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PREFACE

This document contains seven sections plus appendices. A brief description of each follows.

SECTION 1

The electrical, environmenial, and mechanical characteristics of the instrument are listed in table form. An introductory
summary of the instrument’s capabilities precedes the Specification tables. A dimensional drawing of the instrument is
included at the end of the Specification tables.

SECTION 2

Preparations required for the initial instrument start-up and operating considerations necessary for preventing damage to
the oscilioscope are discussed in this section.

SECTION 3

The location of the controls, connectors, and indicators is illustrated and their functions are described. At the rear of the
section, the control menus are listed with amplifying details of their use for the user's reference.

SECTION 4

This is a two-part section with part one, “Operating Considerations,” giving basic things to be aware of when making
measurermeants. Part two of the section is an “Operator's Familiarization” procedure. The procedure consists of exercising
the controls and making simple measurements to become familiar with the ways in which the control menus are used io
operate the scope. Use of the very important SELF CAL feature is given to acquaint the user with its operation.

SECTION 5

Operator's checks and adjustments procedures used 10 ensure the accuracy of measurements are given in this section.
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SECTION 6

Detailed procedures for use of the 2430 in basic measurement applications are given in this three-part saction. The sec-
tion is meant as an aid to the user in developing their own methods for any measurement requirements. The first part of
the section, “General Applications,” details the more familiar graticule measurements of signal amplitude and time period.
Use of the Vertical and Horizontal Display Mode (including delay-time measurements) are also given in part cne. Part two,
“Special Appiications,” details use of the many cursor modes for making highly accurate measurements of voltage, time,
and frequency in the many versatile modes. A ftriggering application for the combined A+B trigger source is included in
“Special Applications.” The final part, “Storage Applications,” describes the various storage acquisition modes and their
uses.

SECTION 7

Information pertaining to instrument options available at time of manual publication are found in this section. Included is
a list of the standard instrument accessories and a partial list of the recommended optional accessories. Operating instruc-
tions for the Video Option and the Word Recognizer Probe are provided in Section 7.

Appendix A

General Purpose Interface Bus (GPIB) operating information is given in this appendix. The bus interface communication
protocol is described, and the commands and codes for controlling the scope via the GPIB and transmitting waveforms are
given in the included tables.

Appendix B

The Extended Functions menus are described, and the operation of the internal calibration and diagnostics capabilities of
the 2430 are detailed. A table at the rear of the appendix lists the Extended Diagnostic test codes and short names for the
operator's information.

Appendix C

Supplemental reference tables and information are included in this appendix for the users general reference as aid in
understanding some points of the operation of the 2430,
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OPERATORS SAFETY SUMMARY

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

Terms in This Manual

CAUTION statements identify conditions or practices
that could result in damage to the equipment or other pro-

perty.

WARNING statements identify conditions or practices
that could resuit in personat injury or loss of life.

Terms as Marked on Equipment

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

DANGER indicates a personal injury hazard immedi-
ately accessible as one reads the marking.

Symbols in This Manual

A\

This symbol indicates where applicable cau-
tionary or other information is to be found.
For maximum input voltage see Table 1-1.

Symbols as Marked on Equipment
é Danger-High Yeltage.

@ Protective ground (earth) terminal.

VAN

ATTENTION-Refer to Manual.

Power Source

The instrument is intended to operate from a power
source that will not apply more than 250 V 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 Instrument

The instrument is grounded through the grounding con-
ductor of the power cord. To avoid electrical shock, piug
the power cord into a properly wired receptacle before
making any connections to the instrument input or output
terminals. A protective ground connection by way of the
grounding conductor in the power cord is essential for safe
operation.

Danger Arising from Loss of Ground

Upon loss of protective-ground connection, all accessi-
ble conductive parts {including knobs and controls that
may appear insulated} can render an electric shock.

Uze the Proper Power Cord

Use only the power cord and connector specified for
the instrument.

Use the Proper Fuse

To avoid fire hazard, use only the fuse specified in the
instrument parts list. A replacement fuse must meet the
type, voitage rating, and current rating specifications for
the fuse that it replaces.

Do Not Operate in Explosive Atmoespheres

To avoid explosion, do not operate instrument in an
atmosphere of explosive gasses.

Do Not Remove Covers or Panels

To avoid personal injury, the instrument covers or
panels should only be removed by qualified service person-
nel. Do not operate the instrument without covers and
panels properly installed.
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Section 1—2430 Operators

INTRODUCTION

The TEKTRONIX 2430 Digital Oscilloscope is a port-
able, dual-channel instrument with a maximum digitizing
rate of 100 megasamples per second. The 2430 is capa-
ble of simultaneous acquisition of the Channel 1 and
Channel 2 input signals. it has a real-time useful storage
bandwidth of 40 MHz for single-event acquisitions and an
equivalent-time bandwidth of 150 MHz for repetitive
acquisitions. Since both channels are acquired simultane-
ously, the XY display is available to full bandwidth. Options
include a Word Recognition Probe, Video signal triggering,
Probe Power, and Rackmounting.

The instrument is microprocessor controlled and menu
driven, displaying at the top of the screen alphanumeric crt
readouts of the vertical and horizontal scale factors,
trigger fevels, trigger source, and cursor measurements,
Menus are used by the operator to select the operating
mode with instrument features displayed at the bottom of

. the ort.

A user makes decisions as to what operation and mode
setup the instrument must have to make the measurement
wanted, then selects the proper functions using a combi-
nation of front-panel buttons and the displayed menu.

Five menu buttons mounted on the crt bezel are used
io make selections from the entry choices displayed. The
top fine of the menu display usually contains the menu
title, and the bottom line shows the selectable menu func-
tions. The selection is made (indicated by an underscoring
of the menu choice in the display) when the bezel button
below the selected function is pressed. The menus, sys-
tem operating modes, and auxiliary functions are described
in Section 3, "Controls, Connectors, and Indicators.”

Vertical System

The two vertical channels have calibrated deflection fac-
tors from 2 mV to 5 V per division in a 1.2.5 sequence of
14 steps. Use of coded probes having attenuation factors
of 1X, 10X, 100X, and 1000X extends the minimum sensi-
tivity to 5,000 V per division {with the 1000X probe) and
the maximum sensitivity to 200 pV per division (using a 1X
~ probe in SAVE or AVERAGE expanded mode),

VOLTS/DIV readouts are automatically switched to
display a correct scale factor when properly coded probes
are attached. Each channel can be separately inverted.
ADD and MULT are dispiay functions provided by the pro-
cessor system,

in SAVE mode, the waveforms may be both horizon-
tally and vertically repositioned, expanded horizontally and
vertically, added to each other, or multiplied together for
either XY or YT displays.

Horizontal System

Horizontal dispfay modes of A, A INTEN, and B
Detayed are available. The time base has 28 calibrated
SEC/DIV settings in a 1-2-5 sequence from 5 ns per divi-
sion to 5 s per division. An External Clock mode is pro-
vided that accepts clocking signals from 1 MHz to
100 MHz.

The B Trace and the intensified zone on the A INTEN
Trace may be delayed by time with respect to the A
trigger, and a DELAY by EVENTS function permits the A
display to be delayed by a selected number of B Trigger
events. In the case of DELAY by EVENTS, the 8 Trigger
SOURCE, COUPLING, SLOPE, and LEVEL controls define
the nature of the signal needed to produce events trigger-
ing. The number of events required to satisfy the delay
may be set from 1 to 65,536, with a resolution of one
event. The DELTA DELAY feature produces two independ-
ently settable delayed B Traces in DELAY by TIME.

Trigger System

The trigger system of the 2430 provides many features
for selecting and processing a signal used in triggering the
acquisition system. The conventional features of SOURCE
selection, Trigger LEVEL control, Trigger SLOPE, Trigger
MODE, and CPLG {(coupling) inciude ehhancements not
normally found in a conventional oscilloscope.

A choice of VERT, CH1 or CH2, EXT1 or EXT2, LINE,
and A-B or WORD (16-bit data word recognition)
SOURCE for the A time base trigger signal provides a
wide range of applications involving specialized triggering
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requirements. The B time base is provided with a
SOURCE choice similar to the A SOURCE, but excluding
AB (A and B both) and LINE {power-source frequency}.
The selected trigger signal is conditioned by the choice of
input CPLG {coupling). These coupling selections are AC,
DC, HF REJ, LF REJ, and NOISE REJ. LEVEL control pro-
vides a settable amplitude (with crt readout} at which
triggering will occur, and SLOPE control determines on
which slope of the triggering signal {plus or minus) the
acaguisition is triggered.

Trigger MODE choices are AUTO LEVEL, AUTO,
NORM, and SINGLE SEQ (single seguence} for the A and
A INTENSIFIED Modes; and Triggerable After Delay, and
Runs After Delay for the B Mode. AUTO LEVEL provides
for automatic leveling on the appled trigger signal. AUTO
MODE produces an auto trigger in the event a trigger sig-
nal is either not received or not within the limits needed 1o
produce a triggering eveni. When triggering conditions are
met, a normai triggered display results. At SEC/DIV set-
tings of 100 ms per division and longer, the AUTO MODE
switches to ROLL. In ROLL MODE, the display is continu-
ally updated and trigger signals are disregarded.

NORM {normal) trigger MODE requires that all trigger-
ing requirements are met before an acquisition will take
place. SINGLE SEQ {single sequence} MODE is a variation
of the conventional single-shot displays found on many
previous osciloscopes. In SINGLE SEQ, a single complete
acquisition is dong on all called-up VERTICAL MODES.
Since an acquisition depends on the acquisition mode in
effect, many of the 2430 operating features are altered in
SINGLE SEQ. A complete description of this mode is dis-
cussed in the “Controls, Connectors, and Indicators”
section of this manual.

The user has a choice of trigger points within the
acquired waveform record by selecting the amount of pre-
trigger data displayed. The trigger location in the record is
selectable from a choice of five pretrigger lengths begin-
ning at one-sighth of the record length and increasing to
seven-eighths of the record length. A record trigger point
is independently selectable for both A and B acquisitions.
Additional trigger positions in the record are selectable via
the GPIB interface commands.

Cursor Measurements

Time and Voltage cursors are provided for making
parametric measurements on the displayed waveforms.
Time may be measured either between the cursor posi-
tions (DELTA TIME) or between a selected cursor and the
trigger point of an acquired waveform {ABSOLUTE). Time
cursor readouts are scaled in seconds, degrees, or per-
centage values. The 1/TIME cursors may be scaled in
hertz (Hz), degrees, or percentage.
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Voltage cursor measurements on a waveform display
can be selected for reading either the voltage difference

between the cursor positions or for reading the absolute .-

voltage position of a selected cursor with respect 1o
ground. The volts measurement readouts may be scaled in
volts, decibels (dB), or percentage values. The Voltage cur-
sors and Time cursors may also be coupled to track
together {(V@T and SLOPE) and assigned to a particular
waveform for ease in making peak-to-peak and slope
waveform measurements. The units for V@T may be
volts, percentage, or dB; SLOPE may bhave uniis of slops
(VOLTS/SECQC), percentage (VOLTS/VOLT), or dB.

Waveform Acquisition

Waveforrns may be acquired in different modes,
depending on the measurement requirements. The acquisi-
tion modes of NORMAL, ENVELOPE, and AVG (averag-
ing) offered in the 2430 provide the user with & wide range
of measurement adaptability. NORMAL mode provides a
continuous acquisition producing a ‘“live” waveform
disptay similar to that seen with an analog oscilioscope.
AVG (averaging) mode is especially useful for improving
the signal-to-noise ratio of the displayed waveform. Smail
amplitude signals masked by noise become easily visible
for making measurements and analysis by averaging from
2 to 256 acguisitions for removing uncorrelated noise.

Equivalent-time sampling, used for NORMAL and AVG

'acquisition of recurring periodic signals, extends the useful

storage bandwidth to 150 MHz when the REPETITIVE
mode is on. Randomiy acquired data points taken from a
periodic signal are used to fill the complete record of the
signal waveform display. Depending on the SEC/DIV set-
ting, as few as 10 samples or as many as 205 samples
may be obtained on each trigger event. The user sees the
waveform display buiid up as dots until the entire 1024
data point record is filied.

ENVELOPE mode saves the maximum and minimum
data-point values over a selected number of acquisitions
from 1 to 256 plus CONT (continuous). The display
presents a visual image of the amount of change
(envelope) that occurs to a waveshape during the accumie
lated acquisitions. Frequency, phase, amplitude, and posi-
tion changes are easily identified when acquiring in
ENVELOPE mode. The glitch-catching capability of
ENVELOPE mode can capture singie-event pulses as nar-
row as 2 ns at the slowest SEC/DIV setting of 5 seconds
per division.



Horizontally, the record length of acquired waveforms is
1024 data points {512 max/min pairs in ENVELOPE mode),
. of which 500 make up a one-screen display (50 data
; points per division for 10 divisions). The entire record may
be viewed by using the Horizontal POSITION control to
position any portion of the record within the viewing area.

Storage and I/O

Acquired waveforms may be saved in any of four REF
waveform nonvolatile memories. Any or all of the saved
reference waveforms may be displayed for comparison
with the waveforms being currently acquired. The source
and destination of waveforms to be saved may be user
designated. Assignment can be made to save either chan-
nel 1 or channe! 2 (or the resulis of an addition or multipli-
cation of the two channels} to any REF memory or to
move a stored reference from one REF memory o
another. Reference waveforms may also be written into a
REF memory location via the GPIB interface.

Up to five front-panel control setups may be saved in
nonvolatile memory for recall at a later time. This feature
permits rapid switching through a limited set of measure-
ments and provides fast instrument setup for making

. measurements which are frequently used. On instrument

! power-up, the 2430 restores the settings present when
last powered down.

The 2430 is fully controllable and capable of sending
and receiving waveforms via the standard equipped GPIB
interface. This feature makes the instrument ideat for mak-
ing automated measurements in a production or research
and development environment that calls for repetitive data
taking. Self-calibration and self-diagnostic features built
into the 2430 to aid in fault detection and servicing are
atso accessible via commands sent from the GPIB con-
troller.

Another standard feature is the X.Y Recorder output
which provides a low-cost method for obtaining hard
copies of acquired waveforms. In addition to the X-axis
and Y-axis signal outputs, a selectable polarity pen-ift
voltage aids the user in automating the plot for those
plotters having remote pen-lift capabilities.
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The following items are standard accessories shipped
with the 2430 instrument:

Probe packages

Snap-lock accessorigs pouch
Zip-lock accessories pouch
Operators manual
Instrument interface guide
Operators reference guide
Fuse

Power cord {installed)

Biue plastic crt filter {instailed)
Clear plastic crt filter
Front-panel cover

b ek ek wd ek e mmh od ok WD

For part numbers and further information about stan-
dard accessories and a list of the optional accessories,
refer to “Options and Accessories’” {Section 7) in this
manual. For additional information on accessories and
ordering assistance, contact your Tekironix representative
or local Tektronix Field Office.

PERFORMANCE CONDITIONS

The following electrical characteristics (Table 1-1) apply
when the 2430 has been calibrated at an ambient tem-
perature between +20°C and +30°C, has had a warm.
up period of at ieast 20 minutes and is operating at an
ambient temperature between —15°C and -£55°C (unless
otherwise noted).

items listed in the “Performance Requirements” column
are verifiable gualitative or quantitative limits that define
the measurement capabilities of the instrument.

Environmental characteristics are given in Table 1-2.
The 2430 meets the environmental requirements of MIL-
T-28800C for Type I, Class 3, Style D equipment, with
the humidity and temperature reguirements defined in
paragraphs 3.9.2.2, 3.9.2.3, and 3.9.2.4. The rackmounted
2430 meets the vibration and shock requirements of MiL-
T-28800C for Type Ili, Class 5, Style D equipment when
mounted using the rackmount rear-support kit supplied
with both the 1R Option and the Rackmount Conversion
kit.

Mechanical characteristics of the 2430 are listed in
Table 1-3.

Video Option characteristics are given in Table 1.4,



Specification—2430 Operators

Table 1-1

Electrical Characteristics

Characteristics

Performance Requirements

ACQUISITION SYSTEM—CHANNEL 1 AND CHANNEL 2

Resolution

8 bits.

Displayed vertically with 25 digitization levels (DL)? per division,
10.24 divisions dynamic range.

Aecord Length

1024 samples.

Displayed horizontally with 50 samples per division, 20.48-division
trace length.

Sample Rate 10 samples per second to 100 megasamples per second (5 s per
division to 500 ns per division).
Sensitivity
Range 80 pV per DL to 0.2V per DL in a 1-2-5 sequence of 11 steps
(2 mV per division to 5 V per division).
Accuracy

Normal and Average Modes

Within = (2% + 1 DL} at any VOLTS/DIV setting for a signal
1 kHz or less contained within =75 DL (=3 divisions) of center
when an Autocal has been performed within £15°C of the
operating temperature. Measured on a four- or five-division signal
with VOLTS or V@T cursors; UNITS set to delta volis.

Envelope Mode

Add 1% to Normal Mode specifications.

Variable Range

Continuously variable between VOLTS/DIV seitings. Extends sen- r_.
sitivity to 0.5 V per DL or greater, 12.5 V per division or greater.

Bandwidth

Normal and Average Mode; Repet off;
SEC/DIV at 0.5 us or Faster

DC to 40 MHz (calculated useful storage bandwidth--USB).

USB — F (sample freq max)

Normal and Average Modes with Repet On
or Continuous Envelope Mode; SEC/DIV
at 0.2 us or Faster (—3 dB bandwidth)

2.5
VYOLTS/DIV Bandwidth
Setling
2 my DC-100 MHz

5 mV or greater DC-150 MHz

Bandwidth with a P8131 probe is checked using the obtainable
reference signal (six divisions or less) from a terminated 50 © sys-
tem via probe-tip-to-BNC adapter.

Bandwidth with external termination is checked using a six-
division reference signal from terminated 50 ¢ system.

Bandwidth with internal termination is checked using a six-division
reference signal from a 50 @ system.

suDigitization leve!” is abbreviated “DL” and is equal to 1/25 of a division times the veriical expansion factor.
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Table 1-1 {cont}

Characteristics

Performance Reguirements

AC Coupled Lower —3 dB Point
1X Probe

10 Hz or less.

10X Probe

1 Hz or less.

Step Response, Repet and Average On;
Average Set to 16

Rise Time

2.3 ns or less for VOLTS/DIV settings of 5 mV and up (calcu-
lated).

3.5 ns or less for VOLTS/DIV setting of 2 mV (calculated).

T, (in ns) mwm?ggmw
BW (in MHz)
Envelope Mode Pufse Response
Minimum Single Pulse Width for 50% 2 ns.
or Greater Amplitude Capture at
85% or Greater Confidence
Minimurn Single Pulse Width for Guaranteed 4 ns.
50% or Greater Amplitude Capture
Minimum Single Pulse Width for Guaranteed 8 ns.

80% or Greater Amplitude Capture

Channel isolation

100:1 or greater attenuation of the deselected channel al
100 MHz; 50:1 or greater attenuation at 150 MHz, for a 10-
division input signal from 2 mV/div to 500 mV/div; with equal
VOLTS/DIV settings on both channels.

Acqguired Channel 2 Signal Delay with Respect + 250 ps.
to Channel 1 Signal at Full Bandwidth
Input R and C {1 M)
Resistance 1 M2 £0.5%.
In each attenuator, the input resistance of all VOLTS/DIV posi-
tions is matched to within 0.5%.
Capacitance 15 pF +2 pF.

in each attenuator, the input capacitance of all VOLTS/DIV posi-
tions is matched to within 0.5 pf.

1-5



Specification—2430 Operators

Table 1-1 {cont}

Characteristics

Performance Requirements

Input R {50 §)
Resisiance

50 Q +1%.

VSWR (DC to 150 MHz)

1.3:1 or better.

Maximum Input Voltage A

5V rms; 0.5 W-sec for any one-second interval for instantaneous
voitages from 5 V to 50 V.

Maximum Input Voltages A
Input Coupling Set to DC, AC, or GND

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

Common-Mode Reiection Ratio (CMRR);
ADD Mode with Either Channel Inverted

At least 10:1 at 50 MHz for common-mode signals of 10 divisions
or less with VARIABLE VOLTS/DIV adjusted for best CMRR at
50 kHz.

POSITION
Range

+10 divisions +5, —17 DLs. At 50 mV per division with INVERT
off, when Seif Cal has been done within £5°C of the operating
temperature.

Gain Match Between NORMAL and SAVE

+3 DLs for positions within + & divisions from center.

L.ow-Frequency Linearity
Normal or Average Mode

3 DLs or less compression or expansion of a two-division,
center-screen signal when positioned anywhere within the acquisi-
tion window.

20 MHz Bandwidth Limiter
—~3 dB Bandwidth

13 MHz to 24 MHMz.

50 MHz Bandwidth Limiter
--3 dB Bandwidth

40 MHz to 55 MHz.

Rise Time

6.3 nsto 8.7 ns.

With a five-division, fast-rise step (rise time of 300 ps or less)
using 50 © dc input coupling and VOLTS/DIV setting of 10 mV.
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Table 1-1 {cont}

Characteristics

Performance Requirements

TRIG

GERING~A AND B

Minimum P-P Signal Amplitude for Stable
Triggering from Channel 1, Channel 2, or ADD

A Trigger
BC Coupled

0.35 division from DC to 50 MHz, increasing to 1.0 division at
150 MHz; 1.5 divisions at 150 MHz in ADD mode.

NOISE REJ Coupled

1.2 divisions or less from DC to 50 MHz, increasing to 3 divisions
al 150 MHz: 4.5 divisions at 150 MHz in ADD mode.

AC Coupled

0.35 division from 60 Mz to 50 MHz; increasing to 1.0 division at
150 MHz, 1.5 divisions at 150 MHz in ADD mode. Attenuates sig-
nals below 60 Hz.

HF REJ Coupled

0.50 division from DC to 30 kHz. Attenuates signals above
30 kHz.

LF REJ Coupled

0.50 division from 80 kHz to 50 MHz; increasing to 1.0 division at
150 MHz; 1.5 divisions at 150 MHz in ADD mode. Attenuates sig-
nal below B0 kHz.

B Trigger

Multipty alt A Trigger specifications by two.

A+B Selected

Multiply ali A Trigger specifications by two.

Minimum P-P Signal Amplitude for Stable Triggering

from EXT TRIG 1 or EXT TRIG 2 Source

A Trigger
EXT Gain = 1
DC Coupled 17.5 mV from DC to 50 MHz, increasing to 50 mV at 160 MHz.

NOISE REJ Coupled

60 mV or less from DC to 50 MHz; increasing to 150 mV at 150
MHz.

AC Coupled

17.5 mV from 60 Hz to 50 MHz; increasing to 50 mV at 150 MHz.
Atienuates signals below 60 Hz.

HF REJ Coupled

25 mv from DC to 30 kHz.

LF REJ Coupied

25 mV from 80 kHz to 50 MHz; increasing to 50 mVY at 150 MHz.

EXT Gain = =5

Amplitudes are five times those specified for Ext Gain = 1.

B Trigger

mMultiply all A Trigger amplitude specifications by two.

A~B Selected

Multiply all A Trigger amplitude specifications by two.

Maximum P-P Signal Rejected by NOISE REJ
Coupiing Signals within the Vertical Bandwidth

Channsi 1 or Channel 2 Source

0.4 division or greater for VOLTS/DIV settings of 10 mV and
higher.

Maximum noise rejected is reduced at 2 mV per division and
5 mV per division.

EXT TRIG 1 or EXT TRIG 2 Source

20 mV or greater when Ext Trig Gain =
when Ext Trig Gain = +5.

1. 100 mV or greater
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Table 1-1 {cont}

Characteristics Performance Requirements

EXT TRIG 1 and EXT TRIG 2 Inputs

Resistance 1 MQ +£1%.
Capacitance 15 pF £3 pF.
Maximum Input Voitage A 400 V (dc + peak ac); 800 V p-p ac at 10 kHz or less.
LEVEL Control Range
Channel 1 or Channel 2 Source + 18 divisions x VOLTS/DIV setting.
EXT TRIG 1 or EXT TRIG 2 Source
EXT GAIN = 1 +0.9 voit.
EXT GAIN = +5 +4.5 voits.

LEVEL Readout Accuracy (for triggering signals
with transition times greater than 20 ns)

Channel 1 or Channel 2 Source

DC Coupled
+15°C to +35°C Within = [3% of setting + 3% of p-p signal + (0.2 division x
VOLTS/DIV setting) + 0.5 mV + (0.5 mV x probe attenuation
factor)].
—15°C to +55°C Add (1.5 mV x probe aftenuationy to +15°C to +35°C
{excluding +15°C to +35°C) specification.
NOISE REJ Coupled Add =+ (0.6 division x VOLTS/DIV setting) to DC Coupled
specifications.

Checked at 50 mV per division.

EXT TRIG 1 or EXT TRIG 2 Source

EXT GAIN =1
DC Coupled Within = [3% of setting + 4% of p-p signal + 10 mV + (0.5 mV
x probe attenuation factor)).
NOISE REJ Coupled Add +30 mV to DC Coupled specifications.
EXT GAIN = =5
DC Coupled Within = [3% of setting + 4% of p-p signal + 50 mv + (0.5 mV
X probe attenuation factor}].
NOISE REJ Coupled Add +150 mV to DC Coupled specifications.
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Characteristics

Performance Requirements

Variable A Trigger Holdoff

A SEC/DIWV BN HO MAX HO
5ns 2-4 us
10ns
20 ns 9-15 us
50 ns
100 ns
200 ns
500 ns 510 pus
1 us 10-20 us
2 us 20-40 us 100-150 us
5 us 50-100 ps
10 us 0.1-0.2 ms
20 us 0.2.0.4 ms 1-1.5 ms
50 us 0.5-1.0ms
100 us 1-2 ms
200 us 2-4 ms 10-15 ms
500 us 5-10 ms
1ms 10-20 ms
2ms 20-40 ms 90-150 ms
5 ms 50-100 ms
10 ms 01-02s
20 ms 0.2.04s 09-15s
50 ms 0510s
100 ms i-2s
200 ms 2-4 8
500 ms 3-15s
1s
2s 510 s
5s

SLOPE Selection

Conforms to trigger-source waveform and

waveform.

ac-power-sgurce

Trigger Position Jitter (p-p}
SEC/DIV 0.5 ps per Division or Greater
A and B Triggered Sweeps

0.04 x SEC/DIV setting.

B RUNS AFTER Delay

0.08 x SEC/DIV setting.

SEC/DIV 0.2 us per Division or Less

{0.02 x SEC/DIV setling) + 2 ns.
Checked at 5 ns/div with Repet OFF using a six-division, 10 MHz

sine-wave input.
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Table 1-1 (cont)

Characteristics

Performance Requirements

TiME BASE
Sample Rate Accuracy
Average Over 100 or More Samples +0.01%.
External Clock
Repetition Rate
Minimum 1 MHz.
Maximum 100 MHz.
Events Count 1 10 65,536
Events Maximum Repetition Rate 100 MHz.

Signal Levels Required for EXT Clock or EVENTS
Channel 1 or Channel 2 SOURCE
DC Coupled

0.7 division from DC to 20 MHz; increasing to 2.0 divisions at
100 MHz; 3.0 divisions at 100 MHz in ADD mode.

NOISE REJ Coupled

2.4 divisions or less from DC to 20 MHz; increasing to 6.0 divi-
sions at 100 MHz; 9.0 divisions at 100 MHz in ADD mode.

AC Coupled

0.7 division from 80 Hz to 20 MHz, increasing to 2.0 divisions at
100 Mitz; 3.0 divisions at 100 MHz in ADD mode. Attenuates sig-
nals below 60 Hz.

HF REJ Coupled

2.0 divisions from DC to 30 kHz. Attenuates signals above
30 kHz.

LF REJ Coupled

2.0 divisions from 80 kHz to 20 MHz; increasing to 4.0 divisions
at 100 MHz; 3.0 divisions at 100 MHz in ADD mode. Attenuates
signals below 80 kHz,

EXT TRIG 1 or EXT TRIG 2 Source
Ext Gain = 1
DC Coupled

35 mV from DC to 20 MHz; increasing to 100 mV at 100 MHz.

NOISE REJ Coupled

120 mV or less from DC to 20 MHz; increasing to 300 mV at
100 MMz,

AC Coupled

35 mV from 60 Mz o 20 MHz; increasing to 100 mV at 100 MHz.
Attenuates signals below 60 Hz.

HF REJ Coupled

50 mV from DC to 30 kHz.

LF REJ Coupled

50 mV from 80 kHz to 20 MHz; increasing to 100mV at
+00 MHz.

Ext Gain = — b

Amplitudes are five times those specified for Ext Gain = 1.

Delay Time Range

(0.04 x B SEC/DIV) to (65,536 x 0.04 x B SEC/DIV).

Delay Time Accuracy

Same as the sample rate accuracy.

Delay Time Resolution

The greater of (0.04 x B8 SEC/DIV) or 20 ns.
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Table 1-1 {cont)

Characteristics Performance Requirements

NONVOLATILE MEMORY

Front-Panel and Calibration Data Retention Time Greater than 3 years.

Waveform Data Retention Time
Storage Temperature

25°(C Greater than 120 hours.
50°C Greater than 24 hours.
Battery 3.5-volt lithium thiony! chioride; Type LTC-7P; UL listed.

WARNING §

To avoid personal injury, observe proper procedures for handing
and disposal of lithium batteries. Improper handiing may cause
fire, explosion, or severe burns. Don’t recharge, crush, disassem-
ble, heat the battery above 212°F (100°C), incinerate, or expose
contents of the battery to water. Dispose of battery in accordance
with local, state, and national regulations.

Typically, small quantities (less than 20) can be safely disposed of
with ordinary garbage in a sanitary landfill

Larger quantities must be sent by surface transport to a hazard-
ous waste disposal facility. The batteries should be individually
packaged to prevent shorting and packed In a sturdy container
that is clearly labeled *'Lithium Batteries—DO NOT OPEN.”
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Tabie 1-1 {cont)

Characteristics

Performance Reguirements

SIGNAL CUTPUTS

CALIBRATOR

Volitage {with A SEC/DIV
switch set to 1 ms)

CALIBRATOR output amplitudes at 5 MHz are at least 50% of
output amplitudes at 1 ms SEC/DIV setting.

1 MQ Load 0.4V +1%.
50 @ Load 0.2V £1.5%.
Current {short circuit oad with 8 mA +£1.5%.
A SEC/DIV switch set t0 1 ms)
Repetition Period A SEC/DIV Calibrator Calibrator Diw/
Setting Frequency Period Cycle
5ns 40
10 ns 20
20 ns 5 MHz 200 ns 10
50 ns 4
100 ns 2
200 ns 1
500 ns 4
1 us 500 kHz 2 us 2
5 us 4
10 us 50 kHz 20 us 2
20 us 1
30 us 4
100 ps 5 kiHz 200 us 2
200 us 1
500 us 4
1ms 500 Hz 2ms 2
2ms 1
5ms 4
0 ms 2
20 ms 1
50 ms 0.4
100 ms 0.2
200 ms 50 Hz 20 ms 0.1
500 ms 0.04
1s 0.02
2s 6.01
5% 0.004
Accuracy +0.01%.
Symmetry Duration of high portion of output cycle is 50% of output period +

{lesser of 500 ns or 25% of period}.
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Table 1-1 {cont)

Characteristics

Performance Requirements

CH 2 SIGNAL OQUTPUT
Cutput Voltage

20 mV per division +10% into 1 MQ.
10 mV per divison +10% into 50 Q.

Offset

=10 mV into 50 Q, when dc balance has been performed within
+5°C of the operating temperature.

—3 dB Bandwidth

DC to greater than 50 MHz.

A TRIGGER, RECORD TRIGGER, and
WORD RECOGNIZER Output

Logic Polarity

Negative true. Trigger occurrence indicated by a HI to LO transi-
tion.

QOutput Voltage H!
L.oad of 400 pA or Less

25Vto3s V.

50 @ Load to Ground

0.45 V or greater.

Quiput Voltage 1O
Load of 4 mA or Less

0.5 V or less.

50 9 Load to Ground

0.15 V or less.

PLOTTER
X-Output and Y-Output
Cutput Resistance

140 £10%.

Qutput Range

+ (2V +100 mV).

Scale Factors
Y-—390 mV per division;
X—380 mV per division,

Cutput Center

0 voits 30 mV,

Home {Lower Left) Position

—2V =100 mV.

Slew Rate

L.ess than 8 volts per second.

The instantangous slew rate is determined by the output stage
time constant (3.3 ms) and can exceed 8 volts per second. The
System uP computes the length of the siroke needed for each
point and waits an appropriate fime at each position before
proceeding so that the X-Y plotter sees an effective slew rate of
less than 8 voits per second.

Pen Lift, SPST Relay Contact to Ground

Potarity Menu selectable.
Maximum Applied Open-Circuit Voltage + 25 volts.
Maximum Closed-Circuit Resistance 1 or less,

Maximum Closed-Circuit Current

250 mA or less.
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Table 1-1 {cont)

Characteristics

Performance Requirements

DISPLAY
Graticuie 80 mm x 100 mm (8 x 10 divisions).
Phosphor P31.
Nominal Accelerating Potential 16 kV.

