spaces canbe
placed either after commas and semicolons or after the space that
follows a header.

NUMERIC ARGUMENTS —Table 8-14 shows the number formats
forthe <NR1>, <NR2>, and <NR3> arguments used in a com-
mand. Both signed and unsigned numbers are accepted, but
unsigned numbers are taken as positive.

2232 Operators 8-41



www.valuetronics.com

Options and Accessories

Table 8-14
Numeric Argument Format for Commands

Numerlc Number
Argument Format Exampies
<NR1> integers +1,2, -1, -10
<NRZ2> Explicit decimal point -3.2, +56.1,1.2
<NR3 > Floating point in scientific +1.E-2,1.0E+ 2,
notation 1.E~2, 0.02E+ 3
WAVEFORM TRANSFERS

The instrument can transmit and receive waveforms. It can transfer
these waveforms in binary, hexadecimal, or ASCIl encoding. When
sending waveforms to the instrument, the target must be one of the
numbered reference memories. Waveforms iransferred from the
oscilloscope to the controller may be from either the current acqui-
sition or one of the numbered reference memories. The data source
{the memory location from which the wavefonm data comes ) and the
data target {the memory location where data sent 1o the oscilloscope
ends up) are selected independently.

Waveform Preamble

The waveform preamble contains the attributes for the associated
waveform data. These attributes include the number of points per
waveform, scale factors, verlical offsets, horizontal increment,
scaling units, and data encoding. The preamble information is sent
as an ASCll-encoded string in all cases. The exact attribuies sent
depend on the waveform and the acqguisition mode.
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A typical response to the preamble query WrMpra? fora Y (lime-
implied) acquisition is:

WFM WFT: “ACQ, CH1,0.5V,DC,0.2mS,SAMPLE,
CRV# 1", NR.P:4096,PT.0:122 PT.FY,
XMU:0.0EQ0,XOF:0,XUN:S XIN:2.0E-6,
YMU:20.0E-3,YOF -20,YUN:V, ENC:HEX, BN.F:RP,
BYT:1,BIT:8,CRV:CHK;

A typical response 1o the preamble query for an X-Y acqguisition is:

WFM WET: “ACQ,XY,0.2V,DC,50.0mV,DC,
1.0u8, SAMPLE, CRV# 4",
NR.P:2048,PT.0:216,PT.F:XY,XMU:8.0E -3,
XOF:0,XUN:S,XIN:20.0E-8,YMU:2.0E-3,YOF:0,
YUN:V,ENC:BIN,BN.F:RP,BYT:1,BIT:8,CRV:CHK;

These replies are single line messages that end with the selected
message terminator (CR or CR-LF). With the GPIB interface, EOQI
{end-or-identify} is aiso sent if that terrminator mode is selected.

Transferring Waveforms

The oscilloscope can respond with the preamble only, the curve data
only, or the preamble and curve data together. The queries to obtain
these responses are, In order, WFMpre?, CURVe?, and WAVirm?

For the combined response to WAVIrm?, the preambile is separated
from the curve data by a semicolon ().

The preamble information is always formatted as ASCH characters.
Wavetorm (CURVE) data internal to the oscilloscope is stored as
8-bit, unsigned integers. Before that data is sent via the Communi-
cations option, it is changed into one of three formats: binary, hexa-
decimal, or ASCII. The resolution of the formatted data points may be
either 8~bit or 16-bit. Waveform record length is 1024 data points for
the shortest or 4096 data points for the longest. The number of bytes
that are required to transfer data depends on several variables. See
the NR.Pis description in the Waveform Preamble Fields command
table for more information. The targest number of curve data bytes
ever needed to send a waveform is 8192 bytes (for a 4K record that
has two byltes per data point).
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Binary Encoding

BiNary data is transferred as unsigned binary integers. Each data
point in the record is either 8 bits or, when averaged, 16 bits. BiNary
encoding format has the following waveform curve data forrn:

CURVE <space> % <Binary Count MSB> <Binary Count
LSB> < Binary Data> <Checksum> < Terminator>

Where:
CURVE is a literal string indicating that curve data
follows.
% is used as a header character to show the

start of a binary block.

<Binary Count MSB>  is the most-significant byte of the two-
byte Binary Count. Binary Cournt is the
length of the waveform, In byles, plus the
one-byte checksum.

< Binary Count LSB> is the least-significant byte of the Binary
Count.

< Binary Data> is made up of 256, 512, 1024, 2048, or
4098 data points. Each data point is either
a 1-byte (8 bits) or 2-byte (16 bits) repre-
sentation of each digitized value.

< Checksum > is the two’'s-complement of the modulo
256 sum of the preceding daia bytes and
the binary count. The Checksum is used
by the coniroller program to verity that all
data values have bean recelved correctly.

Table 8-15 iliustrates the data transferred for a 4096-point, 8-bit,
binary-encoded waveform. The waveform data-point values vary
with the signal amplitude.
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Table 8-15
Typical 8-Bii Binary-Encoded Waveform Data
GPIB EOI
Byte Contents Decimal (1 = Asserted)
1 C 67 0
2 u B5 0
3 R 82 0
4 v 86 0
5 E £9 0
6 <SP > 32 0]
7 % 37 0
8 <Bin Count MSB > 162 0
9 <Bin Count LSB > 01 0
10 1st Pt d, 0
1A 2nd Pt by 0
. 0
0
. . . 0
4105 4006th Pt d4008 0
4108 < Checksum> chk 1 When
TERM =EQI
4107° <Ch> 13 0
4108 ¢ <lF> 10 1
2(1001,, or 4097,,)
bAl RS-232-C or GPIB with TERM = LE/EOL.
®Rs$-232-C with TERM = CR-LF.
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Table 8-16 illustrates the data fransferred for a 4096-point, 16-bit
(averaged), binary—encoded waveform.

Table 8-16
Typical 16-Bit Binary-Encoded Waveform Data

GPIB EOI

Byte Contenis Decimal {1=Asseried)
i C 57 0
2 U 85 0
3 R 82 0
4 v 86 0
5 E 60 0
6 <SP > 32 0
7 % 37 0
8 <Bin Count MSB > 328 0
9 <Bin Count LSB> 01° 0
i0 1st PL MSB dyn 0
11 1st Pt LSB dqL 0
12 2nd Pt MSB dop 0
13 2nd Pt LSB dol 0
. s}
0
) . ) 0
8200 4006th Pt MSB d 4006H 0
8201 4096th Pt 1.SB d 40061 0

8202 < Checksum > chi 1 When

TERM = EOI
8203 " <CR> 13 0
8204 ¢ <LF> 10 1

(2001, or 8193,
bAl RS-232-C or GPIB with TERM = LF/EOL

®RS-232-C with TERM = CR-LF.
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Hexadecimal Encoding

With HEXadecimal waveform data encoding, characters repre-
senting an 8-bit or 16-bit data point are sent in a fixed ASCIl hexa-
decimai format. There are no delimiters (commas) between data
points. Data format is very similar to BiNary format, with the following
exceptions:

1. The curve header is CURVE #H instead of CURVE % .

2. Each data point is two ASCIi hexadecimal characters for 8-bit
transfers and four ASCH hexadecimal characters for 16-bit
transfers.

3. The byte count is sent as four successive ASCIH hexadecimal
characters, but the value of the byte count is identical to a com-
parable BiNary transfer,

4, The checksum is sent as two successive ASClH hexadecimal
characters.

Tables 8-17 and 8-18 illusirate 8-bit and 16-bit HEXadecimal-
encoded waveform data transfers.

ASCII Encoding

With ASCIl waveform data encoding, ASGil characters representing
the decimal value of each waveform data point are sent in variable
length format, separated by commas. in ASCI format, the curve data
transfer is represented as:

CURVE < space > data,data,data,..... data < terminator >

Table 8-186 iliustrates an 8-bit ASCll-encoded waveform transfer.
Transmission length depends on specific waveform data values,
record length, acquisition mode and smoothing, and whether the
acquisition is one or two channels.
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Table 8-17
Typical 8-Bit Hexadecimal-Encoded Waveform Data

GPIB EOf
Byte Contents Decimal (1 = Asserted)
1 C 87 0
2 u 85 0
3 R 82 o]
4 v 86 0
5 E 69 0
6 <5P> 32 0
7 # 35 0
8 H 72 0
g < Bin Count MS 4 bits > 49 0
10 48 ¢}
11 . 43 0
12 <Bin Count LS 4 bits> 49 0
13 18t Pt MS 4 bils din 0
14 181 PLLS 4 bils dqL 0
15 2nd Pt MS 4 bits doy 4]
16 2nd Pt LS 4 bits dy 0
) 0
0
. . } 0
203 4096th Pt MS 4 bits d 40061 0
204 4006th Pt LS 4 bils danasL. 0
205 < Checksum MS 4 bits> chky 0
208 < Checksum LS 4 bits > chik 1 When
TERBM =EQI
207 @ <CR> 13 (if term 0
= LF/EQ])
208" <LF> 10 {if term 1
=CR-LF)
A/ AS-232-C or GPIB with TERM = LF/EOL
brg.232-C with TERM = CR-LF.
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Table 8-18
Typical 16-Bit Hexadecimal-Encoded Waveform Data
GPIB EOI
Byte Contents Decimal | (1 =Asserted)
1 C 67 0
2 U 85 0
3 R 82 0
4 v 86 0
5 E 69 0
6 <SP> 32 0
7 # 35 0
8 H 72 0
g < Bin Count MS 4 bits> 50 G
10 . 48 )
11 . 48 c
12 < Bin Count LS 4 bits> 49 0
13 15t Pt MS 4 bits d¢y 0
14 . . 0
15 . . 0
16 1st P LS 4 bits dqL 0
17 2nd Pt MS 4 bits day 0
18 . . 0
19 . . 0
20 2nd Pt LS 4 bits dop 0
. . . 0
0
. . . 0
6393 4096th Pt MS 4 bits d4096H 0
6394 . . 0
6395 . . 0
6396 4006th Pt LS 4 bits daogsi 0
6397 < Checksum MS 4 bits > chky 0
6398 < Checksum LS 4 bits> chk 1 When
TERM =EQ!
63992 <CR> 13 (if term 0
=|.F/EOI)
64000 <LF> 10 (if term 1
=LF/EQ)
aAll RS-232-C or GPIB with TERM = LF/EOL.
PRS-232-C with TERM = CR-LF.
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Table 8-19
Typical ASCil-Encoded Wavetorm Data

GPIBEOI

Byte Contenis Decimal {1=Asserted)
1 ¢ 67 0
2 U 85 0
3 R 82 0
.......... 4 V 86 0
5 E 69 0
6 <SP> 32 0
7 Pr0o, & d1oo, 0
8 ptio, @ dio, 0
9 P2 d', 0
10 44b 0
0
0
. . . 0
XXX P110%,0662 d1%0,00g 0
XXX P1'%00s d'%00e 0
XXX Ptlypes B ' d'4008 0
Xxx© <CR> 13 o}
XXX d <lF> 10 1

g ach value sent may consist of from 1 to 3 characters normally,
1 to 5 for averaged data. The notation Pt'® means “the hundreds
digit”, and Pt'° means “the tens digit”, which may or may not be
sent, depending on the magnitude of the value.

PThe decimal value 44 equates to the comma sent between each
successive value.

CAll RS-232-C or GPIB with TERM = LE/EOL.
drg.232-C with TERM = CR-LF.
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COMMUNICATION COMMANDS

Tables 8-20 through 8-31 describe all commands available for the
2232 Digital Storage Oscilloscope equipped with either Communi-
cations option. The Commands column lists the complete command
with header and argument(s). Multiple link arguments are enclosedin
angle brackets {<link1, link2, or link3 > ). Numeric value arguments
are aiso enclosed in angle brackeis (<NR1>). Default arguments
are enclosed in square brackets ([default]). Defauit arguments may
be omitted from the command if that is the mode you want.

The capital letters shown are the fewest number of characters that
identify the command as unique. They are also the letters returned by
the oscilloscope with LONG OFF. Those letters shown in lower case
are optional in the command. With LONG ON, all the leflers of query
return will be returned. All responses to queries are retumed in upper
case. The second column of the command tables gives a complete
description of the command operation.

with GPIB, one or more arguments, separated by commas, may be
given in a query to request only the information wanted rather than
sending separate commands for each query. An exampie of this type
of command is as showr:

CH1? VOLts,COUpling;

With RS§-232-C, program your controlier routines to send only one
command at a time with single arguments of the form:

neader argument:link argument;

This allows the controiler o handle any asynchronous service
request that may be generated by a command before attempting a
second command.

Instrument commands are presented in tables divided into the fol-
lowing functional groups:
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Tabie Command Group
8-20 Verical Commands
8-21 Horizontal Commands
8-22 " Trigger Cormmands
5-23 Cursors Commands
8-24 Display Commands
8-25 Acquisition Commands
____________ _ o . 8-26 Save and Recall References Commands
8-27 Wavefcrms Commands
8-28 Waveform Preamble Fields
8-29 Misceilaneous Commands
8-30 Service Request Group Commands
8-31 R5-232-C 8pecific Commands
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Table 8~-20

Vertical Commands

Commands Description
CH17? Query only. Returns the present CH1
settings: CH1 VOL: <NR3 >, COU:
<AC, DC, or GND >, <NR3> is the
VOLTS/DIV setting.
CH1? VOLis Query only. Returns the CH1 VOLTS/

DiV setting (Including the probe attenu-
ation factor}, The value returned is a
<NR3> number, For example, if the
VOLTS/DIV setting is 50 mv, the value
returned is CH 1 VOL:5.0E-2. An
execution warning is generated if the
VOLTS/DIV CAL knob is not In the
detent (calibrated} position.

CH1? COUpiing

Query only. Returns the present CH1 in-
put coupling: COU: <AC, GND, or DC >,

CH27? Queries for CH2 the same as for CH1.

CH27 VOLis

CH2? COUpling

CH2? INVert Query only. Beturns CH2 INV: <ON or
OFF >.

VMOde? Query only. Returns the vertical mode
setting: VMO: <CH1, CH2, ADD,
CHOp, ALT, or XY >,

BWL? Query only. Returns BWL: <ON or OFF >,

PROBe? Query oniy. Returns the probe attenu-

CH1 or CH2> ation coding of the queries channetl:

CH<1or2> PROBs:<NRi>. <NR1>
may be 1000, 100, 10, 1, -1, or ~2. The
-1 value is for identify, and the -2 value
is for unknown probe coding,
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Table 8-21

Horizontal Commands

Commands

Description

DELAY?

Query Only. Retumns the present horizon-
1al delay settings as:
DELA VAL <NR3>, UNL <8 or DIV>.

DELAY? VALUe

Query Only. Returns an <MNR3 > value
the represents the present delay value
in the units returned by the UNHs query
as DELA VAL <NR3>.

DELAY? UNHs

Query Only. Returns a string of either §
or DIV that corresponds to the DELAY?
VALue units as DELA UNI<SEC or

DIV =, The units are DIV when the SEC/
DIV knob is set to EXT CLK.

HORizontal?

Query Only. Retumns all present hori-
zontal seltings as appropriate for the
fype of instrurment.

HORizontal? ASECdiv

Query Oniy. Returns an <NR3> value
that represents the present A SEC/DIV
setting in the form: HOR ASE: <NR3>.
The value returned is zero when the
SEC/DIV knob is set 1o EXT CLK.

HORizonal? BSECdiv

CQuery Only. Returns an <NR3> value
that represents the present B SEC/DIV
setting in the form: HOR BSE: <NR3>.

HORIizontal? EXTclk

Query Only. Returns the state of the
axternal clock HOR EXT: <FAST,
SLOW, or OFF >

HORizontal? HMAgQ

Cuery Only. Returns the state of the
X10 magnifier as: HOR HMA: <ON or
OFF >,

HORizontal? MODe

Query Only. Returns the present hori-
zortal mode setling as:
HOR MOD: < ASW, AlN, or BEW>.

8-64

REV JUN 1989 2232 Operators



Options and Accessories

Table 8-22

Trigger Commands

Commands

Description

ATRigger?

Query Only. Returns the present A trig-
ger mode, and the value of the A Trig-
ger level,

ATRigger? MODe

Query Only. Returns the present A
TRIGGER mode in the form: TR MOD:
<NOR, PPA, or SGL>:. PPA is re-
tumed for both Peak-to-Peak Auto and
TV Field trigger modes. The reply in the
same with or without optional [MODe]
argument.

ATRigger? LEVel

Query only. Returns the setting value of
the A trigger level. ATR LEV: <NR3>
in volts,

SGLswp ARM

Rearms a completed single sweep. An
execution error is generated if the
Instrument is not in SGL SWP mode,
and an execulion warmning is generated
if the single sweep is already armed.
With OPC ON, a service request status
byte for operation complete is gen-
erated when the single sweep occurs.,

SGLswp?

Query Only. Retumns the state of the
SGL SWP trigger mode as: SGL
<ARM or DON > when SGL swp trig-
germode is on. If SGL SWP trigger
mode is not on, a reply of “SGL;" is
made, and an execution waming is
generated.

TRlggered?

Query Only. Retumns the present state
of the TRIG'D indicator as;
TRl <ON or OFF > .

2232 Operators

www.valuetronics.com

REV JUN 1988 8-55




www.valuetronics.com

Options and Accessories

Table 8-23

Cursor Comumnands

Commands Description

CURSor CHANNel: Selects the named channel as the

<CH1-CHZ> channel from which the cursor voltage
difference is returned by the DELTAV?
query. No warning is generated if the
cursors are directed to an undisplayed
channel.

CURSor POSition: Selects the horizomntal data point

<NR1> position of the active cursor. If the
acquisition is a 1-Kbyie record and the
position requested is past 1023 data
points, the value is limited to position
1023, and no warning is sent. if the
acquisition is a 4-Kbyte record and the
position requested is past 4095 data
points, a command error service
request is generated, and the command
is ignored.

ClURSor SElect; Selects the named cursor 1o be

<CURS1-CURSZ > positioned by the CURS POS command.

CURSor TARget: Attaches the displayed cursors to

ACQuisiion acquisition waveform.

CURSor TARget: Attaches the dispiayed cursors to the

< REF1-REF3 >

named reference waveform. If the
named reference is not displayed, the
command is ignored. No warning is
issued for directing the cursors to an
undisplayed reference.

CURSor TAHget:REF4

Attaches ths displayed cursors {0 BEF4.
No warning is issued for directing the
cursors to REF4 if it is not displayed,
but an execution error service request is
generated if REF4 is empty.

8-56
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Table 8-23

Cursor Commands (cont)

Commands

Description

CURSOr?

Query Only. Returns all the present cur-
sor argument states in the form: CURS
SEL:CH1, TAR:ACQ, CHA:CH1,
POS:1047;. Each of the CURSor argu-
ments may be separately queried as in:
CURSOR? TAR to obtain the present
status of that argument only.

DELTAV?

Query Only. Returns an <NR3> value
that represents the present voltage dif-
ference between the selected TARget
and CHAnnel cursors and the measure-~
ment units as either V or PERcent. The
form of the return is: DELTAV
VAL:G.500e0, UNEVOL;. PERcent is re-
furned for the units when the VOLT/DIV
variable knob is out of the CAL detent
position.

DELTAV? VALue

Query Only. Retuns the cursor voltage
difference only in the form: DELTAV
VAL: <NR3>;. The return defaults to a
displayed CHAmnel even if directed
elsewhere 10 an undispiayed CHAnnel,

DELTAV? UNits

Query Only. Returns the voltage meas-
urement units only in the form: DELTAV
UNE <VOL or PER> ;. See the preced-
ing DELTAV? query description,

DELTAT?

Guery Only. Retums an <NR3> value
that represents the present time differ-
ence between the two cursors with the
measurement units in the from: DELTAT
VAL: 1.180E-3, UNI:SEC;. The
measurement units are returmned in
DiVisions if the SEC/DIV setting is EXT
CLK.
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Table 8-23
Cursor Commands {cont)

Commands Description

DELTAT? VALue Query Only. Returns the cursor time dif-

ference only in the from: DELTAT

VAL: <NR3 > ;. Time difference is re-

turned even when the readout 18 in fre-
guency units for 1/At measwrements,

DELTAT? UNits Query Only. Returns the time measure-
ment units only in the form: DELTAT
UNI: < SEC or DIV>;. See the preced-
ing DELTAT? guery description.
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Table 8-24
Display Commands

Commands Description
MESsage <NR1>: Writes the "message” text on the
‘message” named row. Values of <NR1> row

numbers are from 16 (the top row) to 1
(the bottom row). The normal readout
disptays are turned off by the MESsage
<16-1> command. Changing a front-
panel control that requires a readout
overrides the “message” and returns
the normal readout display. The MES
[0] command tumns off the message
display and returns the display to the
state it was in when the original
message was sent.

The message must be enclosed in
quote marks. The displayed message
lines start at the left edge of the
graticule area. If longer than about 40
characters, the message runs off the
right edge of the CRT. if the message is
too long, it is truncated, and a service
request is issued (if RQS is ON}.

Displaying many message lines can
cause display flicker and may exceed
the display memory area.

PLOt ABOM Stops a plot in progress and retums o
the previous mode. PLOt ABOrt is the
only command or guery that the oscillo-
scope responds to during a plot. PLOt
ABOrt turns off the AUTo argument.

PLOt AUTO: Turns the AUTO plot mode ON or OFF. If
<ON or OFF > AUTo is ON, each waveform is plotted
after it is acquired. The graticule will be
pioctted once in AUTo, if GRAt is ON,
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Table 8-24
Display Commands {cont)

Commands Description
PLOt FORmat: Sets the output data format for the
< [XY], HPGI, EPS7, named plotier. If one of the named plot-
EPSS, or TdEl> ters is not selected, the data is plotted

in the default XY format. HPG! formats
for HP-GP compatible plotiers. EPS7
and EPS8 format for 7-bit (low-speed,
double-density) and 8-bit (high-speed,
double-density) EPSON® format
printers respectively. TJEt formats for
the Hewlett-Packard ThinkJet® printer.

With Option 10, a GPIB controller may
direct the plotting operation by
addrassing the plotter to listen and then
addressing the oscilloscope 1o talk and
giving the PLOt 8TArt command.

PLOL GRAL Turns the plotted graticule either ON or
<ON or OFF > OFF.

PLOt SPEed: <MNR1> | The <NR1> number must be an
integer from 1 10 10 and changes the
anaiog plotier pen speed. The units are
roughly in divisions per second.

PLOL STAr Staris a plot using the parameters
selected by PLOt FORmat, PLOt GRAL,
and PLOt SPEed. While a plotis in
progress, all commands and queries
(except PLOt ABOM) are ignored.
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Table 8-25

Acquisition Commands

Commands Description
ACQuisitionn CURRent: | Selects the named mode for the
<ACCpeak CURRent acquisition type and SEC/DIV
AVErage, setting. f a mode argument is not
[DEFauit], specified, the command selects the
PEAkdet, or defaull mode for the present acguisition
SAMple > type and SEC/DIV setting. A service
request is generated if the mode asked
for is not valid with the present acqui-
sition type or SEC/DIV setting.
ACQuisition Selects the narmed mode for the SEC/DIV
REPetitive: setlings from 0.05 us/div to 0.2 us/div
< [AVErage] {ALT, CHOP) or 0.05 us/div (CH 1, CH 2,
ACCpeak, or ADD).. AVErage is the default mode and
SAMple> will be selected if the mode argument is
omitted.
ACQuisition HSRec:; Selects the named maode for the SEC/
< [SAMple] DIV settings for 1 ps/div and 2 us/div
ACCpeak {and for 0.5 ps/div in two-channel
AVErage > acquisition).

SAMple is the default mode and will be
selected if the mode argument is
omitted.

ACQuisition LSRec:
< [PEAkdet]
ACCpeak,
AVErage, or
SAMple >

Selects the named mode for the
SEC/DIV settings from 5 us/div to
50 ms/div.

PEAkdet Is the default mode and will be
selected if the mode argument is
omitted.

ACQuisition ROLI;
< [PEAKkdet] or
SAMple>

Selects the PEAkdet or SAMple mode
for ROLI acquisitions from 0.1 sec/div to
5 sec/div. ROL!I mode acquisitions are
untriggered.
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Table 8-25

Acquisition Commands {cont)

Commands

Description

ACQuisition SCAN:
< [PEAkdet]
SAMPLE >
ACCpeak

AVErage >

Selects the named mode for the SEC/DIV
settings for 0.1 sec/div to 5 sec/div.

ACQuisition
NUMsweeps: <NR3 >

Sets the number of sweeps done befare
halting; 0 implies continuous mode
(don't halt).

ACQuisition RESet

Command only. Sets sampling at all
SEC/DIV settings to its default mode.
Default modes are enclosed in brackets
{1} in the commands.

ACQuisition SMOoth:
< ON or OFF >

Applies smoothing to the acquired
waveform data when ON.

ACQuisition
TRIGCount: <NR1 >

Sets the number of daia poins acquired
before the trigger point in the waveform
record. The range of the <NR1> num-
ber depends on the record iength and
the selection of pre— or post-trigger. In
prefrigger, the <NR1> rangeis 4 to
512 for 1 k records and 16 {0 2048 for

4 Kk records. In post-trigger, the range is
from 512 10 1020 for 1 K records and
2048 to 4080 for 4 K records. The reso-
fution of <NR1> is +4 counts.

ACQuisition VECtors:
<ON, OFF, or
[AUTO] >

Turns Vectors mode 1o ON, OFF, or
AUTO. AUTO selects the most appropri-
ate setting for each acquisition mode.
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Table 8-25

Acquisition Commancls {cont)

Commands

Description

ACQuisition WEIght:
<NR1>

Sets the number of acquisitions weighted
into an AVEraged waveform record. The
valid values for <NR1> are: 1, 2, 4, 8,
16, 32, 64, 128, and 256. A service re-
quest is generated and the command is
ignored if the argument is not ane of
these numbers, If the argument for WEIght
is omitted, <NR1> reverts to 4.

ACQuisition?

Returns the settings of the acquisition
modes in the following short form with
LONG set to OFF.

ACQ REP:AVE HSR:SAM,LSR:PEA,
SCAPEA ROL:PEA,SMO:ON,WEL4,
SWP:1037 NUM:0,POL:40886,
TRIGM:POST,TRIGC:2000,SAV.QOFF,
DiS:SCAVEC:ON;

Each of the acquisition command argu-
ments {except RESetl} may be queries
separately to find out that argument’s
status.

ACQuisition? DISplay

Query Only. Returns a string of either
ROLI or SCAn for the present state of
the ROLL/SCAN button. The form of the
retumn is:

ACQ DIS: <ROL or SCA>;

ACQuisition? POlnts

Query Only. Returns an <NR1> value
that is the number of dala points in the
waveform record. The from of the refumn
is:

ACQ POlI:<NR1>;
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Tabie 8-25

Acquisition Commands {cont)

Commands

Description

ACQuisition SAVE

Returns a string of either ON or OFF for
the present state of the acquisition
systern (ON for SAVE and OFF for
CONTINUE).

ACQuisition? Query Only. Returns an <NR1> value
SwWPcount for the number of sweeps completed in
an acquisition. The form of the returm is:
ACQG SWP:<NR1>;
ACQuisition? Query Only. Returns a string of either
TRIGMode PRE o POST for the praesent ACQuisi-
tion Trigger setting in the following form:
ACG TRIGM: <PRE or POST>;
STORe Query Cnly. Retumns the present siate of
the STORE/NON-STORE button in the
forem:
STOR < ON or OFF>;
8-64
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Table 8-26
Save and Recall Reference Commands

Commands Description

REFFrom [ACGQY] Selects the acquisition as the source for
the waveform data to be saved into one
of the numbered reference memories by
the S8AVeref command. ACQ is the
default argument (indicated by the
square brackets,([]) and need not be
present in the command to select it as
the data source.

REFFrom REF < 1-4> | Selecis the named reference memory
as the data source for the next SAVeref
command. Acquisition (ACQ) wave-
forms must first be stored into one of
the numbered references (REF1-REF4)
before they may be saved Into one of
the lettered references (REFA-REFZ).

REFFrom REF <A-Z> | Selects the named extended memory
location (REFA-REFZ) as the source of
waveform data for the next SAVeref
command. The tofal exdra memory is
26 Kbytes, and stored waveform
records of 1 kto 8 k {averaged 4 k
acquisitions) may be stored.

The nonvolatiie references of the 2232
may not be displayed, plotted, or trans-
mitted direcily; they must first be moved
1o one of the numbered references
{REF1-REF4) using the REFFrom and
SAVeref commands,

REFDisp REF<1-3>: | Tumns the names reference display ON
<ON, OFF or or OFF. EMPTY erases the named reif-
EMPTY > erence display and turns it off. Ref-
erence memory focations 1, 2 and 3 are
1024~-point memories,
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Tahie 8-26

Save and Recall Reference Commands {cont)

Commands Description
REFDisp REF4: REF4 stores a 4 k (4096-pceint) refer-
< ON, OFF or ence waveform and occupies the
EMPTY > REF1-REF3 memaory locations.
REFDisp The EMPTY command erases named

REF < A-Z > EMPTY

reference if it is not protectad (see
REFProt command). The letiered ref-
erences may not be displayed direcily;
they must be moved to a numberad
save reference memory (REF1-REF4),

REFProt REF<A-Z>:

< LOCked,
PERM, or
UNLocked >

These commands controi the write pro-
tection of the 2232 nonvolatile reference
mamories (REFA-REFZ). 1L.OCked and
PERM disable further storage into the
named reference or erasure of the
waveform data. PERM protected
waveform data cannot be overwritten
using the front-panel controls. See
REFStat queries o obtain wiite protec-
fion and bytes free status.

REFOrmat CHANNnel:
<[CH1] or CH2>

Selects which channel of the saved ref-
erence to REFOrmat. i there is no SAVE
REF waveform for the named channel, a
service request status byte is gener-
ated. If an XY waveform is selected for
reformatting, either channe] may be
selected. CH1 is selected without the
CH?1 argument.

REFOrmat HMAG:ON

Increases the horizontal gain of the
REFORMAT TARget reference waveform
set (affects vertical channels) by a
factor of ten times.
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Table 8-26

Save and Recall Reference Commands (com)

Commands

Description

REFOrmat HMAg:OFF

Turns off the horizontal magnification of
the REFORMAT TARget reference
waveform set.

REFOrmat VGAIN:
< NR3 >

Changes the vertical gain of the ref-
ersnce target and channel designated
by REFOrmat TARget and REFOrmat
CHAnnel. This cormmand is not valid for
XY waveforms. The maximum <NR3>
value permitted is the equivalent of £3
detent positions of the VOLT/DIV switch
{in a 1-2-5 sequence). An execution
error status byte is generated either if
the asked-for selting is out of the maxi-
mum change range or ifitis not a
1-2-5 sequence setting.

REFOrmat TARget:
REF <1-4>

Selects the reference 1o REFOrmat.

REFOrmat VPOsition:
<NR3>

Adjusts the vertical position of the refor-
matting target waveform. The valid
range of <MNR3> is +10 divisions from
the originai display position (before any
reformatting) with a resolution of one
displayed bit.

REFDisp REF <1-4>

Controis the display of the named ref-
erence memory location as ON, OFF, or
EMPTY.

REFFrom?

Query returns the selected source of
waveform data for the SAVeref com-
mand. The reply may be from ACQ or
any REFerence from (REF1-REF4) and
{REFA-REFZ).
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Table 8-26

Save and Recall Reference Commands {cont)

Commands

Description

REFOrmat?

Query Only. Retums the status of the
REFOrmat command and query argu-
ments. A sample return is: REFO
TAR:REF4, CHA: CH2, VGA0.5E+Q,
VPO 4 3.86, HMA:OFF,
BAS:0.2E+0,MOD:CHI1; Each of the
command arguments may be individually
cpieried for their status with respect io the
REFCrmat TARget and CHAnnel refer-
ence waveform.

REFOmmat? BASegain

Query Only, Returns the vertical gain
setting at which the REFOrmat TARget
waveform as acquired as an <NR3>
number.

REFOrmat? MODe

Query Only. Retuns the vertical mode
in which the REFOrmat TARget
waveform was acquired (CH1, CH2,
ADD, CHOP, ALT, or XY).

REFStat? FiLl

Query Only. Returns a thirly-number
string that indicates the fili status of
each of the reference memories from
REF1 to REFz. The numbers are 0
{empty), 1, 2, 4, or 8 and indicate the
stared waveform record in Kbylss.

REFSial? FREe

Query Only. Returns the number of free
Kbytes in the nonvoiatile reference
memory as a <NR1> number from 0 to
28.

REFStat? PROTect

Query Only. Retumns a thirty-character
string that indicates the protected siatus
of each of the reference memories from
REF1 to REFZ. The characters retumed
are U, L, or P and correspond to un-
locked, locked, or permanent protection
status.
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Table 8-26
Save and Recall Reference Commands (cont)

Commands Description

SAVeref REF < 1-3> Command only. Saves the waveform
selected by the REFFrom command
into the named reference. REF1, REF2,
and REF3 are 1 k (1024-point) memory
locations. Any 1 kportionof 4 k
waveform acquisition {from ACQ or
REF4) may be saved as a 1 k reference
in REF1-REF3; the 1 k portion stored
into REF1-REF3 is determined by the
position of the active cursor. The saved
reference display Is also tumed on,

SAVeref REF4 Command only. REF4isa 4k
(4096-pointy memory location.

SAVeref REF<A-Z> | Command only. Saves the waveform
selected by the REFFrom command
into the named reference (REFA-REFZ).
Reference waveforms stored as 4 k
records cannot be moved as 1 k
records inte REF1-REF3; to be either
displayed or fransmitted 4 k records
must be moved into REF4.
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Table 8-27
Waveform Commands

Commands Description

CURVe Use as a command 1o send waveform
data 1o the oscilloscope. The DATa
TARget command points 1o the reference
memory where the data is sent. The
DATa CHAnnel command points o the
channel where the data is sent. The
DATa ENCdg command tells the oscillo-
scope the format of the data (HEX,
BiNary, or ASCii).

Use as a query to get waveform data
from the oscilloscope. The DATa S0Urce
and DATa CHAnnel commands select
the source of the waveform data.

The data sent or received is in the form:

CURVE <data>; where the <data> is
encoded for HEX, BiNary, or ASCIi in the
following form:

% < byte count> <binary data>
< checksum> for BIN,

#H<byte count> <hex data>
< checksum> for HEX, or < ascli
data> for ASCii encoding.

With ASCIi format, each data value is
separaied by a comma.

DATa CHAnnel: Selects the channel of a waveform set
<[CH1] or CH2> from which CURve?, WAVrm?, or
WFMpre? query will relum data and the
target channel for waveform data going
Into oscilloscope,

If there is no waveform in the named
channel, a service request is sent when
the data is requested.

At power-up, the selected channel is
CH1. GH1 must be selected for an XY
acquisition.
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Table 8-27

Waveform Commands (cont)

Commands

Description

DATa ENCdg:
< ASCIi, [BINary], or
HEX>

Sets the curve data encoding and
decoding format. The power-on default
is BiNary. Data points are represented
as unsigned integers in all formats.

DATa SOUrce:
< REF1, REF2, or
REF3 >

Selects the named reference memory 0
provide the waveform data for a WAV?,
WFM?, or CURV? query.

DATa SOUrce:
< {ACQ] or REF4 >

Selects either the present acquisition or
the REF4 reference memory to provide
the waveform data for a WAV?, WFM?,
or CURV? query. The power-on default
is ACQ, and it will be selected if the
argument is omitted. A saved 4 k record
is moved from the instrument by speci-
fying REF4 as the data source.

DATa TARget:
<REF1, REF2, or
REF3 >

Selects the named reference memory 10
receive dala sent with a CURve or
WFMpre command. At power-on, REF1
is selected.

DATa TARget: REF4

Selects REF4 as the reference memory
to receive data sent with a CURve or
WFMpre command. The REF4 must be
selected as the data target 1o transfer in
a 4 k waveform.

DATa?