Waveform and Cursor Display, Vertical
Resolution, Electrical

One part in 1024 (10 bit). Calibrated for 100 points per division.

Gain Accuracy

Graticule indication of voltage cursor difference is within 1% of
CRT cursor readout value, measured over center 6 divisions.

Centering; Vectors OFF
Offset with Vectors ON

Within +0.1 division.
Less than 0.05 division.

Linearity

Less than 0.1 division difference between graticule indication and
CRT cursor readout when active volts cursor is positioned any-
where on screen and inactive cursor is at center screen.

Vector Response
NORMAL Mode
Step Aberration

4%, —4%, 4% p-p.

Fill

Edges of filled regions maich reference lines within + 0.1 division.

ENVELOPE Mode
Filt

Less than 1% change in p-p amplitude of a 6-division, filled
ENVELOPE waveform when switching vectors ON and OFF.

Waveform and Cursor Display, Horizontal
Resolution, Electrical

One part in 1024 (10 bit). Calibrated for 100 points per division.

Gain Accuracy

Graticule indication at time cursor difference is within 1% of CRT
cursor readout value, measured over center 6 divisions.

Centering; Vectors OFF
Offset with Vectors ON

Within -+ 0.1 division.
Less than 0.05 division.

Linearity

Less than 0.1 division difference between graticule indication and
CRT cursor readout when active time cursor is positioned any-
where along center horizontal graticule line and inactive cursor is
at center screen.
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Table 1-1 {cont)

Characteristics Performance Requirements

AL POWER SOURCE

Source Voliage
Nominal Ranges

115V 90 VvVio 132 V.
230 v 180 V to 250 V.
Source Frequency 48 Hz to 440 Hz.
Fuse Rating 5 A, 250 V, AGC/3AG, Fast Blow; or 4 A, 250 V, 5 x 20 mm
Time-Lag (T).

Each fuse type requires a different fuse cap.

Power Consumption

Typicai (standard instrument) 160 watts (250 VA).
Maximum {fully optioned instrument) 200 watts {300 VA).
Primary Grounding® Type test 0.1 & maximum. Routine test to check grounding con-

tinuity between chassis ground and protective earth ground.

broutine test is with ROD-L/EPA Electronic Model 100AV Hi-Pot Tester. This tesis both the Primary Circuit Dielectric Withstand and
Primary Grounding in one operation. Contact Tekironix Product Safety prior to using any other piece of equipment to perform these
iests.
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Table 1-2

Environmental Characleristics

Characteristics

Performance Reguirements

STANDARD INSTRUMENT

Environmental Requirements

Temperature
Operating

The 2430 Digital Oscilloscope meets the environmental require-
ments of MIL-T-28800C for Type Ili, Class 3, Style D equipment,
with the humidity and temperature reguirements defined in para-
graphs 3.9.2.2, 3.9.2.3, and 3.2.2.4.

—-15°C 1o +55°C.

Noncperating (storage)

~82°C to +85°C.

Aftitude
Operating

To 15,000 feet (4500 meters). Maximum operating temperature
decreased 1°C for each 1000 feet (300 meters) above 5000 feet
{1500 meters).

MNonoperating (storage)

To 50,000 feet (15,000 meters).

Humidity
Operating and Storage

Stored at 95% relative humidity for five cycles (120 hours) from
36°C to 60°C, with operation performance checks at 30°C and
55°C.

Vibration
Operating

15 minutes along each of three axes at a total dispiacement of
0.025 inch (0.64 mm) p-p {4 g at 55 Hz), with frequency varied
from 10 Hz to 55 Hz in one-minute sweeps. Hold 10 minutes at
each major resonance, or if none exist, hold 10 minutes at 55 Hz
(75 minutes total test time).

Shock
Operating and Nonoperating

50-g, haif.sine, 11-ms duration, three shocks on each face, for a
total of 18 shocks.

Transit Drop (not in shipping package)

12-inch {300-mm) drop on each corner and each face (exceeds
MIL-T-28800C, paragraphs 3.9.5.2 and 4.5.5.4.2).

Bench Handling
Cabinet On and Cabinet Off

MIL-8TD-810C, Method 516.2, Procedure V (MiL-T-286800C,
Paragraph 4.5.5.4.3).

Topple {cabinet instalied)
Operating

Set on rear feet and allow to topple over onto each of four adja-
cent faces {Tektronix Standard 062-2858-00).

Packaged Transportation
Drop

Meets the limits of the Natiohal Safe Transit Assn., test pro-
cedure 1A-B-2; 10 drops of 36 inches (914 mm) (Tektronix Stan-
dard 062.2858-00).

Vibration

Mesets the limits of the National Safe Transit Assn., test pro-
cedure 1A-B-1; excursion of 1 inch (254 mm) pp at 4.63 Hz
(1.1 g} for 30 minutes (Tekironix Standard 062-2858-00).
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Tabie 1-2 {cont)

Characteristics Performance Requirements

Environmental Regquirements {(cont)

EMI (electromagnetic interference) Meets MIL-T-28800C; MH-STD-4618, part 4 {CE-03 and CS-02),
part 5 (CS-06 and RS-02), and part 7 {CS-01, RE-02, and RS-
03—limited to 1 GHz); VDE 0871, Category B; Part 15 of FCC
Rules and Regulations, Subpart J, Class A; and Tektronix Stan-
dard 062-2866-00.

Electrostatic Discharge Susceptibility Meets Tekironix Standard 062-2862-00. The Instrument will not
change control states with discharges of less than 10 kV.
X-Ray Radiation Meets requirements of Tekironix Standard 062-1860-00.
RACKMOUNTED INSTRUMENT
Environmental Requirements Listed characteristics for vibration and shock indicate those

environments in which the rackmounted instrument meets or
exceeds the requirements of MIL-T-28800C with respect to Type
Hi, Class 5, Style D equipment with the rackmounting rear-
support kit installed. Refer to the Standard Instrument Environ-
mental Specification for the remaining performance reguirements.
instrumenis will be capable of meeting or exceeding the require-
ments of Tektronix Standard 062-2853-00, class 5.

Temperature {operaling) -15°C 1o +455°C, ambient temperature measured at the
instrument’'s air inlet. Fan exhaust temperature should not exceed
+65°C.

Vibration 15 minutes along each of three major axes at a total displacement

of 0.015 inch {0.38 mm} p-p (2.3 g at 55 Hz), with frequency
varied from 10 Hz to 55 Hz to 10 Hz in one-minute sweeps. Hold
10 minutes at each major resonance, or if no major resonance
present, hold 10 minutes at 55 Hz (75 minutes total test lime).

Shock (operating and nonoperating) 30-g, half-sine, 11-ms duration, three shocks per axis in each
direction, for a total of 18 shocks.
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Table 1-3

Mechanical Characteristics

Characteristics Description

STANDARD INSTRUMENT

Weight
With Front Cover, Accessories, =12.8 kg {28.1 Ibs).
and Accessories Pouch
Without Front Cover, Accessories, =10.9 kg (23.9 lbs).
and Accessories Pouch
BDomestic Shipping Weight ==16.4 kg (36 lbs}).
Overall Dimensions See Figure 1-1 for a dimensional drawing.
Height
With Feet and Accessories Pouch 190 mm (7.48 in}.
Without Accessories Pouch 160 mm (8.3 in}.
Width (with handie) 330 mm {130.0 in).
Depth
With Front Cover 479 mm (18.86 in).
With Handle Extended 550 mm (21.65 in).
Cooling Forced air circulation; no air filter.
Finish Tektronix Blue vinyi-clad material on aluminum cabinet.
Construction Aluminum-alloy/plastic-composite chassis (spot-molded). Plastic-
laminate front panel. Glass-laminate circuit boards.
RACKMOUNTING
Rackmounting Conversion Kit
Weight 4.0 kg (8.8 1bs).
Domestic Shipping Weight 6.3 kg (13.8 s).
Height 178 mm (7 in).
Width 483 mm (19 in).
Depth 419 mm (18.5 in).
Rear Support Kit
Weight : 0.68 kg (1.5 Ibs).
OPTION 1R
Rackmounted Instrument (Option 1R}
Weight =15.8 kg (34.9 lbs).
Domestic Shipping Weight =18.1 kg (39.9 ibs).
Height 178 mm {7 in).
Width 483 mm (19 in).
Depth 419 mm (16.5 in).
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Tabie 1-4

Video Option 05 (TV Trigger} Electrical Characteristics

Characteristics

Performance Reguirements

VERTICAL—CHANMNNEL 1 AND CHANMEL 2

Frequency Response
Full Bandwidth
50 kHz to 5 MHz

Within = 1%.

Greater than 5 MHz to 10 MHz

Within + 1%, —2%.

Greater than 10 MHz to 30 MHz

within +2%, —3%.
For VOLTS/DIV switch settings between 5 mV and 0.2 V per divi-
sion with VARIABLE VOLTS/DIV set to CAL. Five-division,

50 kHz reference signals from a 50 € system. With external 50 G
termination on a 1 MQ input.

20 MHz Bandwidth Limit
50 kMHz to 5 MHz

Within -+ 1%, —4%.

Square Wave Flatness

Field Rate
5 mV/div to 20 mV/div * 1%, 1% p-p at 60 Hz with input signal of 0.1 V.
50 mV/div +1%. 1% p-p at 60 Hz with input signai of 1.0 V.
With fastrise step (rise time 1 ns or less), 1 M de input coupling,
an external 50 Q termination, and VARIABLE YOLTS/DIV set to
CAL. Exclude the first 20 ns following the step transition and
exclude the first 30 ns when 20 MHz BW LIMIT is set.
Line Rate
5 mV/div to 20 mV/div + 1%, 1% p-p at 15 kHz with input signat of 0.1 V.
50 mV/div +1%, 1% p-p at 15 kHz with input signal of 1.0 V.

TV {Back-Porch) Clamp (CH 2 Only)
60 Hz Attenuation

18 dB or greater.

For VOLTS/DIV switch settings between 5 mV and 0.2V with
VARIABLE VOLTS/DIV set to CAL. Six-division reference signal.

Back-Porch Reference

Within = 1.0 division of ground reference.
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Table 1-4 {cont)

Characteristics

Performance Reguirements

TRIGGERING

Sync Separation

Stable video rejection and sync separation from sync-positive or
sync-negative composite video, 525 to 1280 lines, 50 Hz or 60 Hz,
interlaced or noninterlaced systems.

Trigger Modes
A Horizontal Mode

All lines:

Field 1, selected line (1 to n),
Field 2, selected line {1 to n),
Alt fields, selected line (1 to n).

n is equal to or less than the number of lines in the frame and
less than or equal to 1280.

B Horizontal Mode

Delayed by time.

Minimum Input Signal Amplitude for Stable
Triggering

Channel 1 and Channel 2
Composite Video

2 divisions.

Composite Sync

0.6 division.

Peak signal amplitude within 18 divisions of input ground refer-
ence.

EXT TRIG 1 or EXT TRIG 2
EXT GAIN = 1
Composite Video

80 mv

Composite Sync

30 mv
Peak signal ampiitude within = 0.8 V from input ground reference.

EXT GAIN = +5
Composite Video

300 mV

Composite Sync

150 mV
Peak signal amplitude within +4.9 V from input ground reference.
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Figwre 1-1. Dimensional drawing.
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Section 2-——2430 Operators

PREPARATION FOR USE

SAFETY

This section tells how to prepare for and to proceed
with the initial start-up of the TEKTRONIX 2430 Digital
Oscilioscope.

Refer to the Safety Summary at the front of this
manuai for power source, grounding, and other safety con-
siderations pertaining to the use of the instrument. Before
connecting the oscilloscope to a power source, read both
this section and the Safety Summary.

CAUTION

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

LINE VOLTAGE SELECTION

The 2430 operates from either a 115 V or 230 V nomi-
nal ac power-input scurce having a line frequency ranging
from 48 Hz to 440 Hz. Before connecting the power cord
to a power-input source, verify that the LINE VOLTAGE
SELECTOR switch, located on the rear panel (see Figure
2-1}, is set for the correct nominal ac input-source voltage.
To convert the instrumant for operation from ore line-
voltage range to the other, move the LINE VOLTAGE
SELECTOR switch to the correct nominal ac source-
voltage setting (see Table 2-1). The detachable power cord
may have to be changed to match the particular ac
power-source outlet.

LINE FUSE

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

1. Press in the fuse-holder cap and release it with a
slight counterclockwise rotation.

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

3. Verify proper fuse value (see Table 2-1).

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

NOTE

A4 A 250V, 5 x 20 mm Time-lag (T} fuse may be
substituted for the factory-installed fuse. However,
the two types of fuses are not directly interchange-
able; each requires a different type of fuse cap.

70 REMOVE POWER
LORD. DISCONNECT
PLUG AND ROTATE
RETAINER ELIP 90°

T
SR L P Lt

LINE VOLTAGE

SELECTOR

FOR LABORATORY USE

BY CERTIFED
PERSOMNEL. ( o
BECTAONIC SB

MEASURWNG  POUR EMPLD: PAR
” & TESTING LE PEASONNEL DE
e EGUIPMENT LABORATOIRE,

ENEEY]

ISTED ¢ pormicat &

4918-02

Figure 2-1. LINE YOLTAGE SELECTOR, fuse, and power cord
recepiacie.
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Table 2-1

VYoltage, Fuse, and Power-Cord Data

Line Factory
Plu Power Cord Voitage Voltage Instailed Fuse Reference
g Category And Range Holder b
Configuration Plug Type Selector (AC) instrument Cap Standards
9 1¥p Setting Fusa ’

u.s. us. 90V 1 el ANSI C73.11
Domestic 120V 115V 1 32VO East-blow AGC/3AG NEMA 5-15-P
Standard 18A Ui 198.6

{UL 198.8)
5A, 250V
EURO y CEE(T), H, WV, VI
A
Option A1 240V 2aov | 1BV | O | AGC/3AG | IECB3
10-16A IEC 127
{Ul. 198.6)
5A, 250V
UK® y B8S 1363
AGC/3A
Option A2 240V a3ov | 18OV 10 RGCr3AG | AGe/3AG IEC 83
BA (UL 198.6) EC 127
Australian 5A, 250V
. 180V to AGC/3AG AS C112
Option A3 2%21 230V 250V Fast-blow | AGC/3AG IEC 127
(UL 198.6}
North 5A, 250V ANSI C73.20
. American 180V to AGC/3AG NEMA 8-15-P
Ontion A4 240V 230V 2H0V Fast-blow AGC/3AG EC 83
1BA (UL 198.8} Ui 198.6
Switzertand A, 250V
. 180V 10 AGC/3AG SEV
Option A5 2%2\/ 230V 250V Fast-blow AGC/3AG 1EC 127
{UL 198.6}

° Reference Standards Abbreviations:

ANSI-American National Standards Institute

AS—Standards Association of Australia

BS&.--British Standards Institution

CEE international Commission on Rules for
the Approval of Electrical Equipment

& A BA, Type C fuse is also installed inside the pluy of the Option A2 power cord.

IEC —International Electrotechnical Commission
NEMA—National Electrical Manufacturer's Association
SEV —Schweizevischer Elektrotechischer Verein
UL-—Underwriters Laboratories Inc.

491803




POWER CORD

This instrument has a detachable three-wire power cord
with a three-contact plug for connection to both the power
source and protective ground. The power cord is secured
to the rear panel by a cord-set secwring clamp. The pro-
tective ground contact on the plug connects (through the
power cord protective grounding conductor) to the accessi-
ble metal parts of the instrument. For electrical shock pro-
tection, insert this piug into a power-source outlet that has
a properly grounded protective-ground contact.

Instruments are shipped with the required power cord
as ordered by the customer. information on the available
power cords is presented in Table 2-1, and part numbers
are listed in "Options and Accessories” (Section 7). Con-
tact your Tekironix representative or local Tektronix Feld
Office for additional power-cord information.

INSTRUMENT COOLING

To prevent instrument damage from overheated com-
ponents, adequate internal airflow must be maintained.
Before turning on the power, first verify that air-intake
holes on the bottom and side of the cabinet and the fan
exhaust holes are free of any obstruction to airflow. The
scope has a thermal cutout that will activate if overheating
occurs. The scope shuts down immediately with no
attermpt t0 save waveforms or front-panel conditions if a
cutout happens. Power will be disabled to the scope until
the thermal cutout cools down, at which time the power-on
sequence is redone. The resulting ioss of the last front-
panel and waveform data will cause the power-cn self test
to fail and is indicated to the user by a falled CKSUM-
NVRAM test (number 6000 in the main EXTENDED DIAG-
NOSTICS menu). The cause of the overheating must be
corrected before attempting prolonged operation of the
scope, Pressing the MENU OFF/EXTENDED FUNCTIONS
button restores the scope to the normal operating mode.

START-UP

The 2430 automatically performs power-up tests each
time the instrument is furned on. These tests provide the
user with the highest possible confidence level that the
instrument is fully functicnal. If no faults are encountered,
the instrument will enter the Scope mode in the SAVE
Storage mode. Failure of a test in the range of 6000 to
9300 may not indicate a fatal scope fault. Several condi-
tions can occur that wili cause a non-fatal failure of the
tests. In each of these cases, the abnormal condition is
brought to the user's attention by the scope entering the
"EXTENDED DIAGNOSTICS" mode. Recovery from some
abnormai conditions may be possible by simply pressing

 the MENU CFF button to enter the scope mode. Running

FPreparation for Use—2430 Operators

the "SELF CAL" procedure after the scope has warmed
up ("NOT WARMED UP" message is removed from the
main CAL/DIAG menu in about ten minutes after power-
on) may also eliminate the cause of the non-fatal error.
(The SELF CAL procedure is detailed in Section 4 of this
manual.) Refer to Appendix B of this manual for informa-
tion on the power-up tests and the procedures to follow in
the event of a failed power-up test.

If the power-on seif-test fails due to an actual com-
ponent failure, the scope may still be useable for your
immediate measurement purposes. For example, if the
problem area is in CH 2, CH 1 may still be used with full
confidence of making accurate measurements. Depending
on the nature of the failure, the “"UNCALD" rnessage may
or may not be displayed, but the failed test or tests will be
indicated by a "FAIL" message displayed with the associ-
ated EXTENDED DIAGNOSTICS test. Press the MENU
OFF/EXTENDED FUNCTIONS button to exit EXTENDED
DIAGNOSTICS to check out the scope for use.

A fatal fault in the operating systemn will cause the
scope to abort. No displays are possible, and the user is
notified of an abort situation only by the flashing of the
Trigger LED indicators {if that is possible). Cycling the
power off then back on may clear the problem, but a
failure of this magnitude usually requires the scope to be
referred to a qualified service person for checkout and
repairs. Persistent or reoccurring failures of the power-on
or self diagnostic test shouid be brought to the attention of
a quaiified service person at the first opportunity. Consult
your service department, your local Tektronix Service
Center, or nearest Tekironix representative if further
assistance is needed.

POWER-DOWN

NOTE

DO NOT TURN THE 2430 OFF WHILE THE SELF
CAL ROUTINE 1S RUNNING. Turning off the power
prior to completion of SELF CAL will invalidate the
instrument calibration constants. The scope will then
require a partial calibration to restore the constants
to correct values that return the scope to normal
operation. The extent of calibration required depends
on which constants were invalidated.

For a ncrmal power-off from the scope mode, an order-
Iy power-down sequence that retains the save and saveref
waveforms, the current front-panel control settings, and
any stored front-panel settings is done. A power-off or
transient power fluctuation during SELF CAL, active
EXTENDED DIAGNOSTICS testing, EXTENDED CALI-
BRATION, or shui-down at any time due to overheating
does not permit execution of the normal power-down
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sequence. The resuit of such an occurrence is the foss of
stored calibration constants or last front-panel control set-
tings (or both} and a faiiure of the next power-on self-test,

NOTE

In the event of a momentary power interruption that
starts the power-off sequence of the 2430, the
scope will redo the power-on procedure. If the scope
is in the middle of a waveform acquisition when
power interruption occurs, the waveform data wil
not be saved, and the invalid waveform data display
will be seen when power-on has completed. Press
ACQUIRE to restart the acquisition and obtain valid
waveform data.

If the scope remains off longer than the short-term non-
volatile SAVE waveform RAM can save data {more than
three to five days), the waveforms (or front-panel setups)
stored in the SAVE waveform memory may become lost.
The result is that SAVE and SAVEREF waveforms stored
at power-off are replaced by the invalid waveform display
when the scope is again turned on. Each operating period
of the scope refreshes the short-term nonvolatile memaory.

REPACKAGING FOR SHIPMENT

it is recommended that the original carton and packing
material be saved in the event it is necessary for the
instrument to be reshipped using a commercial transport

2-4

carrier. If the original materials are unfit or not available,
then repackage the instrument using the following pro-
cedure:

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

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

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

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

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

6. Mark the address of the Tektronix Service Center
and also your own return address on the shipping carton
in two prominent locations.



Section 3—Controls, Connectors, and Indicators

CONTROLS, CONNECTORS,
AND INDICATORS

The foliowing descriptions are intended to familiarize
the operator with the {ocation and function of the controls,
connectors, and indicators of the 2430 Digital Oscillo-
scope.

CRT DISPLAY, MENU BUTTONS,
AND POWER

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

@ BMenu Control Buttons-—These five push buttons,
mounted in the bezel under the cri, are used to

Choosing which function the INTENSITY knob con-
trols (READOUT, DISP, INTENS, or GRAT) is done
by pressing the associated menu control button.
The activated choice (indicated by an underscore
when the SELECT menu is displayed) remains under
control of the INTENSITY knob untif another selec-
tion is made by the user. When the INTENSITY
meny is being displayed, if the initial setting is either
INTENS or GRAT, pressing the SELECT bution a
second time immediately selects DISP; subsequent
presses then toggle between READCUT and DISP,

Pressing the meny button under VECTORS ONIOFF
toggies between vector {lines} and dot waveform
displays in YT (vertical vs time} mode. XY displays
are done using dots only.

make selections from the control menu choices that

are displayed along the bottom of the crt. Operation d
of the buttons is programmable by the System
Microprocessor, and the manner in which they
operate depends on the specific function being con-
trolled. They may toggle choices as in ONIOFFE, they
may be repeating as when making a number change,
or they may work in conjunction with other menu
choices as when two functions are mutually
exclusive {not available together).

When only a single choice is displayed above a but-
ton, pressing that menu button either activates the
function or calls up a second- or lower-level menu
for selection of additional functions, When a func-
tion is ON, it is indicated as such by the use of an
underscore beneath the menu choice. A function
may be turned off by pressing the same menu selec-
tion button a second time or it may be necessary to
press another menu selection to turn off the
presently selected choice. A list of all front-panel
control menus is found in Table 3-1 at the end this

: A
| Tektronix 2430 35 oo oo Sron |
s 3

- _. N
—(10)
. . . @ .
~ P
| | i 1 i
.

1hACE MERD OFF/
SELECT INTENSITY STATUS  FOEUS  pgrargn  ASTIE  EXTENDED

-0 0 e © © 0

section. . T T
S |
@ SELECT Button—Displays the INTENSITY Menu 2 @ o @ 6 !
choices. A single INTENSITY knob controls the four 4918-04
intensity adjustments {readouts, waveform,
intensified zone contrast, and graticule illumination). Figure 2-1. POWER, DISPLAY Controls, and MENU Buttons.
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INTENSITY Control Knob—Adjusts the following:
readout intensity, waveform brighiness, contrast
between the non-intensified and intensified areas of
the A INTENS Horizontal Display Mode, or graticule
Hlumination, as dsterminad by the activated choice in
the SELECT menu.

STATUS Bulton—Displays the complete operating
status of the 2430 to aid the user in determining
which control or function setup is preventing a
dispiay of the traces. The list includes the volis/div
for each vertical display, horizontal mode, acquisition
mode, A and B trigger source, A and B frigger level,
trigger status, the waveforms selected for display,
etc. The readout intensity is boosted to 65% to
ensure a visible status list, and the effect of the
INTENSITY control knob is directed to set the inten-
sity of the READOUT display.

The status list provides a summary of the operating
system settings with all enabled functions identified
by an underscore (see Figure 3-2). The INTENSITY
settings are shown in percent values of the total
range so that a user may determine if the display
intensity is set too low for viewing waveforms.

Pressing the front-panel MENU OFF button or any
front-panel button or control that calls up a menu
removes the status display from the screen and
returns the instrument to the normal waveform
display.

FOCUS Adjustment—Used to optimize the focus of
the display. This is a screwdriver adjusiment that
requires little attention after the initial setling. An
auto-focusing circuit tracks any intensity changes
during normal operation of the instrument and keeps
the display focusad.

5) TRACE ROTATION Adjustment—Aligns the crt
trace with the horizomtal graticule lines. Once this

screwdriver adjustment is set, it regquires only occa-
sional readjustment during normal operation of the
instrument.

ASTIG Adjustment—Used in conjunction with the
FOCUS adjustment to obtain optimum focusing over
the entire crt disblay. Once set, this screwdriver
adjustment requires Rttle attention during normal
operation of the instrument.

MENU OFF/EXTENDED FUNCTIONS Button—Turns
off any displayed menu or turns on the EXTENDED
FUNCTIONS Menu if a menu is not being displayed.

The EXTENDED FUNCTIONS Menu provides access
to special features not implemented in other control
menus. See Appendix B for operation of the
EXTENDED FUNCTIONS. :

NOTE

Pressing MENU OFF performs more than
merely turning off displayed menus. When
pressed to remove a menu display, all the
scope hardware is resst to match the soft
front-panel settings; the cri display is com-
pletely erased and rewritten (any messages
written via the GPIB interface will be elim-
inated); and any acquisitions in process will be
restarted.

POWER ON/OFF Switch—Turns instrument power
on and off. Press in for ON; press again for OFF.
An internal indicator in the switch shows green when
the switch is on and black when it is off. Front-panel
settings that remained unchanged for at least one
second prior to turning off the scope can be restored
when the scope is turned on again. The 2430 must
be set to PWR ON LAST in the EXTENDED FUNC-
TIONS menu to return the setlings. If sef to PWR
ON INIT, the 2430 front panel is initialized to a
predetermined sefup (see Table C-18 in Appendix C
for those INIT settings).

Crt—Produces the visible waveform and readout
displays. The crt display area is 80 mm vertically by
100 mm horizontally. Internally etched graticule lines
gliminate parallax-viewing error between the trace
and the graticule fnes. Rise.time percentage mea-
surement points are at the left edge of the graticule.

VERTICAL CONTROLS

Refer to Figure 3-3 for locations of fems 11 through

20.

CH 1 OR X and CH 2 OR Y BNC input
Connectors—Provide for application of external sig-
nals to the inputs of Channel 1 and Channel 2 verti
cal attenuators. A signal appiied to the CH 1 OR X
connector provides the horizontal deflection for XY
displays. A probe-coding contact ring on the CH 1
and CH 2 BNC connectors enables attenuation-
coded probes to be recognized by the scale-factor-
switching circuit, The Channel VOLTS/DIV readouts
are automatically changed to reflect the attenuation
factors of coded probes recognized by the 2430.
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In the readout, active sections are underscored.
i both A and B Horizontal Mode are underscored,

the Horizontal Mode is A INTEN,

HORIZONTAL SEC/ TRIG TRIG
MODE DIy LEVEL SOURCE
r CHI 26Bmvn Al Sns 34.$mv ERT
CHZ2| >58@mva B Sns | 8.8 V VERT
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Figure 3-2. STATUS readout dispiay.

VERTICAL MODE Button—Calls up the menu used
" to select the vertical mode of operation. The menu
control buttons, with the exception of the YTIXY
choice, operate in a push-push manner in that each
press of the menu bution associated with a control
function toggles that function between selected and
deselected. Neither ADD nor MULT Vertical MODE

is available when the wavelorms are acquired in
ENMVELOPE Mode; and, if either is on when
ENVELOPE Mode is turned on, it will be turnad off,
ADD and MULT are also mutually exclusive func-
tions; they are not available together nor can sither
be selected in ENVELOPE acquisition mode. Select-
ing ADD or MULT while the other is aclive causes

the presently active function to be turned off.
Selecting ENVELOPE acquisition mode while either
ADD or MULT is on will turn off that trace and
remove ADD and MULT from the Vertical MODE
menu. The YTIXY button toggles between YT
(Y-axis vs time) disptay modes and XY (X-axis vs
Y -axig).

CH 1—Selects the signal applied to the Channel
1 input for display. A second press of the CH 1
button removes the Channel 1 signal from the crt
display.

3-3
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Figure 3-3. Vertical Controls and Connectors.

CH 2—Selects the signal applied to the Channel
2 input for display. A second press of the CH 2
button rermoves the Channel 2 signal from the crt
display.

ADD-—Performs a digital add of the Channal 1
and Channel 2 waveform data (not available in
ENVELGPE mode). Neither CH 1 nor CH 2 needs

34

to be displayed to obtain the ADD waveform, as
both Channel input signais are digitized whether
displayed or not.

The VOLTS/DIV setting at which the Channel 1
and Channel 2 waveform data points were
acquired is not considered when the two
waveforms are added; only divisions of signal
amplitude are added to produce the ADD display.
Therefore, a one-division Channel 1 signal, when
added with a one-division, in-phase Channel 2
signal, will result in a two-division ADD display.

The ADD waveform vertical scale factor will
always be that at which the CH 1 signal is being
acquired {or was acquired if in SAVE). This
aliows the CH 2 VARIABLE control to be used for
nulling out interfering signals from the ADD
waveform while still being able to use the CH 1
VOLTS/DIV setting 1o make calibrated VOLTS
cursor measuremerits, However, if CH 1 is
uncalibrated, both the ADD VOLTS/DIV readout
and the CH 1 VOLTS/DIV readout will display the
uncal symbol (=), and any YVOLTS measurements
on the ADD waveform made using cursors will be
in divisions.

MULT—Does a digital multiplication of Channel 1
and Channel 2 waveforms (not available in
ENVELOPE mode). The MULT function provides
a means of displaying a power waveform and
making instantanecus power measurements.
Since the scale factor of a current probe (or the
resistance value of the test setup) used to obtain
the current waveform is not known to the scope,
the scale factor of the resulting multiplication is in
units of volts squared.

After the mutiplication is completed, the total
dynamic range of the resultant signal is 256 times
larger than either multiplicand. Consequently, to
produce a dynamic signal range that is display-
able within the available dynamic range of ten
divisions, the muftiplication resultant is scaled
down by a factor of 5.12. With scaling, two, five-
division bipolar (equal positive and negative
waveform excursions around zero) signals multi-
plied together will result in a display that is 4.88
divisions in amplitude (plus 2.44 and minus 2.44
divisions). Without scaling, the resultant
waveform would be 25 divisions peak-to-peak;
well out of the display capabilfties of the crt.

The zero value for sither waveform that is 1o be
multipfied together is the ground reference value
of the acquiring channel. Consequently, any signal



level that goes below the ground reference value
(or below the average DC value in AC coupling) is
ireated as a negative value. The zero value for
the resultant MULT waveform is the sum of
Channe! 1 and Channel 2 Vertical POSITION con-
frols, where positions above center screen are
positive and those below center screen are nega-
tive.

YTIXY—Switches between a Y-axis versus time
(YT mode) or an X-axis versus Y-axis (XY mode)
representation of the displayed signal. In XY
mode, the signal applied to the CH 1 input sup-
plies the horizontal deflection and the CH 2 signal
supplies the vertical deflection. Channel 1 vs
Channel 2 and XYREF (BEF1 vs REF2) may be
simultansously selected to present an XY display
of both for comparison.

@ CH 1 and CH 2 VOLTS/DIV Switches—Select the

calibrated vertical deflection settings from 2 mV per
division to 5 V per division in & 1-2-5 seqguence of 11
steps. The controls themselves are continuous
rotation detent switches with no end stops. The
VOLTS/DIV switch setting is displayed in the ort
readout. That readout also changes automatically to
reflect the attenuation factor of coded probes that
are connected to the vertical inputs.

Vertical expansion of a displayed waveform up to
10X is possible in SAVE mode. This is
accomplished by tuming the VOLTS/DIV knob to a
more sensitive setting after entering SAVE Siorage
Mode. Expansion adds three additional VOLTS/DIV
settings: 1 mV, 500 &V, and 200 pV per division. The
waveform is returned to its original VOLTS/DIV set-
ting when the VOLTS/DIV setting is switched back
to the position at which it was acquired. Waveforms
are not allowed to be vertically scaled to a
VOLTS/DIV setting more than that at which they
were acquired. However, the VOLTS/DIV readout
will continue fo change with each new switch setting
to reflect the VOLTS/DIV setting at which the next
acquisition will be made when the ACQUIRE button
is pressed.

In AVG mode, exira resolution obtained in acquiring
the waveform permits expansion of the “live”
waveform to the three added VOLTS/DIV settings (1
mV, 500 pV, and 200 uV per division with 1X signat
attenuation). A signal being acquired in AVG mode
at one of the three added VOLTS/DIV positions
reverts 1o 2 mV per division when AVG mode is
turned off.
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NOTE

When averaging with a weighting factor of 32
or grealer, the finite-precision-fixed-point arith-
melic used to compute the weighted difference
between sampled daia points will truncate the
answer. The loss of decimal places in the
result biases it toward discrete digitizing levels.
This phenomena may be seen in the averaged
display under low-noise situations when veri-
cally expanding small-amplitude waveforms
{either “live” or in SAVE mode), especially with
continual averaging using a weighting factor of
258.