Query Only. Returns the selection of data
source, target, channe! and encoding.
The short form of the retum is:

DAT SOU:ACQ,TAR:REF1,CHA.CH1,
ENC:BIN;

Each DATa argument may be individually
queried to obtain that selection only.
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Table 8-27
Waveform Commands {cont)

Commands Description

WAVHmM? Query Only. Returns the waveform data
from the oscilloscope. The retumn is the
combined waveform preambte and
wavetorm data. The waveform assigned
by the DATa SOUrce and DATa
CHAnnel commands is sent in the
encoding assigned by the DATa ENCdg
command. The form of the retumn is:

WFM <ascil preamble >,
CURV <wavefomm data>;
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NOTE

The information given in the Waveform Preamble Fields
table is primarily to help identify the result of a WFMpre?
query. As such, the arguments are not usually sent as
individual commands, but are grouped together as a
complete waveform preamble. If sent as a single
command, an argument value is not accepted (except
as noted for ENCdg) until the curve it is supposed to go
with is transferred to the selected DATa TARget ref-
erence memory. If any size error in any of the waveform
preamble nureric arguments is sent to the oscillo-
scope, it will be accepted. then, when the curve data is
sent, the error will be refected, and a waveform pre-
ambie error service request will be sent.

Table 8-28
Waveform Preamble Fields

Commands Description

WFMpre ENCdg: Selects the waveform curve data

< ASCIHl, [BiNary], encoding format for transferring data.

or HEX> WFMpre ENCdg and DATa ENCdg
operate identically. Data points are
represented as unsigned integers in any
of the encoding formats.

WFMpre? Returns the waveform identification string

as with the WFMpre? WFIid query plus the
value for all the waveform preamble argu-
ments. The short form of the return is:

WFM WFI:" <identification string>",
NR.P:2048,PT.0:256, PT.F:ENV,
XMU:1.0E + 3, XOF:0, XUN:S,
XIN:10.0E-6, YMU:8.0E-3, YOF:0, YUN:V,
ENC:ASC, BN.F:RP, BYT:1,BIT:8,
CRV:CHK;

Each of the arguments may be queried
separately to find out its value.
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Table 8-28
Waveform Preambie Fields {coni)

Commands Description

WFMpre? WFId Retumns an ASCH waveform identifica-
fion string giving the key features of the
waveform. The information retumed is:

acguisition source, channel, Volts/Div,
..... B s input coupling, Sec/Div, acquisition
mode, and the number of the curve be-
ing sent. In XY mode, the CH2 Voits/Div
and input coupling are added. The
waveform iD is ignored if received as a
command, The form of the return is:

WFM WFT:"ACQ, CH1, 0.2 mV, DC,
0.5 mS, AVERAGE, CRV#3",

or for XY:

WFM WFI:“REF4, XY, 20 mV, DC 50
mV, DC, 0.5 mS, SAMPLE, CRV#1”,

NOTE

The DATa CHAnnel must be CH1
to get the XY information,

WFMpre <NR1> is the number of poirds in the
NR.Pis: <NR1> waveform. Each point can be a single Y
value {with time implied), an X-Y pair,
or a Max-Min pair. Although the record
fength is either 1024 data point or 4086
data points, the NR.Pts <NR1:> value
may be 256, 512, 1024, 2048, or 4096
points. The value depends on the num-
ber of channels, the acquisition mode,
and whether smoothing Is on or off. A
table expressing the conditions and the
record length to NR.Pis ratio value
follows:

8-74 2232 Operators

www.valuetronics.com



Options and Accessories

Table 8-28
Waveform Preamble Fields {cont)

Commands Description

WFMpre NR.Pis

NR.Pts: <NR1> {cont) to
Record Number
Length of Acguire
Ratio Channels Mode SMOQTH
Rec/1 1 SAMple NA
Rec/1 1 AVErage NA
Rec/ 1 PEAkdet ON
Rec/ 1 ACCpeak  ON
Rec/2 2 SAMple NA
Rec/2 2 AVErage NA
Rec/2 2 PEAkdet ON
Rec/2 2 ACCpeak ON
Rec/2 1 PEAkdet CFF
Rec/2 1 ACCpeak  OFF
Rec/4 2 PEAkdet OFF
Rec/4 2

ACCpeak  OFF

For exampie, if the number of channels
is two and the acquisition is peak
detect with smoothing off, the number
of points for a waveform in a 4 kbyte
record is 4096 divided by 4 (1024

points).
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Table 8-28

Waveform Preambile Flelds {cont)

Commands Description
WFMpre <NR1> is the trigger position reiative
PT.Off: <NR1> to the first data point in the record, For a

1024 point record, <NR1> for PT.Off
ranges from 4 to 1024 in increments of
4. The normal values for a 4096 poird
record range from 4 {o 40986.

NOTE

<NRT> will be a negative value if
the trigger occurred before ithe
first data point in the record
window. Since any 1024 point
window of a 4096 point record
may be iransferred, the fegal
values of <NR1> for PT.Off are
-3096 to +4086. If the PT.Off
value is unknown, ~10000 is the
<MNR1> value returned.

WFMpre PT.Fmt
<Y, XY, or ENV >

Point format defines how to interpret the
curve data points.

¥ format means that X-axis information
is derived from the waveform preamble
and not sent explicitly, The data values
represent the vertical amplitude of the
waveform at that data point position.

XY format means that the data points
are in X-Y pairs, with X first.

ENV format means that the vertical data
is sent in max-min pairs. The data is
sert in the form:

oyimaxyiminy2max,y2min,..
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Table 8~-28

Waveform Preamble Fields (cont)

Commands

Description

WFMpre PT.Fmt:
<Y, XY, or ENV>
{cont)

However, the max-min data is displayed
in the reverse arder, with min data first
then max data (...,yimin,yimax,
yamin,y2max,...).

ENV is valid for PEAkdet and ACCpeak
acquisition modes with SMQoth OFF.

WFMpre XUNits:
<S5 or CLKS »

Gives the units value for the XiNcr. f XUN
is §, the X~increment is in seconds; if in
CLK, the X-increment is unknown. (CLK
is retumed when the SEC/DIV setting is
EXT CLK)

WFMpre XiNcr:
<NR3>

The XINcr <NR3 > value is the time
between data points. If XINcr for a
waveform being sent o the oscifloscope
does not correspond 1o a legitimate SEC/
DIV setling, the new curve data is not
accepted, and a command argument
error service request is sent (if RQS is
ON}. The queried XINcr value of <NR3>
issetequalto 1 (0.TE+ Q) ifitis
unknown, as is the case for EXT CLK.

WFMpre YUNits:
<V or DIVs >

indicates the units of YMUIL. when the
CAL knob of the DATa CHAnnel is not in
the detent position, the DIVs argument is
returnad.

WFMpre YMUIL:
<NR3>

The YMUIt <NR3> value is the step size
of the digitizer (voits between digitizer
levels). If the YMUIt for a waveform belng
sent to the oscilloscope does not comre-
spond to a legitimate VOLTS/DIV setting,
the new curve data is not accepted, and
waveforrn preamble error service reguest
is sent (if RQS is ON). The queried YMUIt
value of <NR3 > is 40.0E-3 when the
VOLTS/DiV CAL knoh for the DATa
S0Urce is not in the detent position.
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Table 8-28

Waveform Preamble Fields (cont)

Commands Description
WFMpre YOFf: The YOFf <NFA1> valueistheY
<NR1> coordinate of ground. If ground level is
not known, the value of -10000 is
returned.
WFMpre XMUIt XOF XMUR and XOFf are similar to YMUIt and

WFMpre XOFf YOF. They are added to
the waveform preambie for XY
waveforms. For all XY waveforms, the
YUNIits value is vaiid for both the X and
the Y data points. The value of XUNits is
referenced 1o the sampling rate.

WEMpre BN.FmURP

RP is the only valid argument. It means
that the binary format is always right-
justified and consists of positive binary
integers {also known as unsigned binary
integers).

WFMpre BYT/nr:
<NR1>

The valid numbers for <NR1> are 1 and
2. Each data point value is represented
by two bytes for AVErage mode, only one
byte in other modes. If two byles are
semt, the most significant byte is sent
first.

In HEX format, each data point is repre-
sented by two ASCHl encoded hex
characters.

WFMpre BIT/nr

The data poinis consist of either 8 or 16

<NR1> bits.
NOTE
The least significant bits of a 16-bit
waveform may or may not be valid,
depending on the number of acqui-
sitions averaged.
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Table 8-28

Waveform Preamble Fields (cont)

Comrnands

Description

WFMpre CRVchk:
CHKsm0

The CHKsmO argument indicates that
the last byte of a binary curve is a
checksum. The checksum byte is the
two's complement of the modulo 265
sum of the binary count and curve data
bytes. It does not include the word and
symbol CURVE % that comes before
the binary count,

2232 Operators

8-79




Options and Accessories

Tabie 8-29
Miscellaneous Commands

Commands Description

INit Command oniy. The INIt command
causes the oscilloscope 1o revert to the
power-on default states for the acqul-
sition modes. The menu system is also
initialized,

LONg <[ONj or OFF > | With LONg ON, replies to queries are
reported with the full command words.
With LONg OFF, replies use the short
form of the command words. The short
form characters are those that appear in
capital letters In these command tables
and are the minimum characters
accepted as valid for commands. The
power-on and default states of LONg are
ON. The LONg? query retumns its slate,
ON or OFF.

ID7? Query Only. Returns the osciiloscope
identification string in the form:

ID TEK/2232,v81.1, VERS xx;

The instrument type and version numbers
will be reported as appropriate for the
instrument queried.

HELp? Query Only. Raturms a list of all the valid
command headers available in the instru-
ment queried. All the valid characters of
the commands are returned; the short
forrn of the commands (LONG OFF) are
in capital leters.
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Table 8-29

Miscellaneous Commands (cont)

Commands

Description

SET?

Returns an ASCII string of headers and
arguments reflecting the present states of
the controls and modes that may be set
via the communications interface. The
query-only settings are not returned. The
siring returned by the SET? query may he
sent as a command message to the 0s-
cilloscope to recreate those settings. the
state of the LONg command affects the
fength of the reply.

NOTE
To comply to Codes and Formats, a

header is not sent back with the set-
tings string.
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Table 8-30

Service Request Group Commands

Commancis

Description

OPC <[ON] or OFF >

when ON, the oscilloscope sends a
service request upon completion of cer-
tain system events (if RQS is also ON).
Events that request service when com-
pleted with OPC ON include: Acquisition
completed, and plot completed. When
off, OPC (operation completed) evenis
do not generate a service reguest, The
power-on state of OPC is OFF.

RQS <[ON] or OFF >

When ON, the oscilloscope sends a
service requast (SRQ) when it has an
event to report. When OFF, event codes
of different priority siili accumulate and
may be retrieved with an EVEM? qguery,
but the reply to STAus? will be a 0. The
power-on and default states of RQS are
ON.

EVEnt? <NR1>

Returns an <NR1> value that Is the
code number for oldest service-request
avent (if multiple events are pending). if
no events are pending, <NR1> is 0.
Muttiple events of different priority are
retrieved by sending EVEn?? until O is
returned Querying the event clears the
service request.
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Table 8-31

HS-232-C Specific Commands

Commands

Description

FLOw
<[ON] or OFF >

Enables (ON) or disables (OFF)
DC1/DC3 flow control. FLOW ON is the
default and power-on state. Binary dala
transfers cannot be made with FLOW
ON. A FLOW? query retumns the present
state, ON or OFF.

With FLOW ON, the < control-8 >,
<control-Q >, and <control-D> are
recognized during data transfers. Their
functions are as follows.

< control-8 > Temporarily
suspend output
of characters.

Resume character
output that has
bean temporarily
suspended.

Abort the
command or
query exscution;
erase both input
and output
buffers; reset the
message
processor,

< control-Q >

<corrol-D >

REMote
< [ON] or OFF >

Enables (ONj) or disables (OFF) selting of
remote-conirollable oscilioscope states,
A execution error service request is sent
if a control command is sent with REM
OFF.

REM? returns the present state, ON or
OFF.

2232 Operators
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Table 8-31
RS-232-C Speclfic Commands (cont)

Commands Description

STOP <t or2=> Sets the number of stop bits used in
transferring character codes. The usual
sefection is 1 though some printers
require two stop bits at certain baud rate
settings. STOP is set to 1 at power on.
When connecting to a printer or plotier,
select a baud rate that uses only one
siop bit.

STOP? retums the present setting 1 or 2.

STAS? Query Only. Returns the current status of
the instrument. If no service requests are
pending, the status byte returned indi-
cates No Status to Report. If RQS is off,
an EVEN? query must be used to find out
if an event occurred and, if so, which
one. The EVENI? query produces more
useful information about an event than
the service request status byte.

STATUS BYTES AND EVENT CODES

The various status events and errors that can occur are divided into
several calegories as defined in Table 8-32. Table 8-33 lists the
avent codes that are returned as the resuit of an EVEM? query.

Option 10

if there is more than one event of different priority levels to be
reporied, the oscllloscope reasserts SRQ unti it reports all events of
different priority. it does not issue an SRQ for duplicate evenis
pending cr for more than one event of the same priority level. Each
avent is automatically cleared when its status byte is reported. The
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confroiler option can clear all events by repeatedly sending the
EVENt? query until a zero status byte is returned. the Device Clear
(DCL)} interface message may be used 1o clear all events, except the
power-on event,

With RQIS set OFF, all service requests (except the power-on SRQ)
are prevented. With the service requests urned off, the EVERt? query
must be sent to the oscillogcope so that the controller can determine
the oscilloscope and evert status. The controller may address the
oscilloscope and send the STAtus? or EVEnt? query at any time. ltis
notnecessary to wait for an SRQ. The instrument will return the status
byte code for STA? status bytes pending and an event code for EVE?
for events wailing to be reporied (or a 0 for no events to report).

Option 12

If there is more than cne event of different priority levels to be
reported, the oscilloscope has a status byie and event code
avaitable for gach one. i does not report duplicate events or more
than one event of the same priority level. Each event is automatically
cleared when its status byle or event code is reported. The Device
Clear (DCL) interface message may be used to clear all events,
except the power-on event. Querying EVEnt? unti] the return is EVED
clears ali pending status byiles and there is no power-on event.

With RQS set OFF, all service requests are prevented. With the
service requests turned off, the EVEM? gquery must be sent to the
oscilloscope so that the controlier can determine the oscilloscope
and event status. The controller may send the EVEnt? query at any
time, and the instrument will return the code for an event waiting to be
reported (or a 0 for no events to report). The controller can clear all
events by repeatedly sending the EVENt? query until a zero status
byte is returned.
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Table 8-32
Status Event and Error Categories

Category Status Byte Descriplion
Binarya Decimal

RQS RQs
Off on
Not Not
Busy| Busy: Busy | Busy

Command | OR1X G001} 33 49 97 | 113 i The instrument

Error received a command
that it cannot
understand.

Execution | OR1X 0010 34 50 98 | 114 | The instrument

Error received a command

that it cannot exe-
cute. This is caused
by either out-of -
range arguments or
settings that confiict.

internal OR1X 00111 35 51 99 § 115 | The instrumant de-
Error tected a hardware
concition or a firm-
ware problem that
prevents operation.

Power On | 010X 0001 1 17 65 81 | Ingtrument power
was turned on,
Operation | 0ROX 0010 2 18 68 82 | Operation compiete.

Complete
Execution | ORIX 0101 37 | 53 | 101 | 117 | The instrument re-
Warning ceived a command

and is executing it,
but a potential
proklem may exist.
For examplg, the in-
strument is out of
range, but sending a
reading anyway.
No Status | 000X 0000 0| 18 0 16 | There is no status to
report.
20 is setto 1 if RQS is ON; otherwise 0. The X is the busy bit and is set if
the oscilloscope is busy at the tirme the status byte s read. Anytime the

instrument is actively processing a command or query, the bitis a 1,
otherwise itis 2 0.
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Table 8-33
Event Codes

EVENT?
Code Instrument Status
000 No status to report.
Command Errors
101 Comimand header error,
102 Header delimiter error.
103 Command argument efror,
104 Argument delfimiter error,
106 Non-numeric argument, numeric expecied.
106 Missing argument.
107 Invalid message-unit delirniter,
108 Checksum error.
109 Byte-count error.
151 The argument is too large.
152 IHegal hex character.
183 Non-binary argument; binary or hex
expected.
154 Invalid numeric input.
155 Unrecagnized argument type.
Execution Errors
201 Command cannot be executed when in
LOCAL,
203 /O buffers fuli, output dumped.
205 Argument out of range, command ignored.
206 Group execute trigger ignored.
2232 Operators &§-87



Options and Accessories
Table 8-33
Event Codes (cont)
EVENT?
Code instrument Status

251 Hlegal command.

252 Integer overflow.

253 Input buffer overflow.

254 Invalid waveform preamble.

255 invalid instrument state.

256 GPIB (Option 10) command not allowed.

257 RS-232-C (Option 12) command not
allowed.

259 Command not allowed.

260 Cannot execute command with RGQS OFF.

261 Reference memory busy with local {front-
panel) command.

262 Reference memory non-existent or
specified as different size than selected
waveform.

263 Plot active; only PLOT ABORT allowed
while plotiing.

Imternal Errors

351 Firmware failurs. Contact your your
nearest Tekironix Service Center for
assistance.

Systemn Events

401 Power on.

451 Parity error.

452 Framing error.

453 Carrier lost.

454 End of acquisition OPC.
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Table 8~-33
Event Codes (cont)

EVENT?

Code Instrument Status

455 End of plot OPC.

458 Diagnostics test complete OPC.

Execution Warnings

551 Single sweep is already armed.

552 No ground-dot measurement available.

583 Invalid probe code or identify.

554 Query not vaiid for current instrument
state.

555 Requested setting is out of detent
{uncalibrated).

566 MESsage display buffer is full,

557 Waveform preamble is incorrect, has
been corrected.

558 Waveformn transfer ended abnormally.
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Performance Check Procedure

INTRODUCTION

PURPOSE

The Performance Check Procedure is used to verify the instrument’s
Performance Requirements staternents listed in Table 7-1 and to
determine the need for calibration. The performance checks may also
be used as an acceptance test or as a prefiminary troubleshooting
aid.