4) CH 1 and CH 2 COUPLING/INVERT Buttons—Cal
up a coupling menu used io select the method of

coupling the CH 1 and CH 2 input signals to the
vertical attenuators. If AC input coupling is in effect
and the 50 O input termination is then selected, the
input coupling will automatically switch to DC. Con-
versely, i the 50 ¢ termination is ON and AC COU-
PLING is selected, 50 Q2 input termination will be can-
celed.

While a COUPLING menu is being displayed, press-
ing the associated front-panel COUPLING/INVERT
button rotates through the three input coupling
choices (AC, DC, and GNB). However, AC is not
selectable using the COUPLING/INVERT button if 50
G termination is ON.

AC—Input signal is capacitively coupled to the
vertical attenuator. The dc component of the
input signal is blocked. The lower -3 dB fre.
quency limit is 10 Hz or less when using either a
1X probe or a properly terminated coaxial cable;
it is 1 Mz or less using a compensated 10X probs.
With AC Coupling selected, the trigger level
readout will be followed by a guestion mark to
indicate that the DC level of the applied trigger
signal is unknown.

DC— Al frequency components of the input signal
are coupled to the vertical attenuator. Input
resistance is 1 MQ to ground,

GMND--Grounds the input of the associated verti-
cal ampiifier to provide a zero (ground) reference
voltage display. Input resistance is 1 MO to
ground. Selecting GND COUPLING automatically
disconnects 50 © termination,

50 Q—All freguency components of the input sig-
nal are coupled to the vertical attenuator, with the
input terminated by 50 Q to ground. If excessive

35



Controls, Conneciors, and Indicators—2436 Operators

signat power is applied to a vertical input connec-
tor with the 50 @ DC input termination ON, the
input coupling on the overloaded channel will
automatically revert to 1 M GND and the COU-
PLING menu will be recalled along with the 50 Q
OVERLOAD message. Accordingly, the user
should not use the 50 § input termination capabil-
ity of the 2430 if the circuit under test might be
damaged by the loss of termination. The over-
load message will remain displayed with the COU-
PLING menu until either a new coupling choice is
successfully made or the menu is turned off.

When instrument power is turmned OFF, 50 Q input
termination is autornatically switched out to
prevent possible unmonitored overloading of the
termination resistor.

INVERT—Inverts the polarity of the signal being
acquired by the associated channel. Both Chan-
nel 1 and Channel 2 may be inverted. The
INVERT function does not invert a signal after
going to SAVE Mode.

CH 1 and CH 2 VARIABLE Buttons—Call up the
" VARIABLE VOLTS/DIV function menu for the asso-

3-6

ciated channel. The menu provides controls for con.
tinuously variable uncalibrated vertical deflection fac-
tors between the calibrated settings of the
VOLTS/DIV switches.

Up-Arrow/Down-Arrow  Buitons—Control  the
variable attenuation factor. The down-arrow
selection displayed with the VARIABLE menu
adjusts the maximum deflection factor of the
associated channel to at least 2.5 times the cali-
brated deflection factor.

Pressing the down-arrow menu button increases
the aftenuation factor (& smalier amplitude
waveform), and pressing the up-arrow menu but-
ton decreases the attenuation factor (down 1o the
CAL limit only). Holding either button down
causes the attenuation to change continuously
until either the maximum or minimum variable
attenuation limit is reached {depending on the
arrow direction of the button pressed).

Changing the variable gain has no effect on a
SAVE waveform. However, the new variable-gain
setting will be reflected in the next waveform that
is obtained from the affected channel upon returmn-
ing to the ACQUIRE mode.

CAL—Removes all variable attenuation in effect
when pressed and returns to the calibrated
deflection factor set by the VOLTS/DIV switch
setting.

BANDWIDTH Button—Calls up a menu that allows
T the user a choice of three acquisition system

bandwidths: 20 MHz, 50 MHz, and Full. Each press
of the BANDWIDTH button with the menu displayed
rotates through the bandwidth selections in the fol-
lowing manner:

20 Mtz - 50 MHz - FULL - 20 MHz

FULL BANDWIDTH represents an analog bandwidth
greater than 150 MHz, :

The USB ({Useful Storage Bandwidth) and USR
(Useful Storage Rise Time) information displayed
represents the upper limits of the frequency com-
ponents and the fastest rise time of a signal that can
be acquired with good resulis considering the
BANDWIDTH, SEC/DIV setting, and acquisition
made currently in effect. USB is the lower of either
the selected handwidth limit or the sample frequency
divided by 2.5 USR is defined as the greater of
either 0.35 divided by the selected bandwidth limit or
1.6 times the sample interval. USB and USR
numbers are not displayed for ENVELOPE Acquisi-
tion Mode.

CH 1 and CH 2 VERTICAL POSITION Control
Knobs—Change the vertical position of the associ-
ated channel signal display. Rotation of the control
clockwise moves the associated trace up; counter-
clockwise rotation moves the trace down.
Waveforms that are vertically positioned out of the
graticule viewing area may be located by the pres-
ence of the trigger-point (T} and ground-level {+)
indicators at the top or bottorn edges of the graticule
area. These indicators remain attached to the on.
screen waveforms, but they cannot be positioned
beyond the on-screen limits.

When XY display mode is in effect, the CH 1 POSI-
TION control horizontally positions the display, with
clockwise rotation moving it to the rightt CH 2
POSITION control does the vertical positioning of
the XY display. XY displays may be horizontally
positioned to the extresme left or right edge of the
graticule but will remain visible there,



The CH 1 and CH 2 VERTICAL POSITION pots are
positionrate controls. The cenier position area of
the controls produce linear positioning. Rotating a
control into the springJlcaded region produces rate
positioning of the display. The farther a knob is
rotated toward the end-stop position, the faster the
positioning rate is. Releasing the knob returns it
back to the linear positioning region of the pot.

CURSORS

The 2430 instrument provides cursors for performing
parametric waveform measurements. Yoltage, time, fre-
quency, slope, decibels, degrees, and percent unils give
the cursors a wide variety of applications. A numeric
readout on the ot reflects the cursor positions with
respect either (o the difference between two cursors {delta
measurement mode) or from a single cursor and a fixed
reference (absolute measurement mode).

The Cursor/Delay position knob is shared with the
DELAY by TIME and the DELAY by EVENTS functions
{Refer to Cursor/Delay knob, Htem 31). When one of the
CURSCR butions is pressed (FUNCTION, UNITS, or
SELECT), the knob is directed to position the cursors.

: In a YT mode display using A {delta) cursors, the CUR-
© SOR SELECT bution toggles the states of both cursors
betwsen active and fixed. In ABS (absolute} cursor mode,
the SELECT button has no cursor selection effect, as only
one cursor is displayed; that ons being the last active cur-
sor selected in delta cursor mode.

When VOLTS, V@T, or SLOPE delta cursors are being
used in XY display mode, pressing CURSOR SELECT will
sequentially activate all four displayed cursors, one at a
time. In absolute cursor mode, the SELECT bulion
switches between the two displayed cursors {one vertical
and one horizontal) when VOLTS and V@T cursors are
displayed. There is no absolute mode with SLOPE cur-
s0rs, and the UNITS menu omits the choice.

Sae Figure 3-4 for typical cursor displays for the
different display modes and cursor functions.

(18) FUNCTION Button—Calls up the CURSOR FUNC-
— TION menu used to seiact the type of cursors
displayed (VOLTS, TIME, V@T, SLOPE or 1/TIME).
The selected cursor FUNCTION is indicated by an
underscored menu choice. Only one selection choice
at & tme is allowed, and all cursors are off when
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none of the choices are underscored in the menu.
The units of the readout for the measurement being
made are selected using the UNITS menu {see ltem
19).

YOLTS Cursors—Two horizontal lines extending
the full width of the graticule area in YT display
mode. The active cursor is a dashed line; a solid
line represents the fixed cursor in A {delta) cursor
mode. In ABS {(absolute} cursor mode, only one
VOLTS cursor is displayed, and it is the dashed
active cursor. In the case of absolute cursor
mode, the voltage measurement is between the
cursor vertical position and the ground reference
point. Above the ground reference point, readout
is positive; below, it is negative.

in XY display mode a pair of vertical VOLTS cur-
50rs are added to the display for making X-axis
voltage measurements. The SELECT button
switches the active cursor selection through all
four in A cursor mode, and between the one hor-
izontal and one vertical cursor seen in ABS cur-
s0r mode.

TIME Cursors—Dotted vertical lines extending
across the cenier six divisions of the graticule
area. The active cursor exhibils twice as many
dots as the fixed cursor in delta cursor mode. In
ABSOLUTE cursor mode, only the active cursor
is displayed, with the time measurement being
made between the cursor position and the record
trigger point {marked by a small T on the
waveform). An absoclute TIME cursor position fo
the left of the trigger point is negative time; to the
right Is positive time. In XY display mode, the
TIME cursors are small * " symbols attached 1o
the XY waveform.

V@T (coupled) Cursors—VOLTS cursors are
attached to the TIME cursors, the result being
that the VOLTS cursors cannot be positioned off
the waveform to which they are attached. The
basic UNITS of measurement for V@T cursors is
volts, and the difference between the VOLTS cur-
s0r posiions is the displayed readout. V@T cur-
sors are convenient for locating the TIME cursor
1o precise  vertical positions on  different
waveforms or edges, then switching FUNCTION
to either TIME 1o determine pariod or 1/TIME to
determine frequency. i either of the TIME cur-
s0rs are positioned to the edge of the display, an
“EDGE?” warning message is displayed 1o st the
user know that the displaved time cursor posi
tions may not reflect their actual tme position
setting.
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Figure 3-4. Typical cursor displays.

SLOPE Cursors——Coupled cursors with a readout
that is derived from the VOLTS cursor difference
divided by the TIME cursor difference (AV divided
by AT—V/sec) in YT mode. In XY mode, the
readout is derived from the Channel 2 VOLTS
cursor difference divided by the Channel 1 VOLTS
cursor difference {AY divided by AX—V/V). |If
either of the TIME cursors are positioned 1o the
edge of the display, an “EDGE?” warning mes-
sage is displayed to let the user know that the
displtayed time cursor positions may not reflect
their actual time position setting. SLOPE mea-
surements require that two cursor pairs be
present at all time; therefore, the choice of AIABS
cursor mode is not presented in the SLOPE
UNITS menu.

1/TIME Cursors—TIME cursors with the basic
UNITS of measurement in heriz. Adjusting the
cursor positions to the exact beginning and end-
ing points of a cycle in a periodic signal produces
an accurate readout of the signal frequency.

Sacond-level ATTACH CURSORS Menu

For correct scaling of cursor readouts when more
than one waveform is displayed, it is necessary to
specify to which waveform the cursors are
attached. In those situations, the second-level

ATTACH CURSORS TO: menu will appear gach | .

time a cursor type is selected from the CURSOR



FUNCTION menu. To redesignaie a cursor
attachment after the ATTACH menu has been
replaced by some other control menu, press the
CURSOR FUNCTION button twice to redisplay
the ATTACH menu. if the CURSOR FUNCTION
menu is displayed, pressing the FUNCTION but-
ton once returns the ATTACH menu to the
display. Only displayed waveforms will be shown
as & menu choice.

(19) UNITS Button—Calls up the CURSOR UNITS menu

for specifying cursor readout measurement units.
Each FUNCTION choice has two types of unils;
absolute (VOLTS, SLOPE, HZ, SEC) and referenced
(%, dB, DEGREES). A reference value 1o compare
against for the referenced measurements is set by
positioning the cursors to the desired reference set-
fings and then pressing the NEW 8EF buiton, The
reference chosen may be a fixed cursor position
difference or # may set to a particular reference
waveform parameter such as peak-io-peak voltage
or waveform period. The set references are 0 for dB
{decibels), 360° for DEGREES, and 0 and 100% for
%. H an acguired voltage reference becomes invalid
because of switching between variable and cali-
brated VOLTS/DIV conditions, a “UNITE?" warning
message is displayed.

AABS Cursor Mode-—Switches between delta
and absolute cursor modes. Each press of the
menu  button toggles the cursor mode. Not
displayed in the SLOPE UNITS menu.

in A (delta) cursor mode, the measurements made
are the difference between the two displayed cur-
s0r positions. In absolute (ABS) cursor mode, the
measurements are made between the single
displayed cursor and the ground reference for
VOLTS and V@T cursors and between the cur-
sor and the record trigger point for TIME and
1/TIME cursors. The last selected cursor in deita
cursor mode remains as the active cursor in
absoiute mode.

SELECT Bufton—Switches the cursor states
between active and fixed in delta cursor mode. In
YT display mode, the SELECT button toggles the
active state between the two displayed cursors. In
XY display mode, the SELECT button sequentially
activates each of the displayed cursors. Positioning
of the active cursor is controlled by the Cursor/Delay
knob. If either DELAY by TIME or DELAY by
EVENTS mode is in effect, a press of the SELECT
button returns cursor positioning back to the
Cursor/Delay knob rather than delay time or events
setting.

@
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EXTERNAL INTERFACE

Refer to Figure 3-5 for location of items 21 through 25.

EXT TRIG 1 and EXT TRIG 2 Input Conneclors—
Provide for application of external signals to the A
and B trigger system. Coding-ring contacts on the
BNC connectors are identical in operation to CH 1
and CH 2 input connectors.

: } CALIBRATOR Output Conneclor—Provides a 0.4 V

p-p square-wave signal into a 1 MQ load, a 0.2 V p-p
square-wave signal into a 50 O de-coupled load, or
an 8 mA p-p square-wave current signal into a zero-
ohm load at an A SEC/DIV setting of 1 ms. The
CALIBRATOR output signal is useful for checking
the sweep, the delays, and the verlical defiection
accuracies; compensating voltage probes; and
checking the accuracy of current probes. The
correct A SEC/DIV setting for compensating voltage
probes is 1 ms with a five-cycle display of the CALI-
BRATOR signal,

The frequency of the CALIBHATOR signal changes
with the setting of the A SEC/DIV switch (see Table
C-3 in Appendix C for the CALIBRATOR signal
repetition rates at each A SEC/DIV setling). The
CALIBRATOR signal amplitude at 5 MMz will be at
least 50% of the signal amplitude when the A
SEC/DIV switch is set to 1 ms per division (500 Hz).

) Auxitiary Ground Jack—Provides an auxiliary signal

ground when interconnecting eguipment under test
with the oscilloscope. The connection is made by
means of a banana-tip connector,

OUTPUT Bulton-—Displays the menu for controliing
the XY Piotter and GPIB interfaces. The analog XY
Plotter interface provides an inexpensive means of
producing a hard copy of displayed waveforms using
an external XY Plotter. The GPIB interface provides
complete two-way digital communication between
the 2430 and a GPiB controller. A special applica-
tion of the GPIB interface is used to obtain hard
copies on a Hewlett-Packard HP2225A ThinkJet®
printer using the PRINTER feature.

KY Plotter Interface Menu

PLOT-—Starts the waveform output to the XY
Plotter. The PLOT choice displayed with the FOR-
MAT menu and the PLOT choice displayed with the
QUTPUT menu perform the same function. Upon
pressing PLOT, the 2430 enters a temporary save
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Figure 3-5. External interface.

state (if not in SAVE mode), and the front-pane! con-
trols are locked out with the exception of ABORT.
{The PLOT button becornes ABORT when plotting is
in progress and may be pressed to stop the plot.)
When the plot has finished {or the ABORT button is
pressed}, the 2430 returns to its previous state of
operation.

All data points available in the 10 vertical divisions
by 10 horizontal divisions dynamic range of the
display system will be ploited. This includes the fill
area seen if egither the beginning or the end of a
trace is horizontally positioned within the graticule
area. The user must adjust the HORIZONTAL
POSITION control to display only those portions of
the waveform record wanted in the plot.

Only waveforms called up for display will be drawn,
and they are always plotied as vectors (even the XY
displays that are seen as dots on the ¢rt). The loca-
tlon of intensified zones seen with A INTEN horizon-
tat displays are not indicated on the plot, but the
trigger {ocation markers and ground dots are drawn.

Alsa in A INTEN mode, the waveform SEC/DIV scale
factors plotted will be those of the A waveform, not
those of the B intensified zone.

The VOLTS/DIV and SEC/DIV scale factors of the
plotted waveforms, and the 8-by-10 division graticule
lines may optionally be drawn (see "FORMAT"). Plot
data is output in the following order: graticule lines,
all displayed wavejorms, then scale factors for the
displayed waveforms. The CH 1, CH 2, and ADD or
MULT scale factors will be plotted over the top of
the graticule area; scale factors for reference
waveforms will be plotted beneath the graticule area.
None of the other types of crt readouts, including the
instrument status display calied up with the STATUS
feature and the cursors, will be drawn.

FORMAT-—Displays a second-level menu of several
formatting cholces with respect to the data supplied
to an external XY Plotter from the 2430.




Second-level FORMAT Menu

READOUY—Permits the user to turn off the
VOLTS/DIV and SEC/DIV scale factors if not
wanted for the plot.

GRAT--Permits the user to turn off the 8-by-10
division graticule lines if not wanted for the plot,

PEN LIFT OPENICLOSED—Provides for choosing
whether the pen-ift relay should be open or
closed for Iifting the pen; the correct choice is
determined by the requirements of the XY Plotter
in use.

PLOT—Provides the user with a means 1o start a
waveform plot without returning to the QUTPUT
menu display. Starting a plot from this menu level
automatically reverts the user back to the first-
level OUTPUT control menu.

GPIE interface

The 2430 can be commanded to output waveforms
via the GPIB from either locally from the front-panel
or remotely by a GPIB controlier. Selection from the
QUTPUT mode menu provides a choice to
TRANSMIT waveforms or to SETUP the GPIB inter-
face. See Appendix A of this manual for GPIB
operating information.

GPIB Interface Control Menu

STATUS—Displays GPIB parameter settings of
interest to a system user {see Figure A-2 in Appen-
dix A).

SETUP—The menus accessible under SETUP permit
the user to define the GPIB interface operation.
Three of the selections (MODE, TERM, and ADDR}
are not accessible via GPIB commands and must be
defined by the user from the front panel.

Second-level SETUP Menu

MODE—Provides a menu with five selectable
function choices of T/ONLY {talk only), L/ONLY
{listen only), T/L {talkflisten), PRINTER, and OFF
BUS (to switch the 2430 GPIB interface off the
bus}.

TERM-—Displays 2 thirdJdevel menu used to
select the termination characters sent to identify
the end of a message. The choices are EOI (end
or identify asserted on the last byte of a mes-
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sage) and LF/EO! (carriage return then line feed
with EOI asserted).

ADDR-—Presents a third-level control menu used
to set the 2430 bus address. This is the address
that must be sent to the 2430 to cause it fo
transmit waveforms or listen to commands sent
on the bus. Up-arrow and down-arrow buitons in
the menu display are used to increment the
address up io 30 or decrement it down to O
respectively. Each press of an arrow button
changes the address by 1. Setling the address
may not be done via the GPIB interface.

ENCDG—Calls up the third-level menu used to
select between sending waveform data in ASCH,
two's complement binary format, or positive-
integer binary format code. The coding type is
selectable via the GPIB using the DATA ENCDG
command, and if switched via the GPIB, it is also
switched in local and vice versa. On power-on
and INIT PANEL, the 2430 expecis to receive
waveform data in  two's-compiement format
(RIBINary).

DEBUG ONIOFF—Used to control the debugging
function of the GPIB interface. DEBUG mode is
an important aid to a programmer when tracking
down problems in a new sysiem program or
when hand entering command strings via the con-
troller keyboard. When on, messages received
via the GPIB and errors detected by the 2430 are
displayed on the 2430 crt. A command string
received by the 2430 that is not understood will
cause the incoming string to be halted at the end
of the semicolon delimiter. A user may then read
the string, and the error message that is also
displayed, to find out what error has occurred.
Heception of the message terminator is indicated
by a special rectangle symbol at the end of the
string.

Third-levet MODE Menu

TIOMLY—-Switches to the talk-only mode and
presenis a fourth-level menu which asks the
user to choose the format of the message
sent. The choices are CURVE ONLY {only
waveformm data byies are sent) and
WFMPRE/CURVE {all preamble information is
sent prior to the waveform data bytes).

These same waveform message format
choices are available as queries when the
GPIB controller is directing the bus transac-
tions if the 2430 is in the T/L mode. The
CURVE? query asks for only the waveform
data, and the WAVFRM? query asks for the
entire waveform massage.
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In T/ONLY mode, the 2430 is always
addressed fo talk. The talk-only mode is
specifically for use without a GPIB system
controller. A listen-only device (such as a tape
or disk storage system) operates o receive
the transmitted waveform data, and the 2430
controls the data output. When the user
presses the TRANSMIT bution, the 2430
immediately starts handshaking out the
waveform message as formatted. If a con-
troller is on the bus, it will not be able to untak
the 2430.

L/ONLY -—Permits the GPIB controller to issue
front-pane! setups to the 2430 in order to
implement a specific {est setup. The setup
data may be acquired either from a previous
query of front-panel settings or it may be made
up of specific setting commands given to the
2430 via the GPIB controller.

¥/L--Selects the normal configuration for full
two-way GPIB interface communication. in
this mode, the 2430 GPIB interface has fidl
talkerflistener capabiliies and can be com-
pletely controlled by a system controller.

PRINTER-—Sets up the GPIB interface to send
waveform data 0 a Hewlett-Packard HP-
2225A ThinkJet® printer in an interface mode
similar to T/ONLY. The printer must be set to
Listen Only, and it should be the only other
device on the GPIB besides the 2430 itself.

OFF BUS—Isolates the 2430 GPIB interface
from the bus (becomes bus transparent) so
that no communication occwrs between the
2430 and the GPIB bus. The TRANSMIT
menu choice of the first-level output menu is
also omitted when the 2430 GPIB interface is
set to OFF BUS,

TRANSMIT—Sends an SRQ (service request) to the
controller. A typical series of actions that may occur
follows. Upon receipt of an SRQ and identifying the
source, the controller sets up the DATA SOURCE
pointer to indicate ithe desired waveform(s) and
issues either 2 WAVFRM? query (wants both
waveform preamble and data) or a CURVE? query
{wants lust data). After the appropriate command or
commands are sent, the controller releases the bus,
and the 2430 executes a waveform transmission.

When output to a ThinkJet® printer is selected (from
the third-level MODE menu—PRINTER ON), the
TRANSMIT choice is changed to PRINT. ‘While
printing a waveform, the front-panel controls (except
ABORT) are locked out, and the 2430 is in the

SAVE mode. H running the scope in the SAYE ON
A mode with the PRINTER menu cholce on, a switch
to SAVE mode on a out-oflimit signal causes an
output to the printer. At the completion of the
printer output, a page eject is sent to the printer,
and the scope switches back to the acguire mode
with SAVE ON A again in effect.

The TRANSMIT or PRINT function turns into an
ABORT button (after the initial push) that may be
used to end transmission. The ABORT automati-
cally sends LF {line feed) and EOI (end-or-identify) to
the receiver with an SRQ and status byte to the
controller indicating the 2430 is through talking, and
the transmission is ended.

Performing an ABORT releases the instrument from
being locked into the SAVE mode waiting for a
response to an SRQ when the controfler is unable to
respond (wrong address or not programmed o han-
dle the 2430).

TRANSMIT is omitted from the OUTPUT menu
when the GPIB interface mode has been set to OFF
BUS (see “SETUP™).

GPIB STATUS Indicators—Provide the user with
information concerning the GPIB interface activity.
The indicators are located above the ort bezel and
are labeled LOCK, SRQ, and ADDR.

LOCK~Indicates that the front-panel is in the local-
lockout state when on. The user front-panel con-
trols are not permitied to change the operation of
the instrument. The condition exists as a result of
the universal command group LLO sent when the
controller needs uninterruptible control. The lockout
condition is turned off at power-on, and the instru-
ment defaults to user control. The lockout condition
is also in effect during various other functions of the
2430 including PRINT, PLOT, and SELF CAL.

SRO-—Indicates the instrument is requesting service
from the controller when on. # is turned off when
the controller reads the status byte sent by the 2430
during a poll, unless other pending events also
require servicing.

ADDR-—Indicates the GPIB interface is in one of the
addressed states: TACS (talker-active state), LACS
{listener-active state), TADS {falker-addressed state),
or LADS flistener-addressed state} when on. i the
instrument is in either talk-only or listen-only mode,
the ADDR LED is always lit.



SAVE/RECALL SETUP Button—Saves and recalls
previously saved front-panel control setups. This
feature permits a user to quickly place the 2430 into
often-used measurement modes and fo swiich
quickly through a limited sequence of setups for a
measurement series, A press of the SAVE/RECALL
SETUP buiton brings up a menu for either saving
setups or recalling any previously saved setups. The
choice of INIT PANEL sets up a predefined front-
panel condition, including all GPIB masks and con-
trols that can be accessed by the System uP. See
Appendix C, Table C-16 for the INIT PANEL control
states. The number of front-panel SAVE/RECALL
SETUP memories available is either one or five. The
number is determined by the setiing of REF4 in the
EXTENDED FUNCTIONS SYSTEM menu. Hf REF4
is set to REF, only one front-panel memory location
is available.

HORIZONTAL CONTROLS
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Refer to Figure 3-6 for locations of items 26 through
31,

(26) A AND B SEC/DIV Switch—Selects 28 calibrated A 4918.09

or B SEC/DIV settings from 5 s per division to 5 ns
per division. Sampling rate is controlled by the
SEC/DIV switch setting to produce 50 data points
per division {or 25 min-max data point pairs in
Envelope Mode) of waveform display up to the max-
imum sampling rate. Maximum sampling rate of 100
megasamples per second occurs at a SEC/DIV sst-
ting of 500 ns. Waveform sample points reqguired to
display signals at SEC/DIV switch settings faster
than 500 ns are sither interpolated {non-repetitive
single event sampling) or acquired using random
sampling (repetitive sampling) on periocdic reccourring
waveforms.

NOTE

Do not change Horizontal Display Mode after enter-
ing SAVE mode if you are going to use the horizon-
taf expansion feature.

Horizontal expansion of a waveform up to 100X is
possible in SAVE mode. This is accomplished by
turning the SEC/DIV knob to a faster setting after
entering SAVE Storage Mode. The waveform is
returned to its original SEC/DIV setting when the
SEC/DIV setting is switched back to the position at
which it was acquired. However, waveforms are not
allowed tc be horizontally scaled to a SEC/DIV set-
ting slower than that at which they were acquired.

Figure 3-8, Hovrizontal and Delay Controls.

MODE Buttons——Select A, A INTEN, or B Delayed

Horizontal Dispiay Mode. in the A Horizontal Display
Mode, the SEC/DIV control sets the A SEC/DIV set-
ting. If either A INTENS or B Delayed mode is
selected, the SEC/DIV control knob sets the B
SEC/DIV setting. See ltem 29, “DELAY by TIME,
for assignment of delays to waveforms.

NOTE

Horizontal expansion of a SAVE waveform
must be done in the Horizontal MODE with
which it was acquired (either A or B). Do not
change Horizontal Display Modes after enter-
ing SAVE Storage Mode.

A BuHon—>3Selects the A Horizontal Display
Mode. Waveforms are acquired at the A
SEC/DIV setting.

A INTEN Button—Selects the A Intensified Hor-
izontal Display mode. Waveforms are acquired at
the A SEC/DIV setting. Intensified zones
displayed on the A waveform mark which portion
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of portions of the trace correspond with the B
Delayed SEC/DIV seiting. For B TRIG AFTER
{Delay) operation, the start of an intensified zone
indicates the point on the A waveform where B
triggering is enabled, not the point where the B
record trigger will occur if the Horizontal Display
Mode is switched to B Delayed.

B Button—Selects the B Delayed Horizontal
Display mode and changes the acquisition rate to
that required for the B SEC/DIV setting.

@: HORIZONTAL POSITION Control Xnob--Seis the
horizontal position of the waveforms displayed on
the crt in YT display mode. Clockwise rotation of
the control positions the display 10 the right. The
HORIZONTAL POSITION pot is a position-rate con-
trol. The center position area of the control pro-
duces linear positioning. Rotating the controt into its
spring-ivaded region produces rate positioning of the
display. The farther the knob is rotated toward the
end-stop position, the faster the positioning rate is.
Beleasing the knob returns it back to the linear posi-
tioning region of the pot.

The HORIZONTAL POSITION control knob does not
affect the horizontal position of the XY display on
the ort, but it does select which 512 data points of
the 1024 data points in ihe waveform record are
displayed for the CH 1 vs CH 2 live and SAVE
displays and the XYREF reference displays. i YT
display mode, saved reference waveforms may be
individually selected for horizontal positioning by
using the HORIZ POS REF choice in the DISPLAY
REF menu to call up the HORIZONTAL POSITION
selection menu. The selected REF waveform is the
only one that may be positioned, and the HORIZON-
TAL POSITION menu MUST be displayed for the
POSITION control to be in effect for the reference
waveforms. Any positioning of the REF1 or REF2
reference waveforms done in YT display mode is
removed when switching to XY display mode.

DELAY CONTROLS

Two different delay features are available in the 2430
Digital Oscilioscope: the conventional DELAY by TIME
function used in B Delayed application, and a DELAY by
EVENTS function used to delay the A acquisitions by a set
number of B Trigger events. See Figure C-2 in Appendix C
for an illustration of the delaying processes for the
separate and combined delay features,
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(29) DELAY by TIME Button—Calls up the control menu

used to setup the DELAY by TIME feature and
displays the DELAY TIME readout used in conjunc-
tion with the A INTEN and B Delayed Horizontal
Modes. Delay time is set using the shared
Cursor/Delay control knob while the DELAY by TIME
menu is being displayed.

A TIME OMNIOFF—Toggles between the choices
of a single delay time display referenced to the A
record trigger point (A TIME OFF) and a dual-
delay display. With A TIME ON, one delay time
(the main delay) is referenced to the A record
trigger, and the second (delta delay) is referenced
to the first delay time. Switching the action of the
Cursor/Delay knob between DELAY TIME and A
DELAY TIME is done by pressing the DELAY by
TIME front-pansl button while the DELAY by
TIME menu is being displayed. (The delay time
selected to be set is indicated by an underscore.)

Maximum delay is 2621.4 x B SEC/DIV setting
at a resolution of 1/25 of the B SEC/DIV setting
or 20 ns, whichever is greater. in A TIME mode,
the combined delay-time settings cannot exceed
the maximum allowable delay, and if the main
delay is increased, the delta delay will be reduced
{down to zero if necessary} when the delay fimit
has been reached. {See Table C11 of Appendix C
for a table of maximum delays and resolution for
each SEC/DIV setting.)

NCTE

if the maximum delay time is reached by
switching the B SEC/DIV to faster SEC/DIV
settings, the delay time selting defaults to
that maximum delay; switching back to a
fower SEC/DIV setting does not return to
the same delay-time setting that was previ-
ously in effect.

If only a single channel is displayed, both B
Delayed displays (main defay and delta delay) will
be appsar on that channel signal. A single chan-
net display with two delay-time position settings is
very useful in making measuremenis of pulse
width and waveform period. When both CH
and CH 2 are displayed, the main delay occurs on
CH 1 and the delia delay occurs on CH 2 for
making propagation-delay measurements be-
tween fwo separate signals. An ADD or MULT
wavaform will be displayad with both delays in the
A TIME Delay mode. With A TIME off, all B
Delayed waveforms displayed are delayed by the
main DELAY TIME setting.



NOTE

If AVG Acquisition Mode is in effect, the A
TIME delayed waveform will not be acquired
or displayed. Howsver, all the DELAY by
TIME conirols remain functional and may be
used for setfing the delta delay time that
will seen when AVG Acqguisition Mode is
turned off. If A TIME and AVG are both on,
selecting A INTEN or B Horizontal Mode
causes the message ‘NO A DELAY IN
AVG™ to appear in both the ACQUIRE
Menu and the DELAY by TIME conirol
menu.

@ DELAY by EVENTS Button—Calls up a selection

menu used to turn the DELAY by EVENTS function
on and off and set the the EVENTS COUNT number.
The DELAY by EVENTS function, delays the A
Record Trigger (the waveform acquisition} from
occurring for the specified number of B Trigger
events after the normal A Trigger event occurs. The
maximum events count setting is 85,536 events with
a resolution of +1 avent. The B Trigger SOURCE,
COUPLING, SLOPE, and LEVEL controls are used
to condition the events trigger signal. The events
count number is set using the Cursor/Delay control
knob while DELAY by EVENTS menu is being
displayed.

NOTE

If DELAY by EVENTS is on and no event
triggers are occurring (B Trigger conditions not
being met), the A acquisitfions will have the
appearance that the A Triggers are not func-
tioriing properly. In this event, a check of the
instrument STATUS display (sse Figure 3-2)
will show that the “Trigger Status” is “WAIT-
ING FOR A TRIGGER.”

} Gursor/Delay Control Knob—Used to set deiay
time, events count, or cursor positions, depending
on which function is active. The control is a
position-rate potentiometer that produces linear cur-
sor positioning or delay setting in the center posi-
tioning region. Rotating the control into its spring-
loaded region, produces fast positioning of the cur-
sor or delay-time setting. The farther the knob is
rotated toward the end-stop position, the faster the
positioning rate is. Releasing the knob retumns it
back to the lingar region of the pot.

In the absolute (ABS) mode of DELAY by TIME, the
Cursor/Delay control knob seis the main delay time.
in A Time mode, the control knob is used o set
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gither the main delay or the delay difference between
the main delay and the delta delay (user selected by
pressing the DELAY by TIME button while A Time is
ON with the DELAY by TIME menu displayed). For
DELAY by EVENTS, the knob is used to set the
events count for the number of B Trigger events that
must occur after the A Trigger event before an A
Record Trigger (RTRIG) is permitied. For cursor
functions, the Cursor/Delay knob positions the active
cursor {as determined by pressing the SELECT but-
ton when a cursor function is active). The function of
the knob defaults to CURSORS if neither the
DELAY by TIME nor the DELAY by EVENTS menu
is displayed.

TRIGGER CONTROLS

Refer to Figure 3-7 for location of items 32 through 48,

@ A/B TRIG Button—Selects either the A or the B

Trigger system to be under conirol of the shared
TRIGGER controls of MODE, SQOURCE, CPLG,
TRIG POSITION, SLOPE, and LEVEL. Each press
of the A/B TRIG button toggles the dispiayed control
menu and the effect of the SLOPE and LEVEL con-
trois between the A Trigger system and the B
Trigger system.

SOURCE Bution—Displays either the A or the B
TRIGGER SOURCE menu. The SOURCE control
menu for A Trigger displays five selectable functions
which are activated by the pressing the appropriate
menu bution.

YERT--Seiects the trigger signal source from the
displayed waveforms. {f CH 1 and CH 2 are both
on, the selected source will be CH 1. When only
CH 2 is on, that is the selected source for VERT.
When MULT VERTICAL MODE is displayed, CH
1 again provides the trigger signal, for ADD
VERTICAL MODE, the trigger signal is the alge-
braic sum of the CH 1 and CH 2 signals.

CHAM ti2—35elects either the Channel 1 or the
Channel 2 input signal as the triggering source.
When initially selected, CH 1 is the default source.
Each subsequent push ioggles the soure
between Channel 1 and Channel 2. While CHAN
132 is selected, pushing SOURCE also toggles the
Source between Channel 1 and Channel 2.
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Figure 3-7. Storage and Trigger Controls.

EXT 1i2--Selects the signal applied to sither the
EXT TRIG 1 or EXT TRIG 2 connector as the
source for the triggering signal. When initially
selected, £EXT1 is the default source. Each sub-
sequent push foggles the selected source
between EXT1 and EXT2. Whie the SOURCE
menu is displayed with an external trigger source
chosen, pressing the Trigger SOURCE front-panal
button also toggles the source selecied between
EXT1 and EXT2.

LINE-—Selects the ac power-source waveform as
the source of the triggering signal. LINE source
is useful when the displayed waveform frequency
is time related to the ac power-source frequency.

A~BIWORD~—Selects either both A and B or the
16-bit Word Recognizer Probe as the trigger
source. The A+B trigger source requires that the
triggering conditions for both the A and the B
Trigger Systems {(SOURCE, COUPLING, LEVEL,
etc.) be met before a trigger signal is valid. A*B is
the default source when A-BIWORD is initially
selected. A subsequent push of the menu button
toggles the trigger source to WORD (if the Word
Recognizer Probe is attached). A third push of
A-BIWORD turns off A«B and WORD as trigger
sources and returns to the source selecied prior
to the first push of A-BIWORD. A~BIWORD is
not available as a trigger source if TV is selected
as the trigger coupling mode. Also, A+B is not an
available choice as a B Trigger source.

WORD trigger source requires that an optional
Word Recognizer probe be attached to the
WORD RECOG INPUT connector on the rear
panel of the 2430. Attempting to select WORD as
a source without the probe attached will ring the
warning bell, display the message “WORD
PROBE FAULT,” and return the source to the
previously selected irigger source. The error
message will also appear ¥ the Word Probe
becomes disconnected after WORD has been
selected.

Setup of the Word Recognizer Probe for selecting
a trigger word is described in Section 7, “Options
and Accessories.”

@ CPLG Button—Calls up the conirol menu for select-
— ing the trigger signal coupling to the A and B trigger
circuits (as directed by the A/B TRIG switch).

DC--Couples all frequency components of a
triggering signal to the trigger circuitry. DC cou-
pling is useful for most signals, but it is especially
useful for providing a stable display of low-
frequency or low-repetitive-rate signals.

AC--Attenuates trigger signal frequency com-
ponents below 60 Hz and blocks the dc com-
ponent of the signal. AC coupling is useful for
viewing ac waveforms having large dc offsets.

TV (Video Option 0@5)—Activates the Video
Option  triggering  circuitry, See  Section 7,
“Options and Accessorigs” for operating the
Video Option. With the Video Option installed,



the A Trigger COUPLING menu has DC and AC
Coupling combined over one of the menu butions
as DCIAC, In that case, pressing the menu but-
ton toggles the choice between AC and DC
trigger coupling. TV is not a choice in the B
Trigger Coupling menu.

MNOISE REJECT-—Coupies alt frequency com-
ponents of the input signal to the trigger circuitry
but increases the peak-to-peak signal amplitude
required to produce a firigger event. NOISE
REJECT coupling is useful for improving trigger
stability on signals accompanied by low-level
noise.

MF REJECT—Attenuates high-frequency trigger-
ing signal componenis above 50 kHz and blocks
the dc component of the sighal. This coupling
method is useful for providing a stable display of
low-frequency components of complex waveforms
and eliminates high-frequency interference from
the trigger signal.

LF REJECT—Attenuates low-frequency triggering
signal components below 50 kHz and biocks the
de component of the signal. LF REJECT coupling
is useful for producing stable triggering on the
high-frequency components of complex wave-
forms and rejecting low-frequency interference or
power supply hum from the trigger signal.

@ Trigger MODE Button—Calls up either the A or the

B Trigger Mode Menu as directed by the A/B TRIG
switch.

A TRIGGER MODES

AUTO LEVEL-—Adjusts the Trigger LEVEL set-
ting to within the peak-to-peak limis of the
applied trigger signal. Loss of the trigger signial
causes the 2430 to go through a trigger acquisi-
tion sequence o determine the peak-to-peak
amplitude of the trigger signal and reset the
irigger level to the midpoint level,

If the trigger signal ampiitude decreases to below
the trigger level setting or if the Trigger LEVEL
control is adjusted beyond either peak of the
current reference peak levels, the AUTO LEVEL
trigger acquisition sequence is automatically per-
formed to reset the trigger level.
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AUTO/ROLL—Free runs the acquisition in the
absence of a triggering signal. The triggering
level changes only when the LEVEL control knob
is adjusted 4v a new setting. At 100 ms or slower
SEC/DIV switch settings, AUTO changes to a
ROLL function.

In AUTO mode, loss of the irigger signal forces
an auto-trigger to be generated. in ROLL, trigger
signals are ignored aithough a trigger point “T°
indicator is displayed. That point defines the
waveform window that is captured for a SAVE
ON A, and is the reference point used if absolute
TIME cursors measurements are made. In ROLL
mode, the display is updated a data point at a
time in a scrolling manner from right to left across
the cri.

NOTE

Since lriggers are not looked at in ROLL

mode, there will be no DELAY by EVENTS,

and both A INTEN and B Horizontal Display

Modes default to the A only operation. In

ROLL mods, AVG Storage mode defaults to

MORMAL and cumulative ENVELOPE
acquisitions are not dong. SAVE ON 4 is

especially effective for monitoring changes
in the dc level of a power supply voltage in

ROLL mode.

NORMAL-—Permits an acquisition to occur either
when triggered or when the input coupling of the
seiected trigger SOURCE channel is set to GND
to acquire a ground reference level. The NOR-
MAL mode auto-trigger with GND input coupling
allows the user to position the baseline trace to a
desired vertical position in the display while the
normal trigger signal is shut off. Loss of the
trigger signal during a waveform acquisition stops
the acquisition process and freezes the display.

SINGLE SEQ (Single Sequence)—Parforms one
complete storage sequence when triggered and
eiters SAVE mode. if SINGLE SEQ is not the
desired Trigger MODE for the next acqguisition to
be made, selact the new trigger MODE before
pressing ACQUIRE. To change the acguisition
mode in BINGLE SEQ if a2 rapid sequence is
ceourring, it is necessary 10 temporarily exit SIN-
GLE SEQ to gain access to the ACQUIRE menu;
otherwise the acguisition is finished and SAVE
maode is reentered before the user has time to
make a change.
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The number of irigger events required to com-
plete the sequence depends on the storage
acquisition mode in effect and the requirements of
that mode. The display updates when the single
sequence has completed prior to entering SAVE
mode. A new single sequence is started by
pressing the ACQUIRE button.

NOTE

The difference between an acquisition and a
single sequence is as as follows. An
acquisition is a single AAMED-READY-
TRIG'D cycle, during which 1024 data
points  per channel are digitized. A
sequence is a logical grouping of one or
more acquisitions. For instance, if system
was in the ENVELOPE mode with number
of sweeps = 32, and the HORIZONTAL
MODE is set to B Delayed with &4 TIME
defay mode ON, the complete sequence
would consist of 64 acquisitions. After the
initial single sequence performed when the
SINGLE SEG TRIGGER MODE menu but-
ton is pressed, follow-on single sequence
acquisitions must be started by either
pressing the ACQUIRE panel button or by
command via the GPIB interface.

B TRIGGER MODES

RUNS AFTER--Forces the B Record Trigger to
occur immediately after the preset delay time
from the A Trigger event has elapsed. The B
Trigger Mode of RUNS AFTER provides for con-
tinuous smooth delay positioning of the display
for making delay time measurements. The basic
delay time (main dslay} is set by the Cursor/Delay
knob when the system is in the Delay by Time
mode. If A TIME Mode is also on, two delays are
set up (the main delay and the delta delay) for
making time difference measurements, and the
BELAY by TIME button is used to switch the
effect of the Cursor/Delay knob between the two
delays. The B Trigger SOURCE, COUPLING,
LEVEL, and SLOPE controls have no effect on B
triggering in RUNS AFTER Mode.

TRIG AFTER—Permits the B Record Trigger to
ocecur only when triggered after the preset delay
time has elapsed. Since the B acquisitions are
synchronized with the B Trigger signal, the
delayed waveform display is stable even with
jittering signals. In A INTEN displays, the start of
the intensified zone is the point when B triggering
is enabled, not the B Record Trigger point. All
the B Trigger controls are functional for selecting
and conditioning the signal used as the B Trigger
signal in TRIG AFTER Mode.

EXT CLK OMOFF—Disables the internal time
base {calibrated time) and uses an external signal
as the sample clock when ON. The external clock
signal is conditioned by the B Trigger circuitry and
must meet the triggering requirements determined
by the B Trigger conirols before triggering occurs.
The maximum usable external clock signal fre-
quency is 100 MHz, and the minimum is 1 MHz.

When using the external clock function, the A and
B SEC/DIV switch {item 26} has no effect on the
time base setting, and while both A and B
acquisitions are possible, the ratio between A and
B cannot be changed (the external clock fre-
quency determines the acquisition rate for both).
Also, the delay-time readouts are in terms of
externai clock events when either A INTEN or B
Delayed Horizontal Mode is selected. i DELAY
by EVENTS and external clocking are both on,
the same signal is the trigger source for both
functions.

@ TRIG POSITION Buiton—Calls up the control menu

used to select the Record Trigger position in the
waveform display. The choices of 1/8, 1/4, 1/2, 3/4
and 7/8 determine the amount of pretrigger informa-
tion that will be displayed prior to the Record Trigger
in the next acquisition made (the Record Trigger
position cannot be changed in a saved waveform).
{See Table C-10 in Appendix C for the waveform
data point number that corresponds to the fractional
menu selections.}

The Record Trigger position may be set to any of 31
data point selections from 32 to 992 in the 1024
data point waveform record using commands via the
GPIB interface. Trigger Position is the horizontal
point on the waveform where the Record Trigger
occurs (points counted from 0 to 1023). The Record
Trigger point is marked with a “T" on the waveform
display.

7) MAN TRIG (Manual Trigger) Button—Generates a

single trigger {(RTRIG) that forces the current acquisi-
fion {not sequence} to compiste when pressed.
DELAY by EVENTS and DELAY by TIME require-
ments are ignored; therefore, any delay time
readouts are meaningless when MAN TRIG is used
to generate the acquisition. One acquisition is made
for each press of the MAN TRIG panel button only
when the trigger status is READY. if the 2430 is in
the SAVE mode or if the trigger status is ABM or
TRIG'D, pressing the MAN TRIG button is ignored.

3) SET TV Button (Video Option only)—Calls up the
controdl menu used to setup the Video Option opera-

tion. See “Video Option” in Section 7 of this manual
for the operating instructions.



NOTE

When the CLAMP function is turned on in the
SET TV menu, it remains on even if the TV
Coupling selection is off (as indicated in the ort
readout display). If the 2430 is not being trig-
gered by a composite-sync or composite-video
signal, the circuit action of the back-porch
clamp circuitry on the CH 2 waveform
becomes unpredictable. In this event, press
SET TV and switch CLAMP off.

SLOPE Butten (SLOPE/SYNC with Video
Option}—Selects the siope of the signal that
triggers the A and/or B acquisition. An llluminated
indicator {+ and —) shows the slope selected for
triggering. A and B SLOPE selection are indepen-
dent of each other. With the Video Option instalied,
the bution is also used to select either sync-negative
or sync-positive operation of the TV sync-separator.

Status Indicators (TRIG'D, READY, and ARM)—
Show the state of the instrument trigger system dur-
ing an scquisition sequence. See Table C-12 in
Appendix C for an interpretation of the trigger status
shown by the Status Indicators.

HOLDOFF Control Knob—Varies the amount of time
from the A Trigger uniil the Trigger system will
accept another A Trigger event. Use of this control
often aids in obtaining stable triggering on aperiodic
signals. Minimum and maximum holdoff values
versus SEC/DIV settings are given in Table C-6 of
Appendix C in this manual. The HOLDOFF setting
between the maximum and minimum values is
shown in percentage in the STATUS display, with
0% being minimum. A small HO symbol appears at
the beginning of the A Trigger Level readout line
whenever the HOLDOFF is set to anything other
than 0%.

LEVEL Control Knob (LEVEL/FIELD LINE # with
Video Option)—Sets the amplitude point on the
triggering signal at which A or B acquisitions are
triggered (as directed by the A/B TRIG switch). The
Level readout displayed on the ort (see Figure 4-2 for
the readout location} is the firigger signal voltage
refative to ground at which triggering will occur. The
trigger level readout is correctly scaled for the
attenuator setting and probe coding that affect the
trigger signal amplitude. A guestion mark will appear
after the trigger level readout if the Trigger COU-
PLING is not DC or the vertical input SOURCE (CH
1 or CH 2} is either uncalibrated or not in DC Cou-

pling.
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NOTE

The trigger level is set in voltage units with no
range limitation, however, the actual effective
LEVEL controf range is based on the aftenua-
tion factor of the current irigger source. The
trigger LEVEL range is limited to +8 divisions
for CH 1 or CH 2 source; for the EXT1 and
EXTZ external trigger inputs, the maximum
range is +9 divisions.

When the A TRIG MODE is set to AUTO LEVEL,
adjusting the trigger level setting past either peak of
the current trigger signal peak-to-peak reference
level causes the triggering level to be recalculated.
The new trigger level obtained as a result of the
recalculation is placed at approximately the midpoint
level of the applied trigger signal.

With the Video Oplion enabled, the LEVEL/FIELD
LINE # controi sets the specific line number that a
video signal acquisition will occur (FIELDT or FIELD2
triggering). See the “Video Option” information in
Section 7 for operation of this control with the Video
Option.

TRIG STATUS Button—Displays a readout of the
present A and B Trigger control sesttings for
SOURCE, CPLG, MODE, and TRIG POSITION. The
trigger system to which the tirigger controls are
presently directed (by the A/B TRIG switch) is indi-
cated by an underscore beneath the selected trigger
system. Any trigger changes sent to the 2430 via
the GPIB interface will be immediately refiected in
the TRIG STATUS display.

} SET WORD Bution—Calls up the setup control

menu used to program the optional Word Recog-
nizer Probe to produce a trigger on a specified paral-
lel TTL data word. (See "Word Recognizer Probe’
in Section 7 of this manual for setting up the data
word to be recognized.}

in the 2430, the output of the Word Recognizer
Probe may be selected as the trigger source for the
A Trgger andjor the B Trigger system. The Word
Recognizer Probe oulput trigger is also routed o
rear panel BNC connector labeled WORD TRIG QUT
for use as a Uigger signal to an external device. A
trigger signal will appear at this connector each time
a word match ocours, however the holdoff time of
the 2430 may prevent sach maich from being
accepied as a scope triggering signal if the selected
trigger word occurs too often in a data stream.
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45) EXT TRIG GAIN Button—Dispiays the menu for set-
= ting the atienuation of the EXT TRIG 1 and EXT

TRIG 2 input amplifiers. Each external trigger chan-
nel has a choice of either EXT (a gain of one) or
EXT+5 (attenuation by a factor of five). Select
EXT--5 when it is necessary to reduce the ampii-
tude of large signals applied to the external trigger
input connectors. The attenuation choices for each
channel are muiually exclusive; selection of one
turns off the other choice.

STORAGE SYSTEM

Refer to Figure 3-7 (previously shown) for location of
items 46 through 48.

(46) ACQUIRE Button—Calls up the control menu used
=" to select the acquisition mode.

3-20

NOTE

When either ENVELOPE or AVG acquisition
mode /s selected, the menu button under the
selected mode is used o select the number of
acquisitions to be included in the cumuliative
Envelope or Averaged waveform dispiay.

The (nnn} in the crt menu display represents
the present number of acquisitions selected.
The number is changed by pressing the menu
button. Each single press of the button dou-
bles the number until the maximum fimit sefec-
tion is reached (CONT for ENVELOPE and 256
for AVG), then the number wraps around to
the minimum fimit {1 for ENVELOPE and 2 for
AVG).

NORMAL--Selects a continuous acquisition and
display mode that produces a live-waveform
display similar to that of a conventional scope.

ENVELOPE—Causes the instrumeni o execute
fast analog peak detection of both channels. The
data-point vaiues of each min-max sample are
compared to the previously acquired maximum
and minimum data-point values that ocour during
a sampling interval. The maximurm and minimum
peak values found in each sampling interval are
then transferred to the acquisition memory. The
number of waveform acquisitions accumulated in
an enveiope display before resetting occurs can
be set to 1, 2, 4, 8, 16, 32, 64, 128, 258, or
CONT (continuous). If CONT is selected, the

ENVELOPE acquisitions only restart as a result of
a change to a control that affects the waveform
data being acquired {except Vertical POSITION
and DELAY TIME changes) or a press of the
ACQUIRE Steorage mode button.

NOTE

ADD and MULT Vertical MODES are not
available with ENVELOPE acquisition mode.
They will be turned off and removed from
the Vertical MODE menu when ENVELOPE
is selected.

AVYG {average)—Causes the instrument to aver-
age the selected number of successive acquisi-
tions. The averaged waveform display is updated
with each new acquisition. The waveshape
definition of noisy signals is improved with each
average up to the selected number. The user
selects the number of sweeps to be averaged
from a binary sequence from 2 to 258. A front-
panel change that affects the acquisition erases
the displayed waveform and restarts the aver-
aged waveform acquisitions. Pressing the
ACQUIRE Storage mode button also restarts the
averaging. Information regarding signal-to-noise-
ratio improvement for the number of acquisitions
averaged is found in Table C-4 in Appendix C of
this manual.

While AVG mode is in effect, the extra vertical
resolution obtained permits “live” vertical expan-
sion 1o three additional VOLTS/DIV seltings: 1
mV, 500 uV, and 200 xV (with 1X atienuation of
the input signall. When AVG mode is turned off,
VOLTS/DIV settings in this range revert to 2 mV
per division.

NOTE

When averaging with a weighting factor of
32 or greater, the finfte-precision-fixed-point
arithmelic used to compute the weighted
difference between sampled data points will
truncate the answer. The loss of decimal
places in the result biases it toward discrete
digitizing levels. This phenomena may be
seen in the averaged display under low-
noise situations when vertically expanding
small-amplitude waveforms (either “live” or
in BAVE mode), especially with continual
averaging using a weighting factor of 258.

REPET {Repetitive}—Enables repetitive sampling
for NORMAL and AVG mode acqguisitions when
ON. At SEC/DIV settings of 500 ns per division
and faster, the time base is sampling the incom-
ing waveform at its maximum rate of 100



megasamples per second; and with REPET OFF,
data points of a waveform between the actual
digitized data points are calculated by interpola-
tion o obtain their displayed position. interpola-
tion allows expansion of the acauired data to a
SEC/DIV setting of 5 ns on a singie event acquisi-
fion up to a useful storage bandwidih of 40 MHz.
From 500 ns per division to 5 ns per division,
REPET ON turns on random-time sampiing of the
incoming signal 1o exiend the bandwidth of the
instrument 1o 150 MHz for repetitive signals.

Each REPET acquisition cycle produces from 10
to 205 randomly-sampled display points, The
user sees the waveform take shape as the newly
acquired data points are successively added into
the accumuiating display. See Figure C-1 in
Appendix C for information regarding the number
of sweeps required to fill @ waveform at a 99%
confidence level.

SAVE ON A—Controls the Save-on-Delta mode.
The ON selection requests the system to com-
pare each incoming waveform to a reference
waveform and enter the SAVE mode if any part
of the waveform is outside the limits of the com-
parison  envelope waveform. A comparison
envelope reference may be gensrated from the
front-panel by selecting continuous ENVELOPE
and using the Vertical POSITION and DELAY by
TIME controls {0 set the comparisons limits, then
saving that in the correct REF memory. The
usual method of oblaining an accurate com-
parison envelope would be to send it into the
desired REF memory via the GPIB interface. Both
metheds are described in the *Basic Applications”
section of this manual.

After turmning on SAVE ON A, waveforms acquired
in NORMAL, AVG, or ENVELOPE mode are com-
pared with the predefined displayed reference.
{See Table C-15 in Appendix C to determine the
comparison that will occur for the different modes
of operation.} If no reference waveforms are being
displayed for comparison, the SAVE ON A
request is ignored. Upon entering SAVE mode,
the number of acquisitions taken while waiting for
a change is displayed in the readout.

When using REPET mode for acquiring the
incoming waveform, only the data points acquired
on each ftrigger event are compared to their
corresponding data points in the reference
waveform. in this way, the unfilled data points
are ignored in the comparison.
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The readout of scope power-on time since the
last cold start occurred is also displayed as Y
(years), D (days), H (hours}, and M (minutes). I
the user wishes to determine the time required for
the SAVE ON A to ccour, the time before starting
the acquisition may be recorded (from the SAVE
storage mode}. Subtract the starting time from
the time displayed at SAVE ON A to determine
the elapsed time.

Upon entering SAVE when a change oOCCurs,
SAVE ON A is turned off in the ACQUIRE menu
to enable the user o return o the ACQUIRE
mode menu without an immediate SAVE taking
place.

SAVE Bulton-—Siops an acquisition in progress and

freezes the display when pressed. SAVE Storage
Mode is also entered as a result of a waveform
change with SAVE ON A in effact and at the comple-
tion of a SINGLE SEQ acquisition. The number of
acquisitions making up the SAVE display is shown in
the ort readout. SAVE mode holds the current
waveform display and calis up the SAVEREF
SOURCE menu for use in storing the SAVE
waveform in one of the REF memories as a refer-
ence waveform, if wanted. Prassing the ACQUIRE
Storage Mode bution returns the acquisition mode in
effect before SAVE Storage mode was entersd
(unless a front-panel control change was madg). In
the case of a front.panel control change during
SAVE mode, the next acquisiion made after
ACQUIRE is pressed is made with the displayed
control settings.

The cursor functions may be used o make measure-
ments on the saved waveforms, and the wavsforms
may be vertically and horizontally positicned using
the normal POSITION controls. They may also be
horizontally and vertically expanded in steps with the
SEC/OW and appropriaie VOLTS/DIV control. The
Channel 1 and Channel 2 SAVE displays may be
added or multiplied with a recalcuiation of daia
taking piace to obtain the additional trace.

Haorizontal expansion of a waveform up to 100X is
possible in SAVE mode. This s accomplished by
turning the SEC/DIV knob to a faster setting after
entering SAVE Storage Mode. The waveform is
returned to its original SEC/DIV sefting when the
SEC/DIV setting is switched back to the position at
which it was acquired. Waveforms are not allowed
0 be horizontally scaled to a SEC/DIV setting
slowsar than that at which they were acquired. How-
ever, the SEC/DIV switch setting will continue io
change 1o reflect the setting of the SEC/DIV switch
at which the next waveform will be acquired when
the ACQUIRE button is pressed.
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SAVE SOQURCE—A waveform to be stored in
SAVEREF memory is selected from choices
displayed in the SAVEREF SOURCE menu. Only
waveforms selected for display from the possible
choices of CH 1, CH 2, and either ADD or MULT will
appear as specific choices. When DELTA TIME
mode is in effect for the B Horizontat Display Modes,
two delayed waveforms are acquired, and the added
selection sub-menu of DELAY1--DELAY2 is
displayed permitting user to make the desired
SOURCE choice for saving. The REF selection that
appears in SAVEREF SOURCE menu provides a
means of saving from one reference memory to
another.

The user may wish to use the reference memories in
a push-up stack manner. If s, a press of the
STACK REF menu button stores the displaved
SAVE waveforms in a predefined manner. The refer-
ence memory written to is determined by which
VERT MODES were in effect at the time SAVE
mode was entered. Previous reference waveforms
get pushed into the next higher numbered reference
memory and finally out the top {and lost) ¥ the
STACK REF button is repeatedly used. {(See Appen-
dix C, Table C-14 for the storage configuration when
STACK REF is used for saving waveforms in refer-
ence memory.)

NOTE

If the extra front-panel setlings for the
SAVE/RECALI. SETUP Jeature have been
selected in the EXTENDED FUNCTIONS-—
SYSTEM menu (REF4 set to PNL), REF4 will
be missing from the Destination and Display
choices for reference waveforms. Also, that
memory location will not be overwritien by
pressing the STACK REF menu button.

SAVEREF DESTINATION—If a specific SOURCE is
selected, the SAVEREF DESTINATION menu is then
displayed to permit the user to select the reference
memory to be written to (REF1, REF2, REF3, or
REF4). A press of the menu button under one of the
displayed choices copies the previously selacted
SOURCE waveform into that reference memory and
retumns to the SAVEREF SOURCE menu to permit
the user to make a new SOURCE and DESTINA-
TION selection for storing additional reference
waveforms.

Displaying a saved reference waveform is done
using the DISPLAY REF menu (see Item 48
“DISPLAY REF™).

DISPLAY REF Button—Calls up a menu for select

ing the reference waveform or waveforms for display
{REF1, REF2, REF3, andfor REF4). Pressing the
menu button below the appropriate menu label turns
on and off the waveform display from that reference
memory. [f the REF4 memory location has been
selected to store extra front-panet settings, the word
“PANEL" is displayed above the menu choice.

A reference memory may be empty, in which case a
label of “EMPTY" is written above the menu choice
and nothing is displayed from that location # it is
selected for display. Once a memory space is filled,
the EMPTY label is removed from that REF choice.

The HORIZ POS REF selection displays a menu
used to select which reference waveform ( REF 1,
REF 2, REF 3, and REF 4) is positionable with the
Horizontal POSITION control. Pressing the DISPLAY
REF menu button returns the system back to the
original menu DISPLAY REF control menu.

IN XY mode, only one reference waveform (made up
of REF 1 against REF 2) is displayed. Pressing the
STACK REF button in the SAVE menu saves the
XYREF waveform by storing CH 1 in REF 1 and CH
2 in REF 2 at the same time with a single button
press. Storing in this manner produces an XY refer-
ence waveform with a defined phase relationship
from the same trigger event. The XYREF can then
be called up from memory by use of the DISPLAY
REF menu button. The choices in XY are CH1 VS
CH2Z and XYREF. Pressing the XYREF menu button
turns the XYREF display ON and OFF. if either REF
1 or BEF 2 is EMPTY, the XYREF choice will be
marked empty in XY mode,

Waveforms for the XYREF may be individually
amtered in the REF 1 and REF 2 memories using the
menu choices in the SAVEREF SOURCE menu, and
arbitrary waveforms for display may be transferred
1o these reference memories via the GPIB interface.
In either of these cases, there can be no guarantes
of the actual phase relationships betwsen the
waveforms being compared, and the XY phase
difference seen in a display indicates only the phase
difference of the displayed data; not that of the
acquired data.
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Figure 3-8. Rear Panel Controls and Connectors,

REAR PANEL

Reter to Figure 3-8 for location of tems 49 through 60.

GPIB Connecior—Provides a daia output port with
the |EEE-488 data bus. The electrical and physical
arrangement of the 24 pin connector conforms to the
IEEE General Purpose Interface Bus Standard.
Refer to Figure 3-9 for an Hustration of the connsec-
ior and pin assignments.

Detachable-Powser-Cord Receplacle—Provides the
instrument connection point to the appropriate ac
voliage.

LINE YOLTAGE SELECTOR Swiich--Selects the
nominal operating voltage for the instrument. When
sel 1o 115V, the instrument operates from a power
source range of 90 V to 132 Vac. When set fo 230V,
the instrument operates from an input voltage range
of 180 V 1o 250 Vac.

@
®

Fuse Holder--Contains the primary ac power-
source fuse.

PLOTTER PEN LIFT Connector—Provides access
to a relay contact which either opens or closes for
proper pen operation when interconnecting the 2430
10 an external XY Plotter. Either a TTL-level Hl or

LO is available. {See Hem 24 “"OUTPUT" in the
External interface part of this section.)
PLOTTER ¥ OQUTPUY and Y OUTPUT

Conneclors—Provide analog X-axis and Y-axis
drive signals for use with an external XY Plotter.
Output amplitude is approximately 200 mV per divi-
sion with an output impedance of about 1 kil

ARECORD TRIGGER OUTPUT Connector—FProvides
a nagative-trug TTL-compalitle record trigger signal
for use as a trigger with external instrument systems
(see Figure C-2 in Appendix C of this manual).
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SHIELD SR WNDAC DAy DI04

ATN | IFC

GND
11 2 7

LOGIC GND GND GND pips
6

GND 10 8

NRED

GND

Dic2

g0l DIC3 | D101

REN | pig7 | DIOS

D106
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Figurs 3-2. GPIB Connector pin arangement,

A TRIGGER OQUTPUT Connector—Provides a
" negative-true TTL-compaiible A Trigger signal for
application to external instrument systems.

CH 2 SIGNAL OQUTPUT Connector—Provides an
output signal that is representative of the Channel 2
input sighal. The output amplitude into a 50 © load
is approximately 10 mV per division of input signal.

WORD RECOG OUTPUT Connestor—Provides a
negative-true TTL-compatible Word Trigger signal for
use with external test equipment (see Section 7,
“Options™).

P6407 WORD RECOG INPUT Connector-Provides

™ a dedicated control signal port for programming the
optional Word Recognizer Probe and obtaining the
word trigger output for use as the A andfor B trigger
signal source (see ltem 33 “SOURCE" and ltem 44
“SET WORD” in this section).
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PROBE POWER Conneclors {Optien 11}—Provides
output power for optional Tektronix active probes.

2430 SYSTEM MENUS

The following information is an aid in understanding the
2430 menus that an operator must use to control the
operation of the scope. Each menu is an exiension of the
front-panel controt button that calls it up, and provides the
same function as a multi-position switch with the buitons
mounted in the crt bezel selecting the switch position.
Very few of the menus are more than one layer deep, and
the choices displayed by a press of the front-panel button
are self-explanatory. Table 3-1 provides a listing of each
menu and menu subset of those menus that are more
than one levet for use as a reference guide.

The listing corresponds with the labeled front panel but-
tons which call up the menu on the CRT. The tablke
menus are grouped by major system functions in the fol-
lowing order: CHT Display, Vertical, GCursor, Delay,
Storage, A and B Trigger, Word Recognizer, QOutput, and
Front-Panel SAVE/RECALL SETUP.



Controls, Connectors, and Indicators—2430 Operators

Table 3-1
2430 Control Menus and Displays

CRT Display Menus

SELECT INTENSITY YECTORS
READOUT Disp INTENS - GRAT ONOFF
BTATUS Presents an instrument status display and increases the readout intensity to 65%
o ensure visibility (see Figure 3-2).
MENU OFF/ Turns off any menu being displayed or, if none are on, calls up the EXTENDED

EXTENDED FUNCTIONS

FUNCTIONS menus. See Appendix B for the Extended Functicns Calibration and
Diagnostics menus.