PERFORMANCE CHECK INTERVAL

To ensure instrument accuracy, check its performance after every
2000 hours of operation or once each year, if used infrequently. A
more frequent interval may be necessary, if the instrurment is
subjected to harsh environments or severe usage.

STRUCTURE

The Performance Check Procedure is structured in subsections o
permit checking individual sections of the instrument, whenever a
complete Performance Check is not required. At the beginning of
each subsection there is an equipment-required list showing only the
test equipment necessary for performing the steps inthat subsection,

Also at the beginning of each subsection is a list of all the front-panel
control settings required 1o prepare the instrument for performing
Step 1 in that subsection. Each succeeding step within a particular
subsection shouid then be performed, both in the sequence pre-
sented and in its entirety, to ensure that control-setting changes will
be corect for ensuing steps.

TEST EQUIPMENT REQUIRED

The test equipment listed in Table A-1 is a complete list of the eguip-
ment required to accomplish the Performance Check Procedure in
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this section, Test equipment specifications described in Table A-1i
are the minimum necessary to provide accurate results. Therefore,
equipment used must meet or exceed the listed specifications.
Detailed operating instructions for test equipment are not given in this
procedurs. If more operating information is required, refer to the

appropriate test equipment instruction manual.

Table A-1
Test Equipment Required

Example of
ltem and Minimum Suitable Test

Description Specification Purpose Equipment
Calibration Standard-amplitude | Signal source | TEKTRONIX
Generator signal levels: 5 mv for gain and PG 506A

to 50 V. Accuracy transient Calibration

+0.3%. response. Generator.®

High-amplitude

signal levels: 1Vio

60 V. Repetition

rate: 1 kHz.

Fast-rise signal

level: 1 V. Repetition

rate: 1 MHz. Rise

fime: 1 ns or less.

Flatness: +2%.
Leveled Fraguency: 250 kHz | Vertical, hori- | TEKTRONIX
Sing-Wave to above 100 MHz. zontal, and 8G 503
Generator Output ampiitude: triggering Leveled

variable from 10 mV | checks and Sine-Wave

to 5V p-p. Output adjustments. Generator.®

impedance: 50 {. Display adjust-

Refarence fre- ments and

quency: 50 kHz. Z-Axis check.

Amplitude accuracy:

constant within 3%

of reference fre-

quency as output

frequency changes.

2 Requires a TM500-Series Power Module.

REV JUN 1889
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Tabhle A-1
Test Equipment Required (conf)

Example of
ltem and Minirmum Suitable Test
Descripiion Specification Purpose Equipment
Time-Mark Marker cutputs: Horizontal TEKTRONIX
Generator 10nsto 0.5s. checks and TG 501
Marker accuracy: adjustments. Time-Mark
+0.1%. Trigger out- | Display Generator.#
put: 1 msto 0.1 us, | adjustment.
time-coincident with
markers.
Low- Range: 1 kHz 1o Low-fraquency | TEKTRONIX
Frequency 500 kHz. Output trigger checks. | 8G 502
Generator amgplitude: 300 mv. Oscitlator 3
Qutput impedance:;
600 (). Referance
frequency: constant
within 0.3 dB of ref-
erence frequency as
output frequency
changes.
Pulse Repetition rate: Externat clock | TEKTRONIX
Generator 1 kHz. Cutput and storage PG 501
amplitude: 5 V. checks Pulse
Generator.a
Digital Range: 010 140 V. Power supply | TEKTRONIX
Voltmeter Dc voitage checks and DM 5014
accuracy: $0.15%. | adjustments. Digital
4 1/2 digit disptay. Vertical Multimeter. &
adjustment.
Coaxial Cable | Impedance: 50 (). Signal inter- Tektronix Part
(2 required) Length: 42 in. connection, Number
Conneclors: BNC 012-0057-01.
Dual-Input Connectors: BNC Signat inter- Tektronix Part
Coupler female-to-dual- connection. Number
BNC male. 067-0525-02.
Precision Impedance: 50 £. Vertical Band- | Tektronix Part
Coaxlal Cable | Length: 42 in. width and aber-| Number
Connectors: BNC rations checks. | 012-0482-00.

a Requires a TM500-Series Power Module,

2232 Operators

REV JUN 1989



Performance Check Procedure

Tabie A-1
Test Equipment Regquired {cont)

Example of
ltern and Minirmum Sultable Test
Description Specification Purpose Equipment
T-Connector | Connectors: BNC Signal inter- Tektronix Part
connection, Number
103-0030-00.
Termination impedance: 50 (1. Signal Tekironix Par
Connectors: BNC termination. Number
011-0049-01.
Termination Impedance: 600 . | Signal Tektronix Part
Connectors; BNC. Termination Number
011-0092-00.
10X Ratio; 10X, Vertical com- Tektronix Part
Attenuator Impedance: 50 {). pensation and | Number
Connectors: BNC triggering 011-0059-02.
checks.
Adapter Connectors: BNC Signal inter- Tektronix Part
male-to-tip plug. connection. Number
175-1178-00.

When equipmerit other than that recommended is used, control set-
tings of the test setup may need 10 be altered. If the exact itemn of
equipment given as an example in Table A-1 is not available, check
the Minimum Specification column 1o determine if any other available
test equipment might suffice o perform the check or adjustment.

LIMITS AND TOLERANCES

The tolerances given in this procedure are valid for an instrument that
is operating in and has been previously calibrated in an ambient
temperature between +20°C and +30°C. The instrument also must
have had at least a 20~minute warm-up period. Refer to Table 7-1 for
tolerances applicable to an instrument that is operating outside this
temperature range. All tolerances specified are for the instrument
only and do not include test-equipment error.
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PREPARATION FOR CHECKS

Itis not necessary to remove the instrument cover to accomplish any
subsection in the Performance Check Procedure, since all checks
are made using operator-accessible froni- and rear-panel controls
and connectors.

The most accurate display adjustments are made with a stable, well~
focused, low-intensity display. Unless otherwise noted, adjustthe A
and B INTENSITY, STORAGE/READOUT INTENSITY, FOCUS, and
TRIGGER LEVEL. controls as needed to view the display.

To ensure performance accuracies stated in the Performance Char-
acteristics (Section 7), for the digital portion of the instrument, select
the Factory Reset routine. The Factory Reset routine sets the digital
part of the instrument to factory default settings. See Table 3-2 for
lists of Storage, Acquisition, and Auto Vectors with respect to the
SEC/DIV switch setting and the selected Trigger mode.

To select the Factory Reset routine:

Press the ADV FUNCT SETUP button to display the Advanced
Functions setup menu. Press Menu item Select button and pres the
Factory Reset button. Return the instrument to display mode by
pressing the ADV FUNCT SETUP button a second time.

INDEX TO PERFORMANCE CHECK STEPS

Vertical Page
1. Check Deflection Accuracy and Variable Range ...... .. A-8
2. Check Store Deflection Accuracy .................... A-9
3. Check Save Expansion and Compression ............. A-9
4. Check PositionRange ............................ A-11
5. Check Acquisition Position Registration .. ............ A-11
6. Check Non-Store Aberrations ...................... A-13
7. Check Store Aberrations .......................... A-~14
8 CheckBandwidth . ............................... A-15
9. Check Repetitive Store Mode and Bandwidth .. ..... ., A-16
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10. Check Single Sweep Sample Acquisition . ............ A-17
11. Check Bandwidth Limit Operation ................... A-17
12. Check Common-Mode RejectionRatio .............. A-18
13. Check Non-Store and Store Channel Isolation ........ A-19
14, Check Store Pulse Widih Amplitude ................. A-20
Horizontal
1. Check Timing Accuracy and Linearlty .............. A-23
2. Check Store Differential and Cursor Timing
DifferenCe ACCUIaCY . ... ..ottt e e A-25
3. Check Varlable Range and Sweep Separation ....... A-27
4, Check Delay Time Differential Accuracy ............ A-28
5. CheckDelay ditter ........... ... ... ... it A-29
6. Check PositionRange ....... ... .. ... ... ... ..., A-30
7. Check Store ExpansionRange .................... A-30
8. Check 4Kto 1K DisplayCompress . ................ A-31
9. Check Non-8tore 8weeplength .................. A-31
10. Check X Gain ... ... i A-32
11, Check XBandwidth ...... ... .. ... ... oo o, A-32
Trigger
1. Checkintemal AandBTriggering ................. A-34
2. CheckHF RejectATriggering ..................... A-36
3. Check LF RejectATriggering .................. ... A-37
4, CheckbBEdemnal Triggering ...t A-38
5. Check External TriggerRanges .................... A-38
6. Check Single Sweep Operation ................... A-39
7. Check Acquisition Window Trigger Points .. ......... A-40
8, Check TriggertevelReadout ..................... A-41

External Z-Axis, Probe Adjust, External Clock and XY Plotter

1. Check Bxdernal Z-Axis Operation .................. A-43
2. Check Probe Adjust Operation .................... A-43
3. CheckExternalClock ............ ... cotvuanoonn A-44
4. CheckXYPlofter .......... .. i, A-45
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VERTICAL

Equipment Required {see Table A-1):

Calibration Generator

Leveled Sine-Wave Generator
Pulse Generator

50-03 BNC Cable

50~ BNC Precision Cable
Dual-Input Coupler

50-0 BNC Termination

10X Attenuator

2232 Operators

INITIAL CONTROL SETTINGS

Vertical {Both Channels)

POSITION

MODE

X-Y

BW LIMIT
VOLTS/DIV
VOLTS/DIV Variable
INVERT
AC-GND-DC

Horizontat

POSITION

MODE

A SEC/DIV
SEC/DW Varlable
X10 Magnifier

A TRIGGER

VAR HOLDOFF
Mode

SLOPE

LEVEL

A & B SOURCE
A COUPL

Storage

STORE/NON-STORE

Midrange

CH 1

Off (button oud)
On (button in)
2mv

CAL detent

Off (button out)
bC

Midrange

A

0.5ms

CAL detent
Off (knob in)

NORM

P-P AUTO

Positive (button out)
Midrange

VERT MODE

NCRM

NCN-STORE (button out
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PROCEDURE STEPS

1. Check Deflection Accuracy and Varlable Range

a. Connect the standard-amplitude signal from the calibration

generator via a 50-() cable to the CH 1 OR X input connector.

b. CHECK-—Deflection accuracy is within the limits given in Table

A-2 for each CH 1 VOLTS/DIV switch setting and corresponding
standard-amplitude signal. When at the 20-mV VOLTS/DIV
switch setting, rotate the CH 1 VOLTS/DIV Variable control fully
counterclockwise and CHECK that the display decreases 1o 2
divisions or less. Then return the CH 1 VOLTS/DIV Variable con-
irol 1o the CAL detent and continue with the 50-mV check.

Table A-2
Deflection Accuracy Limils

YOLTS/DIV Standard Accuracy
Switch Amplitude Limits
Setting Signai {Divisions)
2 mv 10 mv 4.90 to 5.10
5 mv 20 mv 3.92 10 408
10 mv 50 mv 4.90 to 510
20 mv 0.1 v 490 to 510
50 mv 0.2 Vv 3.92 to 4.08

c1 v 0.5 V 4.90 1o 5.10

02V 1V 490 to 5.10

05 V 2 v 3.92 10 4.08
1V 5V 490 to 510
2V 10V 4.80 1o 5.10
5V ‘20 0V 3.92 1o 4.08
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Move the cable from the CH 1 OR X input connector to the CH 2
OR Y input connector. Set the Vertical MODE switch to CH 2,

Repeat part b using the Channel 2 controls.

Check Store Deflection Accuracy

Set:
CH 2 VOLTS/DIV 2mv
STORE/NON-STORE STORE (button in)

Set the calibration generator to produce a 5-division signal,

Use the CURSORS control and SELECT C1/C2 switch (push in
the CURSORS controls knob) to set one cursor at the bottom of
the square wave and the other cursor at the top of the square
wave.

CHECK — Deflection accuracy is within the limits given in Table
A-3 for each CH 2 VOLTS/DIV switch setting and corresponding
standard-amplitude signal.

Move the cable from the CH 2 OR Y input connector to the CH 1
CR X input connector. Set the Vertical MODE switch to CH 1.

Repeat parts ¢ and d using the Channel 1 controls.

Check Save Expansion and Compression
Setthe CH 1 VOLTS/DIV switch to 0.1 V.

Set the generator to produce a 0.5 div standard-amplitude
signal,

Press in the SAVE/CONT button 1o select SAVE.

Set the CH 1 VOLTS/DIV swiich to 10 mV and reposition the
display. ;

CHECK—The display is expanded to 5 division in amplitude.
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Table A-3

Storage Deflection Accuracy

VOLTS/DIV | Standard Divisions Voliage
Switch Amplitude of Readout
Setling Signal Deflection Limits
2 mv 10 mv 480 to 510 | 980 to 10.20mVv
5 mv 20 mv 3.02 to 408 | 196 to 204 mV
10 mv 50 mv 490 to 510 | 450 to 51.0mV
20 mv 01 V 490 to 510 | 980 to 1020mV
50 mv 02V 3.52 to 4.08 | 198.0t0 204.0mV
01 V 05 V 4.80 to 6,10 | 0480 t0 0.510V
02 V iV 480 to 510 | 0.9880 t0 1.010V
05 V 2V 3.92 to 4.08 | 1.960 10 2.040V

iV 5V 4.90 to 510 | 480 to 510V
2V 10 V 4.90 to 510 | 9.80 to 1020V
5V 20V 3.02 1o 4.08 | 19.60 10 2040V

f. Sefl
CH 1 VOLTS/DIV 01V
SAVE/CONT CONT

g. Set the generator 1o produce a 5 division standard-amplitucle

signal,

h. Press in the SAVE/CONT button to select SAVE.

. Setthe CH 1 VOLTS/DIV swilchto 1V,

j. CHECK-—The display is compressedto 0.5 division in amplitude.

k. Move the cable from the CH 1 OR X input connector to the CH 2
ORY input connector.

A-10

www.valuetronics.com =~~~

2232 Operators



Performance Check Procedure

. Set:
Vertical MODE CH2
SAVE/CONT CONT

m. Repeat parts a through j.

Page A-11  Replace Step 4 with the following:

4. Check Position Range

a. Set
VOLTS/BIV (both) 10 mv
AC-GND-DC (both) AC
STORE/NON-STCRE NON-STORE

(button ouf)

b. Setthegenerator to produce a 0.2-V standard-amplitude sig-
nal.

. CHECK-The botiom of the waveform can be vertically posi-
tioned at least 1 division above the center horizontal graticule
line when the Channel 2 POSITION control is rotated fully
clockwise, and that the top of the waveform can be vertically
positicned 1 division below the center horizontal graticule line
when the Channel 2 POSITION control is rotated fully counter-
clockwise.

d. Move the cable fromthe CH2 ORY input connectortothe CH 1
OR X input connector and set the Vertical MODE switch to
CH 1.

e. Repeat part c using the Channel 1 controls,

f.  Disconnect the test equipment from the instrument.

WA F A Wit W W QU EARITG (s gy

AC-GND--DC (bothy) GND
A SEC/DIV 10 pus
2232 Operators REY JUN 1989 A-T11
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b. Position the trace exactly on the center horizontal graticule line

using the Channel 1 POSITION control.

c. Set
STORE/NON-STORE STORE (button in)
SAVE/CONT CONT (button in)

d. CHECK-—Trace remains within 0.5 division of the center graticule
line.

e. Set
Verticalt MODE CHZ2
STORE/NON-STORE NON-STORE (button out)

f. Repeat parts b through d for Channel 2 trace.

g. Position the trace 0.5 division below the top horizontal graticule

line using the Channel 2 POSITION control.

h. Press in the SAVE/CONT button to select SAVE.

i, CHECK-—Trace shift of 0.5 division or less,

j. Press in the SAVE/CONT button to select CONT.

k. Position the trace 0.5 division above the bottom horizontal

graticule line using the Channel 2 POSITION control.

1.  Press in the SAVE/CONT button to select SAVE.

m. CHECK —Trace shift of 0.5 division or less.

n. Press in the SAVE/CONT bution to select CONT.
0. Set the Vertical MODE swilch o CH 1.

p. Repeat steps g through m for Channel 1 trace,

A-12 REY JUN 1989 2232 QOperators
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Check Non-5Store Aberrations

Set:

BW LIMIT Off (button out)
VOLTS/DIV (both) 2my

AC-GND-DC (both) DC

A BEC/DIV 0.05 us
STORE/NCN-STORE NON-STORE (button out)

. Connect the calibration generator fasi-rise, positive-going

square~wave outpui via a 50-{} precision cable, a 10X
attenuator, and a 50~} termination to the CH 1 OR X input
connector.

Set the generator to produce a 1-MHz, 5-division display.

CHECK — Display aberrations are within 4% (0.2 division or less)
for the following VOLTS/DIV switch settings: 2 mv through 50 mV.
Adjust the generator output and aftach or remove the 10X
attenuator as necessary to maintain a 5-division display at each
VOLTS/DIV switch setting.

CHECK —Display aberrations are within 6% (0.25 division or
less) for the following VOLTS/DIV switch settings: 0.1 Vand 0.2 V.
Adjust the generator output and attach or remove the 10X
attenuator as necessary to maintain a 5-division display at each
VOLTS/DIV switch setting.

Disconnect the cable from the CH 1 OR X input connector.
Reconnect the 10X attenuator (if previously removed) and reduce
the generator amplitude to minimum. ‘

Connectthe cable to the CH 2 OR Y input connector and set the
Vertical MODE switch o CH 2.

Set the generator to produce a 5-division display.

Repeat pars d and e using the Channel 2 controls.
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Check Store Aberrations

Reconnect the 10X attenuator and 50-0 termination {if previously
removed) and reduce the generator amplitude to minimum.

Set the CH 2 VOLTS/DIV switch to 2 mV.

Set the generator to produce a 5-division display.

Set:
STORE/NON-STORE STORE (button in)
SAVE/CONT CONT

Allow acquisiion cycle to complete and then press in the SAVE/
CONT button 1o select SAVE.

CHECK— Display abetrations are within 4% (0.2 division or less)
for the following VOLTS/DIV swilch settings: 2 mV through 50 mV.
Adjust the generaior oulput and attach or remove the 10X
attenuator as necessary 1o maintain a 5-division display at each
VOLTS/DIV switch setting.

CHECK-—Display aberrations are within 6% (0.25 division or
less) for the following VOLTS/DIV switch settings: 0.1 Vand 0.2V,
Adjust the generator ouiput and attach or remove the 10X
attenuator as necessary to maintain a 5-division display at each
VOLTS/DIV switch setting.

Disconnect the cable from the CH 2 OR Y input connector.
Reconnect the 10X attenuator (if previously removed) and reduce
the generator amplitude to minimum.

Connect the cabie to the CH 1 OR X input connector and set the
Vertical MODE switch to CH 1.

Set the CH 1 VOLTS/DIV switch to 2 mv,
Set the generator 1o produce a 5-division display.

Press in the SAVE/CONT button {0 select CONT.
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. Repeat parts e through g using the Channel 1 controls.

Disconnect the test equipment from the instrument.

Check Bandwidih

Set:

Vertical MODE CH2

VOLTS/DIV (both) 2mv

A SEC/DIV 0.2 ms
STORE/NOMN-STORE NON-STORE (button out)

Connect the leveled sine-wave generator output via a 50-0
precision cable and a 50-0 termination t¢ the CH 2 OR Y Input
connector.

Set the generator 1o produce a 50-kHz, 6-division display.

CHECK—Display amplitude is 4.2 divisions or greater as the
generator output frequency is increased up to the value shown in
Table A-4 for the comresponding VOLTS/DIV switch setting.

Repeat parts ¢ and d for all indicated CH 2 VOLTS/DIV switch
settings, up to the oulput-voltage upper Himit of the sine-wave
generator being used.

Move the cable fromihe CH20RY input connectortothe CH 1 OR
X input connector.

Set the Vertical MODE switchto CH 1.

Repeat parts ¢ and d for all indicated CH 1 VOLTS/OIV switch
settings, up to the output-voitage upper limit of the sine-wave
generator being used.
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Table A-4
Setlings for Bandwidth Checks

YOLTS/DIV Gieneraior
Bwitch Setiing Cutput Frequency
2mv 80 MHz

5mVte 5V 100 MHz

9. Check Repetitive Store Mode and Bandwidth

a. Set
CH 1 VOLTS/DIV 10 mvV
A SEC/DIV 0.2ms

b. 8et the generator 10 produce a 50-kHz, 6-division display.

c. Set
A SEC/DNV 0.05 us
X10 Magnifier On (knob out)

d. Setthe generator to produce a"100-MHz display.

. Set:
STORE/NON-STORE STORE (button in)
SAVE/CONT CONT

NOTE

Allow the points to accumulate for a few seconds before
saving the dispiay.

i Press inthe SAVE/CONT button 10 select SAVE.

g. CHECK—-The 100-MHz display is saved.
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h. CHECK-—Display amplitude is 4.2 divisions or greater.
i. Press inthe SAVE/CONT button to select CONT.
J.  Set the Verlical MODE switch to BOTH and ALT.

K. HRepeat parts fthrough h.

10. Check Single Sweep Sample Acquisition

a. Set _
Vertical MODE CH 1
A SEC/DIV 5us
X10 Magnifier Off (knob in)
A TRIGGER Mode NCRM
A & B SOURCE CH 1
SAVE/CONT CONT

b. Setihe generaior to produce a 50-kHz, 6-division display.
c. Press in the A TRIGGER Mode SGL SWP button,

d. Setthe generator output to 2 MHz.

e. Press inthe A TRIGGER Mode SGL SWP button.

f. CHECK—the minimum peak-to-peak envelope amplitude is
greater than 5.6 divisions.

11. Check Bandwidth Limit Operation

a. Set

BW LIMIT On {button in)

VOLTS/DIV (both) 10 mv

AC~-GND-DC(both) DC

A SEC/DIV 20 us

A TRIGGER Mode P-P AUTO

A & B SOURCE VERT MODE

STORE/NON-STORE NON-STORE (button out)
2232 Operators REV JUN 1989 A-17
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b. Set the generator to produce a 50-kHz, 6-division display.

c. Adjust the generator output frequency until the display amplitude
decreases 10 4.2 divisions.

d. CHECK-—Generatoroutput frequency is between 18 and 22 MHz.

e. Move the cable from the CH 1 OR X input connector to the CH 2
OR Y input connector.

{.  Set the Vertical MODE switch to CH 2.

g. Repeat paris ¢ and d.

h. Disconnact the test equipment from the instrument.

12. Check Common-Mode Rejection Ratio

a. Set:

BW UMIT Off (button out)
INVERT On {button In)

b. Connect the leveled sine-wave generator output via a 50-0)
cable, a 50~ terminalion, and a dual-input coupler to the CH 1
OR X and the CH 2 OR Y input connectors.

c. S8et the generator to produce a 50-MHz, 6-division display.

d. Vertically center the display using the Channel 2 POSITION
control. Then set the Vertical MODE switch to CH 1 and vertically
center the display using the Channel 1 POSITION control,

e. Set the Vertical MODE switches to BOTH and ADD.

f. CHECK-—Display amplitude is 0.6 division or less.

g. lithecheckinparfmeetstherequirement, skiptopartp. Ifitdoes
not, continue with part h.

h.  8et the Vertical MODE switch to CH 1.
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i. Set the generator to produce a 50-kHz, 6-division display,
j.  Set the Vertical MODE switch to BOTH.

k. Adjustthe CH 1 or CH 2VOLTS/DIV Variable control for minimurm
display amplitude.

I, Set the Vertical MODE switch to CH 1.

m. Set the generator o produce a 50-MHz, 6-division display.
n.  Set the Vertical MODE switch to BOTH.

0. CHECK-—Display amplitude is 0.6 division or less.

p. Disconnect the test equipment from the instrument.

13. Check Non-Store and Store Channel Isolation

a. Set
Vertical MODE CH 1
VOLTS/DIV {both) o1V
VOLTS/DIV Variable {both) CAL detert
INVERT Off (button out)
Channel 1 AC-GND-DC DC
Channel 2 AC-GND-DC GND
A SEC/DIV 0.1 ps

b. Connect the leveled sine-wave generator output via a 50-0
cable and a 50~ termination to the CH 1 OR Xinput connector,

c. Setthe generator to produce a 50-MHz, 5-division display.
d. Setthe Vertical MODE switch to CH 2.
e. CHECK-—Display amplitude is 0.05 division or iess.

f.  Move the cable from the CH 1 OR X input connector 1o the CH 2
OR Y input connector.
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g. Set:

Vertical MODE CH 1
Channel 1 AC-GND-DC GND
Channel 2 AC-GND-DC oC

h. CHECK--Display amplitude is 0.05 division or less.

i. Seht
CH 2 VOLTS/DIV 50 mv
STORE/MNON-STORE STORE (button in)
SAVE/CONT CONT

j. CHECK-Display amplitude is 0.1 division or less.

k. Movethe cablefromthe CHZ2ORY inputconnectorto the CH 1 0R
X input connector.

[. Set:

Vertical MODE CH2
CH 1 VOLTS/DIV 50 mv
CH 2 VOLTS/DIV (VARY
Channel 1 AC-GND-DC DG
Channel 2 AC-GND-DBC GND

m. CHECK-—Display amplitude is 0.1 division or less.

n. Disconnect the test equipment from the instrurment.

14. Check Store Pulse Width Amplitude

a. Set
CH 2 VOLTS/DIV 05V
Channel 2 AC-GND-DC AC
A SEC/DIV 0.05 us
STORE/NON-STORE NON-STORE (button out)
K10 Magnifier On {(knob ouf)

b. Connect the pulse generator pulse-period ouiput via a 50-0
coaxial cable and a 50-0 termination fo the CH 2 OR Y input
connector.
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Set the generator o produce a .1-ms period, 10-ns pulse
duration, 5-division display.

Set X10 Magnifier off (knob in).

Set pulse generator period to 1 ms.

Set A SEC/DIVto 1 ms.

Set the STORE/NON-STORE switch to STORE (button in),
Adjust Horizontal POSITION control to center frace horizonially,

Press the DISPLAY SETUP button to select the DISPLAY menu.
Choose SCAN with the Menu ltem Select button. Return to the
Standard (non-menu) display by pressing the DISPLAY SETUP
button again.

CHECK-"The amplitude of the display is 2.5 divisions or greater.
Set the A SEC/DIV 0.1 sec.

CHECK —The amplitude of the display is 2.5 divisions or greater.

. Disconnect the test equipment from the instrument,
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HORIZONTAL

Equipment Required (ses Table A-1):

Callbration Generator

Leveled Sine-Wave Generator

Time-Mark Generator

50~ BNC Cable
50-0 BNC Termination

INITIAL CONTROL SETTINGS

Vertlcal

Channei 1 POSITION
MODE

XY

BW LIMIT

CH 1 VOLTS/DIV

CH 1 VOLTS/DIV Variable
Channel 1 AC-GND-DC

Horizontal

PQOSITION

MODE

A SEC/DIV

SEC/DIV Variable

X10 Magnifier

B DELAY TIME POSITION

Midrange

CH1

Off (button out)
Off (button out)
05V

CAL detent

bC

Midrange

A

0.05 us

CAL detent

Off (knob in)

Fully counterclockwise

B TRIGGER
SLOPE Positive (bution out)
LEVEL Fully clockwise
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A TRIGGER
VAR HOLDOFF NORM
Mode P-P AUTO
SLCPE © Positive (button out)
LEVEL Midrange
A & B SOURCE VERT MODE
A COUPL NORM
Storage
STORE/NON-STORE NON-STORE (button out)

PROCEDURE STEPS

1. Check Timing Accuracy and Linearity

a. Connectthe lime-mark generator output via a 50-0 cable and a
50~ termination to the CH 1 OR X input connector.

b. Select 50-ns time markers from the time-marker generator.

c. Use the Chanmnel 1 POSITION control to center the display
vertically. Adjust the A TRIGGER LEVEL control for a stable,
triggered display.

d. Usethe Horizontal POSITION control {o align the 2nd time marker
with the 2nd vertical graticule line.

e. CHECK-—Timing accuracy is within 2% (0.16 division at the 10th
vertical graticule line), and linearity is within 5% (0.1 division over
any 2 of the center 8 divisions). For checking the timing accuracy
of the A SEC/DIV switch settings from 50 ms to 0.5 s, watch the
time marker tips only at the 2nd and 10th vertical graticule lines
while adjusting the Horizontal POSITION control.

f.  Repeat parts ¢ through e for the remaining A SEC/DIV and time-

mark generator setling combinations shown in Table A-5 under
the Normal (X1} column.
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Table A-5
Settings for Timing Accuracy Checks

SEC/DIV Time-Mark Generator Setting
Switch
Setting Normal (X1) X10 Magnified
0.05 us 50 ns 10 ns
; 0.1 us 0.1 us 10 ns
__________ o 0.2 ps 0.2 us 20 ns
05 ps 0.5 us 50 ns
1 ps 1 us 0.1 ps
2 us 2 us 02 ps
5 us 5 us 05 us
10 us 10 us 1 us
20 us 20 ps 2 us
50 ps 50 us 5 us
01 ms 0.1 ms 10 us
0.2 ms 0.2 ms 20 us
0.5 ms 0.5 ms 50 us
1 ms 1 ms 0.1 ms
2 ms 2 ms 0.2 ms
5 ms 5 ms 0.5 ms
10 ms 10 ms 1 ms
20 ms 20 ms 2 ms
50 ms 50 ms 5 ms
A Sweep Only
01 s 0.1 s 10 ms
02 s 0.2 s 20 ms
05 s 05 s 50 ms
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Set:
A SEC/DIV 6.05 us
X10 Magnitier On (knob out)

Select 10-ns time markers from the time-mark generator,

Use the Horizomtal POSITION control 1o align the 1sttime marker
that is 25 ns beyond the start of the sweep with the 2nd vertical
graticule line.

CHECK ~Timing accuracy is within 3% (0.24 division at the 10th
vertical graticule line), and linearity is within 5% (0.1 division over
any 2 of the center 8 divisions). Exclude any portion of the sweep
past the 100th magnified division.

Repeat parts i and j for the remaining A SEC/DIV and time-mark
generator setting combinations shown in Table A-5 under the
X10 Magnified column.

Set:

Horizontal MODE B

A SEC/DIV 0.1 us

B SEC/DIV 0.05 us

X10 Magnifier Off (knob in)

. Repeat pars b through k for the B Sweep. Keep the A SEC/DIV

switch one setling slower than the B SEC/DIV switch.

Check Store Differential and Cursor Time Difference
Accuracy

Set:
Channel 1 AC-GND-DC GND
Horizontal MODE A
A SEC/DIV 0.1ms
X10 Magnifier Off (knob in)
STORE/NON-STORE STORE (button in)
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Use the Channel 1 POSITION control to center the base line
vertically and the Horizontal POSITION control to align the start of
the trace with the 1st vertical graticule line,

Use the CURSORS control and SELECT C1/C2 (push in the
CURSORS control knob) switch to set one cursor exactly on the
2nd vertical graticule line and position the active cursor to the
right using the CURSORS control until AT readout displays
0.800 ms.

CHECK — Graticule indication of cursor difference at the 10th ver-
tical graticule line is within 0.16 division,

Set the Channel 1 AC-GND-DC switch to DC.
Select 0.1-ms time markers from the time-mark generator.

Alignthe 2nd time marker with the 2nd vertical graticule line using
the Horizontal POSITION control.

Press in the SAVE/CONT button to select SAVE for a stable
display,

Use the CURSORS control and SELECT C1/C2 {push in the
CURSORS control knob) switch 1o set the first cursor on the
trailing edge of the 2nd time marker.

Press inthe CURSORS conirol knob again to activate the second
Cursor.

Setthe second cursor on the trailing edge of the 10th time marker
at the same voltage level as on the 2nd time marker.

CHECK—The AT readout is between 0.798 ms and 0.802 ms.

. Press in the SAVE/CONT buiton to select CONT,

Set the A SEC/DIV switch 10 0.5 ps.
Select 0.5-us time markers from the time-mark generator.

Align the 2nd time marker with the 2nd vertical graticule line using
the Horizontal POSITION control.
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NOTE

Allow the points to accumulate for a few seconds before
saving the display.

q. Repeat parts h through k.

NOTE

Pulses with fast rise and fall imes have only a few sample
points and it may not be possible to place the cursors at
exactly the same voltage levels.

r. CHECK-The AT readout is between 3.75 us and 4.03 us.

3. Check Variable Range and Sweep Separation

a. Sst
A and B SEC/DIV 0.2ms
SEC/DIV Variable Fully counterclockwise
STORE/NON-STORE NON-STORE (button out)

b. Select 0.5-ms time markers from the time-mark generator.

¢. CHECK-Time markers are 1 division or less apart.

d. Set:
Channel 1 AC-GND-DC GND
SEC/DIV Variabie CAL. detent
Horizontal MODE BOTH

@. Use the Channel 1 POSITION control o set the A Sweep at the
center horizontal graticule line.

f. CHECK-The B Sweep can be posltioned more than 3.5
divisions above and below the A Sweep when the A/B SWP SEP
control is rotated fully clockwise and counterclockwise
respectively.
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Check Delay Time Differential Accuracy

Use the Horizontal POSITION control to align the slart of the A
Sweep with the 1st vertical graticule line.

Set the B DELAY TIME POSITION conirol fully counterclockwise.

CHECK —Intensified portion of the trace starts within 0.5 division
of the start of the sweep.

Rotate the B DELAY TIME POSITION control fully clockwise.

CHECK - intensified portion of the trace Is past the 11th vertical
graticule line.

Set the A and B SEC/DIV switch 10 0.5 us.
Repeat parts a through e.

Set:

Channel 1 AC-GND-DC DC

B SEC/DIV 0.05

B DELAY TIME POSITION Fully counterclockwise

Select 0.5-us time markers from the time-mark generator.

Rotate the B DELAY TIME POSITION control so that the top of the
2nd time marker on the B Sweep is aligned with a selected ref-
grence vertical line. Record the DLY = readout for part |

Rotate the B DELAY TIME POSITION control fully clockwise until
the top of the 10th time marker on the B Swesp is aligned with the
same selected reference vertical line as in part k. Record the
DLY = readout for part 1.

CHECK —Delay time readout Is within the limits given In Table
A-6 (Delay Readout Limits column) by subtracting the delay time
reading in part | from part k.

. Repeat parts j through | for the remaining B SEC/DIV and time-

mark generator settings given in Table A-6, check the 8-division
delay time accuracy for each A SEC/DIV switch setting given in
column 1 of the table.
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Tabie A-6

Settings for Delay Time Differential Checks

Time-Mark B Eight Delay
Generator and| SEC/DIV | Division Readout
A SEC/DIV Setting Detlay Limits
Settings
0.5 us 0.05 us 4.000 us |3.948us 1o 4.052 us
5 us e« 0.5 ps | 4000 us | 30.48us 10 40.52ps
50 us 5 us 400.0 ps | 3948 us 10 4052us
0.5 ms 50 ps | 4000 ms | 3.948ms fo 4.052ms
5 ms 05 ms | 4000 ms | 39.48ms to 40.52ms
50 ms 5 ms | 4000 ms | 394.8ms to 405.2ms
0.5 s 50 ms | 4000 s 3.948s o 4.052s

5. Check Delay Jitter

a. Set

A SEC/DIV
B SEC/DIV

05ms
0.5 us

b. Select 0.5-ms time markers from the time-mark generator.

c. Hotate the B DELAY TIME POSITION control to position the inten-
sified zone on the ninth time marker.

d. S8et the Horizontal MODE switch to B.

e. CHECK—The jitter on the leading edge of the time marker does
not exceed 1 division. Disregard slow drift,

2232 Operators
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§. Check Position Range

a. Set
Horizontal MODE A
A SEC/DWV 10 us

b, Seiect 10-us time markers from the time-mark generator.

c. CHECK-—Start of the sweep can be positioned to the right of the
center vertical graticule line by rotating the Horizontal POSITION
i+ s s i s e | control fully clockwise. *

d. CHECK-The 11ihtimemarker canbe positionedto the left of the
center vertical graticuie line by rotating the Horizontal POSITION
contro! fully counterclockwise.

e. Select 50-us time markers from the time-mark generator.

f.  Align the 3rd time marker with the center vertical graticule line
using the Horizontal POSITION control.