EXT FUNCT
SYSTEM SPECIAL CAL/DIAG
Second-level menu for SYSTEM.
PWER ON BELL. PREFIL REF4 TY 5Y5
LASTHNIT OMIOFF ONIOFEF REFIPNL MINON/M

Second-level menu for SPECIAL. (Use of these functions by the operator will
cause the instrument 1o need a complete calibration to return it to normal
operation. The selections may be internally disabled.)

WARNING: SERVICE ONLY — SEE MANUAL (if enabled)
DISABLED — SEE MANUAL (if disabled)

CoLD FORCE
START DAC

YERTICAL Control Menus

| VERTICAL MODE

in YT Mode

YERTICAL MODE
CH CH2 ADD MULT YUY

in XY Mode

YERTICAL MODE
CH1 vs CH2 YTILY

VARIABLE

CHt VARIABLE
CAL + T

CHZ VARIABLE
CAL v 0

COUPLING/INVERT

CH1 COUPLING 50 0 INVERT
AC pC GND OMOFF ONIOFF

CH2 COUPLING 50 Q INVERT
AC be GND OMIOFF OMNIOFF

BANDWIDTH

BANDWIDTH LUSB - xxxuxHz USH—xxxx 8
20 MHz 50 MMz FULL

The number X0 depends on the Acquisition Mode, the SEC/DIV setting, and the
bandwidth selected.
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Table 3-1 {cont)

CURSOR Control Menus

FUNCTION CURSOR FUNCTION
VOLTS TIME varTt SLOPE 1/TIME

Second-level ATTACH CURSORS menu.
In YT Mode
ATTACH CURSORS TO:
No A delay

CH1 CH2 {func) (func)a REF n
A delay—CH1 on

CH1 CH1A {func) (funciA REF n
A delay—CH2 on

CH2 CH2A (func) {funcla REF n
& delay—CH1 and CH2 on

CH1 CH2A {func) (funcia REF n
Function is either ADD or MULT; thay are mutually exclusive. Pressing REF rolis
through the displayed reference waveforms. Only waveformis called up for display
are included in the ATTACH CURSORS menu.
in XY Mode
ATTACH CURSORS TO:
CHt vs CH2 XYREF

UNITS In VOLTS or V@T

UNITS VOLTS CURS REF=auorxux

VYOLTS % aB NEW REF AlABS
In SLOPE
UNITS SLOPE CURS REF = xxxx
SLOPE % db NMEW REF
In 1/TIME
UNITS  1/TIME CURS REF=1m0mxx
Hz % DEGREES NEW REF MABS
in THME
UNITE  TIME CURS REF = 00xx
SEC % DEGREES NEW REF AABS
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Tabie 3-1 {cont}

DELAY Control Menus

DELAY by TIME

With ATIME OFF

DELAY TIME — ouxx & ATIME
ONIOFF
With ATIME ON
DELAY TIME = xuuxxx 8 ATIME
A DELAY TIME — 2ooosx s ONIOFF

DELAY by TIME button is pressed to switch the effect of the Cursor/Delay posi-
tion knob between the Main DELAY TIME and the A (delia) DELAY TIME. Delay
time may be changed only while the Delay by Time menu is displayed.

DELAY by EVENTS

EVENTS START AT A TRIG EVENTS
EVENTS COUNT = xxouox B TRIGS ON:OFF

Events count may be changed using the Cursor Delay position knob only while
Delay by Events menu is displayed.

STORAGE Control Menus

ACQUIRE ACQUIRE nnn ] REPET SAVE ON A
NORMAL ENVELOPE AVG ONIOFF ONIOFF
nnn selections:
ENVELOPE-1, 2, 4, 8, 16, 32, 64, 128, 256, CONT
AVG—2, 4, B, 18, 32, 64, 128, 256
BAVE 0 feaeeaemaemaaam SAVEREFSOURCE «~v-rvvr-rormm -
CH1 CH2 {function) REF STACK REF
Second-level menu displayed after SAVEREF SOURCE (except SAVEREF) is
selected. REF4 is omitted if the extra front-panel setups have been turned on for
the SAVE/RECALL SETUP feature.
---------------- SAVEREFDEST -------or-mnn--- SAVEREF
REF1 REF2 REF3 REF4 SOURCE
Second-level menu if in A (delta) DELAY by TIME.
SAVEREF SOURCE - (channel)
DELAY 1 DELAY 2
Second-level meny if REF is selected.
SAVEREF SOURCE - REF SAVEREF
REF1 REF2 REF3 REF4 SOURCE
DISPLAY REF In ¥T Mode.
MSPLAY REF HORIZ POS
REF1 REF2 REF3 REF4 REF
In XY Mode
HORIZ
XYREF POS REF
Second-level menu displayed when HORIZ POS REF is called.
-------------- HORIZONTAL POSITION « -~ v - s e v mv e mn DISPLAY
REF1P REF2P REF3P REF4P REF
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Table 3-1 {cont)

A TRIGGER Contrel Menus

TRIGGER MODE

A TRIGGER MODE
AUTO SINGLE
LEVEL AUTC NORMAL SEQ

ALUTO switches to ROLL at 100 ms/div and slower.

TRIGGER SOURCE

A TRIG SOURCE

YERT CHAN EXT
CH1 12 12 LINE A~BIWORD
CH2
ADD
TRIGGER CPLG Without the Video option.
ACOUPLING = eemmeeeea--n REJECT -»-=rrrmmnm-
oc AC NOISE HF L.F
Wwith the Video option installed.
ACCUPLING =000 seswwwmnmnn~a- REJECT «vvwvemonnnn-
DCIAC TV NOISE HF LF
SET TV A TV COUPLING CLAMP
{Video option oniy) FIELDA FIELD2 ALT TV LINE ONIQFF

FIELD?Z is displayed only when the Video Option has an interlaced video signal
applied. CLAMP remains ON even if TV COUPLING is not selected.

TRIG POSITION

A TRIGGER POSITION
i/8 /4 1/2 3/4

7/8
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Tabie 3-1 {cont)

B TRIGGER Control Menus

TRIGGER MODE B TRIG RUNS TRIG EXT CLK
AFTER AFTER OMIOFF
TRIGGER SOURCE In B TRIG AFTER Delay Mode.
B TRIG SOURCE
B, EXT CLOCK SOURCE (with EXT CLOCK} -
B, EVENTS SOURCE (with DELAY by EVENTS)
B, EXT CLK, EVNT SOURCE (with both)
YERY CHAN EXT
CH1 . 1i2 12 WORD
CH2
ADD
In B RUNS AFTER Delay Mode.
B TRIG SOURCE
EXT CLK SOURCE (with EXT CLOCK)
EVENTS SOURCE (with DELAY by EVENTS)
EVENTS, EXT CLK SOURCE (with both)
VERT CHAN EXT
CH1 12 12 WORD
CH2
ADD
TRIGGER CPLG in B TRIG AFTER Delay Mode.
B COUPLING
B, EXT CLK CPLG (with EXT CLOCK)
B, EVENTS CPLG (with DELAY by EVENTS)
B, CLK, EVENTS (withboth) = «««---w-- REJECT ---rrrenu=an-
DC AC NOISE HF LF
In B RUNS AFTER Delay Mode.
B COUPLING
EXT CLK CPLG (with EXT CLOCK)
EVENTS CPLG (with DELAY by EVENTS)
CLK, EVENTS (withboth) - --=-wn"-~ REJECT ---esammmmn-
ne AC NOISE HF LF
TRIG POSITION B TRIGGER POSITION
1/8 1/4 1/2 3/4 7/8
EXTERMNAL TRIGGER and TRIGGER STATUS Menus
EXT TRIG GAIN EXT GAIN
EXT 1 EXT1+5 EXT 2 EXT2+5
TRIG STATUS TRIG STATUS
MODE SCURCE CPLG TRIG POS

A (Setup conditions for the A Trigger Controls.)
8 (Setup conditions for the B Trigger Controls.)
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Table 3-1 {cont)

WORD RECOGNIZER Control Menus

SET WOonD RADIX = mcmcraniwnn- CLOCK « v v mccecnnnn SET
QCTHEX A Y ASYNC BITS

SET BITS second-level menu.

In Hexadecimal:

TRIG WORD:
CLE=_ 2277 X X 000 OO0 XXXX 0D
1 4] X L -2
in Octal:
TRIG WORD:
CLK="\_ 277777 X X XX OO0 XXX XXX AXX
1 G X % >

FRONT PANEL SETUP MEMORY

SAVE/RECALL SETUP If the REF4 selection is set to REF in the EXTENDED FUNCTIONS—SYSTEM
menu, only one front-panel setup may be saved or recalled and only the number 1
will be displayed in the SAVE and RECALL second-ievel menus. Front-panel
memory 1 is long-term nonvolatile storage; memories 2 through 5 are short-term
nonvolatile storage (3 to 5 days).

SAVE/RECALL SETUP INIT
SAVE RECALL PANEL

SAVE second-level menu.

SAVE SETUP
1 2 3 4 5

RECALL second-level menu.

RECALL SETUP
1 2 3 4 5
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Table 3-1 {cont)

QUTPUT Control Menus

OUTPUT

PLOT FORMAT STATUS SETUP TRANSMIT/
(PRENT)

STATUS calls up an on-screen display of most GPIB parameters that a system
user might be interested in (see Figure A-2 in Appendix A).

PLOT and TRANSMIT/APRINT) switch to ABORT when the function is active.
TRANSMIT/APRINT}) is off in OFF BUS mode.

XY FORMAT second-level menu,

XY FORMAT PEN LIFT
READOUT GRAT OPEN/.CLOSE PLOT

Pressing PLOT in this level menu reveris back to the first level menu with ABORT
displayed.

GPIB SETUP second-level menu.

DEBUG

MODE TERM ADDR ENCDG ONIOFF
GPIB MODE third-level menu.

T/ONLY L/ONLY ThH. PRINTER OFF BUS

Selscting PRINTER changes TRANSMIT to PRINT in the OUTPUT control menu.
Selecting OFF BUS turns off the TRANSMIT/PRINT choice.

GPIB T/ONLY fourth-level menu.

CURVE ONLY WFMPRE/CURVE

GPIB TERM third-level menu.

ECI LE/EQ]

GPIB ADDR third-level menu.

GPIB ADDRESS = nn
T +

GPIB ENCDG third-level menu.
ASCH AP BiN RI BN

RIBIN data encoding is two's-compiement format. RPBIN encoding is positive-
integer format. At power-on the 2430 assumes that the data is formatted RIBIN.
The user must select RPBIN or send ENCDG RPBIN to get positive-integer for-
mats interpreted corractly.
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Section 4—2430 Operators

This section is composed of two subsections. The first contains basic operating information and techniques that shoulkd
be considered before attempting to make measurements with your instrument. The second subsection consists of an
operators familiarization procedure intended as an aid in getting a first-time user quickly introduced to all the operating con-
trols and most menu selections.

OPERATING CONSIDERATIONS

GRATICULE

The graticule is internally marked on the faceplate of
the cort to eliminate parallax-viewing error and to enable
accurate measurements. The graticule is marked with
i eight vertical and ten horizontal major divisions. Major
division are further divided into five subdivisions of 0.2 divi-
sion each, marked along the center vertical and horizontal
graticule lines (see Figure 4-1). Percentage marks for
rise-time and fall-time measurements are located on the
laft side of the graticule. The vertical deflection factors
and horizontal timing are calibrated to the graticule so that
accurate measuremenis may be made directly from the
ort.

TIME AND YOLTAGE MEASUREMENTS

The 2430 provides several methods for making both
time and voltage measurements. The various methods
produce different degrees of accuracy and require different
amounts of time and care in obtaining the measurement
value. Using the graticule markings for determining voltage
or time values produces the guickest evaluation, but the
results are the least accurate. improved accuracy with this
method is gained only by using a great deal of care and
time in positioning the waveform on the graticule and
counting the graticule divisions. Diract graticule measure-
ments should be used only for measurements where preci-
sion is of less importance than speed.

Time and voltage measurements made on the displayed
waveforms using the CURSOR functions produce highly
accurate, precise results. Setup time to make a particular
measurement is fast, and the measurement result is
displayed on the crt. Using the cursors avoids errors due
to display gain and crt trace non-inearity and eliminates
the inconvenience of counting and interpolating graticule
markings.

Cursor measurements are also very flexible in that they
can be set up to measure either the difference between
cursor positions or the difference between the cursor posi-
tion and an absolute reference point {ground for voitage
measurements and the record trigger point for time mea-
surements). Additional cursor modes provide coupled
VOLTS and TIME cursors {(V@T) for making voltage mea-
surements at chosen time points on a waveform and slew
rate (SLOPE) measurements, and a 1/TIME mode for
making frequency measurements. The units of measure-
ment are also selectable to serve a wide range of meas-
urement applications.

Time difference measurements requiring the highest
degree of accuracy and those involving delays beyond the
on-screen limits of the TIME cursors are made using the
DELAY by TIME and A TIME modes of the B Delayed
trace. B Delayed time measurements take the most time
to set up, but they avoid the introduction of errors dug to
possible cursor misalignment at the measurement point on
the waveforms.
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Details of all the available cursor functions and units
are provided in Section 3 “Controls, Connectors, and Indi-
cators.” Use of the various cursor and B Delay modes for
making measurements is described in Section 6, "Basic
Applications.”

1ST OR LEFT 11TH OR RIGHT
VERTICAL VERTICAL
GRATICULE GRATICULE
mi LENV
&
i
RISE AND CENTER
FALL TIME HORIZONTAL
MEASUREMENT CENTER GRATICULE
PERCENTAGE VERTICAL
GRATICULE LINE
MARK
ERS LINE
4207-0%

Figure 4-1, Graticule measurement markings.

ACQUIRING DATA

Acquisition of both the CH 1 and CH 2 input signals is
made simulianecusly at all times whether the signal is
being displayed or not. This feature permits the user to
call up the undisplayed channel signat after entering SAVE
Mode. Either channel signal may be independently
inverted during acquisition.

Waveforms may be acquired in NORMAL, ENVELOPE,
or AVG (Average) Storage Mode. NORMAL produces a
live trace similar to that seen on a conventional oscillo-
scope. Signals acquired using ENVELOPE mode readily
display any variations of the waveshape as minimum and
maximum data point values for each sample interval are
displayed. AVG Storage Mode acquisitions present a very
clean display with all uncorrelated noise accompanying a
signal being averaged out. The number of acquired
waveforms to be incorporated into the ENVELOPLE or AVG
display is selectable by the user.
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REPET Mode may be used with either NORMAL or
AVG Storage Mode to extend the usable storage
bandwidth to 150 MHz when viewing repetitive signals.
Figure C-1, in Appendix C of this manual, shows the
number of sweeps required to fill the waveform acquired
using REPET mode with a 99% confidence level. A SIN-
GLE SEQ acquisition in REPET mode acquires enough
data points o fill the waveform io approximately 50%.
When REPET is not used, the useful storage bandwidth is
40 MMz, and digital interpolation is used to provide the
waveform data points between samples taken at the max-
imum sampling (for SEC/DIV settings of 200 ns and fas-
ter).

A SAVE-ON-A feature enables the 2430 to compare the
incoming signal against a reference envelope waveform. if
the signal falls outside the reference envelope, the scope
swiiches 1o the SAVE Mode to preserve the out-oflimit
waveform for analysis.

Acquired waveforms are also saved when the user
presses the front-panel button labeled SAVE. The 2430
immediately preserves the current CH 1 and CH 2
waveforms and ADD/MULT functions {displayed or not).
All cursor functions are usable for making measurements
on the saved waveform displays, and the SAVE
waveforms may be horizontally and vertically positioned
and expanded. Expansion of SAVE waveforms is nonde-
structive; it is done as a display function only, so the origi-
nal waveform may be returned by merely de-expanding the
display. Once saved, the waveforms may be transferred
to a SAVEREF memory where they may be preserved for
axtended periods of time. Saved waveforms can be called
up at any lime either to analyze them or to use them as
reference waveforms for comparison to the live waveforms
being acquired.

GROUNDING

The most reliable signal measurements are made when
the 2430 and the unit under test are connected by a com-
mon reference (ground lead) in addition to the single lead
or probe. The ground lead of the probe provides the best
grounding method for signal interconnection and ensures
the maximum amount of signalHlead shielding in the probe
cable. A separate ground lead can also be connected
from the unit under test to the oscilloscope ground jack on
the front panel using a banana-tip connector.



SIGNAL CONNECTIONS

Probes

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

The probe itseif and the probe accessories should be
handied carefully at all times to prevent damage. Striking
a hard surface or dropping the probe body can cause
damage to both the body and the probe tip. Use care to
pravent the cable from being crushed or kinked, and do
not place excessive strain on the cable by pulling it.

The standard-accessory probe is a compensated 10X
voltage divider. It is a resistive voltage divider for fow fre-
quencies and a capacitive voltage divider for high-
frequency signal components, Inductance introduced by
long signal or ground leads may form a series-resonant
cirouit.  This resonant circuit will affect system bandwidth
and will oscillate (ring) ¥ driven by a signal containing
significant frequency components at or near its resonant
frequency. Ringing can then appear on the scope display
and distort the true signal waveform. Always keep both
the ground lead and the probe signalinput connections as
short as possivle to maintain the best waveform fidality.

Misadjustment of probe compensation is a common
source of measurement error. Because of variations in
oscilloscope  input characteristics, probe compensation
should be checked and adjusted, if necessary, whenever a
probe is moved from one oscilloscope to another or
between channels of a multichannel oscifloscopes. The
probe compensation adjustment procedure is found in
“Operator's Checks and Adjustments,” Section 5 of this
manual and in the instructions supplied with the probe.

AUTOMATIC SCALE FACTOR SWITCHING. The
VOLTS/DIV seale factors are displayed on the CRT. This
feature permits the 2430 VOLTS/DIV readout to be
automatically switched in response 0 a control changs
received via the GPIB or as a result of change in the probe
attenuation factor. Table C-1 in Appendix C of this

Operating Information —2430 Dperators
Operating Considerations

manual shows the range of the VOLTS/DIV switch for all
available Tektronix coded probes. The “expanded” portion
of the table is obtained using firmware data-expansion
routines for SAVE and averaged waveforms,

Coaxial Cables

Cables used 10 connect signals to the input connectors
may have considerable effect on the accuracy of a
displayed waveform. To maintain the original frequency
characteristics of an applied signal, only high-quality, low-
loss coaxial cables should be used. Coaxial cables must
be terminated at both ends in their characteristic
impedance to prevent signal reflections within the cable.
The built-in 50 @ termination for the input of the 2430
should be used for interconnection of 50 & system signals
to the scope. H this is not possible, then use suitable
impedance-matching devices.

INPUT-COUPLING
CAPACITOR PRECHARGING

When the input coupling is set to GND, the input signal
is connected to ground through the input-coupling capaci-
tor in series with a 1 MQ resistor to form a precharging
network. This network allows the input-coupling capacitor
to charge to the average DC voltage level of the signal
applied to the probe. This prevents large voltage tran-
sients that may be generated from being appiied to the
amplifier input when the Input coupling is switched from
GND to AC. This precharging network aiso provides
external circuit protection by reducing the current levels
that can be drawn from the external circuitry during capa-
citor charging.

EXTERNAL TRIGGERING

The A and the B irigger signals are independently
obtainable from a variety of sources. When viewing sig-
nals that require a trigger source different than one of the
displayed signals on Channel 1 or Channel 2, a free vertj.
cal input channel or either of the external irigger input
channsls may be used to inpul the signal. The vertical
channels may be used to condition a wide range of signals
to produce triggers over the full vertical deflection range
from millivolts to thousands of volts in amplitude. The
external trigger input channels have a very limited choice
of attenuation factors {either divided by 1 or by 5 without
the use of external attenuation).
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OPERATORS FAMILIARIZATION

INTRODUCTION

The Tektronix 2430 is an easy-to-use Digital Oscilio-
scope that provides the user with an accurate and flexible
waveforrn measurement and analysis tool. A combination
of front-panel controls and menu-driven selections pro-
vides fast and convenient setup of the instrument operat-
ing modes. Menu selections allow access to the many
waveform acquisition and processing functions while main-
taining an uncluttered front-panel.

Selected menu functions, front-panel control settings,
and measurement results are displayed in the crt readout.
in the menu displays, the selected operating mode or pro-
cessing function is indicated by an underscored menu
selection. The absence of an underscore beneath a choice
in the menu display indicates that the selection is off.

READOUT DISPLAY

The crt readout display is the user’s guide to how the
instrument controls are setup. No physical markings are
on the rotating switches and control knobs to indicate the
control setting. A key to the location and type of readout
information displayed is illustrated in Figure 4-2.

FRONT-PANEL CONTROLS

The front-panel controls are divided into two types:

Those directly affecting system operation as the control
is activated, (ie., VOLTS/DIV, SEC/DIV, HORIZONTAL and
VERTICAL POSITION, and the specific menu selection
buttons).

Those that call up a menu with the specific entry
choices that actually make an instrument function change
{ie., VERTICAL MODE, CURSOR selections, and most of
the TRIGGER operation sefections).

iMenu control buttons work in several different ways as
dictated by the type of function they are controlling. In
certain instances they merely toggle a function on and off;
in others, they are used to make additional selections once
the main function selected by that menu button has been
made. For some functions, the menu selections are self-
canceling such as when two menu choices are mutually
exclusive. For ease of operation, many of the choices in a
displayed control menu may be rotated through by simply
pressing the front-panel button that called up the menu.
An example of the last type is the COUPLING control
menu. White the COUPLING control menu is displayed,
the choices of AC, DC, and GND may be rotated through
simply by repeatedly pressing the COUPLING/INVERT but-
ton of the active menu (either CH 1 or CH 2}. As the pro-
cedure steps are performed, the ways in which the menu
control buttons work will be pointed out.

FAMILIARIZATION PROCEDURES

The following procedures are intended as an aid to
assist the first-time wuser in becoming acquainted with the
system menus and front-panel function buttons. Perform-
ing the step-by-step instructions and simple exercises of
the familiarization procedures will enhance the user’'s abili-
ties with the instrument and provide visual reinforcement
of how the controls affect the operation of the 2430. Once
the user becomes acquainted with how menus are used to
conirol the operating system and how quickly initial set-
ups can be made, developing efficient techniques for mak-
ing specific measurements should prove to be very easy.

The detailed operation of each control and connector is
described in “Controis, Connectors, and Indicators,” Sec-
tion 3 of this manual. A complete list of the control menus
is also given at the end of that section for the user's refer-
ence.
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Figure 4-2. 2430 Readout dispiay locations.

Initialization of the Front-Panel Controls

1. With the 2430 connected to an appropriate power
source, press the POWER button IN (green indicator is
seen in button). The 2430 does a power-on self test each
time it is turned on. After a few seconds, the self test will
be completed and the instrument will be ready for opera.
tion.

2. If the crt readout intensity has not been turned com-
pletely down, some type of readout display should be
seen. Some waveform displays or traces may be present
on the crt. Both depend on the front-panel setting and
type of operation in effect when the 2430 was powered
off. Panel settings in effect at power down are returned
when the instrument is turned on again. If either a readout
or waveform display is seen, go to Step 4.

3. If no displays are seen, press the STATUS button.
This sets the intensity level of the READOUT to 656% and
gives a readout of INTENSITY level settings in percent-
ages and the instrument operating staius display (see
Figure 3-2 in “Controls, Connectors, and Indicators'). The

percentage shown for DISP indicates if the DISP
{waveform trace) infensity level is set too low for viewing a
gisplay (25% or morg should give an easily viewable trace},
If pressing STATUS causes the readout display to be
seen, the READOUT Intensity level was probably set too
low; it is now 65%.

NOTE

if no traces are called up for display (no VERT
MODES and no REF waveforms on), the STATUS
list will have none of the display entries underscored.
ft will then be necessary to select a VERT MODE
display to set the DISP {waveform trace) INTENSITY
to the desired viewing level in Step 4. Press VERT
MODE and select CH 1.

4, Press SELECT button to display the INTENSITY
control menu. Figure 4-3 Hlustrates the SELECT Menu
antries and the position of the Menu Control buttons in
case the menu is not visible.
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NG T

4918.13

Figure 4-3. SELECT Menu and Menu Control buttons.

5. Press the READOUT menu entry button and use the
INTENSITY control knob to set the readout intensity to a
viewable level without excessive brightness. (Clockwise
rotation of knob increases intensity.) The INTENSITY con-
trol is a continuous-rotation pot with no end stops to
designate physical maximum or minimum rotation. Basi-
cally the user must decide by observing the feature being
controfled when maximum or minimum control effect has
been achieved.

6. Now select GRAT and adjust the illumination to the
minimum (off) level. GRAT controls the edge lighting
around the crt that lights up the scribed crt graticule mark-
ings for dimly lighted work areas and oscilloscope photog-
raphy. The INTENS menu selection is used when it is
necessary to adjust the contrast between the normal trace
and the intensified zone in A INTEN displays. No adjust-
ment of INTENS is required at this time.

NOTE

If none of the VERT MODE or REF waveform
displays are called up for display, no CH 1, CH 2, or
REF VOLTS/DIV readouts will be shown in the
upper left-hand corner of the crt {see Figure 4-2).
The user must then call up a VERT MODE display to
correctly set the waveforrn trace (DISP) INTENSITY,
This is done by first pressing the VERT MODE but-
ton flocated between the CH 1 and CH 2 control
areas), then pressing the button located peneath the
CH 1 menu choice to turn on the CH 1 display
{shoutd be underscored). Press the SELECT button
again to recall the INTENSITY menu for the next
step.
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7. Press DISP menu entry button and use the INTEN-
SITY control knob to adjust the waveform trace to a view-
able level. If the traces called up for display are positioned
out of the viewing area, the trigger position indicator {T)
and ground indicator (+) should still be visible at the
edges of the graticule area. In this event, adjust the
INTENSITY for a viewable display of the indicators.
{Pressing the SELECT button with the INTENSITY menu
displayed toggles the selection between READQUT and
DISP.)

8. Set the VECTORS menu entry to ON (if OFF). Each
press of the menu button under VECTORS toggles the
sefection between ON {vector display) and OFF (dots
display).

9. You are now ready to set up the remaining 2430
front-panel controls to obtain a basic operating mode. Set
the front-panel controls and make the menu selections for
a basic setup as follows.

FRONT-PANEL SETUP

Press the VERTICAL MODE button to display the
Menu. An active state is underscored. To turn off a mode
or function, press the menu button beneath the menu
selection to remove the underscore.

Vertical

MODE CH1—0ON {underscored)
CH2, ADD, and MULT-OFF

YTiXY---YT {toggiing choice)

CH 1 VOLTS/DIV 10 mv
CH 1 COUPLING/ COUPLING—AC
INVERT INVERT—OFF

BANDWIDTH FULL

CH 1 VARIABLE CAL
Horizontal

MODE A

A SEC/DIV 500 us

B Trigger {Press A/B TRIG for B Trigger menus)

TRIG POSITION 12

CPLG AC

SOURCE VERT {CH 1 is displayed)

MODE RUNS AFTER—ON,
EXT CLK—OFF

SLOPE + (plus}



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

SLOPE + {plus}
MODE AUTO
SOURCE VERT (CH 1 is displayed)
CPLG AC
TRIG POSITION 1/2
Cursors
FUNCTION Al OFF (none underscorad)

Delay by Events

EVENTS OFF
Delay by Time
ATIME OFF
Siorage
DISPLAY REF All Off (none underscored)
ACQUIRE NORMAL-—ON
REPET and

SAVE ON A—OFF

"~ Extended Functions

SYSTEM REF4—PNL

10. Center the record trigger positior indicator (T) on
the graticule using the CH 1 Vertical POSITION and the
Horizonta! POSITICGN controls.

11. Attach the standard accessory 10X probe to the
CH 1 Vertical Input BNC connector. (The CH 1
VOLTS/DIV readout should now read 100 mV).

12. Connect the probe tip to the CALIBRATOR output
connector and the ground lead to scope ground. A four-
division peak-to-peak display of the CALIBRATOR output
signal should now be seen. The waveform display may or
may not be stable depending on the setting of the A
Trigger LEVEL control,

13. Use the following procedure to set the A Trigger
LEVEL.

a. Press the TRIGGER MQOBDE button.
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b. Press the A/B TRIG bulton to obtain the A
TRIGGER MODE control menu if the B TRIGGER
MOBE menu is displayed.

c. Select AUTO LEVEL Trigger Mode. Now the
trigger level will automatically follow trigger signal
changes to maintain stable triggering. f the
TRIGGER LEVEL control is positioned beyond the
peak-to-peak  Hmits of the trigger signal,
automatic level setting reoccurs to regain the
trigger level setting for stable triggering.

14. You now have a basic front-panel display setup for
viewing a signal applied to the CH 1 input. This setup
may be saved for returning the 2430 to a known front-
pane! condition. Save the setup by using the following
three-step procedure:

NOTE

The INIT PANEL choice shown with the
SAVE/RECALL menu may be used to completely set
up a predefined operating state for the 2430 (except
certain controls that are not accessible to change).
See Table C-16 in Appendix C for a list of the setup
states called up by the INIT PANEL choice. The
feature is provided so that if the front- panel controfs
have been feft in some seldom used states, the user
may quickly return to a known operating condition
without having to search through the Status display
or the menu selections to determine each front-panel
controf state.

a. Press the SAVE/RECALL SETUP front-panel but-
ton to display the control menu.

b. Press the SAVE menu button. This calls up a
sub-menu for choosing a memory location number
to store the sefup.

¢. Press memory location number 1 to save the
front-panel setup.

NOTE

¥ the REF4 choice In  the EXTENDED
FUNCTIONS—SYETEM menu is set to REF, there
s only one setup memory location available.

The RECALL SETUP menu selection is used in a

similar manner to recall the froni-panel setup just
saved. '

4.7
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DEMONSTRATING THE
FEATURES AND CONTROLS

h,
\

Self Calibration

The SELF CAL feature assures the user that the most
accurate measurements possible are being made. Seif
Calibration should be performed after instrument warm-up,
whenever the ambient temperature changes by more than
+5°C, and immediately prior to making a series of meas-
urernents when the highest level of accuracy is required.

NOTE

For  approximately ten minutes after power-on
(whether the instrument is warm or not) the mes-
sage ‘NOT WARMED UP™ s displayed in the
CAL/DIAG menu to warn the user that the tempera-
ture of the 2430 has possibly not yet stabilized for
the best calibration resuft. The message may be
ignored at any time by simply starting the SELF CAL
procedure, At the end of the warm-up time, the
message s removed from the CAL/DIAG menu
display.

Selt Calibration of the 2430 is done using the following
procedure,

t. If any menus are displayed, press the MENU
OFF/EXTENDED FUNCTIONS button twice (first time to
turn off the menus; second time to turn on the
EXTENDED FUNCTIONS menu); otherwise, press it once.

2. Press the CAL/DIAG menu choice button. This
brings up the Calibration/Diagnostic choices. A message
is also displayed to indicate if the iast self calibration and
self diagnostic tests performed were passed or failed.

3. Press the SELF CAL menu button to start the cali-
bration; the message ‘RUNNING” should appear in the
menu display. After a few seconds the self calibration is
completed (indicated by the *RUNNING” message leaving
the display) and a PASS message should be above the
SELF CAL menu choice. The 2430 is then ready to return
to its operating state.

NOTE

If the self calibration should fail, the self-diagnostic
mode will be entered. In this event, press MENU
OFF/EXTENDED FUNCTIONS twice and repeal step
2 to rerun the self calibration. If errors persist, the
scope should be referred to a qualified service per-
son. Any fatal test errors should also have caused a
failure of the power-on self test when the scope was
first turned on. See Appendix B for more information
on the Self Test and Self Calibration features.
Depending on the test failed, the scope may be func-
tional for the measurements you need to make.
Fress the MENU OFF/EXTENDED FEATURES but-
ton to exit the error display, and check the scope
operation to deterrmine if it will function for your pur-
poses. In any event, the instrument should be
referved to a qualified service person at the first
Opportunity.

4. Press MENU OFF/EXTENDED FUNCTIONS to turn
off the calibration/diagnostics menu, then press ACQUIRE
to start the waveform acquisitions again,

Exercising the A and B SEC/DIV Switch

1. Tumn the SEC/DIV switch slowly clockwise through
the settings to 500 ns, then counierciockwise back to 500
us. See how the A SEC/DIV readout changes and note
the effects on the CALIBRATOR waveform.

NOTE

The CALIBRATOR output frequency changes with
SEC/DIV switch settings in range steps between a
maximum and a minimum output frequsncy. See
Table C-3 in Appendix C for the CALIBRATOR out-
put frequency for sach SEC/DIV setting.

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

a. Use the Horizontal POSITION control fo align the
beginning of a cycle (the negative-to-positive ris-
ing edge) with any convenient vertical graticule
line and determing the number of horizontal divi-
sions needed for one complete cycle of the CALI-
BRATOR signal. The center horizontal graticule
line is graduated in 0.2 division increments to aid
in interpoiating between the large division mark-
ings.



b. Multiply the number of divisions {and/or decimal
fraction parts of a division) counted by the
SEC/DIV readout to calculate the CALIBRATOR
signal period. Frequency is calculated by taking
the reciprocal of the period. {For this signal the
period == 2 ms and the frequency = 500 Hz.)