Set the X10 Magnifier knob to On knob out).

h. CHECK-—Magnified time marker can be positioned to the left of
the center vertical graticule line by rotating the Horizontal
POSITION control fully counterclockwise.

i. CHECK—Start of the sweep can be positioned to the right of the
center vertical graticule line by rotating the Horizontal POSITION
control fully clockwise.

7. Check Store Expansion Range

a. Set
A SEC/DIV 0.1 ms
X10 Magnifier Off (knob in)

b. Select 10-us time markers from the time-mark generator.

c. Use the Horizontal POSITION control to align the start of the A
Sweep with the 1st vertical graticule line.
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Set the STORE/NON-STORE switch to STORE (button in).
Set the X10 Magnifier knob to On (knob out).

CHECK - The time markers are 1 division apart.

Check 4K to 1K Dispiay Compress

Set:

A SEC/DIV 50 us

X10 Magniiier Off (knob in)
1K/4K 4K

Select 0.1-ms time markers from the time-mark generator and
check that the time markers are 2 divisions apart.

Rotate the SEC/DIV Variable control out of detent.
CHECK—For 2 time markers per division over the center 8

divisions.

Check Non-Store Sweep Length

Set:
SEC/DIV Variable CAL datent
STORE/NON-STORE NON-STORE (button out).

Use the Horizontal POSITION control 1o align the start of the A
Sweep with the 1st vertical graticule line.

CHECK—End of the sweep is to the right of the 11th vertical
graticule line.

Disconnect the test equipment from the instrument.
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10. Check X Gain

a. Set
xX-yY On (button iny
CH 1 VOLTS/DIV 10myv
Horizontal POSITION Midrange

b. Connect the standard-amplitude signal from the Calibration
Generator via a 50-0 cable to the CH 1 OR X input connector,

¢. Set the generator to produce a 50-mV signal.

d. Usethe Channsl 2 POSITION and Horizontal POSITION controls
to center the display.

e. CHECK- Display is 4.85 {0 5.15 horizontal divisions.

{. Disconnect the test equiprnent from the instrument.

11. Check X Bandwidth

a. Connect the leveled sine-wave generator output via a 50-0
cable and a 50~} termination fo the CH 1 OR X input connector.

b. Setihe generatorto produce a S~-division horlzontal display atan
output frequency of 50 kHz.

¢. Increase the generator output frequency to 3 MHz.

d. CHECK—Display is at least 3.5 horizontal divisions.

e. Disconnect the test equipment from the instrument.
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TRIGGER

Equipment Required (see Table A-1):

Calibration Generator

Leveled Sine-Wave Generator
Low Frequency Generator
50-0 BNC Cable

Dual-Input Coupler
50-0 BNC Termination
800-0 BNC Termination

INITIAL CONTROL SETTINGS

Vertical
POSITION (both) Midrange
MODE CH 1
XY Off (butten oul)
BW LIMIT Off (button out)
CH 1 VOLTS/DIV 5mV
CH 2 VOLTS/DIV 50 mV
VOLTS/DIV Variable (both) CAL detent
INVERT Off (button out)
AC-GND-DC (both) DC
Horizontal
POSITION Midrange
MODE A
A and B SEC/DIV 0.2 us
SEC/DWV Variable CAL detent
X10 Magnifier Off (knob in)
B DELAY TIME POSITION Fully counterclockwise
B TRIGGER
SLOPE Positive {button out)
LEVEL Midrange
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A TRIGGER

VAR HOLDOFF
Mode

SLOPE

LEVEL

A & B SOURCE
A COUPL,

A EXT COUPL

Storage
STORE/NON-STORE

NORM

P-P AUTO

Positive (button out)
Midrange

cr 1

NORM

DC

NON-STORE (button out)

PROCEDURE STEPS

1. Check Internal A and B Triggering

a. Connect the leveled sine-wave generator output via a 50-(
cable and a 50-0) termination to the CH 1 OR X input connector.

b. Set the generator to produce a 10-MHz, 3.5-division display.

c. Setthe CH 1 VOLTS/DIV switch 1o 50 mV.

d. CHECK-Stable display can be obtained by adjusting the A
TRIGGER LEVEL control for each switch combination given in

Table A-7,

Table A-7

Switch Combinations for A Triggering Checks

A TRIGGER Mode

A TRIGGER SLOPE

NOBRM Positive
NORM Negative
P-P AUTO Negative
P-F AUTO Positive
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. Setthe Horizontal MODE swilch to B.

f. CHECK—Stable display can be obtained by adjusting the B
TRIGGER LEVEL control in a position other than the B RUNS
AFTER DLY position for both the Positive and Negative positions
of the B TRIGGER SLOPE switch,

g. Set
Vertical MODE CH2
Horizontal MODE A
A & B SOURCE CH 2

h. Move the cable from the CH 1 OR X input connector to the CH 2
ORY input connector.

i.  Repeat parts d through f.

j.  Set:
Horizontal MODE A
A SEC/DIV 0.1 ps
X10 Magnifier On (knob ouf)

k. Set the generator to produce a 60-MHz, 1.0-division display.

|. Repeat paris d through f.

m. Set;
Vertical MODE CH 1
Horizontal MODE A
A & B SOURCE CH 1

n. Move the cable from the CH 2 OR Y input connector to the CH 1
OR X input connector,

0. Repeat parts d through 1.

p. Set
Horizontal MODE A
A SEC/DIV 0.05 us
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q. Setthe generator to produce a 100-MHz, 1.5-division display.
r. Repeat parts d through f.

8. Set:
Vertical MODE CH2
Horizontal MODE A
A& B SOURCE CH?Z2

t.  Move the cable from the CH 1 OR X input connector to the CH 2
OR Y input connector.

u. Repeat parts d through f.

v. Disconnect the test equipment from the instrument.

2. Check HF Reject A Triggering

a. Set
Vertical MODE CH 1
VOLTS/DIV (both) 50 mv
Horizontal MODE A
A SEC/DIV 5us
X10 Magnifier Off (knob in)
A TRIGGER Mode NORM
A TRIGGER LEVEL Midrangs
A & B SOURCE CH 1

b. Connect the low frequency generator output via a 50-Q cable
and a 600~ termination to the CH 1 OR X input connector,

¢. Setthe low frequency generator output 10 produce a 250-kHz,
1-division display.

d. Adjust the A TRIGGER LEVEL control for a stable display.
e. Setthe A COUPL switch to HF REJ position.

f. CHECK-— Stabie display cannot be obiained by adjusting the A
TRIGGER LEVEL control for each switch combination given in
Table A-7.
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g. Set
Vertical MODE CH2
A & B SOURCE CH2

h. Move the cable from the CH 1 OR X Input connector to the CH 2
OR Y input connector.

i. Repeatpartf.

3. Check LF Reject A Triggering

a. Set
A TRIGGER LEVEL Midrange
A COUPL LE REJ

b. Set the generator to produce a 25-kHz, 0.35-division display.

c. CHECK-The display cannot be obtained by adjusting the A
TRIGGER LEVEL control.

d. Set the generator to produce a 55-kHz, 0.35-division display.

e. CHECK-—Stable display can be oblained by adjusting the A
TRIGGER LEVEL control.

f.  Sei
Vertical MODE CH 1
A & B SOURCE CH 1

g. Move the cable from the CH 2 OR Y input connector to the CH 1
OR X input connector.

h. Repeat parts b through e.

i. Disconnect the test equipment from the instrument.
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Check External Triggering

Set:

CH 1 VOLTS/DIV smv
A SEC/DIV 0.1 us
A & B SOURCE A EXT
A COUPL NORM

Connect the leveled sine-wave generator output via a 50-()
cable, a 50~ termination, and a dual-input coupler to both the
CH 1 OR X and EXT INPUT connectors.

Set the leveled sine-wave generator output voltage to 40 mV and
the frequency 10 10 MHz.

CHECK—Stable display can be obtained by adjusting the A
TRIGGER LEVEL control for each switch combination given in
Table A-7.

Set:
CH 1 VOLTS/DIV 50 mv
X10 Magnifier On (knob ouf)

Set the generator output voltage to 120 mV and the frequency 1o
60 MHz.

Repeat part d.

Set the generator output voltage to 150 mV and the frequency to
100 MHz.

Repeat part d.

Check External Trigger Ranges

Set:
CH 1 VOLTS/DIV 05V
A SEC/DIV 20 us
X10 Magnifier Off (knob in)
A TRIGGER SLOPE Positive {(button out)
A TRIGGER Mode NORM
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b. Set the generator to produce a 50-kHz, 6.4-division display.

c. CHECK- Display is triggered along the entire positive slope of
the waveform as the A TRIGGER LEVEL control is rotated.

d. CHECK-—Display is not friggered (no trace} at either exireme of
rotation.

e. Setthe A TRIGGER SLOPE button to Negative (button in}.

f. CHECK -~ Display is triggered along the entlre negative slope of
the waveform as the A TRIGGER LEVEL control is rotated.

g. CHECK-—Display is not triggered (no trace) at either extreme of
rotation.

6. Check Single Sweep Operation

a. Adjust the A TRIGGER LEVEL control to obtain a stable display.

b. Set:
Channel 1 AC-GND-DC GND
A & B SOURCE CH 1
A COUPL NORM
A SEC/DIV 20 ms

¢.  Press inthe S8GL SWP button. The READY LED should illuminate
and remain on.

d. S8etihe Channel 1 AC-GND-DC switch to DC.

NOTE

The A INTENSITY control may require adjustment to observe
the single-sweep trace.

e. CHECK--READY LED goes out and a single sweep occurs.

f. Press inthe SGL SWP button several times,
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CHECK--Single-sweep trace occurs, and the READY LED
illuminates briefly every time the SGL SWP button is pressed in
and released.

Disconnect the test equipment from the instrument.

Check Acquisition Window Trigger Points

Set:

Channel 1 AC-GND-DC GND

A TRIGGER Mode P-P AUTO

A SEC/DIV 0.1 us
STORE/NON-STORE STORE (button in)
1K/4K 1K

Use the Horizontal POSITION control to align the start of the dis-
play acquisition with the 1st vertical graticule line.

Press in the TRIG POS bution until the store trigger point (T) Is
lccated on the left side of the screen.

CHECK—The POST TRIG point (T} is 1.28 divisions from the start
of the display acquisition,

Press the TRIG POS bution a second time to position the trigger
point to the middie of the display acquisition.

CHECK—The MIDTRIG point (T) is 5.12 divisions from the start of
the display acquisition.

Press the TRIG POS button a third time to position the trigger
point to the right of the display acquisition.

CHECK—The PRETRIG point (T) is 8.96 divisions from the start of
the display acquisition.
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8. Check Trigger Level Readout

a. Set
Vertical MODE CH2
Channel 2 VOLTS/DIV 20 mv
INVERT Off (button oud)
Channet 2 AC-GND-DC DC
A SEC/DIV 0.5ms
A TRIGGER Mode NORM
Doi A TRIGGER LEVEL Midrange
....... ’ A&BSOURCE VERT MODE
o STORE/NON-STORE NON-STORE (button out)

b. Connect the standard-amplitude signal from the Calibration
Generator via a 50-() cable to the CH 2 OR Y input connector.

C. Set the generator to produce a 5 division standard-amplitude
signal.

d. Adjustthe ATrigger LEVEL control for a stable display and center
the waveform on the screen.

e. Setthe Channel 2 VOLTS/DIV switch to 10 mV for a 10-division
display.

f.  Rotate the A Trigger LEVEL control clockwise until the triggering
becomes unistable, '

g. CHECK-The trigger readout is between 96 mV and 104 mv,
h. Press in the INVERT button to invert the Channel 2 waveform.
I.  Repeat pant e for a stable display.

j. Rotate the A Trigger LEVEL control counterciockwise until the
friggering becomes unstable.

k. CHECK-The trigger readout is between -96 mV and -104 mv.

1. Disconnect the test equipment from the instrument.
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EXTERNAL Z-AXIS, PROBE

X-Y PLOTTER

ADJUST, EXTERNAL CLOCK, AND

Leveled Sine-Wave Generator
Pulse Generator

Digital Volimeter

Two 50~ BNC Cable

Equipment Required (see Table A-1):

BNC T-Connector

50~ BNC Termination
BNC male-to-tip plug
10X Probe {provided with
instrument)

INITIAL CONTROL SETTINGS

X10 Magnifier

A-42

Off {(knob in)

REV JUN 1989

Verticai
Channel 1 POSITION Midrange
MODE CH 1
XY Off {button out)
BW LIMIT Off {button out)
CH 1 VOLTS/DIV 1V
CH 1 VOLTS/DIV Variable CAL delent
Channel 1 AC-GND-DC oc

Horizontai
POSITION Midrange
MODE A
A SEC/DIV 20 us
SEC/DWV Variable CAL detent
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A TRIGGER
VAR HOLDOFF NORM
Mode P-P AUTO
SLOPE out
LEVEL Midrange
A & B SOURCE VERT MODE
A COUPL NORM
Storage
STORE/NON-STORE NON-STORE (button out)

PROCEDURE STEPS

Check External Z-Axis Operation

Connect the leveled sine-wave generator output via a 50-Q
cable and a T-connector to the CH 1 OR X input connector. Then
connect a 50-0Q cable and a 50-0 termination from the
T~comnector 1o the EXT Z-AXIS INPUT connector on the rear
panel.

Set the generator to produce a 5-V, 50-kHz signal.

CHECK— For noticeable intensity modulation. The positive part
of the sine wave should be of lower intensity than the negative
par.

Disconnect the test equipment from the instrument,

Check Probe Adjust Operation

Set:
CH 1 VOLTS/DIV 10mv
A SEC/DIV 0.5ms
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b. Connect the 10X Probe to the CH 1 OR X input connector and
insert the probe tip Into the PROBE ADJUST jack on the instru-
ment front panel. if necessary, adjust the probe compensation for
a flat-iopped square-wave display.

c. CHECK-Display amplitude is 4.75 to 5.25 divisions.

d. Disconnect the probe from the instrument.

3. Check Fxternal Clock

a Seb
CH 1 VOLTS/DIV A"
A SEC/DIV 1ms

b. Connect the Pulse Generator high amplitude output via a 50-0
cable and a 50-0 termination to CH 1 OR X input connector.,

c. Setthe generator to produce a 10-us, 5-us duration, 5-division
display.

d. Disconnect the cable from the CH 1 OR X input connector and
connect it to the BNC male-to-tip plug via BNC female to BNC
female connector.

e. insertthe BNC male-to~tip plug signal lead and ground lead into
pin 1 and pin 9 respectively of the XY Plotter connector.

f. Setthe A SEC/DIV switch to 0.1 sec.
g. Connect the Calibration Generator high amplitude oulput via a

50-0 cable and a 50-{} termination 1o CH 1 OR X input
connector.

h. Set the generator to produce a 100-Hz, 5-division display.

i, Set
A SEC/DIV EXT CLK
STORE/NON--STORE STORE (button in)
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Press in the SETUP ACQ button to display the ACQUISITION
menu and select Fast with the Ext Clock button. Return the instru-
ment 1o display mode by pressing the SETUP ACQ button a sec-
ond time.

CHECK--The 100-Hz signa! is displayed on the screen and
updated.

Press in the SAVE/CONT button to select SAVE.

. CHECK-—The display is saved.

Press in the SAVE/CONT bution to select CONT.

Disconnect the test equipment from the instrument.

Checl XY Plotler
Set the A SEC/DIV switch to 10 ms.

Connect the digital voltmeter low lead to either chassis ground or
pin 9 (signal ground)} of the XY Flotter connector. Connect the
volis lead 1o pin 3 (X Output) of the XY Plotter connector.

Set the digitai voltmeter o the 20 V scale.

Press the SETUP PLOT button to display the PLOT menu. Set
Plotter Type to XY, Grat 1o ON, Auto Plct to OFF, and Plot Speedto
10.

Press Start button 1o activate the XY Plotter.

NOTE

Voltage reading of the X Output will be negative left of the
cernter vertical graticule line and positive to the right of the
center vertical graticule line. Voltage reading of the Y output
will be negative below the center horizontal graticule fine
and positive above the center horizontal graticule line.

Record the voltage reading as the instrument plots the 1st and the

10th graticule line (as the intensity spot moves along the graticule
fine).
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g. CHECK—The voltage difference between the ist and 10th
graticule line is between 4.5 Vand 5.5 V.

h.  Move the volis lead of the voitmeter from pin 3 (X Cutput) to pin 5
(Y Output) to the XY Plolter conneclor.

i. Press in again the Start bution to activate the XY Plotter.
|- Record the voltage reading as the instrument plots the top and

the bottom of the graticule lines (as the intensity spot moves
along the graticuie line).

k. CHECK-The voltage difference between the top and botiom
graticute line is between 3.6 Vand 4.4V,

I.  Disconnect the test equipment from the instrument,
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INTRODUCTION

This appendix supplies additional information about connecting and
using the R§-232-C Communications Option. The Printer/Plotter
switch settings for some tested formats and plotter types are shown
for both R5-232-C and GPIB oplions. Queslions and answers about
the RS-232-C and GPiB options are Included in the back of this
appendix.

RS-232-C DEVICE
INTERCONNECTION

RS-232-C STANDARD

The RS-232-C standard defines the interconnection between two
types of devices. They are Data Terminal Equipment (DTE) and Data
Communications Equipment (DCE). A DTE device that conforms to
the standard has a male RC~232-C cornector. Examples are termi-
nais, computers, and printers. Generally, the DTE device is the
source of the data, but this is not always the case. A DCE device that
conforms {o the standard has a female RS-232-C connector. An
example of a DCE device is a modem.

DETERMINING DEVICE TYPE

When interconnecting youwr instrument to other RS-232-C devices
you must determine the device type and the connector type. From
that information, the interconnection cable you need can be
determined.

You cannot reliably determine if a device is DTE or DCE by simply
looking at the RS-232-C connector, You must verify the device type
from its operator or service manual.

1. To which logical type of device are you connecting?
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From the equipment manual, find out if the device is DTE or DCE.

2. Which physical type of connector does the device have?

Male is standard for a DTE connector.

Femnale is standard for a DCE connector.