Exercise the CH 1 VOLTS/DIV, COUPLING, and VARI-
ABLE controis.

1. Set CH 1 VOLTS/DIV control clockwise to 50 mV
then switch slowly through settings counterclockwise to 1
V. Observe how the YOLTS/DIV readout changes and the
effect on the waveform display amplitude.

NOTE

Between 500 mV and 1 V per division, the attenua-
tor switch activates with a clicking sound.

2. Set the CH1 VOLTS/DIV control to 200 mV for a
two-division peak-to-peak display amplitude.

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

a. Align a peak of the display with any convenient
horizontal graticule markings 1o determine the
peak-to-peak ampiitude in divisions. The center
vertical graticule line is graduated in 0.2 division
increments to assist you in determining fractional
parts of the major divisions.

b. Determine the peak-to-peak amplitude of the
CALIBRATOR signal by multiplying the number of
divisions (and/or decimal fraction part of a divi-
sion) by the VOLTS/DIV readout (should be 400
mV).

4. Press CH 1 COUPLING/INVERT button o display
the CH 1 COUPLING menu. Additional presses of the but-
ton will rotate the Input Coupling selections first to BC,
then GND, then back to AC. Observe the change in the
vertical position of the display as the Input Coupling is
switchad between AC and DC. Also nolice the change in
the symbols displayed with the VOLTS/DIV readout for
each Input Coupling selaction.
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input Coupling may also be chosen (as well as the 50 Q
termination and INVERT features) by use of the individual
menu entry buttons located beneath each selection.

NOTE

AC COUPLING and 50 12 input termination are mutu-
alfy exclusive; selecting one will desefect the other.

5. Select 50 0 input termination for Channel T,
Observe that the Input Coupling switches from AC to DC
and the Q symbol is displayed following the CH 1
VOLTS/DIV readout. (The signal display amplitude will
drop to zero in 50 @ termination as a 10X high impedance
probe is being used to connect the CALIBRATOR output
to the CH 1 Vertical input connector.)

6. Again select the AC menu entry Coupling and
observe that the 50 & termination is turned off.

7. Press the CH 1 VARIABLE button to display the
VARIABLE menu. Press and hoid the down-arrow menu
button until the displayed peak-to-peak amplitude
decreases to about 1 division. Also note the symbol
preceding the VOLTS/DIV readout to indicate when the
vartical display is uncalibrated.

8. Press and hold the up-arrow menu button 1o
increase the display amplitude back te about 1.5 divisions
peak-to-peak.

9. Return 1o the calibrated VOLTS/DIV settings by
pressing the CAL menu button.

Setiing Up the CH 2 Controls

1. Attach the second 10X accessory probe to CH 2
BNC. input connector. Press the VERTICAL MOBE front-
panel button, and turn on the CH 2 display.

2. Now use the CH 2 VERTICAL controls and menus
to duplicate the the CH 1 front-panel setup. Try i, using
the readout display, without referring back to the previous
procedura steps. When the CH 1 and CH 2 waveform
displays are the same, proceed o next step (be sure to
check the CH 2 Vertical POSITION).
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3. Separate the two traces using the CH 1 and CH 2
Vertical POSITION control knobs. Place the CH 1 display
in the top half of the graticule area and the CH 2 display in
the botiomn half, about equally spaced from the center hor-
izontal graticule line.

4. Save the dualchannel
SAVE/RECALL memory location 2.

front-panel  setup in

Demonstrating SAVE and DISPLAY REF Storage
Modes

Entering SAVE mode is normally done in one of three
ways: pressing the SAVE Storage Mode button, as a
resuft of a SAVE ON A, and at the end of a SINGLE SEQ
acquisition.

SAVE Mode freezes any waveform acquisition in pro-
cess and holds the waveform displayed for saving as a
reference, making any type of measurements needed, or
completing a plot without having an acquisition restarted.
SAVE mode may be entered using a command via the
GPIB, and it is entered temporarily during the signal output
1o an external XY Plotter or printer. At the completion of
the plotter output, the scope returns to the same opera-
tion it was doing before the plot was started.

Displayed along with the SAVE waveform is a count of
the number of acquisitions made in the current process
before SAVE was entered and a realtime clock display.
The time in Y (years), D (days), H {hours), and M {minutes)
is the scope run time since the last cold start.

Upon entering the SAVE Storage Mode, the SAVEREF
SOURCE control menu is displayed. The menu permits
the user to select any displayed VERTICAL MODE signal
as the source of the reference signal to be stored. Once a
source is selected, the SAVEREF DESTINATION menu is
displayed to permit the user to select which of the three
reference memories is used to store the selected source,

NOTE

Extra front-panel memory has been selected in the
inittal  setup using the EXTENDED FUNCTIONS
mem. If this were not the case, there would be four
reference memory locations displaved as destina-
tions for storing waveforms.
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Besides storing selected channe! signals as reference
waveforms, the user has the choice of moving one of the
stored references to another memory location. Selecting
REF as the source displays the choice of any of the three
reference waveforms 1o be selected. Upon selecting a
source, the SAVEREF DESTINATION menu appears as
before to choose the reference destination.

A final option to the user for storing waveforms into the
reference memories is offerad by the STACK REF menu
choice displayed with the SAVEREF SOURCE menu. This
choice treats the reference memories as a push-up stack
with REF1 as the bottom stack location and REF3 as the
top. The first push of STACK REF will store a single chan-
nel display first into BEF1, then repeated presses with
push it 1o REF2, then REF3, and finally off the stack.
When more than one waveform is being displayed, a
predefined storage plan is wused to place selected
waveforms in certain reference memory locations. Basi-
cally, if CH1, CH2, and either ADD or MULT are
displayed, pressing STACK REF will store CH 1 in REF1,
CH 2 in REF2, and the ADD or MULT function in REF3.
See Table C-14 in Appendix C for the detailed STACK
REF storage arrangement.

1. Use the dual-channel display from the previous “Set-
ting Up the CH 2 Controls™ procedure for this demonstra-
tion,

2. Press the SAVE Storage Mode button. This freezes
the waveform acquisition and displays the SAVEREF
SQOURCE menu.

3. In the SAVEREF SOURGE menu, press CH1. The
Channel 1 signal is now selected as the source of the
reference waveform to be stored, and the SAVEREF DES-
TINATION menu is displayed to select the SAVEREF
memory location to store it

4. Press the REF1 menu button. The Channel 1 signal
is how stored in reference memory 1, and the SAVEREF
SOURCE menu returns for further reference source selec-
tions if wanted.

5. Now select REF as the source choice. A display of
the three reference choices is dispiayed for choosing which
reference memory you what 1o be the source,



6. Seiect REF1 as the source, and in the SAVEREF
DESTINATION menu that then appears, press REF3 as
the storage location. You have now stored the REF1]
waveform in the REF3 reference memory.

7. To display the stored references, press the
DISPLAY REF Storage Mode button. A menu of the
selection choices is displayed for choosing the reference
waveform for display. A reference memory without a
waveform stored in it will be labeled "EMPTY™ and ignored
if display of that reference is requasted.

8. Press REFt and REF3 to display those reference
waveforms overlaid. Use the VERTICAL MODE menu to
remove the CH 1 and CH 2 SAVE waveforms from the
display, then press DISPLAY REF again to return that
control menu to the display.

NOTE

The DISPLAY REF button and the DISPLAY REF
menu choice that appears in the HORIZONTAL
POSITION menu both act in the same manner. A
press of either switches between the DISPLAY REF
and the HORIZONTAL POSITION menus.

9. Press the HORIZ POS REF menu button and select
REF1P from HORBIZONTAL POSITION menu to direct the
effect of the HORIZONTAL POSITION control to the REF1
waveform. Position the REF1 waveform to observe the
way it works.

NOTE

in the HORIZONTAL POSITION control menu, one
of the references will always be underscored, and
the selections are mutually exclusive. Only one
choice may be enabled at a time, and the HORIZON.-
TAL POSITION control menu must be displayed for
the effect of the HORIZONTAL POSITION control to
be directed to a reference waveform.

10. Select REF3P to be positioned horizontally, and
position that reference waveform using the HORIZONTAL
POSITION control.

11. Turn off the reference waveform displays and turn
on the CH 1 and CH 2 displays.
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Exercise BANDWIDTH Control
NOTE

The BANDWIDTH control setting is for both CH 1
and CH 2.

1. Press the BANDWIDTH button to dispiay the selec-
tion menu. The choice of 20 MHz, 50 MHz, and FULL are
available. Selection is made either by pressing the
BANDWIDTH switch repeatedly to scroll through the
choices or by pressing the menu selection button of the
desired bandwidth.

2. Select 20 MHz Bandwidth, and notice the BWL
symbol displayed in the upper line of readout. Press the
50 MHz menu entry, then the FULL choice and see the
change in the displayed BWL symbol.

NOTE

The supplemental inforration displayed with the
BANDWIDTH menu is an indication of the usable
storage bandwidth (USB} and the usable storage rise
time (USR) for the present SEC/DIV setting. These
two pieces of information provide the user with the
upper frequency limit and fastest rise time of a signal
from which good waveforrn data may be acquired at
any chosen SEC/DIV setting for the acquisition
mode in effect.

3. Set the BANDWIDTH to FULL.

Using the Dual-Channel Displays

1. Press Vertical MODE and select ADD (three traces
should now be present (CH 1, CH 2, and ADD). Observe
that the CH 1 and CH 2 SAVE signals are digitally added
together; it is not necessary to acquire a signal in ADD
Vertical MODE to obtain the ADD display.

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

3. Use the CH 1 and CH 2 Vertical POSITION controls

to observe that both controls have a positioning effect on
the ADD trace.

4. Press the ACQUIRE button to restart the waveform
acquisitions.,
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5. Press CH 1 COUPLING/INVERT panel bution and
turn CH 1 INVERT ON. Observe that the ADD display
becomes approximately a baseline trace (CH 2 signal
minus the CH 1 signal).

6. Press CH 2 COUPLING/INVERT panel button and
turn CH 2 INVERT ON. Observe the ADD trace amplitude
returns to four divisions (inverted CH 1 signal plus the
inverted CH 2 signal).

7. Turn on the CH 1 and CH 2 displays.

B. Press the SAVE button, then press the SAVEREF
menu choice. This menu choice treals the SAVEREF
memoties as a stack and automatically saves the CH 1
signal in REF 1, the CH 2 sighal in REF 2, and the ADD
waveform in REF 3.

9. Turn the ADD Vertical Mode OFF.

10. Switch the display to XY Mode and observe the
cisplay of CH 1 versus CH 2. The CH 1 signal is supply-
ing the X-axis thorizontal) deflection and CH 2 is supplying
the Y-axis (vertical) deflection in an XY display. Therefore,
the CH 1 Vertical POSITION control is used to move the
display horizontally and the CH 2 Vertical POSITION con-
trol is used to move the display vertically. The Horizontal
POSITION control has no positioning effect on the XY
display, but it does move through which 512 data points of
the 1024 data point record are being displayed.

11. Press the SAVE/RECALL SETUP button and recalt
setup 1. Display should revert to a singie channel display
of the CH 1 signal.

Bemonsiration of ENVELOPE and AVG (Average)
Acquisition Modes

1. Press the ACQUIRE panel bution; then press and
release the ENVELOPE acguisition menu button until the
numeric display above the ENVELOPE menu label is sst at
1. This sets the number of waveforms that are included in
the Envelope display to only one acguisition before it is
reset to start a new acquisition.

2. Press the ENVELOPE menu button and release if {0
step through the range of the number of wavsforms that
may be included, one step at a time to continuous {CONT),
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then stop. In CONT, the instrument is saving the minimum
and maximum values over each sampling interval without
a reset occurring.

3. Rotate the CH 1 VERTICAL POSITION conirol knob
left and right (waveform up and down) and see how the
display grows vertically; approximating the effect of
amplitude changes and dc level shifts in the incoming sig-
nal.

4. Now press the ACQUIRE panel button again to
erase the continuous Envelope display and restart the
acqguisitions for a new Envelope waveform.

5. Select the Average Storage mode and vertically
reposition the trace to center screen. Press and release
the AVG menu button unti the number over the AVG
{Average) menu label is set to 2. Observe the effect of a
maximum average weighting factor of two on the
displayed waveform.,

6. Now press the AVG entry buiton to increment
through the range from 2 to 256 one step at a time.
Watch at each step and notice that the displayed
waveform becomes cleaner as the number of waveforms
averaged increases. This is an illustration of the improve-
ment in signal-to-noise ratio of the displayed waveform
using AVG acquisition mode. See Table C-4 in Appendix
C for the expected improvement ratio as the number of
averages increases. Return the number of Averages sel-
ting to 32.

7. Rotate the CH 1 VERTICAL POSITION control a
small amount and observe that the accumulation of
waveforms into the averaged waveform display restarts
{as seen by the increased noise in the display).

NOTE

Any front-pansl control change that affects the
waveform data being acquired restarts the AVG
acquisition. Pressing the ACQUIRE button also re-
starts the acquisition.

Demonstrating SINGLE S$EQ Trigger Mode

Single Sequence mode permits the user to select an
acquisition process that, when completed, will not restart
untit directed to do so. At the completion of a SINGLE
SEQ acquisition, the 2430 swilches to the SAVE Storage
Mode to freeze the waveform display. That waveform



may then be saved for reference, transmitted to a data
collection device, or analyzed as required before com-
mencing another acquisiion. For this demonstration,
Average acquisition mode is used; Envelope acquisition
mode works in a similar manner,

1. Set the A TRIGGER MODE to SINGLE SEQ.

2. Observe the Trigger Status Indicators (TRIG'D,
READY, and ARM). When they stop fiashing {or the
TRIG'D indicator lght goes out, depending on the
SEC/DIV setting) and the SAVE mode is entered, the
single-sequence acquisition of 32 averages has compieted.

3. Press ACQUIRE to restart the SINGLE SEQ, and
again observe that the Trigger Status indicators flash (or
TRIG'D light remains on solid) until the single sequence
has compleied.

4, Store the CH 1 waveform in SAVEREF memory
REF 3. You now have an averaged CH 1 signal waveform
stored as reference for making comparison measurements.

USING THE CURSORS

VOLTS Cursor Functions

1. The display should remain as acquired by the
preceding SINGLE SEQ procedure to start this demonstra-
tion.

2. Press the CURSOR FUNCTIONS button to display
the cursor type choices and press VOLTS to make voltage
measurements.

3. Press the CURSQOR UNITS button to call up the
UNITS menu and select VOLTS for units.  Set the AIABS
meny choice 10 A, Delta mode (A) provides two cursors
for voltage difference measurements. ABS cursor mode
provides a single cursor, referenced to the ground position
indicator.

4. Move CURSOR/DELAY knob clockwise and coun-
terclockwise. Observe how the “active” (dashed ling} cur-
sor is positioned. Set the active cursor to the top of the
CALIBRATOR signal waveform.

5. Press the SELECT bution and see that the second
cursor becomes the active ons. Position it ¢ the bottom
of the waveform display.
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6. Press the NEW REF menu entry. This saves the
present VOLTS cursor difference as the reference level for
making percentage and dB measuremenis.

7. Select the % units entry; the VOLTS cursor readout
should how read 100%.

8. Move the active cursor up and down, observing the
percentage change from the reference signal level. The
readout indicates the percentage of difference between the
present cursor positions and the reference cursor
difference. A greater difference gives more than 100% and
a lesser difference gives less than 100%. Now position
the active cursor to regain a readout of 100%.

9. Press dB menu entry and NEW REF again. Observe
the readout is 0 dB (no difference between the present
cursor positions and the reference amplitude).

Cursor difference voltage
Reference voltage

dB = 20 log

10. Position the active cursor to produce a cursor
difference of about 1 division less than the waveform
peak-to-peak amplitude. Observe that the dB readout is
negative {indicating that the cursor difference is less that
the reference amplitude by the dB readout shown).

11. Now position the active ocursor for a cursor
difference of about 1 division more that the waveform
perk-to-peak amplitude. The readout is now positive and
indicates how much greater {in dB) the cursor difference is
than the refarence ampiitude.

12. Select VOLTS units and switch AIABS to the ABS
cursor mode.

13. Position the VOLTS cursor to the ground indicator
and observe that the readout is 0 volts when exactly
aligned with ground.

14, Set the VOLTS cursor to the positive peak of the
waveform to sse that the readout is the positive voltage
difference from the cursor position to the ground indicator.

15. Now set the VOLTS cursor o the negative peak of
the waveform and see that the readout is negative; indi-
cating that the cursor position is below ground.

16. Switch back to A mode cursors.

413
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V@T Cursors

These coupled cursors (VOLTS cursors position cou-
pled to the TIME cursors position on the waveform) pro-
vide voltage readout with VOLTS cursors that are confined
to within the peak-to-peak amplitude points of the
waveform. As with the VOLTS FUNCTION, the alternate
units of measurement are % and dB.

1. Select V@T CURSOR FUNCTION and set the
CURSOR UNITS to VOLTS in the A cursor mode.

2. Position the active cursor pair 1o place the TIME
cursor at the peak amplitude of a positive peak of the
CALIBRATOR signal. Observe that the VOLTS cursor
goes not leave the limits of the displayed waveform.

3. Press SELECT and position the second TIME cursor
at the peak amplitude of the negative peak.

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

5. Press the NEW REF button, set the CURSOR
UNITS to ABS mode, and select % units for the measure-
ment,

8. Read the percentage of the peak amplitude from the
ground marker as compared with respect to the 100%
level set in Step 5.

7. Position the TIME marker to the opposite peak of
the signal and read the percentage. With AC input cou-
pling, the percentage difference is a measure of the non-
symmetry of the CALIBRATOR square wave. (The
difference is typically very small.)

SLOPE Cursors

SLOPE cursors are identical to V@T cursors in action.
The readout is given in VOLTS/SEC to indicate slew rate
or slope {rate of voltage change with time). An additional
unit of measurement for SLOPE cursors is percentage,
used when comparing against a reference siope. SLOPE
measurements require that delta cursors are on at all time,
therefore the AIABS choice is omitted from the SLOPE
UNITS menu,

The CALIBRATOR signal is a poor signal source to
display SLOPE measurement with unless the SAVE hor-
izontal expansion feature is used. That is because the
CALIBRATOR signal frequency changes as the SEC/DIV
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switch is set to different settings. The following procedure
simulates an increased rise time signal for demonstrating
the SLOPE cursors.

1. Select the SLOPE FUNCTION and set the UNITS to
SLOPE.

2. Use the Horizontal POSITION control to place the
trigger point *T" (and the rising edge of the CALIBRATOR
signal) on the center vertical graticule line.

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

4. Press SAVE and advance the SEC/DIV switch to 5
us. This expands the display by a factor of 100 times and
produces a display with noticeable rise time.

5. Position the SLOPE cursors to bracket a linear por-
tion of the leading edge and check the SLOPE readout.

6. Change the position of the SLOPE cursors to
bracket a portion of the waveform with a different siope
and observe how the readout varies.

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

NOTE

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

TIME Cursors

TIME cursors provide rapid measurement of signal
period, pulse width, or time difference. The alternate units
of percent (%) provide for comparing between the mea-
surement being made and a reference time in perceniage
of difference. Units of DEGREES are used for phase
difference measurements between a reference signal and
the comparison signal.

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

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

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



4. Press SELECT to activate the second cursor and
position it to the nexi rising edge (either left or right as
convenient).

NOTE

The waveform record is 1024 data points long; the
display is 500 data poinis long. Since cursors may
be positioned any place within the record length, the
TIME cursors may be used to scrofl through the
complete record rnerely by posilioning the active cur-
sor from ong end to the other.

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

6. Press NEW REF to set the reference value 1o the
period of the CALIBRATOR signal.

7. MNow select the % units for the TIME cursor readout.
Observe that the readout is 100%.

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

9. Position the TIME cursors for 100% at the originai
measurement points and select DEGREES units for the
TIME cursors readout. Observe that the readout switches
to 360° {one complete period = 360°) when the cursors
are correctly aligned.

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

11. Sslect SEC units for the TIME cursors and switch
to ABS cursor mode.

12. Position the displayed cursor (only one in absolute
mode} to the trigger point indicator. Use the TIME cursor
to scroll the display if the trigger point indicator s not
presently displayed near center screen vertically.

13. Position the cursor 1o the left and to the right of
the trigger point indicator. Notice that the time readout is
 negative when the TIME cursor is positioned before the
trigger point and positive when positioned o the right.
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1/TIME Cursors

These cursors provide for convenient measurement of a
signal's frequency by automatically performing the 1/TIME
calculation when Hz is the chosen UNITS of measurement.
Percentage units quickly determine how much higher or
lower in frequency (in percent) a signal is compared to a
reference frequency. When units of degrees are chosen,
the comparison measurement functions exactly as with
TIME cursors for making phase measurements.

1. Press SAVE/RECALL SETUP and recall front-panel
setup 1.

2. Select 1/TIME cursors from the CURSOR FUNC-
TION menu and set the CURSOR UNITS to Hz.

3. Position the 1/TIME cursors to define one full period
of the CALIBRATOR square wave and read the frequency
of the signal {should be very near 500 Hz).

4. Press NEW REF to obtain a comparison time and
set the UNITS 10 % {readout should be 100%).

5. Set the SEC/DIV switch to 5 ms, press the
ACQUIRE button; and, if necessary, reposition the CUR-
SORS after SAVE is entered fo define one full period of
the displayed CALIBRATOR square wave.

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

7. Bwitch units of Hz and read the frequency {500 Hz

DELAY FEATURES

DELAY by TIME

The Delay-by-Time function is used with the A INTEN
and B Horizontal modes. A INTEN mode is used 1o locate
areas of iferest within the A wavelorm record for closer
examination using B Horizontal Display. Using A TIME
defay mode, precise liming measurements may be made
between two points on a single channel ffor pulse width
and rise-time measurements) or between single points on
different channels {for gropagation-delay measurements).
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Delay time may be set toc many times the B SEC/DIV
setting (2641.4 times {0 be precise). This means that B
Delay acquisitions are not confined to within the time set
by the A time base, and that the intensified zone will not
be present on the A waveform record if the delay is set to
more time than the total A record length. We start the
procedure with setup conditions that sets the delay time
for a visible imtensified zone on the A waveform record.

1. Press SAVE/RECALL SETUP and recall front-panel
setup number 1.

2. Press the DELAY by TIME button and hold the
Cursor/Delay control knob counterclockwise to set the
delay time to its minimum setting.

3. Select A INTEN Horizontal mode and set the B
SEC/DIV setting 1o 50 us.

4. Press the Intensity SELECT button and switch
between DISP and INTENS to adjust the levels for a visk-
bie intensified zone on the trace.

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

6. Hold the Horizontal POSITION control knob counter-
clockwise. to position the end of the waveform record to
center screern.

7. Hold the Cursoi/Delay control knob clockwise to
increase the delay-time setting. Observe that the
irtensified zone will position off the A trace when the delay
fime exceeds the time between the A trigger point and the
end of the A record.

NOTE

If the intensified zone is not present on the A irace
in A INTEN Horizontal Mode, check that the delay
time does not exceed the time from the A trigger
point to the end of the A record.

8. Reduce the delay time to bring the intensified zone
on the display.

9. Position one of the rising waveform edges in the
middie of the intensified zone.
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10. Recenter the A trigger point marker on the center
vertical graticule line and select B Horizontal MODE.

11. Observe the B waveform record acquired at 50
ps/div.

12. Rotate the Cursor/Delay conirol knob to observe
the effect on the position of the delayed waveform.

13. The delay time readout is the amount of elapsed
delay from the A record trigger to the B record trigger.
Decrease the delay time to minimum.

14. Turn A TIME delay mode on and select & INTEN
Horizontal MODE again.

15. Press the TIME bution to underscore the & DELAY
TIME menu labet and set the delay time to minimum, if not
already there.

16. Now increase the A DELAY TIME to position the
second intensified zone on the rising edge of the next
cycle of CALIBRATOR signal to the right of the A record
trigger point “T" {about 2 ms).

17. Switch to B Horizontal MODE and use the
Cursor/Delay control Knob to align the two leading edges.
The A DELAY TIME readout is the period of the CALI-
BRATOR square wave.

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

19. Hold the Cursor/Delay control knob clockwise until
the maximum delay time is reached (131.07 ms). At 50 us
per division, this is the maximum delay time, and if ATIME
were on, it would be the maximum total delay of DELAY
TIME plus A DELAY TIME.

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



NOTE

When dealing with long delays at a particular B
SEC/DIV setting, switching to the next faster B
SEC/DIV setting will cause the DELAY TIME setting
to be limited fo the maximum for that SEC/DIV set-
ting. The delayed waveform will be relocated in time,
and the user must resef the DELAY TIME io the
desired value when switching back to the slower
SEC/DIV sefting. Also, if A DELAY Is on and the
sum of the DELAY TIME plus the A DELAY TIME
reaches the maximum flimit, any further increase in
the DELAY TIME setting causes the 4 DELAY TIME
setting to decrease;, down ic zero if the DELAY
TIME is increased to the maximum limit.

DELAY by EVENTS

This delay feature permits the user to delay the A
record trigger by a selected number of B trigger evenis.
Since the B lrigger circuitry is the source of the events,
proper B triggering conditions must be set (LEVEL,
SOURCE, CPLG, etc.).

1. Recall front-panel setup 1. The initial setup condi-
tions saved for the B ‘trigger are: CPLG—AC;
SQURCE—CH 1, MODE—RUNS AFTER. Verfy the
trigger conditions by pressing the TRIG STATUS bution.

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

3. Set the A SEC/DIV switch o 50 us. This increases
the CALIBRATOR signal frequency so that the wait for
evenis is not excessive when the EVENTS CGOUNT is
high.

4. Press the DELAY by EVENTS button and turn
EVENTS ON.

5. Use the Cursor/Delay control knob 1o set the
EVENTS COUNT to 1, if not already there. The count wili

Operating Information—24330 Operators
Operators Familiarization

wrap around the ends from minimum to maximum or max-
imum to minimum # the control knob is heid in the rate
region for a moment afier the end has been reached.

6. Increase the EVENTS COUNT number up to the
maximum (65,536) and observe that the update rate of the
displayed waveform decreases as the number get higher.
A new waveform is acquired only after the set number of
B trigger events has been counted.

7. Wrap the EVENTS COUNT number back to 1. The
new setting will not take effect until the last number of
avents has been counted, and the display has been
updated.

8. Adjust the B Trigger LEVEL to a point that the
waveform stops updating.

9. Press STATUS and observe that the trigger mes-
sage reads “TRIG WAIT: EVENTS” and that the EVENTS
COUNT = 1. These messages tell the user that no
events are occurring. Probable causes are: wrong frigger
level, wrong source, or wrong coupling.

10. Heset the B trigger level to start acquiring again
and press STATUS to rewrite the status display.

11. Observe that the trigger message has changed to
“COMPLETING ACQUISITION.”

This ends the Operators Familiarization procedures. A
majority of the controls have been exercised, though not
gvery possible mode. No attempt was made to cover
each possible trigger coupling condition or the use of the
SET WORD and QUTPUT features. The “Controls, Con-
nectors, and Indicators™ information in Section 3 of this
manual gives more delails on the way in which each con-
trol functions, and the “Basic Applications” procedures in
Section 6 give more detail about making actual measure-
ment. For those users whose instrument has the Video
Option installed, a short familiarization procedurs on its
use is given in Section 7 of this manual.
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OPERATOR’

INTRODUCTION

To verify the operation and basic accuracy of your
instrument before making measurements, perform the fol-
lowing checks and adjustment procedures, If adjustments
are required beyond the scope of these operator’'s checks
and adjustrnents, refer the scope 1o a qualified service per-
S0M.

For new equipment checks, before proceeding with
these instructions, refer to “Preparation for Use,” Section
2 of this manual, to prepare the instrument for the initial
start up before applying power.

Verify that the POWER switch is OFF {out position
without a visible green indicator in the button), then plug
the power cord into an appropriate ac-power-source outlet
suppling the correct nominal voltage {CHECK the LINE
VOLTAGE SELECTOR switch).

H during the performance of these procedures, an
improper indication or instrument malfunction is noted,
refer the instrument to a gualified service person.

If you are not familiar with the operation of the front-
pane! controls, you may wish to review Section 4,
“Operator's Familiarization” before commencing the
checks and adjustments. The following procedure is writ-
ten to be foliowed in sequential steps and is short enough
that it takes only a few minutes after the warmup period.

INITIAL SETUP

1. Press in the POWER switch button (ON with a
green indicator showing in the button) and allow the instru-
ment to warm up. (Ten minutes is required before the
*NOT WARMED UP” message will be removed from the
CAL/DIAGNOSTICS menu displayed under EXTENDED
FUNCTIONS.)

2. Press the SAVE/RECALL SETUP bution when the
“RUNNING SELF TEST" message is cleared from the
display.

Section 52430 Operators

CHECKS AND ADJUSTMENTS

3. Press the INIT PANEL menu selection button. This
sets up the front-panel controls in predefined states. In
general, it is a single-channel, auto-level triggered display
mode, with none of the special features on. The compiete
INIT PANEL setup is given in Table C-18 of Appendix C
for the user’s reference.

4. Perform the SELF CAL procedure. {A demonstra-
tion procedure of SELF CAL is given in “Operator's
Familiarization,” Section 4, and a detailed description of
the built-in calibration and diagnostics is given in Appendix
B of this manual.)

5. After SELF CAL is done, turn off the EXTENDED
FUNCTIONS menu and press the ACQUIRE Storage
Mode button to obtain a baseline irace; then press the
SAVE Storage Mode button.

TRACE ROTATION ADJUSTMENT

1. Check that the baseline trace is paraliel with the
horizontal graticule lines.

NOTE

Normally, the resulting baseline trace will be paralfel
to the center horizontal graticule line, and the
TRACE ROTATION adjusiment will not be needed.

2. 1f the baseline trace is not parallel to the center hor-
izontal graticule line, use a small siraighi-blade screwdriver
or afignment tool to adjust the TRACE ROTATION pot for
proper alignment of the trace.

FOCUS AND ASTIGMATISM ADJUSTMENT

1. Press the STATUS button.

2. Use the INTENSITY control knob to reduce to the
intensity of the readout characters to a lower level
(Pressing STATUS automatically increases the READOUT
intansity to 65%, as indicated in the display.)
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3. Check the display for good focus over the entire
graticule area.

4. ¥ not in goed focus, adjust the FOCUS pot for the
best focus over the entire graticule area,

NOTE

If the ASTIG adjustment is set properly already, all
portions of the display will come into sharpest focus
at the same adjustment position of the FOCUS pot.

5. If focusing is not uniform, alternately adjust the
ASTIG and FOCUS pots {(a small amount at a time} for the
best-defined display over the entire graticule area.

VERTICAL GAIN CHECK

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

2. Align the active cursor (dashed line) with the third
horizondal graticule fine up from the center.

3. Press SELECT and align the other cursor (now
active) with the third horizontal graticule line below center
(for a six-division difference between the VOLTS cursors).

4. Check that the VOLTS readout is 600 mV 6 mVY
{584 mV to 6086 mV).

HORIZONTAL GAIN CHECK

1. Select TIME cursors.

2. Align the active cursor {one with most dots) with the
third vertical graticule fine left of the center.

3. Press SELECT and align the other cursor with the
third horizontal graticule line to the right of center (for a
six-division difference between the TIME cursors).
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4. Check that the TIME readout is 6.0000 ms +0.06
ms (5.94 ms to 6.06 ms).

5. Turn the GURSORS off by pressing the TIME menu
buiton.

PROBE LOW-FREQUENCY
COMPENSATION

Misadjustment of probe compensation is a possible
source of measurement error. The attenuator probes are
equipped with compensation adjustments. To ensure the
best measurement accuracy, always check probe compen-
sation before making measurements.

1. Connect the two supplied 10X probes to the CH 1
and CH 2 BNC input connectors.

2. Connect the probe tips to the CALIBRATOR loop
and connect the probe ground leads {o scope ground.

3. Press SAVE/RECALL SETUP and initialize the pane!
setup by again pressing the INIT PANEL menu button.

4. Press BANDWIDTH and set the Bandwidih Limit to
20 MHz.

5. Set the CH 1 VOLTS/DIV setting to 100 mVv.

6. Press ACQUIRE and use the CH 1 Vertical POSI-
TION control to center the four.division CALIBRATOR
square wave in the graticule area.

7. Check the square-wave signal for overshoot and
rolloff (see Figure 5-1). {f necessary, use a small-bladed
screwdriver to adjust the low-frequency compensation for
a sguare front corner on the square wave.

8. Press the VERT MODE button and press the CH 2
menu button to turn CH 2 on in the display. Then, press
the CH 1 menu button to turn that channel off.
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Figure 5-1. Probe low-frequency compensation.