It you have a DTE device with a male connecior or a DCE device with
a female connector, you may use a standard RS-232-C straight
through interconnection cable. If the connections are not standardg,
read the Interconnection Rules. Then read the Interconnection Cable-
Type ldentification information to find the interconnection cable type
you will need for your application,

INTERCONNECTION RULES

There are several simple rules that salisfy most RS8-232-C inter-
connections requiremeants.

1.

A standard R5-232-C cable connects a DTE device to a DCE
device. Both devices rmust adhere to the electrical and
mechanical specifications of the R§-232-C standard. The
standard cable has a female connector on one end and a male
connector on the other end. The Transmit and Receive con-
ductors are not interchanged. The standard R8-232-C cable is
sometimes referred 1o as a straight through cable, In Tabie B-1,
the Cable-Type Identification table, the straight-through cable is
referred 10 as Type A,

A Null Modem cable or device may be used to interconnect two
DTE or two DCE devices. Generally the cable is custom made
with RS-232-C connectors that match the devices to be inter-
connecied. Anull modem cable permits two devices of the same
type (DCE to DCE and DTE to DTE) to communicate as if they
were connected DTE to DCE. The Transmit and Receive lines and
the associated handshake line are swapped in the null modemto
salisty the requirements for data transfer between the two
devices. See Figure B-1 for the Null Modem cable wiring
schematic.
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RS-232-C RS-232-C
TE DEVICE 1 DTE DEVICE 2

PIN PIN

1 1

2 2

3 X 3

4 4

5 | | 5

; N ;

7 7

8 ?Q 8

20 20
706656

Figure B-1. Null Modem cable wiring (non-handshaking).

3. AGender Changer has straight-through connections that may be

used 1o convert a non-standard port connector (@ DTE device
with a female connector or a DCE device with a male connector)
for connection with a standard RS-232-C cable. Gender
changers come as male-to-male and female-to-female. The
male-to-male changer is the most used.

The gender changer is connected between the non-conforming
device and the appropriate end of a standard RS5-232-C cable.
Situations may occur when neither device has conforming
connectors; in that case, use gender changers on both devices
1o permit interconnection with a standard RS-232-C cable {or
use one of the specified cables from Table B-1).

4. If non-standard cabling or connectors are used, an inter-
connection terminal box may be needed to provide user-
customized hookups.

The instrument has both a DTE port and a DCE port to make it easy to
connect to either a DTE or a DCE device using a standard R8-232-C
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cable. Both connectors conform to the electrical and mechanical
specifications of the RS-232-C. Therefore, in most cases, you
shouid not have to modify the instrument end of an interconnection
cable to hook up other devices with the oscilloscope.

INTERCONNECTION CABLE-TYPE
IDENTIFICATION

The cabie-type designations found in Table B-1 corespond to the
interconnection illusirations foliowing the table. The most used inter-
connections seen with different RE-232-C printers are covered. In
the table, the information in column 1 (Type of Interconnection) is
interpreted as foliows: DTE/male to DCE/female means a DTE type
device with a male R8-232-C connector connected to a DCE type
device that has a fernale RS-232-C connector (a standard R8-232-C
male-to-female interconnection).

RS-232-C INTERCONNECTION
CABLE-TYPE ILLUSTRATIONS

The cable-wiring illustrations of B-2 through B-9 correspond 1o the
Cable-Type designations of Table B~1. They are divided into the
straight-through (Type A) interconnections and the nuli-modem
(Type B) Interconnections. Both the straight-through and the null-
modem interconnections will also require gender changers when
making male-to-male or female-io-female equipment hockups. In
summary, the basic cable types are:

1. Standard or siraight through cables with a male connector cn one
end and a female connector on the other.

2. Null modem cables that may be customized o make the
necessary connector matings. These come as male-to-female,
female-to-femals, and male-to-male,

3. Gender changers are straight-through cables with either male
connectors or female connectors on both ends,
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Table B-1
Cable-Type identification

Type of
Interconnection

Cable-Type
Designator

Application

Straight-Through Cables

DTE/male 10 A Use a straight through cable
DCE/female terminated on one end with a
male connector and on the
DTE/Memale to other end with a femal con-
DCE/male nector. This the the “standard”
cable connection in our
discussion.
DTE/female to Al Use a male-to-male gender
DCE/female changer and a standard cable.
DTE/male to A2 Use a female-to-female
DCE/male gender changer and a standard
cable.
Nuli-Modem Cables
DTE/male to B Use a nuli modem cable termi-
DTE/male nated with femal econnectors.
This is the “standard nuil
DCE/male to modem” in our discussion,
DCE/male
DTE/female o B1 Use a standard null modem
DTE/male with a male-to-male gender
changer or use a male-to-
DCE/male to fermnale null modem.
DCEffemale
DTEffemale 1o B2 Use two maie-to-male gender
DTE/female changers and a standard null
modemn cable or use a male-
DCE/fermnale to to-male null modem,
DCE/femnale
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STRAIGHT-THROUGH

CABLE
11— > > >— 1
2— > > > 2
3 —> > > >— 3
4 —> > > >— 4
5— > > >— 5
6 —> > > >— B
7> > >— 7
8 —> > > >— 8
20 —> > > >— 20

FEMALE-to-FEMALE MALE-to-MALE
GENDER CHANGER GENDER CHANGER

t— > < £ > > 1
2— > { € > — 2
3= > < < > >— 3
4> > ( € > > 4
53 > < € > >— 5
58— > < £ > > 8
7> > { £ > >— 7
8—> > { € > >— 8
20 —> > < £ > > 20

T066-57

Figure B~2. Type A Connections —DTE male to DCE female.
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FEMALE-to-FEMALE MALE-to-MALE
NULL~-MODEM NULL-MODEM
1T—> > € > >— 1
2> > < £ > >— 2
3> > X { £ X > >— 3
4 —> > 4
5 —> > 5
6 ~> >——\ < P >— 6
7> > < € > 7
TN NS
20 —> 20
FEMALE-to-MALE FEMALE-t0-MALE
NULL-MODEM NULL-MODEM
1> > > > > 1
2—> > > > > >— 2
3> > X > > X > >— 3
4 —3 > 4
5—> >— 5
______ 5 — S &
7> > K > S > >— 7
s N N
20 —> > 20
T066-58

Figure B-3. Type A Connections {cont) —~DTE male to DOE female.
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MALE—to-MALE STRAIGHT-THROUGH

GENDER CHANGER CABLE

1T — € > > D 1
2 — & > D > em 2
3~ € > D > > 3
4 —< € r > > 4
5 —< € > > » > 5§
6§ —< € > D > >— &
7—< £ > > > > — 7
8 —< € > > > )— 8
20 —< € > > > >—20

MALE-to-MALE

GENDER CHANGER
1""‘<\ />‘“"“”“‘1
2 —<X & > o 2
3 - & > >— 3
4 —< £ > >— 4
5 —< € — 5
6 —< € > >— B
7 —< & > >— 7
8 —< € > >— 8
20 —< € > D20

7066--56

Figure B-4. Type A1 Connections —DTE female to DCE female,
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STRAIGHT-THROUGH FEMALE-{0-FEMALE
CABLE GENDER CHANGER
1= > > > — 1
2 > > { &~ 2
33— > > { & 3
4 3 > — 4
5— > > > { é~ 5
68— > > (& 8
7> D > > & 7
8 — > > > { & 8
20 —> > > > 20
FEMALE-to-FEMALE
GENDER CHANGER
1= > <& 1
2— > &— 2
3I— > &~ 3
4 — { ¢~ 4
5-—3> > { & 5
6 —> > { & 6
7> { &~ 7
8 —> > { & g
20 ~> > — 20
7086-60

Figure B-5. Type A2 Connections—DTE male o DCE male.

Type B connections require a null-modem cable to connect two
devices of the same logical type together. Either two DTE devices or
P two DCE devices can be made to communicate by externaily
e reversing the data and logic lines as shown in the figures. A gender
change is needed for Type B and Type B2 connections. For Type B1
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connections, a gender change is needed only to match up to the
null-modem cable connectors. Gender changing can be done with
the null-modem cable If it is made with the correct gender connectors

for the application.

FEMALE-to-FEMALE
NULL-MODEM

1
2 —

3>
4—>

5 —>
6 —>

7 —>

8 —>
20 —>

P S
N\

TTTTTTTTT

FEMALE-to-MALE FEMALE-to-FEMALE

)
[

NULL-MODEM NULL-MODEM
1= > > &= 1
2— > 4 > 0 { & 2
3> > > & 3
4> > & 4
5—> > { & 5
8 "9 >““‘\ / 7 7 AN <""“ 6
7> > > > < & 7
g8 —> { & 8
20 — > > { &~20
T086-81
Figure B-6. Type B Connections—DTE male to DTE male
and DCE male to DCE male.
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MALE-to-MALE FEMALE-t0-FEMALE

GENDER CHANGER NULL-MODEM
1 —< € > > { &~ 1
2 —< & > { &~ 2
3—< < > D X & 3
4 —< & > %—l &~ 4
5 —< & > > &~ 5
6 —< € > > X &8
7—<X € > N &~ 7
g —< € > > < 8
20 —< € > > €20

MALE-to-MALE FEMALE-to~-FEMALE

NULL~-MODEM GENDER CHANGER
1 —< < > > { &~ 1
2 —< & > D <6 2
3 —< £ >< > > { €& 3
4 — R { & 4
5 — > &5
§ —< <"‘—\ / > D { &~ 6
7—< % > > &= 7
g —< > < & 8
20 —< > > & 20
7066-82
Figure B-7. Type B1 Connections —DTE female to0 DTE male
and DCE female io DCE male.
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MALE-to-FEMALE
NULL-MODEM
1 —< £ { &~ 1
2 — £ N & 2
33— € { & 3
4 —< é———} l——< &~ 4
5 —< £ { &~ 5
6 —< ¢ M &~ 6
7 —< € { & 7
g —< & 7% { & 8
20 __< ( g <___20 .......
MALE-to-FEMALE  STRAIGHT-THROUGH
NULL-MODEM CABLE
1 —< £ { € { &— 1
2 —<( & N\ < £ { & 2
3 —< & { € { & 3
4 —< '—'( £ { & 4
5 —< < € & 5
g { € &— 6
7 — € £ < £ { &= 7
8 —< { € { & 8
20 —< < € { €20
7066-63

Figure B-8. Type BY Connections {cont) —DTE female to DTE
male and DCE female to DCE male.
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MALE-t0-MALE

NULL-MODEM
11— £ > >— 1
2 — & e > e 2
3 —< € > >— 3
4--((——-[ I—-—9>——'4
§ —< £ > D 5
g —< € M > >— 6
7 —< & > >— 7
g —< < ?Q > > g
20 —< € > > 20
MALE-to-MALE FEMALE-to-MALE
GENDER CHANGER NULL-MODEM
T > > < &— 1
23> > e { é— 2
3= > > { &~ 3
4 —> > > >—] <« 4
5—> > > > & 5
6 ~> > > > < & 8
7> > > < & 7
g8 —> > > D L
20 —» > D 20

706664

Figure B-8. Type B2 Connections —DTE female to DTE female
and DCE femaile to DCE female.
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INTERCONNECTION CABLE PART
NUMBERS

Tekironix part numbers and stocks RS$S-232-C interconnection
cables. Part numbers and a description are as follows:

RS5-232 Interconnection cable, length 10 fi. 012-0911-00

RS-232 Null-Modem cable, length 16 fi, 012-0689-02

PRINTER/PLOTTER OPERATION

PLOTTER TYPES

Both communication options allow waveform plotting through their
communication port or through the X-Y plotier output. Four different
digital plotter or printer formats are suppored via the communi-
cations interface, They are: HP-GL , Epson (both low-speed, double
density, and high-speed, double density), ThinkJet, and the
standard X-Y plotter.

Digital printer/plotter format can be selected two ways. The first
methodisto use the PARAMETERS switch settings (read at power on)
for the compatible printer/plotter formats. The compatible printer/
plotter formats are Hlustrated in Figures B-10 through B-20. The
PARAMATERS switch supports direct oscilioscope to printer/plotier
hookup. The second method uses the FORmat commands
{described in the Command Tables of Section 8 in this manual) to
select the dala format when a controller is used to control the
communications.
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NOTE

With Option 712, a conirolfer and an RS-232 plotter can notbe
connected to the oscilloscope at the same time. An X-Y
plotter may be connected to the X-Y plofter output and used
in conjunction with a controlfer. With RS-232
plotters/printers, the RS~232-C controller may stilf be used
to set up the formats, then disconnected to permit the printer
to be connected to the oscilloscope. An alternative to dis-
connecting the controfler is o use an interconnecting
switching device to switch the oscilloscope betwesan the
controller and the printer/plotter. Plotting is then controlied
using the front-panel PLOT switches or menus of the
oscilloscope.

RS-232-C
DTE/DTE
Lo
2200 FAMILY Pigtrter
D8O \
| interconnect “Al” |-» printer
RS-232-C RS-232-C
DCE/DCE ~ DTE/DCE
OR
A5-232-C Plotter
DTE/DTE or
s Interconnect “B1” |-» printer
2200 FAMILY o
DSO DTE/DCE
e
R5-232-C
DCE/DCE

7066-65

Figure B-10. Option 12 RS-232-C Printer/Plotter interconnects.

2232 Operators

8-15




Appenclix B

Parity OFF

CR

e, EE |
R TR 2
N PR )
R S ]
o S
SR T G
R R 7
R W
T S o
T ()

Printer/Plotter Format

Baud Rate

Parity ON

Parity

CR/LF

-
Printer/Plotter Format

Baud Rate Settings

SWITCH
810 sg FORMAT
0 0 HP-GL
0 1 Epson 7-bit
1 0 ThinkJet
1 1 XY
Parity Settings
SWITCH
s7 S6 PARITY
¢ ¢] QDD
G 1 EVEN
1 o MARK
1 H SPACE

54 83 62 51] BAUD
g|ojo|0 S0
o|lojo |1 75
clofi1lo 110
slol1t3 134.5
61016 150
0|10} 300
olij1]o0 600
[ IEBEEE 1200
1iololo 1800
i{o 6] 2000
1leiiio 2400
1101111 3500
ti1lolo 4800
{11414} Off Line

7086-68

Figure B-11. Option 12 RS-232-C communication parameters.
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HP 7470A Plotter

Baud Rate Setiings

¥ (Programmed On/Off fine)
US (A-Size Paper)

81 B3 Bi
52 I B4 ] B2 |
1 | |

@
T
T |

i i i k|
Paritﬂ 'ﬂ Rate
D A4

{Direct Contact) (Metric Ad Paper)

HP 7475A Plotter

Y (Programmed On/Oi line)
S (B-Sizs Paper)

A3 (Metric A3 Paper)

$1 B3 Bi
S2 i (Bé | B2 i
] |

|

L
T |
TR )

35 83 S2 51| BAUD
0(0)00 (1%}::;, ::?:;k
ciofo}t 75*%
cioj1|o 110*
0101 |1 150
ojtjofo 200
01101 300
g1tli1:o 600
opipii 1200
11000 2400
11010711 4800
i104{1]|0 9600
11011 300*
111(0}0 600*
111011 1200*
tif1j1]0 2400+
T 4000*
* lise two stop bits. All
others use one stop bit,

Parity Setlings

| SR— | E— SS.?.WETC;{B PARITY
Parity Qﬂate
D Al ¢ 0 | NONE (8-bif)
{Direct Contact) (Metric A4 Paper) o 1 EVEN (7-bit)
WMET 1 0 | NONE (8-bit)
{Use metric size) 1 1 oDD (7-biY)
7086-70

Figure B~12. HP 7470A and HP 745A plotter RS-232-C swiich

seftings.
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1200 Baud

2232
OFF ON
[ Ea{ 1

10

g HP7475A

2232

2400 Baud

OFF ON

10

4800 Baud

10

g HP7470A

CERH | B )

g HP7475A

O ek

(T ¥ BE .l Fied

L 88 | 1)

© r

EWRCRCRNE

(& [ B

b <8« Selected side of switch

=

s 4
g DOt care

7088-68

Figure B-13. Option 12 PARAMETERS switch settings for HP-GL
compatible plotiers.
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Parity Even T-bit Reverse-Channel
DEsabIed\[ rParity word (Salectab]e
12345678 !