9. Set the CH 2 VOLTS/DIV setting to 100 mV and NOTE

vertically center the CALIBRATOR signal.
Refer to the instruction manual supplied with the

10. Repeat Step 7 for the second probe on the CH 2 probe for more detailed information about the probes
BNC input connector. and adjustment procedure.
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The Tektronix 2430 Digital Oscilloscope is an accurate
and flexible measurement system. When familiar with the
controls, indicators, operating considerations, and capabili-
ties of the instrument, operators can easily develop their
own method for making any particular measurement. This
section demonstrates and discusses some applications for
the various measurement features the 2430 offers. Opera-
tors can build on this information (along with information
from other sections) when forming their own methods and
applications.

This section is divided into three subsections. “General
Applications™ covers the more familiar, graticule measure-
menis of signal amplitude and time period. Vertical and
horizontal display modes are also detailed. “Storage Appli-
cations” describes the various acquisition modes and their

Section 62430 Operators

ASIC APPLICATIONS

applications, as well as how those acquisitions can be
stored and displayed. The "Special Applications” subsec-
tion deals with methods for making measurements using
the highly accurate and versatile cursors.

The procedures for the various applications assume
operator familiarity with obtaining front panel sstups.
Some control setlings may require menu setups not fully
described. In general, each procedure outlined assumes
the Front Panel Control settings in effect after an INIT
PANE!L. is performed. All control and menu operations are
explained in “Controls, Connectors, and indicators,” Sec-
tion 3 of this manual. The “Operators Familiarization”
information contained in Section 4 of this manual provides
some additional assistance in becoming familiar with the
operation of the 2430 for the first-time user.

GENERAL APPLICATIONS

The 2430 has two vertical channels (CH 1 and CH 2)
available for signal input and display. The two channels
can be displayed alone or together. They can be added or
muttiplied algebraically and the resulls displayed alone or
with other display sources. The following applications
ilustrate the method for graticule measuremenis as well
as some uses for the ADD and MULT VERTICAL
MODES.

VOLTAGE MEASUREMENTS

Pealk-to-Peak Voliage

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

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

2. Vertically position the waveform so that its negative

v peaks are aligned to a horizontal graticule line {see Figure

6-1).

3. Count the number of divisions from the negative
peaks 1o the positive peaks of the waveform.

4. Calculate the peak-to-peak voltage using the follow-
ing formula:

Number of
Divisions

VOLTS/DIV

Volts (p—p) = Setting

Example calculation for the waveform pictured in Figure
6-1:

Volts (p—p) = 4.8 div X 500 mV/div = 24 V

NOTE

The probe attenuation factor does not need o be
taken into account when computing volfage ampl-
tudes. The VOLTS/DIV readout on screen reflects
the YOLTS/DIV setiing and the probe altenuation
factor.
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Figure §-1. Sine wave peak-to-peak voltage.

Instantaneous DC Voltage Level

Use the following procedure to make DC level measure-
ments on signals:

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

2. Adiust the appropriate VOLTS/DIV control for a set-
ting that displays both the waveform AND the Ground
Reference Indicator on screen. The Ground Reference
Symbot is a small “+” at the left edge of the screen.

NOTE

Do not adjust the VOLTS/DIV (Step 2} or the VERTI-
CAL POSITION (Step 3} controls to display the
ground reference symbol at the upper and lower
graticule exirernes. The symbol will be fimited to the
graticule area and will not give a true indication of
the ground reference if that reference is outside the
graticule.

3. Vertically position the “4” indicator to a horizontal
graticule line. Keep the waveform (or at least the point to
be measured) on screen. See Figure 6-2.

4, Count the number of divisicns the measurement
point is above or below the *‘+."”

5. Caiculate the DC level voltage using the following
formula:

Number of
Divisions

VOLTS/DIV

Voits (DC Level} = Setiing

Multiply the result of a —1 if the measurement point
was below the "+ for Step 4, otherwise the result is
positive (assuming the channel used has not been
inverted),

Example calcuiation for the DC lLevel at Point B of
Figure 6-2:

Volis

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

ADD BMode Measurementis

ADD VERTICAL MODE can be used to add or subtract
two waveforms. With the two waveforms displayed, one in
CH 1, the other in CH 2, the ADD mode waveform is the
algebraic sum of the two waveforms. Note that the ADD
VERTICAL MODE {as well as MULT) can only use CH 1
and CH 2 as signal sources for adding or subtracting. Use
the foliowing procedure to add or subtract two waveforms:

1. input one signal into CH 1, the other into CH 2, and
trigger the disptay. Adjust the SEC/DIV control to display a |
few cycles of the waveform.
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Figure §-2. instantaneous DC voltage levels on a waveform,

2. Set CH 1 or CH 2 1o INVERT ON if subtraction of
one waveform from the other is desired.

3. Set the CH 1 and CH 2 VOLTS/DIV controls to
.. display about three divisions of signal amplitude in each
¢ channel. Both channels should be set to the same ampli-
tude,

NOTE

If either signal is much greater than three divisions,
the added waveform may exftend vertically outside
the graticule area. In that case, increase both
VOLTS/DIV control to the setting that results in
three divisions or less for each channel (keep CH 1
and CH 2 settings equal).

4. Set the VERTICAL MODE to ADD (CH 1 and CH 2
may be turned off for easier viewing of the added
waveform). Use the VERTICAL POSITION controls to
position the waveform for measuring.

NOTE

The position of the ground reference (baseline trace)
for the ADD mode waveform is based on the alge-
braic sum of the positions of the CH 1 and CH 2
ground reference fraces. Positions above the center
graticule line are positive values; positions below the
line are negative. As an example, if reference for CH
1 is one division above graticule center and the refer-
ence for CH 2 is three divisions below, the ADD
mode ground reference will be two divisions below
graticule center (+ 1 div + [—3] div = —2 div).

5. Use the general methods outlined in the previous
two procedures {0 measure the peak-to-peak or DC Level
for the added waveform as reguired. The VOLTS/DIV set-
ting for the ADD mode is indicated by the ADD readout.

MNoise Reduction and Unwanied Signal

Cancelation

The ability to add or subtract waveforms allows the fol-
lowing two useful applications. First, differential signals,
such as the outputs of a paraphase amplifier, can be
measured differentially to eliminate any common mode
noise. Follow the basic procedure for adding two signals.
invert one of the channels to display the difference
between the two signals (when added), while rejecting any
common mode noise. If the exact amplitude of the added
waveform is not critical, adjust the VARIABLE gain of one
of the channels for best noise reduction. Figure 6-3 illus-
trates this method of noise reduction.

The second application referrad to is unwanted signat
cancelation. in this case, the desired signal (to be meas-
ured) is riding on a large signal, as when a large ac hum is
present {see Figure §6-4). Here, a source of the unwanted
signal is applied fo the alternate channel {note that this
signal must not contain the desired signal), and the “com-
posite” signal to the other. Use the basic procedure for
adding two signals. The invert mode can be used to invert
the polarity of the undesired signal and the VOLTS/DIV
contral and VARIABLE adjusted as required.

6-3
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Figure 6-3. Cancelation of common-mode noise for differential signals.
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Figure 6-4 (a and b). Cancelation of an unwanted component in a signal.




Use the following procedure to cancel an unwanted
component from a signak:

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

2. Input a source of the unwanied component to CH 2.
Set INVERT ON for CH 2.

NOTE

The phase of the source used for CH 2 should
mateh that of the umwanted component in CH 1, if
maximuim efimination is to be obtained.

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

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

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

8. Set the VERTICAL MODE to ADD (CH 1 and CH 2
may be fumed off for easier viewing of the added
waveform). Adjust the CH 2 VARIABLE, using the CH 2
YAR control menu, for maximum elimination of the
urwanted signal component from the CH 1 display.

7. Use the general methods outlined in the previous
procedures to measure the peak-to-peak or DT Level for
the added waveform as required. The VOLTS/DIV setting
for the ADD mode is indicated by the rsadout.

Note in the last procedure that the signal applied to the
CH 2 input was inverted for the sole purpose of canceling
that signal component from the ADD mode waveform. In
other words, we do not intend {o measure the amplitude
the OH 2 signal contributes to the ADD mode signal, but
wish to use the CH 2 signal to eliminate the unwanted
noise riding on the CH 1 signal. For such cases, the
unwanted signal should be always be apphied via the CH 2
input, becauss when the CH 2 VOLTS/DIV and VARIABLE
controls are adjusted for best elimination of the unwanted
signal, the CH 1 VOLTS/DIV readout and VOLTS cursor
measurements remain calibrated. in this way, a signal from
perhaps the 200 mV winding of a transformer can bs
scaled up to eliminate a 2 V hum component from a signal
(see Figure 6-4).
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When scaling CH 2 for eliminating a signal component
from CH 1 (or any time the CH 2 VOLTS/DIV setting
differs from that of CH 1), note that the ADD Volis/Div
readout will be the same as the CH 1 readout. This feature
allows the correct scale factor (that of CH 1) 10 be used
when canceling unwanted signal components. When the
ADD mode is NOT used for that application, the ADD
readout will NOT be correct. In such cases the VOLTS/DIV
controls should be set to the same scale factor and the
variables set to CAL (calibrated) for accurate adding or
subtracting of waveforms.

NOTE

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

MULT Mode Measurements

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

in order to display the product of two waveforms simui-
taneously with those two waveforms, the MULT function
scales the display to the screen and supplies an appropri-
ate Ve/Div scale factor (displayed next to the MUL desig-
nation on screen). This scale factor for the MULT VERTI-
CAL MODE is determined according fo the following for-
mula:

Volts2/Div

(MULT) = 5.12 x V/Div (CH 1} x V/Div {CH 2}

For a 2 V seiting of both the CH 1 and CH 2
YOLTS/DIV conirols, the MULT mode scale factor is:

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

NOTE

Whert using MULT VERTICAL MODE, it is usually
dasirable to adiust the CH 1 and CH 2 VOLTS/DIV
conirols for a three-to-five division display for sach
channel. With the MULT display scaled as men-
tioned above, these settings will normally provide the
best MULT display for viewing and measurement.
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Whean interpreting MULT mode displays, it is important
to note that CH 1 and CH 2 waveforms with values below
the ground reference level (of the channel they are
displayed in) are treated as negative guantities. Therefore,
with a 2 V peak-to-peak sine wave signal applied to both
CH 1 and CH 2, the MULT function would display a 1 V2
pesak-to-peak sine wave with the positive peak at +1 V2
and the negative peak at 0 V2. The frequency of the
MULT waveform is twice that of the CH 1 and CH 2
waveforms {because, in this example, when the negative
values of the two waveforms are multiplied together, a
positive product is obtained and two positive cycles of the
multiplied waveform are produced for every complete cycle
of the CH 1 and CH 2 waveforms).

MULT VERTICAL MODE finds a major application in
making power measurements. With a voltage displayed in
one channel and a current waveform in the other channel,
the two waveforms can be multiplied to yield an instan-
taneous power waveform. Use of a current probe and a
current probe amplifier are necessary for this application.

Use the foliowing procedure when using the MULT
VERTICAL MODE for making power measuremenis:

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

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

3. Set the CH 1 VOLTS/DIV control to the setting the
current amplifier requires to calibrate the 2430 in amperes
per division. Consult the operator's instructions for the
current probe/amplifier combination used to determine the
VOLTS/BIV setting as well as any output termination
required.

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

5. Connect the current probe/amplifier combination {o
the circuit under test {consult operator’'s instructions for
the probe/amplifier combination).

6. Connect the voltage waveform corresponding {o the
current being measured to the CH 2 input connector.
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7. Set the CH 2 VOLTS/DIV control for an on-screen
display. Adjust the SEC/DIV control to display several
cycles of the waveforms.

8. Set the VERTICAL MODE menu to MULT. Adjust
the CH 1 and CH 2 POSITION controls for convenient
viewing of the MULT display. CH 1 and CH 2 VERTICAL
MODES can be turned off (for easier viewing) as desired.

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

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

EXAMPLE: The current-to-voltage converted output is
connected to the CH 1 input and a 1 mA/div scale fac-
tor is obtained. The CH 1 VOLTS/DIV control is set for
a 10 mv/div scale factor. Assuming the corresponding
voltage waveform is input into CH 2, the resulting
MULT waveform scale factor multiplier is:

Scale Factor Multiplier 1 mA/div

== e =2}, Vol
(Power Waveforms) 10 mv /div 0.1 Amp/Voit

10. Compute the scale factor by multiplying the
displayed MULT scale factor by the Scale Factor Multi-
plier. For the above example (a CH 2 YOLTS/DIV setting
of 2 volts/div is assumed):

Scale Factor
(Power
Waveforms)

= 0.1 A/V X 102 mV2/div = 10.2 mW/div

NOTE

The cursors can be used fo measure the MULT
mode waveform (see “Cursor Measurements” in this
sectiory). With the cursors attached to the MULT
waveform display, the cursor meastrement values
seen in the readout may be multiplied by the Scale
Factor Multipher obiained in Step 9 to oblain the
acutal values for power waveform dispiay.

11. Count the number of vertical divisions for the
MULT waveform and muliiply by the scale factor obtained
in Step 10. The result is the peak-to-peak power for the
circuit under test. The RMS, peak, or mean values can be
computed by applying the appropriate formulas.



TIME AND FREQUENCY
MEASUREMENTS—NON-DELAYED

To measure time duration between two points on a
waveform while using the graticule, it is only necessary 10
disptay the points on screen, count the number of horizon-
tal divisions between the points, and apply the formula:

SEC/DIV
Setting

, ) Horizontal Divisions
Time Duration =
Counted

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

1

Frequency (Hz) = Time Duration

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

1. Display and trigger (on the positive, *+" slope} the
square wave 1o be measured in CH 1 or CH 2. Set the
input coupling to DC.

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

Basic Applications—2430 Operators

3. Adjust the vertical positioning so the bottom of the
square wave is aligned to the 0% reference line and the
top of the sguare wave is aligned to the 100% reference
fine.

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

5. Horizontally position the square wave so the 10%
point on the waveform infersects a vertical graticule line
near the left side of the screen (see point A of Figure 6-5).

6. Count the number of horizontal divisions (include
fractional div) between the 10% and 80% armplitude ievels
{points A and B of Figurs 6-5) on the waveform. Use the
following general formula for time duration measurements
to determine the rise time:

SEC/DIV
Setling

] . Horizontal Divisions
Time Duration =
Counted

EXAMPLE: Figure 6-5 gives the SEC/DIV confrol set-
ting as 1 us for the A time base. Counting the number
of divisions between the 10% and 90% {marked as A
and B in diagram) vieids 2.2 divisions. Substituting into
the formuia:

Rise Time = Time Duration = 2.2idiv X5 us/div = 11 us
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Figure 6-5. Rise fime of a square wave (fime duration).
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DELAY TIME MEASUREMENTS
AND APPLICATIONS

The B Acquisition systemn, coupled with DELAY TIME
and A DELAY TIME, provides several features. First, when
the B TRIG MODE is set to RUNS AFTER (Dalay), the B
acquisition system can be used to “magnity’ selected
events displayed at the A acquisition rate (selected using
A INTEN MODE). Second, the DELAY by TIME feature
can be set io provide a delay between the acquiring of
data by the A acquisition systemn and the B acquisition
system. Third, the TRIG AFTER (Delay) mode aliows time
delays to be specified between A acquisitions and the ena-
bling of the B trigger system to recognize trigger events.
These features are examined below,

DELAY TIME Mode As A Magnifier

The A INTEN selection for HORIZONTAL MODE pro-
vides a means o identify the portion of the A trace to be
magnified when switching to B HORIZONTAL MODE. The
Cursor/Delay control knob is used to position the
intensified zone to the desired position on the A trace
display {within the A waveform record length), after which
the HORIZONTAL MODE is swiiched to B. The result is a
display of the area of inferest at the B acquisition rate.
Switching the B SEC/DIV sefting 10 a faster acquisition
rate than the A SEC/DIV setting magnifies the intensified
portion of the A acquisition by an amount specified by the
following formula:

A SEC/DIV setting

Magnification =
9 8 SEC/DIY sstting

When using the A INTEN mode for this application, the
B TRIGGER MODE should be set to RUNS AFTER
{Delay). For this mode, the intensified zone indicates whare
the B acquisition will occur relative 1o the A acquisition. 1t
also indicates the time duration of the B acquisition reia-
tve to A For the TRIG AFTER (Delay) B TRIGGER
MODE, the intensified zone only indicales when a B
acquisition COULD be started, if a valid B Record Trigger
ncows. The zone does not indicate whether a trigger does
aceur or what the time duration of the B acquisition would
be if it does ocour.

Use the following procedure for magnification using
delayed acquisition modes:

1. Display the test waveform in one of the channals.
Set the VOLTS/DIV control for five vertical divisions of
display.
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2. Set the A SEC/DIV control to display one or more
waveform cycles.

3. Bet the HORIZONTAL MODE 0 A INTEN and the B
TRIG MODE to RUNS AFTER (Delay).

4. Set the B SEC/DIV control for an acquisition rate 10
times faster than the A SEC/DIV setiing. Adjust the bright-
ness of the display (DISP) and the A INTEN zone
(INTENS) for adequate conirast between the two portions
of the trace.

NOTE

If increasing the intensily for the INTENS did not
result irr & visible intensified zone, pre-set the DELAY
TIME setting to minimum. An intensified zone,
approximately two divisions fong, shauld appear
near the Trigger Point lndlcaz‘or {(“T") on the
displaved waveform.

5. Push the DELAY TIME button to dispiay that menu.
Set A TIME OFF if it is ON. Use the Cursor/Delay control
knob to paosition the intensified zone to ihe part of the
display to bs magnified.

6. Set the B SEC/DIV control to a setting which com-
pletely intensifies the part of the display o be magnified.
Reposition the intensified zone as required {see Figure
6-6a).

7. Change the HORIZONTAL MODE to B. The
intensified portion of the display will be displayed at the
SEC/DIV setting of the B time base (see Figure 6-8b).

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

Magnification = A SEC/DIV ssatiing _ 10 us - 20

B SEC/DIV sstting 500 ns

NOTE

The magnified zone will be 20 divisions long when
displayed in B mode. Horizontally position the
display as required 1o see the entire magnified area.
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Figure 6-8 (2 and b). DELAY TIME used as a positionable magnifier.

Other Delay Applications

The intensified zone was positioned {in the previous
procedura) by delaying the B System’s acquisition reiative
to the A Systermn's acquisition. The DELAY TIME readout
displayed a time which related the B acquisition to the A
acquisition. Specifically, the DELAY TIME readout indi-
cates the foliowing:

a. For B TRIGGER MODE set to RUNS AFTER
{Delay), the readout indicates the eclapsed time batwesn
wihen the Record Trigger ocowrs for the A acquisition and
when the Record Trigger is generated for the B acquisi-
fion.

b. For B TRIGGER MODE set to TRIG AFTER (Delay),
the readout indicates the elapsed time between when the
A Fecord Trigger ocours and when a valid B Trigger will
be allowed to initiate a B record trigger.

The user iz not bmiteg by the duration of the A
SEC/DIV setting when specifying the delay time. Delay

times of up to 2,621.4 times the B SEC/DIV setling are
available. While the intensified zone can not be observed
jor delay settings beyond the end of the A acquisition, the
B HORIZONTAL MODE will display such acguisitions. in
this way the user can view events occurring long after the
avents displayed for the A acqguisition have passed.

The same delay times available for the RUNS AFTER
mode are available for the TRIG AFTER mode. The opera-
for can set up the desired delay, make the trigger control
settings desired for the B Trigger System, and display the
waveiorm, The RUNS AFTER mode may De used
search for the event 1o be displaysd, by gradually increas-
ing the DELAY TIME satting untll the event is displayed.
The 2430 can then be switched to the TRIG AFTER mode.

NOTE

Bee “General information for Delayed Acquisition
Usage” at the end of this subsection, for fimitations
and cautions regarding use of the DELAY TIME and
A DELAY TIME,
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A DELAY TIME AND
FREQUENCY MEASUREMENTS

A second time delay is available for B acquisitions. The
& (delta) DELAY TIME feature allows a second delay to be
specified betweesn when the A acquisition occurs and the
B acquisition occurs. Specifically, the A DELAY TIME
readout indicates the foliowing:

a. For B TRIGGER MODE set to RUNS AFTER
{Delay), the readout indicates the elapsed time between
when the Record Trigger occurs for the A acquisition and
when the Record Trigger is generated for the B acquisi-
tion.

b. For B TRIGGER MODE set to TRIG AFTER (Delay),
the readout indicates the slapsed time between when the
A Record Trigger occurs and when a valid B Trigger will
be allowed to initiate a B record trigger.

The DELAY TIME and A DELAY TIME functions pro-
vide a means to make high resoiution time/frequency mea-
surements of displayed waveforms. Use the following pro-
cedure to measure the time between the occurrence of
two displayed events:

1. Perform Steps 1 through 4 of the last procedurs,
adjusting the A SEC/DIV control (in Step 2} so both points
to be measured are displayed (see Figure 6-7a).

2. Push the DELAY TIME button to display that meanu
and set A TIME on.

3. Preset both DELAY TIME and A DELAY TIME to
minirmum # two intensified zonas are not visible. Two over-
lapping zones, about two divisions long, should be
disptayed at the Trigger Point Indicator {*T") on the
waveform.

4. Select DELAY TIME and use the Cursor/Delay con-
trol knob to position both the main delay and the A delay
intensified zones 1o the first reference point. {Pressing the
DELAY by TIME button toggles the effect of the
Cursor/Delay control between DELAY TIME and A DELAY
TIME.)

5. Select A DELAY TIME and position the A delay
intensified zone to the second reference point.
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6. Set the HORIZONTAL MODE to B. Adjust the A
DELAY TIME to superimpose the two reference points.
Adjust the DELAY TIME and/or Horizontal POSITION as -~
required to view the displayed references. See Figure 6-7b.

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

As shown during the performance of the last procedure,
the two B delayed acquisitions are displayed at the same
vertical position when obtained from a single channel.
Table 8-1 and Figure 6-8 indicate where the main delay
and A delay B acquisitions are obtained and displayed for
the various VERTICAL MODE setiings.

Table -1
Delay Displays versus Vertical MODE

YERTICAL #Main Delay A Delay
MODE Acquisition Acquisition
CH 1 {oniy) CH 1 CH 1
CH 2 {only) CH 2 CH2
CH1iand CH?2 CH 1 CH2
ADD or MULT func® func
2Either ADD or MULT.

Delay By Evenis Measuremenis

The 2430 provides a third feature for delaying
acquisitons—DELAY by EVENTS. This mode delays the A
Record Trigger (around which the A acquisition is
displayed) from the normal A Triggering event. The result
is an A acquisition delayed from the normal A Trigger
event by the number of valid B trigger events received by
the B Trigger System.

The user sets the number of B triggers to be counted
before making the A acquisition by specifying the number
of events. Setting the number of events is done using the
Cursor/Dalay control knob while the DELAY by EVENTS
menu is displayed.

The user also sets up the B Trigger system criteria for
the source seiected as the EVENTS source. The source
can be the A acquisition waveform, or any of the other
internal or external source selections available for the B
TRIGGER SOURCE menu. Note that if the External Clock

Feature is turned on for the B TRIGGER MODE menu, the

A and B acquisition rates will be set by the repetition rate |
of the signal selected as the B trigger source. '
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Figure 6-8. Delay and A Delay acquisilions as displayed for CH1, CH2, and ADD (or MULT) VERTICAL MODE.
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All the DELAY by TIME features are available for use
when displaying the B acquisition. With DELAY TIME and
A DELAY TIME set to minimum, all acquisitions (A and
both B delayed acquisitions—-main delay and delta delay}
are delayed from the A Normal Trigger by the number of B
rigger events specified. The A INTEN and DELAY by
TIME modes can then be used as described in earlier pro-
cedures to magnify and measure the DELAY by EVENTS
A acauisition.

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

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

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

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

4. 8et the B TRIGGER SOURCE to the source
selected in Step 2.

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

6. Set B TRIGGER CPLG and LEVEL control for a trig-
gered display.

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

8. Select DELAY by EVENTS and set EVENTS
OMIOFF to ON.
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9. Use the Cursor/Delay control knob to set the
EVENTS COUNT to the desired number of avents. The
resultant display will be delayed from the Nommal A Trigger
{event) by that number.

The A Record Trigger (“T") is the event around which
the A acquisition is displayed. The A Record Trigger
dispiayed is delayed from the A triggering event (specified
in Step 3) by the number of events specified in Step 9.
Source of the events was specified in Step 4.

General Information for Delay Acquisition Usage

1. TRIGGER POSITION. When using the DELAY by
TIME feature to set up exact time delays, the time
between A and B acquisitions is affected by the TRIGGER
POSITION settings for A and B. In general, set the A and
B TRIGGER POSITION to equal settings. See STORAGE
APPLICATIONS in this section for further information
regarding the position of the record trigger.

2. ENCOUNTERING MAXIMUM DELAY. Maximum
setting allowed for DELAY TIME, A DELAY TIME, or the
sum of both defays is 2621.4 times the B SEC/DIV setting.
Note that the maximum delay decreases as the B acquisi-
tion rate is increased. Increasing the B SEC/DIV setting to
acquisition rates which have maximum delays less than
the delays set at a lower rate, will cauyse the detay
setting(s} to be limited {change). it will be necessary to
return the B SEC/DMV control to the siower setting and
readjust the delay time{s). Note that the maximum time
delay allowed does not affect the amount of time delay
available for the DELAY by EVENTS function.

EXAMPLE: If B SEC/DIV is set to 10 us, the maximum
allowed delay time is 2641.4 x 10 us = 26.414 ms.
Assume delay time is set to 20.000 ms and an event is
on scresn. If the B SEC/DIV setting is increased to
5 ps, the maximum allowed time is 26414 X 5 us =
13.212 ms. The event is no longer dispiayed; return
the B SEC/DY to 10 us and set the DELAY TIME back
1o 26.414 ms to see the avent.
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SPECIAL APPLICATIONS

CURSOR MEASUREMENTS

The CURSOR FUNCTION for the 2430 offers fast and
flexible measuring capabilities. With the exception of the A
DELAY TIME mode for measuring time delay, the cursor
measurements are more accurate than the graticule type
measurements described in the "GENERAL APPLICA-
TIONS" sub-section. They are also quicker {o use than
interpolating for the graticule markings when accurate
measurements are required.

Voltage Measurements

Use of the VOLTS cursors vields increased accuracy
(2% compared to 3% in NORMAL and AVG acquisition
modes) over use of the graticule for measuring display
amplitudes.  Although  requiring “set ups™ and cursor
manipulation, cursor measurements may save time over
graticule measurements since the measurement rosulis
can be read directly without computation.

Two cursor modes are availabie for amplitude measure-
ments—A4 (delta) and ABS (absolute). For the A mode, two
cursors are displayed and the readout indicates the
difference in amplitude between the two cursors. The ABS
mode displays only one cursor and the cursor readout indi-
cates the amplitude of the displayed cursor with respect to
the display ground reference.

The base units for amplitude displays are volts. In addi-
tion, two special unit types are available {percentage and
decibels) for special measurement applications. Usage of
the base and special units is illustrated in the procedures
that foliow.

Della Yoltage Measuremenis

Use the following procedure 10 make differential voltage
measurements on displayed waveforms (see Figure 8-9):

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

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

3. If VOLTS is not underscored in the menu, push
VOLTS o do so. If more than one display source is
presently selected (CH 1 and ADD for example), the
ATTACH CURSORS TO: menu will be displaved. Push the
menu button to attach the cursors to the source displaying
the waveform {o be measured.

NOTE

If only one display source is sefected the cursors will
automatically be attached fo that display source and
the ATTACH SOURCES TO: menu will not be
displayed.

4. if VOLTS cursors are already selected when the
CURSOR FUNCTION menu is displayed in Step 2, push
the CURSOR FUNCTION button again to display the
ATTACH CURSORS TO: menu and attach the cursors 1o
the desired source.

5. Push the CURSORS UNITS button. Select VOLTS
units and set the AIABS menu choice to A for the menu
displayed.

6. Use the Cursor/Delay control knob to align the
active {segmented) cursor o the first reference voltage
jevel on the displayed waveform.

20us | 182mvV  MERT

3.088 ¥

NAVANRVARAVAN

UNITS | YOLTS GURSIREF« 2 [200av
______ YOLTS dB | NEW REFl A!ABS
4918~23

Figure 6-9. Measuring a 3.5 V sine-wave signal using VOLTS
CUrSOrS.
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7. Push the CURSOR SELECT button to switch the
active cursor and align the now active cursor to the
second reference voltage level on the display.

8. Read the difference in volts between the amplitudes
of the two references directly from the cursor readout
displayed.

Ratic Betwzen Two Yoltages

The special units will generally be used when making
comparison (ratio) measuremenis between two signals.
For example, the input voltage signal versus the output
voltage signal for a signal ampiifier could be compared to
determine the ratic between the two signals (i.e., voltage
gain) in decibels or percent. Use the following procedure to
measure such ratios:

1. Display one of the two signals of interest in CH 1,
the other in CH 2.

2. Perform the procedure outlined in Steps 2 through 7
of the previous “Delta Voltage Measurements™ to set up
the cursor measurement and to align the cursors to the
reference signal peaks {see Figure 6-10a). Attach the cur-

sor to the channel in which the reference signal is
displayed for Siteps 3 and 4 and select “%” for the unit
type in Step 5.

3. Push NEW BEF for the displayed menu. Note the
cursor readout indicates 100%. See Figure §-10a.

4. Align the cursors to the peaks of the signal toc be
compared 1o the reference. See Figure 6-10b.

5. Hf the CH 1 and CH 2 VOLTS/DIV controls are set to
the same deflection factor, the cursor readout indicates
the ratic between the comparison and reference signals in
percent.

6. If the CH 1 and CH 2 VOLTS/DIV controls are not
set to the same deflection factor, push the CURSOR
FUNCTION button twice to display the ATTACH CUR-
SORS TO: menu and attach the cursors to the channel
displaying the comparison signal.

7. The cursor readout now indicates the ratio between
the comparison signal and the reference signal in percent.
See Figure 6-10Db.

WERT

CHI Vv A
CH2!  20mVD

20us 1.83 ¥V WERT
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Py
o o
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UNITS VOLTS CQURS IREFS 35 .:3804v
YOLTS % d3 NEW, REF

>

ABS

ATTACH GURSORS 10: 1
CHI CH2 i

a. The CH 1 signal is established
as the 188% rsference waveform,

b. YOLTS cursors are atteched 1o the
CH 2 signsl to indicate lis ratlo
to the CH 1 reference signal.

4919-24

Figure 6-10 {a and b). Measuring the ratio belween the amplitudes of two sine-wave signals.
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As mentioned praviously, dB {decibels) can be selected
as the special unit for ratio type measurements. ¥ dB had
besn selected for the measurement units in the previous
procedure, the cursor readout would indicate the number
of decibels the comparison signal was larger or smaller
than the reference signal.

Ratio comparisons can be made between levels on the
same signal (such as the ratio between a front cormer
aberration on a square wave versus the overall amplitude
of that square wave), as well as between signals displaysd
from several display sources (such as batween a reference
signal in CH 1 vs signals displayed in CH 2, REF 1, eic.).
In all cases, the method s essentially the same as just
outiined:

a. Establish the desired signal {or portion of the signal)
as a reference.

b. Bracket the signal to be compared fo the reference
with the cursors {attach to that signal source as required).

¢. Read the ratio directly from the cursor readout in the
units selected. if more display sources are displaying sig-
nals for comparison, attach the cursors to those signals
and position the cursors to read the ratio between sach
signal and the reference. Establish a new reference when-
gver desired.

Absolute Voltage Cursor Measurements

tise the following procedure to perform ground refer-
enced measurements on displayed waveforms:

1. Perform Steps 1 through 4 of the “Delta Voliage
Measurements” procedure.

2. Press the CURSORS UNITS bution. Select VOLTS
units and set the AJABS menu choice 1o ABS.

3. Use the Cursor/Delay control knob to align the cur-
sor to the desired lavel on the displayed waveform.

4. Read the voltage level of the waveform (at the cur-
sor) with respect to ground from the cursor readout (see
Figure 8-11).
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Figure §-11. Voltage measurement of a step on a stair-case
signal using the YOLTS curser function in the ABS mode.

Ratic measurements can be made by similar methods
to those outlined in the “Delta Voltage Measurement” pro-
cedure for special units. For example, the noise level dur-
ing the off times of a pulse train can be compared to the
pulse level during on times. If decibel is the special unit
used, the readout will indicate the number of decibels the
noise level {with respect to ground) is below the pulse level
{again, with respect to ground). Generally, apply the
method outlined for performing ratio measurements in the
A cursor mode; adiusting the cursor o the levets for com-
parison instead of bracketing those levels as in & cursor
mode. Remember to reattach the cursors as required
when comparison signats from different display sources
were acquired at a different VOLTS/DIV setting than that
of the reference display source.