1234
TMEIETmt
L

Baud K J k
Rate
Odd 8-bit Reverse-Channel
Parity word Fixed
Handshake Parity Reverse-Channel
Turnaround Enabled Polarity
Baud Rate Settings Handshake Turnaround*
quvsv?g? g1| BAUD SWITCH Free bytes
S6 85 for Turnaroud
00|01 9600 0 1 560
0:0(110 4800 1 0 288
ojoi11i1 2400 1 i 152
olt1[Ci0O 1800
o|riop1| 1200 Reverse-Channel Polarity
011110 800
0y1{1]1 300 Reverse
ilololo 200 SWITCH Channel TxD
83 S2 | (pin11)
1/0]0]1 150
1011 (0 135 0 1 MARK SPACE
1]0|1}1 110
1 0 SPACE MARK
ijt|0}0 75
*Printer tells sender to stop when only 16 free bytes are left in buffer
until specitied number of bytes are froe,
7056-60

Figure B-14. Epson FX-~Series printer RS-232-C switch settings.
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1200 Baud 2400 Baud 4800 Baud
2232 2232 2232
OFF ON OFF ON OFF ON

1 Bt 1
10 10 1] 10
Epson FXMX,RX Epson FX,MX,RX

ON ON
OFF QFF

ON ON

OFF CFF

i .
=% Selected side of switch B —ta Don’tcare

7068-70

Figure B-15. Option 12 PARAMETERS swiich settings for
Epson printers.
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DTR
|
AL
@
J 2 3 45
Pari i
Xon/Xoft arlty Baud
Rate
Baud Rate Settings Parity Settings
SWITCH SWITCH
sS4 85 BAUD g2 $3 PARITY
i 1 1200 [+ 0 NONE (8-bit)
1 0 2400 O 1 ODD (7-bit)
0 1 19200 1 0 | EVEN (8-bi)
o { o $600 1 1 | ONES (7-bit)
706871
Figure B-16. HP ThinkJet RS-232-C switch settings.
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1200 Baud 2400 Baud
2232 2232
OFF ON OFF ON

10

B = Down’t care
== Selected slde of switch i

7066-72

Figure B-17. Option 12 PARAMETERS switch setiings for HP
ThinkJet printer.
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R e | 1
S S 2

Gple
Addrass*® S ERE | 4
R 8

R O | 15

EOI Only | wammessiesm | |F or FOI

VSR e ¢ LON (Listen Only)
wene WS | TON (Talk Only)
N L AU ] Printer/Plotter

L 5% 2 Formal
0 1
Printer/Plotter Format
BWITCH
AUX2 AUx1| TORMAT
0 | HP-GL
(] 1 Epson 7-bit
3 1] ThinkJet
1 1 X-Y

*Address 31 = off line
LON and TON both ON = off line

7066-73

Figure B-18. Option 10 GPIB Interface PARAMETERS switch.
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2232 2232 2232

OFF OM

=

L s Fa 1111

sl

]
u
]
]
-
"
7
L
1

HC100 HP 7470A/7475A Thinkdet
Plotter Plotter Printer

4| OFF
[LljonN

Bq‘ Don’t care
- Selected side of switch g LORL A

706674

Figure B-19. Option 10 PARAMETERS switch seftings for
compatible GPIB printers/plotters.
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HP 7470A Plotter
To GPIB Interface

HP ThinkdJet Printer
To GPIB Interface

us
(A-Size Paper)
NA
1684 21

L
HITHH o

|

NA  gpig
*
A4 Address

(Metric A4 Paper)

s

Er?::;%d Listen Always

/Mode
\ 684 21

L]
THLLELER
LR o

kmmmmwTuuﬂuou

GPIB
‘Address®

HP-GL

SRO
Disabled

HMP 7475A Plotter
To GPIB Interface

Tekironix HC100 Color Plotter
To GPIB/Centronics Interface

us
{B-8ize Paper)
A3
(Metric A3 Paper)

168 4 2 1
: L
LETERED |
HHHERT )

MET ) i
{Use GPIB
Metric Address*®
Size)
Ad

{Metric A4 Paper)

Others**
{Mzin board dip switch)

S. Functs,

i/ {not used)

L
HHEREELE
LHETRERT |

L_._T.____._J
GPIE) l

Centronics

GPIB
Address*

-~ Std,
HP-GL {not used)

*Address 31 = Listen Always

**When set to “Others”, the modes defined by dip switches S4 and S5 on

the Main board are active.

706675

Figure B-20. Switch settings for compatible GPIB plotters.
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QUESTIONS AND ANSWERS

Here are answers to some typical questions that you may have about
operation of the Communications Options.

Q: What is the data transfer rate?

A Forthe Option 10 GPIB interface, the data transfer rate is approxi-
mately 1 Kbyte per second. This equates to one waveform per
second for 1 K records or about four seconds for 4 K waveform
records.

For the Option 12 RS-232-C Interface, the data transfer rate depends
on the format (ASCH, HEX, or BINARY) and the baud rate. Typical
times for 1200, 2400, and 4800 baud are given in Table B-2.

Q: Why does the data transfer rate slow down at 4800 baud?

A: At that baud rate, the internal data buffer of the 2232 fills before
the oscilloscope’s processor is ready. That interrupts the pro-
cessor from its other tasks, and # must stop to issue flow control
commands to halt further data input while it gets ready to accept
the data from the buffer. After it handles the buffer data, it must
then start the data input again. Al the inferrupt handling slows
down the transfer rate. At 2400 baud, the oscilloscope’s pro-
cessor Is usually ready to handle the incoming data before the
butfer fills, and it is not necessary to continually interrupt the data
fiow.

Q: The operators manual states that multiple commands may be
sent in one message line, but sometimes emors are generated
when | try this with Option 12, Why is that, and what can | do about
it?
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Table B-2
RS-232-C Transfer Rates

Transfer
Baud Record Time
Rate Size Format (Min:Seac)

1200 4K ASCIH 2:20
HEX 110

BINARY 0:36

1K ASCI 0:36

HEX 0:20

BINARY 0:10

2400 4K ~ ASCIH 1:15
HEX 0:40

BINARY 020

iK ASCH 619

HEX G:10

BINARY 0.05

4800 4K ASCli 2:39
HEX 1:16

BINARY 0.45

1K ASCl 0:58

HEX 0:29

BINARY 013

A: To answer the second question first, write R§-232-C controller
programs to send only one command at a time,

For the first question of why multiple commands sometimes
cause errors, the answer is that only one command at a time can
be reliably handled by the processor. Commands (and
arguments to commands} are interpreted and handled as they
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are recognized; the oscilloscope processor does not wait for the
message terminator to end the message. If a service request is
generated by one of the commands in a command sting, a
correcling action may have to be taken. if the service request is
not handied properly, all following commands in a string may not
be valid, and the controller program may not be able to continue.

. Sometimes when | send commands to change the operating

state of the Instrument, they are not accepled. What is the
problem?

The REM ON commandmust be sent as the first command before
attempting to change the operating state of the oscilloscope. The
power-on state of REM is OFF.

: When | send waveforms to the oscilioscope at 2400 baud or

more, | get bad transfers when | try to use binary-encoded curve
data. What is the problem?

Flow control must be used when sending waveform data to the
oscilloscope at the higher baud rates. That is because the input
data buffer is only 160 characters long and it fills up before the
processor is ready to handle the input, Because of the nature of
binary data, flow control can not be used to reliably send or
receive binary-encoded curve data. Use either HEX or ASCH
encoding instead. HEX-coded waveform data requires fewer
characters to be transferred than ASCll-coded waveform data,
and therefore is faster than ASCIl format. Also, parity must be
disabled with the PARAMETERS switch setling for binary data
transfers. That setting has o be made before the instrument is
turned on since power-on is the only time the swiich is read.

: What is the size of the oscilloscope’s data output buffer?

The output buffer is about 1,000 characlers.

© Why do | sometimes get bad curve data when | operate the DSO

in the Repetitive Store Mode?

This problem is caused by not allowing enough sweeps to occur
to fill the entire waveform record. Repetitive Store Mode (random
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equivalent-time sampling) depends on the probability of filling
the waveformn record in a specified number of sweeps. The more
sweeps that are used o sample an input signal, the more
probable it is that the waveform record will be filled when the
waveform is asked to be transferred. If you receive bad curve
data, you must allow more sweeps 10 occur before requesting the
waveform from the oscilloscope.

One way 1o do this is to set the number of sweeps (via either the
oscilloscope’s menu controls or a command message) 10 a
value several times larger than the number of sweeps needed for
a 50% probability of filling the record (see Controls, Connectors,
and Indicators Section 3 of the Operators manual). Also, you can
set RQS and OPC on. Then, when the speciied number of
sweeps have been acquired, the oscilloscope will issue a single
SRQ (service request). When the controlier software determines
that an the end-of-acquisition OPC. state caused the service
request, it can request the curve data.

© When operating in ALT or CHOP Vertical Mode, how do | desig-

nate from which channel of the acquisition or reference memory
the waveform data is retrieved? How do | designate in which
channel of a reference memory the waveform data is stored when
sending waveforms to the oscilioscope?

The data channe! for sowrce and target for waveform transfers is
designated using the REFERENCE WAVEFORM commands (see
DATa CHAnnel). Either channel of the acquisition or Save Ref
memory may be retrieved from the oscilloscope. Waveform data
may be sent to either channel of a targeted Save Ref memory
{see DATa TARget).

: What is the purpose of the exiernal clock?

The external clock can be used 1o acquire signals that change
teo slowly for the normmal calibrated SEC/DIV settings (for exam-
ple, one sample every hour). Another use is to synchronize the
2232 s0 that samples are done on selected events.

: Can you re-arm Single Sweep via the communication option?
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> Q0 = O

o

The Single Sweep function may be armed using the SGLswp
ARM command. Single Sweep may also be queried to determine
the state of the Single Sweep function (ARM or DONE).

What is the maximum sensitivity in digital storage?
itis 2 mv/division, the same as in nonstore mode.
Can | compress, expand, or reposition the stored waveforms?

The 2232 has commands for reformatting a target reference
waveform.

What is the maximum expansion/compression factor for stored
waveforms with the 22327

Vertically, the reformat target waveforms may be expanded or
compressed by a factor of ten from their acquired VOLTS/DIV set-

fing. Horlzontally, the X10 Magnification feature may be turmedon
for the reformat target waveforms,

Can | return a reformatted waveform back to its original settings?

Yes. Query the BASegain to determine the acquired volts/div set-
ting and set the VGAIn to that sefting. To retumn to the original
verlical position, set VPOsition to 0; tumn HMag off to regain the
acguired sec/div setting.

Can the baud rate, end-of-iine terminator, or parity setups be
changed from the R5-232-C controller?

No. Those communications parameters mustbe set up using the
PARAMETERS switch on the oscilloscope’s side panel before
the oscilloscope is turmed on.

Can the GPIB address of the oscilloscope be changed from the
bus or the front-panel?

The GPIB address and other communication parameters are
settable only from the PARAMETERS switch on the
oscilloscope’s side panel, and the switch settings are read only
at power on.
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1 Can a waveform preamble be sent to the instrument?

Yes, a waveform preamble can be sent to the oscilloscope. That
preambie should correspond to the curve data that is sent to the
target Save Ref memory.

. Can the waveform display be modified by changing the pre-

amble fields?

Modifying the preamble information so that it does not
correspond to ihe curve data invalidates the waveform, but i
doesn'tusually change the way itis displayed. If drastic changes
are made to the preamble (such as data encoding or point
format), the oscilloscope will probably reject the curve data as
not matching the preambie.

: What type of averaging is used for the AVERAGE acquisition

mode?
A normalized averaging algorithm is used.

As = A@g-1) + (is - As-1) (Weight)

Where:
As = the average aiter s number of sweeps,
A.1y =  the average after (s-1) sweeps,
is =  the sth input sample,
Weight =  the selectable weighting factor from
1/1 though 1/256 in a power of
2 sequence,

; Can | get readout information over the communications

interface?

CRT display information may be queried individually or obtained
as part of the waveforrn preamble. The volis/div, sec/div, acqui-
sition mode, trigger information, and cursor readouis are all
available In the 2232.

: What is the 26-K non-volatile memory supplied with the 2232

Communications option, and what are its waveform storage
capabillities?
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A: Memory space for 28, 1-K waveforms, or 6, 4-K waveforms, or
any combination of waveform record totaling not more than 26 K
bytes is provided by the added memory. The non-volatile
memory Is battery-backed for long-termwaveform data storage.

Q: Can acquired waveforms be stored in the added memory using
the 2232 front-panel controls?

Al Yes. Waveforms may be transferred into and out of the added

memory using the Reference menu selections available in the
....... e e e Advanced Functions Menu. Waveforms must be transferred
through one of the numbered Safe Ref memory locations (REF1
REF4).

Q: How are the waveforms stored in the added memory addressed
via the 2232 communications option?

A. The added memory locations are designated REFA through
REFZ. These memory locations are accessed through the REF1
REF4 memory locations for both reading and writing using the
REFFrom and SAVeref commands; they cannot be directly
accessed.

Q: What are the differences between Peak Detect (PEAK) and
Accumulaied Peak Detect (ACCPEAK) acquisition modes?

A: Peak Detect and Accumulated Peak Detect are both envelope
acquisition modes. Peak Detect captures the maximum and
minimum points for each sample interval during each successive
acquisition. Accumulated Peak Detect holds previously acquired
peak values until reset so that the changes over time are
detectable. Accumulated Peak Detect is valid only for triggered
acquisitions and is not allowed in untriggered modes, Pesak
Detect is valid for both triggered and untriggered modes, since
no peaks are held between acquisitions.

Q: What is the default number of acquisitions in ACCPEAK mode?

The number of sweeps that may be accumulated canbe setfora
default of continuous (ACQ NUM:0) or any number between 1
through 2047. With each new acquisition, the most-positive and
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most-negative values are added to the existing display. When
set to a specified number, the acquisition stops when the limit is
reached, and the waveform is held displayed.

: What is the envelope sampling rate in Peak Detect and

Accumulated Peak Detect?

100 megasamples per second.

: Can the 2232 cursor positions be addressed over the communi-

cations interface?

Yes. The cursors may be targeted to the acquisition or a Save
Reference waveform and positioned within the waveform record.
Their voltage difference and time difference may be queried to
determine the readout values.

Is delay time included in the 2232 waveform preambie?
No. The preambie does not indicate If the curve data was taken at

an A or a B SEC/DIV setting, just what the SEC/DIV sefting is for
that curve data.

1 Are the displayed intensified zones seen in a 2232 acquisition

stored in either SAVE mode or in SAVE REF memory?

Yes, they are saved in both SAVE and in SAVE REF.

1 What waveform data is sent by a 2232 if the waveform acquired in

BOTH Horizontal Mode is requested?

The A Sweep waveform is sent.

: Can a waveform be sent to a controller from the front panel of the

osciloscope?

No, but the waveform may be sent to plotier or printer. With
Option 10, the oscllioscope must be in Talk Only mode, With
either option, the PARAMETERS switch must be set to output the
correct format for the printer or ploiter being used. See Section 7
of the Operators Manual and the Printer/Plotter
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Q: How fast do these various types of data transfers occuw?

With the GPIB interface (Option 10), data moves at about
1-Kilohyte/second. this means that a 1-K waveform, plus its
associated preamble (contains scaling info, etc) can be moved
to or from the scope in about a second. A 4-K waveform will take
about four seconds.

The transfer rate on the RS-232 interface {Option 12) depends on
data encoding format and baud rate, To move a 1-K, binary-
------------------------ encoded waveform at 1200 baud will take about 10 seconds. The
same waveform hex-encoded will take about twice that long, or
20 seconds. Al 2400 baud, these times will be cut in hal.

Baud rates above 2400 baud are not advised, since the scope
will actually spend more time starting and stopping the flow of
data (to prevent buffer overflows) than it spends moving the
actual data. The net result is that 4800 baud waveform transfer
will actually take substantially longer than the same transfer at
2400 baud.

Q. ¥'m sure | have everything connected right, but i still can't get a
waveform to come back from the scope. What am | doing wrong?

A: The 2232 has severai places that waveform data can come from.
These include Acquisition memory, Reference memories, and
Non-volatile memories. Furthermore, each of these memories
have two channels of data associated with them (i.e., CH 1 and
CH 2). The source of waveform data must be explicitly defined in
order to get data from a location other than the current default
location. At power-up, the defauit data source is Channel 1 of
Acquisition memory.

For example, if you just powered up the scope and have CH 2
waveform on screen, you must specify the command DATA
CHANNEL: CH 2 before you can get the waveform back from the
scope.

Q: Ihave an Option 12 (RS-232) scope and have written a program

that seems 10 run most of the time, but sometimes | don't get all
my data back from the scope. What's going on?
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A: There are several things that can cause data loss when using the
RS-232 interface, and relate {o the serial nature of the interface,
Some general recommendations should take care of most
problems.

First, don't send more than one command to the scope at atime.
Sending multiple commands on a single program line can cause
order-dependent command strings to execute improperly if the
scope is not in the expected mode.

Use flow-control to prevent buffer overflows (and data loss).

The command REMOTE ON must be sent prior to sending any
command that will change the 2232 operating mode, and prior to
any waveform transfer o the scope.
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MANUAL CHANGE INFORMATION

At Tektronix, we continually strive to keep up with the latest
developments by adding improvements to our products as
soon as they are developed and tested.

Sometimes, due to printing and shipping requirements, we
can't get these changes immediately into printed manuals.
Hence, your manual may contain new change information
on the following pages.

A single change may affect several sections. Since the
change information sheets are carried in the manual until ail
changes are permanently entered, some duplication may
occur. If no such change pages appear following this page,
your rnanual is correct as printed.
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Tektronix: MANUAL CHANGE INFORMATION

CXRARITTER Tok EXNCELLENCE

Date: _6-22-89  Change Reference: ___C5/0689
Product: 2232 OPERATORS Manuaf Part Number: _070-7066-00

DESCRIPTION Product Group 41

USING THE POWER CORD WRAP

To store the Power Cord while not in use, wind the cord
tight around the cord holders, then position the male plug
in the recessed area of the rear panel.
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Tektrone MANUAL CHANGE INFORMATION

COWSME TE) FT EXOELENCE

Date: 6-22-89  Change Reference: __ CE/0689

Product: _2232 OPERATORS Manual Part Number: _070-7066-00

DESCRIPTION Product Group 43

INSTALLING THE ACCESSORY POUCH

REFER TO THE ILLUSTRATION ON THE FOLLOWING
PAGE WHILE PERFORMING THIS PROCEDURE

1. Place the oscilloscope on a tabie or work bench with the rear
against a firm support or wall and the front facing you.

2. Center the rear of the pouch plate and insert the rear edge of the
plate in the space between the cabinet top and the rear panel trim
{see part A of illustration).

3. Move the pouch sideways as necessary to line up the key slots
in the pouch piate with the keys on the rear panel (the plate wiil be
centered when aligned) and push the plate ali the way in (see part B
of iliustration).

4. Grasp the pouch plate assembly with both hands near the front
of the assembly.

NOTE

in the next step, use only enough force to clear the front panel
rim with the plate front edge. Excessive force will cause a per-
manent bow in the plate.

5. Push back on the plate and press down with the heels of your
hands to bow the plate enough to slide the front of the piate into the
space between the cabinet top and the front panel trim (see par C of
iliustration).

6. Move the front of the pouch as needed to line up the key slots in
the plate with the keys on the front panel.

7. Release the pressure on the plate to aliow it to return to its nor-
mal flat shape.
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MANUAL CHANGE INFORMATION
Product _2232 OPERATORS Date: _6-22-89 Change Reference: CB/C689

DESCRIPTION

KEY ALIGNMENT KEYS

H SLOTS / (UNDER TRiMﬁ

(i A &

Y

[

A, CENTER THE POUCH PLATE TO ALIGN THE KEY SLOTS.

POUCH
PLATE

AN
1 QQ |

8. PUSH THE POUCH PLATE INTO THE REAR TRllﬁ GAP.

C. BOW THE PLATE AND SLIDE IT INTO THE FRONT TRIM GP.
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