Time and Frequency Measurgments

As for amplitude measurements, increased accuracy for
time measursments is obiained by using cursors. The
accuracy of the time cursors is determined by an internal
crystal-controlled clock circuit and is specified as 0.01%
over two divisions. Since 0.01% of two divisions is less
than one-thousandth of ons division, the accuracy of cur-
sor measurements essentially depends on the accuracy of
their placement on the display by the user. The accuracy
of the graticule will be within approximately 1% of the cur-
SOF accuracy.
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The same two cursor modes used for amplitude meas-
urements, A and ABS, are available for time measure-
ments. For the A cursor mode, the cursor readout indi-
cates the elapsed time between the two cursors; while for
the ABS cursor mode, the readout indicates the time
between the single cursor and the Record Trigger point,
around which the acquisition is displayed. For both modes,
the cursor(s) are automatically attached to the A acquisi-
tion rate for A and A INTEN HORIZONTAL MODES and
to the B acquisition rate for the B HORIZONTAL MODE.

In addition to the automatic attachment that occurs
when switching between the A and B time bases, the cur-
sors can alse be attached to saved signals stored in
Reference memory, allowing time measurements on those
waveform based on the SEC/DIV setting at which they
were acquired. Furthermore, the cursor displayed in ABS
mode can be attached to either the DELAY TIME or the A
DELAY TIME display when the A TIME mode is ON and
more than one “live” display source (CH 1, ADD, etg) is
displaved.

The base units for time measurements are seconds,
The special unit types are percentage and degrees. The
foliowing procedures will suggest the usage of boih base
and special unit types.

A Time Cursor Measurements

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

1. Obtain a ftriggered display on screen of the
waveform to be measured.

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

3. I TIME is not underscored in the menu, push TIME
o select the time cursors. |f more than one display source
is presently selected {CH 1 and ADD for example), the
ATTACH CURSORS TU: menu wili be displayed.

NOTE

it is nof necessary fo attach the TIME or 1/TIME
cursors to a Vertical Mode (CH 1, ADD, stc.). Ignors
the ATTACH CURSOR T0: menu for TIME and
1/TIME cursor use, except when saved reference
waveforms are displayed. If reference waveforms are
displayed, the ATTACH CURSCOR TO: menu will
display those sources for sefection.
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4. Push the CURSORS UNITS button, Select SEC
units and set AIABS to A for the menu displayed.

5. Use the Cursor/Delay control knob to align the cur-
sors to the two desired reference points on the displayed
waveform. Push the CURSOR SELECT button to toggle
between the two cursors (the cursor with the most dots is
active) as required.

6. Read the difference in time {seconds) between the
two reference points directly from the cursor readout
displayed, See Figure 6-12a.

7. Push CURSOR FUNCTION and change the function
from TIME to 1/TIME. If the two reference points selected
in Step 5 bracketed one cycle of a periodic waveform (as
in Figure 6-12a) the readout now indicates the frequency in
Hz.

Ratio Between Two Time Periods

As with VOLTS cursors, TIME (or 1/TIME) cursors can
be used 1o measure ratios between guantities, in this case
two time periods. The special units used can be either
percentage or degrees. The following procedure llusirates
the usage in the measurement of the duty cycle of a
periodic rectangular puise.

1. Perform Steps 1 through 3 of the “A Time Cursor
Measurements” procedure.

2. 3Set the SEC/DIV to display one or two cycles of the
pulse.

3. Push the CURSORS UNITS button. Select % units
and set the AIABS choice to A for the menu displayed.

4. Adjust the cursors as in Step 5 of the A Time Cur-
sor Measurements procedure. The two reference points
are those required to bracket one cycle of the rectangular
pulse (see Figure 6-12a).

5. Push the NEW REF menu bution to establish one
cycle of the pulse as the 100% reference for the cursors.
Note the readout now indicates 100%.

6. Adjust ong of the two cursors so that only the posi-
five going portion of the waveform cycle is bracketed by
the cursors (see Figure 6-12b).
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Figure 6-12 {a and b). Time measurements using TIME Cursor function and modss,

7. Read the ratio of the presently bracketed time
period to the time period established as a reference in
Step 5. For Figure 6-12b the ratio was:

Time Pulse Duration
Time Pulse Period

Duty Cycle = ®x 100 = 50%

The general formula for ratio time comparisons is:

Readout (%) = Prasent Cursor Time Perind % 100

100% Reference Time Period

Note that ratio measureamenis can be made between
signais displayed in different display sources. For example,
the 100% reference can be established for a time period in
CH 1 and the comparison signal bracketed in CH 2. Ba
sure to attach the cursars to the proper source when save
reference waveforms are compared either with other refer-
ence waveforms or live waveforms, This attachment is
not necessary for comparisons on or betwesn live
waveforms as they are acquired at the same acquisition
rates. However, reference waveforms may have been
acquired at any acquisition rate the SEC/DIV control
7 alows.

Also note that the special units selected for TIME and
HTIME measurements can be DEGREES, in that case,
the reference units will be 380° instead of 100% as in
Step & of the previous procedure. In the previous pro-
cedure, with degrees ssiected as the units of measurae-
ment, the readout will indicate 180° for Step 7 instead of
50%.

Absolute TIME Cursor Measurements

As previously mentioned, the absolute mode is avalilable
for TIME cursor measurements. Only one oursor is
displayed, the other cursor can be considered permanently
setting at the Racord Trigger position of the displayed
acquisition. All absolute cursor measurements are with
respect 1o the Record Trigger (indicated by a small “T” on
the displayad acquisition).

Use the following general procedure for making abso-
e time cursor measurements:

1. Parform Steps 1 through 4 of the “A Time Cursor
Measurements”  progedure, setting AVIABE to ABS
instead of A for Step 4.
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2. Position the display to view both the Record Trigger
(*1") and the point on the waveform that is desired to be
measured. Adjust the SEC/DIV as required.

3, Use the Cursor/Delay control knob to align the cur-
sor o the point desired.

4, Read the time difference between the cursor-aligned
point and the Record Trigger point directly from the cursor
readout (see Figure 6-13).

Note that when seconds are selected for the units, time
can appear as a signed {*) quantity. The sign indicates
whether the cursor aligned point occurs before {—) or after
{+) the Record Trigger.

RECORD TRIGGER
POINT INDICATOR
CHIT  28mVa & A s -39.1mY VERT
: \;;-s.msgms
|§s - .
0% -~ "
UNITS TIME CURS IREF= 5@0.08ys
SEC %  |DEGREES | NEW REF] A|ABS
4818-27

Figure 6-13. Time measuwrement of an event relative to when
the record rigger occurred.

Voitage Coupled to Time Cursors (V@T)

The two remaining cursor selections are coupled cursor
modes. For the V@T and SLOPE cursors, the vertical
position of coupled YOLTS cursors depends on the place-
ment of the associated TIME cursors on the waveform. in
Figure 6-14 the first TIME cursor has besn aligned to a
time coincident with the peak of the displayed triangle
wave. The VOLTS cursor coupled to that TIME cursor is
aiso aligned to that peak. The second TIME cursor is set
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to a time where the amplitude is half way up the positive
slope, between the negative and posilive peaks. Again, the
coupled VOLTS cursor corresponds to that voitage level.

For V@T (Volts at Time) cursor type, both A and ABS
cursor modes are available. The operation of the two
modes is the same as was outlined for VOLTS cursors
earlier in this section. The cursor readout indicates the
voltage difference between the two coupled VOLTS cur-
sors for A cursor mode; it indicates the difference between
the single, coupled VOLTS cursor and the ground refer-
ence for the ABS cursor mode.

SLOPE cursors do not have an absclute mode selec-
tion. There are aiways fwo VOLTS cursors {coupled to
their two TIME cursors) displayed. When the CURSOR
UNITS selection is SLOPE, the readout vaiue will be
displayed in V/s and be determined by:

Readout _ Voltage Difference between VOLTS Cursors
{(V/s) Time Difierence between TIME Cursors

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

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

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

3. 1f V@T is not underscored in the menu, push V@T
to select the coupled cursors. If more than one dispiay
source is presently selected (CH 1 and ADD for exampls),
the ATTACH CURSORS TO: menu will be displayed. Push
the menu button to attach the cursors to the source
displaying the waveform to be measured.

NOTE

If only one display source is selected, the cursors will
automatically be attached Yo that display source, and
the ATTACH CURSORS TO: menu will not be
displayed.

4. Push the CURSORS URNITS button and set VOLTS
on. Set AIABS to the desired mode.

5. Depending on mode selected for Step 4, afign the
TIME cursor or cursors to the desired measurement.
point{s) on the waveform.
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Figure §-14. VOLTS coupled to TIME cursors displayed on a iriangle wave,

NOTE

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

6. Read the voltage difference directly from the
readout.

The value displayed is the voltage with reference to
ground if ABS mode was selected in Step 4 of the previ-
ous procedure. A mode was selected, the value is the
difference in voltage between the coupled cursors. In both
cases the voltage measured is at the point on the display
where the TIME cursor(s) positioned the coupled VOLTS
cursor(s). See Figure 6-15 {a and b) for examples of V@T
measurements for both the ABS and A cursor modes.

V@T TIME CURSOR PLACEMENT. The V@T cursors
can be used o provide high-accuracy frequency or period
measurements for periocic waveforms. A main factor in
accuracy of such measurements is the uncertainty of cur-
sor placement. Step 3 in the following procedure aids the
user in precise placement of the cursors, Use the following
procedurs to perform such measurements:

1. Perform Steps 1 through 4 of the V@T measure-
ment procedure, setting AIABS fo A (delta) mode for
Step 4.

i 2. Align the cursors to just bracket one cycle of the
petiodic waveiorm displayed.

3. Fine adjust the position of one of the TIME cursors
untit the VOLTS cursors are superimposed and the cursor
readout indicates 0.0 V. (The ACQUIRE mode can be set
0 AVG if noise causes difficulty in obtaining a 0.0 V read-
ing). See Figure 6-16a.

4. Push the CURSOR FUNCTION button and select
the TIME cursors. The readout will now indicate the time
period for one cycle of the displayed waveform. Select the
1/TIME cursors. The readout now indicates the frequency
in Mz. See Figure 6-16b.

Slope Measurements

Use the following procedure to measure the average
slope of a displayed waveform. The portion of the
waveform to be measured is defined by the SLOPE cur-
SOrs.

1. Perform Steps 1 through 3 of the V@T Measure-
ments procedure, selecting SLOPE for Step 3.

2. Push the CURSORS UNITS button and set SLOPE
or.

3. Position the TIME cursors to the points on the
waveform between which the slope of the waveform is 1o
be measured.

4. The cursor readout indicales the average slope
betwesn the two points in V/s (see Figure 6-17).
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Figure 6-15 {a and b). V@T measurements on {riangle-wave signals,
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Figure 6-16 (a and b). High resolution measurement of the frequency of a sine-wave signal.
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Figure 8-17. Slope measurement on a tlangle-waveform,

Special Units for Coupled Cursors

The special units for both types of coupled cursors are
percertage and decibels. References can be established
and comparison measurements obtained using the same
general method outlined in the “Ratio Between Two Volt-
ages” Procedure. Take care to attach the cursor(s) to the
proper display source (CH 1, ADD, REF1, stc.).

When special units are used for comparing two slopes,
steeper slopes result in higher value readings, lesser
slopes in lower readings. If a 2 V/ms slope is established
as the 100% reference and a 4 V/ms slope is compared to
it, the readout will indicate 200% as a ratio. If the same
slopes are compared with decibels as the special units, the
readout will indicate 6 dB. if the 4 V/ms slope was used as
the 100% reference, the readout will indicate 50% and —6
dB for percent and dB special units respectively.

A+B Trigger Source Function Application

The 2430 provides a composite trigger function which
allows the use of a combination of two different sources
for triggering acguisitions. With the A TRIGGER SOURCE
menu set 1o A+B on, the user can select a trigger source
for the A TRIGGER SOQURCE menu and one from the B
TRIGGER SOURCE menu. The two sources can then be
used fo trigger the A acquisition sequence.

Basic Applications--2430 Operators

The A-B trigger function combines the two sources in a
logical AND manner. in other words, the triggering condi-
tions set up by the user {can be different for the different
sources) must be met by both the A and B trigger sources
before the acquisition is initiated. When both Trigger Sys-
tems have their triggering criteria met (or are “true”), the
Record Trigger is output {or is “true”) and the A acquisi-
tion occurs. This action is analogous {0 the familiar AND
logical function, hence the name A and B Trigger Source
function. The following paragraphs precisely define the cri-
teria required for the A Record Trigger {(and therefore the
acquisition) to occur.

For an individual source to be true, the following condi-
tions must be met:

a. If TRIGGER SLOPE is set to + {positive) AND the
level of the triggering signal exceeds (is more positive
than) the triggering level set by the TRIGGER LEVEL con-
trol, then the source is true; otherwise, it is false.

b. H TRIGGER SLOPE is set 1o — (negative) AND the
level of the triggering signal is less (is more negative) than
the level set by the TRIGGER LEVEL control, the source
is true; otherwise, it is false.

For a Record Trigger to be true (ocour), the following
conditions must be met;

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

b. There must be a transition through the level set by
the TRIGGER LEVEL control for AT LEAST ONE of the
two trigger sources.

c. The transition must be in the same direction (+ or
-} as established by the TRIGGER SLOPE setting for the
source.

The A:=B Trigger Source function should be used when
the user wants to view events which occur or should occur
only when two other events coincide. An application occur-
ting in microprocessor based systems involves accesses
to RAM by the microprocessor.
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Typical microprocessor systems use the CS (Chip
Select) and WE (Write Enable) Inputs to write data to a
particular RAM 1C. With the WR pin held at the logic low
state, a WRITE data function will occur when the CS pin
transitions to the low state. If a sample of each signal is
applied to the 2430 inpuis and one source is selected for
the A TRIGGER SOURCE and the other is selected for the
B TRIGGER SOURCE, the user can set the controls of
each trigger system (LEVEL, SLOPE to detect whenever
the conditions necessary for a WRITE occur for the partic-
ular pin the trigger system is monitoring. The user can
then observe the state of the individual data lines using a
probe connected to one of the vertical input BNC connec-
tors to determine the state of the data lines at the time the
WRITE occurs.

Use the following procedure when making A+B
TRIGGER SOURCE measurements:

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

2. Set the appropriate VOLTS/DIV control for a on
screen display.

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

4. Connect the second trigger-source signal 1o one of
the unused inputs. Use the EXT TRIG inputs for one or
both of the trigger signat sources as required to allow the
vertical input channels to remain open for viewing the sig-
nals to be monitored.
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5. Push TRIGGER SOURCE and set A*BIWORD to
A«B.

6. Set the same source as used in Step 3 on for the
displayed menu.

7. Select TRIGGER MODE and select the desired
mode.

8. Select TRIGGER COUPLING and select the desired
coupling mode.

9. Use the TRIGGER LEVEL control to set the Trigger
Level Readout to the required triggering level and press
the SLOPE button to set + or — signal slope as required
for the triggering conditions o be met.

10. Push A/B TRIG to select the B Triggering System.
Select TRIGGER SOURCE and select the same source as
used in Step 4.

11. Repeat Steps 8 and 9 to select the Trigger Cou-
pling, Level, and Slope criteria for the second Trigger
SOURCE. :

12. The 2430 is set up o trigger on a composite of
both sources and will acquire data if the proper triggering
conditions are met for both the A and the B Trigger
SOURCE. Push A/B TRIG to switch between A and B
Trigger Systems as desired. Change the previously estab-
lished triggering criteria as needed to develop the proper
trigger conditions.
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STORAGE APPLICATIONS

This subsection to BASIC APPLICATIONS contains
information and applicalions on usage of the various
acquisition modes. i also covers use of the SAVE and
SAVE ON A features to store those acquisitions, as well
as use of the DISPLAY REF and other functions which
control how the stored acquisitions are displayed.

ACQUIRE MODES

The 2430 Digital Oscilloscope has three main acqguisi-
tion modes—NORMAL ENVELOPE, and AVG (Average}. In
addition, there are two other modes that affect how sig-
nals are acquired. The first mode, ROLL, can be used with
the NORMAL and ENVELOPE modes to affect the way
their acquisitions are displayed. The second is REPET
{Repstitive). ii is used to enhance the acquisition of high-
fraquency, repetitive waveforms.

NORMAL Mode

The NORMAL acquisition mode results in waveform
displays most like thoss obtained with non-digital oscillo-
scopes. Changes in the waveform are quickly seen as the
newly acquired waveform data replaces earlier waveform
data in the display. The “Operators Familiarization” section
of this manual details the control setup required to make
NORMAL mode acquisitions. This mode should be used
when features characteristic of the other modes are not
reguired.

AYG {Average) Mode

AV(G mode is used to sliminate or reduce random noise
from the displayad signals. By selecting the weighting fac-
tor of the acguisitions to be averaged, the user may
change how much the signal-to-noise ratio is improved
over a NORMAL signal acquisition. Table 6-2 specifies the
selections available for number of acquisitions averaged
{(the weighting factor), as well as the Signal-to-Noise
Improvement Ratio (SNIR) for each selection. The effect of
the averaging weighting factor on signal noise can be seen
in Table 6-2.

Table 6-2
SHNIR vs Mumber of Acquisitions

Number of SNiR SNIR
Acquisitions {dB)
2 1.41 30

4 1.98 58

8 2.75 8.8

16 3.84 1.7

32 534 14.5

64 7.51 17.5

128 10.6 20.5

256 14.9 23.4

Several factors should be considered when using AVG
mode for signal averaging with the 2430,

1. When ceriain controls or menu selections are
changed, a new series of acquisitions begins for the signal
averaging sequence. If the user specified number of
acquisitions is not acquired before ong of the listed con-
trols is changed, the 2430 will quit averaging that series of
acquisitions and begin averaging a new sequence of
acquisitions. The controls that have an effect are as
follows:

a. All VERTICAL or HORIZONTAL MODE changes.

b. Changes in the VOLTS/DIV settings for either CH
tor CH 2.

c. Any change to the CH 1 or CH 2 VERTICAL
POSITION controls.

d. Changes to CH 1 or CH 2 COUPLING menus.

e. Changes in the TRIGGER MODE setting.
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Figure 8-18. Effect of signal averaging on a noisy square wave,
f. Pushing the MENU OFF/EXTENDED FUNC- 5. Proper display amplitude, timing, and triggering

TIONS button.

g. Changes 1o the DELAY TIME or DELAY EVENTS
setting.

2. low-frequency and Ilow-repetitive rate signals
require more time to complete the acquisition cycle. When
the SEC/DIV seitings are slow (or a long time exists
petween valid triggers), a series of acquisitions can require
an extended time to be averaged. As an example, if the
user has specified 256 acquisitions at a SEC/DIV setting
of & s/div, the total time required to complete the averag-
ing sequence is over 7 hours. The user must be aware of
this time factor when selecting the weighting factor for the
AVG mode.

3. AVG is not aliowed as an acquisition mode when
the display is in ROLL mode (ROLL mode is discussed
later in this subsection). if ROLL mode is initiated while the
acquisition mode is AVG, the acquisition mode is automati-
cally switched to NORMAL mode. Initiating AVG when
ROLL mode is in effect, turns off ROLL mode, changing
the A TRIGGER MODE from ROLL to NORMAL.

4. Use of the A DELAY TIME feature is also not
allowed when AVG is selected. Selection of AVG mode will
prevent A Delayed B acquisitions from being displayed
(unless a previously acquired REF waveform is displayed)
and °“NO A DELAY IN AVG™ will be displayed with the
STORAGE ACQUIRE and DELAY by TIME menus.
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should be set up in NORMAL acquisition mode. The
TRIGGER MODE menu should also be set to NORMAL for
low-repetitive rate signals to assure that all averaged
acguisitions are the result of the desired trigger event
Otherwise, Record Triggers could be forced (AUTO and
AUTO LEVEL modes) resulting in uncorrelated acquisitions
being averaged.

ENVEELOPE BMode

The ENVELOPE acquisition mode is a repetitive pro-
cess. The user specified number of acquisitions is acquired
and the resulting waveform envelope displayed. Each data
point digitized during each successive acquisition is com-
pared to the maximum and minimum values of the same
data point stored from previous acquisitions. If the data
point is greater than the previous rmaximum value or less
than the previous minimum value, it will replace the value it
exceeds. If the data point falls between the previous
minimum and maximum values, it is discarded.

One typical use for the envelope mode is {o monitor a
signal line for some point of interest. If the user is
interested in, for example, a trigger-related amplitude
change or switching transient, the envelope mode may be
used to capture such an event. The operator would typi-
cally set up the trigger and other control seftings to allow
display of the event, and then set the number of acquisi-
tions for the envelope sequence to CONT. Since the
CONT setting results in constant acquisitions being stored
and displayed, the operator's constant attention is not
required.




Several factors should be considered when using
_ ENVELOPE mode for signal acquisitions.

1. The user can specify 1, 2, 4, 8, 16, 32, 64, 128, 256,
or CONT (continuous) as the number of acquisitions
required per envelope seqguence.

2. Like AVG mode, changing certain conirols or menu
sglections staris a new series of acguisitions for the
envelope sequence, the differences being that ENVELOPE
does not reset on Vertical POSITION changes, and CONT
ENVELOPE does not reset on DELAY TIME settling
changes. If the user speciiied number of acquisitions are
not acquired before one of the affecting controls are
changed, the 2430 will quit displaying the envelope
waveform it has acquired, discarding the stored minimum
and maximum values, and begin a new envelope acquisi-
tion seguence.

3. When ENVELOPE mode is used with ROLL acquisi-
tion mode, the number of acqguisitions specified for the
emwelope sequence is rrelevant. For ROLL mode, the
number of acquisitions in & sequence is always one, due
1o the way that this mode acquires and displays data {see
ROLL mode later in this subsection). ENVELOPE mode is
useful with ROLL mode, however, dus to the faster sam-
1 pling rate ENVELOPE mode provides. (The faster sampling
rate aliows short duration events down 1o 2 ns in width 1o
be captured and displayed.)

4, REPETY acquisition mode is not allowed when
ENVELOPE mode is selected.

5. It is usually easier {o set up the proper dispiay
amplitude, timing, and triggering in NORMAL acquisition
mode, especially f many user specified acquisitions per
envelope sequence are specified. Using NORMAL, the
user avoids capturing the minimum and maximum data
points caused by manipulation of the front pane!l controls.

HOLL Mode

ROLL mode allows the user to continuously view a
slowly changing signal. When in ROLL mode, the 2430
dispiays newly acquired data poinis in a continuous
stream with sach newly acquired data point appearing at
the right side of the graticule. As new data points are
acquired, the previous data point “rolls” towards the left
side of the graticule, creating a constant flow of data
across the ort screen as new data points displace the old.

| The effect is similar fo that of a chart recorder.
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The operator may use ROLL mode when it is desired to
view the slowly changing signal in a continuous fashion.
When ROLL mode is not used, the 2430 must be triggered
on an appropriate event relative to the events which the
operator wishes to display. At the SEC/DIV settings that
slowly changing signals {with low-repetition rates) require,
the time between displays of trigger acquisitions can be
lengthy. In addition, the user may not know the trigger
parameters required for the svenis to be viewed. Since
ROLL mode is an untriggered mode, with acquisitions
displayed continuously as described above, the user can
view, as well as save on scregn or REF memories, the
events of interest.

Consider the foliowing factors when using the 2430 in
ROLL mode.

1. To enter ROLL mode the 2430 must have AUTO
selected for the A TRIGGER MODE. When the A SEC/DIV
control is set to any acquisition rate from 100 ms 1o 5 s,
the ROLL mode will sutomatically be entered and the
ALITO menu label will change to ROLL.

2. ROLL mode is only available when HORIZONTAL
MODE is set to A If A INTEN or B modes are selected the
243G will switch from ROLL to AUTO mode, and begin
making triggersd {or auto-triggered} acquisitions.

3. ROLL mode cannot be used at the same time AVG
acquisition mode is selected. ¥ AVG mode is initiated, the
TRIGGER MODE will switch to NORMAL and, if the input
signal meets the trigger parameters set, the 2430 will
begin making triggered acquisitions.

4. The 2430 displays 10 divisions of the 20-division
waveform record. All 20 divisions are displayable using the
Horizontal POGITION control. 1 is advantageous fo adjust
the position controb so the last 10 divisions are displayed
on screen. This position allows the operator to sse each
new data point as it first enters the 20-division acquisition
window. Therefore, changes in signal parameters, as welf
as changes in conirol settings affecting the display are
guickly seen. {For instance, if the operaior changes the
Yertical POSITION setting, it could take up to 50 seconds
for the change to appear on screen if the left-most 10 divi-
sions of the acquisition were positioned on screen and the
A SEC/DIV set to 5 s.)
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REPET Mode

The REPET {repetitive} mode allow the user 10 extend
the usable wvertical bandwidth for displaying high
fraquency-waveforms. The maximum sample rate of the
2430 (100 megasample per second) limits the bandwidth to
40 MHz for waveforms acquired during a single acquisi-
tion. For acguisition rates faster than 500 ns per division,
the 2430 must interpolate between sampling points when
not in REPET mode. For periodic, repetitive waveforms,
REPET mode will equivalent-lime sample over many
acquisitions 1o acguire those data points which normally
must be interpolated. This process of randomly sampling
successive acquisitions of a waveform extends the
bandwidth to 150 MHz (100 MHz at 2 mV VOLTS/DIV set-
ting).

REPET mode is available for use with both NORMAL
and AVG acquisition modes (not ENVELOPE). It can be
used with all HORIZONTAL and TRIGGER MODE set-
tings. When the STORAGE ACQUIRE menu has REPET
set ON, the 2430 will automatically equivalent-time sample
at SEC/DIV settings of 200 ns and faster.

SAVE Storage Mode

Any display acguired, regardiess of which of the various
acquisition modes was used, can be saved on screen.
When the STORAGE SAVE button is pushed, the 2430
ceases to make acquisitions and the waveforms displayed
on screen are “frozen”. This saved display can be
expandad up to three VOLTS/DIV settings for a ten-times
vertical expansion, as well as expanded up 1o six SEC/DIV
setting for ons-hundred thimes hortzontal  expansion.
Waveforms can also be positionsed vertically or horizontally
as required. Use the f{ollowing procedurs to save
waveforms on screen:

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

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

3. To expand a displayed saved waveform vertically,
change the VOLTS/DIV control setting of the displayed
channel to the next most sensitive setting.

EXARPLE: A 0.5 V sine-wave signal is displayed in GH
1 with the YOLTS/BIV control set to 1V, and the
STORAGE SAVE putton is pressed. Changing the CH 1
YOLTS/OWW control yields the results shown in Table
6-3.
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Table §-3
Vertical Expansion Factors

YOLTS/o Ampliiude Expansion
Setting {Divisions) Factor
1V 0.5 1
500 mv 1.0 P
200 mv 2.5 5
100 mv 50 10
NOTE

Changing either the CH 1 or CH 2 YOLTS/DIV con-
trols will expand a saved display of an ADD or
MULT Vertical MODE waveform. The ADD Vertical
MODE VOLTS/DIV setting indicated on screen will
be the same as indicated for CH 1. This selting may
niot be correct, See the discussion under “Unwanted
Signal and Noise Cancelation” in the “General Appli-
cations” portion of this section for information on
interpreting the ADD Vertical MODE VOLTS/DIV set-
ting.

4. To expand a saved waveform horizontally, change
the SEC/DIV control to a faster acquisition rate setting
{see NOTE below). :

EXAMPLE: A 10 kHz sine wave i5 displayed in CH 1
with the SEC/DIV control set to 1 ms, and STOHAGE
SAVE is pressed. Changing the SEC/DIV control vields
the results shown in Table 6-4.

Tabie 6-4
Horizontal Expansion Factors

SEC/DIY Cycles per Expansion
Setting Division{s} Factor
1ms 10 per div 1
500 us 5 per div 2
200 us 2 per div 5
100 ps 1 per div 10
50 us 1 per 2 div 20
20 us 1 per 8 div 50
10 us 1 per 10 div 100




NOTE

When expanding waveforms horizontally, the user
should leave the HORIZONTAL MODE set fo the
same setling that was in effect at the time
STORAGE SAVE button was pressed, if that setling
was either A or B. However, if the HORIZONTAL
MODE was A INTEN, it should be changed to the A
HORIZONTAL MODE.

When STORAGE SAVE is first pressed, the waveforms
are saved and the SAVEREF SOURCE menu is displayed,
along with a message indicating the number of acquisitions
that occurred prior 1o saving the acquisition sequence. The
number of acquisitions is important in that the saved
waveaform is an acquisition sequence, (as for ENVELOPE
or AVG acquisition modes), and the number indicates how
many of the user-specified acquisitions occurred before the
sequence was stopped and saved. The menu is imporiant
because # aliows the user to store away the saved
waveform{s} as a reference(s).

SAVEREF SOURCE and DISPLAY REF

The SAVEREF SOURCE menu allows the user to
select which on-screen waveform is to be stored in a
SAVEREF memory Jocation. The choices availabie as

sources are the VERTICAL MODE settings in effect at the

time the waveforms were saved. ¥ CH 1, CH 2, and ADD
were the modes selected prior 10 saving the display, those
will be the sources available for storage.

Two other selections are also available as sources.
These sources are REF and STACK REF. Choosing REF
causes the SAVEREF SOURCE-REF sub-menu to be
displayed, allowing the use of any of the SAVEREF
memories as a source (this feature allows waveforms 1o
be copied from one REF source o ancther). Pushing
STACK REF as a menu selection causes the displayed
waveforms to be saved in REF memory locations as indi-
cated by Table C-14 in Appendix C of this manual. Note
that the destinations of the waveforms depend on the
VEATICAL MODE settings, and that waveforms stored in
certain REF locations are “'pushed’” to new REF locations.

Use the following procedure to store waveforms in and
display waveforms from SAVEREF memory locations:

1. Perform Steps 1 and 2 of the *SAVE Storage
Mode™ procedure. Perform Steps 3 and 4 of that pro-
cedure ¥ i is desired to store the waveform in an
expanded form.
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2. Push the menu button corresponding to the
displayed source that is to be stored.

3. Vertically position the displayed waveforms to the
desired position (waveforms will not be vertically position-
able when displayed from their REF location).

4, if the STACK REF menu bution was pushed for
Step 2, the displayed waveform(s) are stored as indicated
in Table C-14; otherwise, the SAVEREF DESTINATION
menu is displayed. Push the menu button corresponding to
the REF location where the source waveform is to be
storad.

The displayed waveform is now siored in the SAVEREF
memory specified. To display the stored waveform per-
form the following steps:

5. Push DISPLAY REF to display that menu.

6. Push the wmenu button corresponding to the
SAVEREF location in which the waveform is stored (the
tocation chosen in Step 4). The stored REF wavetorm is
now displayed at the same vertical position as the source
waveform.

NOTE

If the source waveform is stilf on screen, either in the
“live” or SAVE mode, it will be necessary 10 reposi-
tion it vertically (if it has not been repositioned since
is was stored) in order to see the DISPLAY REF
waveform.

7. Press HORIZ POS REF. Push the menu bution
under the REF waveform requiring positioning.

8. Use the HORIZONTAL POSITION control 1o posi-
tion the REF waveform as desired.

9. Push the menu bution under DISPLAY REF to
return to that meny. The HORIZONTAL POSITION con-
trol now positions the “live” andfor SAVE waveform(s) as
before,
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Several factors should be considered when storing and
displaying SAVE waveforms with the 2430.

1. As mentioned in the previous procedure, waveforms
cannot be positioned vertically when displayed from REF
memory locations. It is important to position them (in
either the live or SAVE mode) before they are stored.

2. if phase-related waveforms are stored in REF
memory locations, it is important to remember that moving
one or more of the waveforms horizontally (using the
HORIZ POS REF function} will remove the phase relation-
ship. He-positioning the waveforms so that their Trigger
Point Indicators ("T") are aligned will restore the phase
relationship.

3. SAVE waveforms that have been expanded will be
stored in the expanded form when moved to a SAVEREF
memory.

SAVE ON A Mode

The 2430 can be set to automatically enter the SAVE
Mode when it acquires a waveform having ampilitude
values outside certain “envelope” limits. Using the
ENVELOPE acquisition mode (either via the Front Panel or
GPIB), the user can create a envelope waveform and store
it in one of the REF memory locations. If the envelope
waveform is then displayed using the DISPLAY REF func.
tion, it can be used as a comparison waveform for “live”
waveforms to be acguired. With the 2430 SAVE ON A
feature ON, the acquired waveform wili be compared
against the REF waveform (when it is displayed), and the
SAVE MODE entered if the acquired waveform exceeds
the envelope fimits of the REF waveform. {See Table C-15
in Appendix C for the designated relationships between
the Vertical Modes displayed and the Reference used to
make the SAVE ON A)

This portion of the sub-section outlines a method for
using SAVE ON 4, using the Front Panel controls to
develop the envelope REF waveform. Use of the GPIB
(General Purpose interface Bus) to develop the reference
is dependent on the equipment used to generate the
waveform and control the GPIB interface of the 2430;
however, a general outline of a procedure is given in
“USING THE GPIB” following *FROM THE FRONT
PANEL.” Table A-11 of Appendix A of this manual gives
the wvarious commands the 2430 uses in waveform
transfer. Using Appendix A, together with the Operators
Manuals for the equipment used, a system programmer
can develop methods for entering comparison REF
waveforms via the GPIB.
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FROM THE FRONT PANEL. i only a dc-error limit
waveform is to be developed, a sample of the waveform is
not needed. In the continuous ENVELOPE acquisition
mode, use the VERTICAL POSITION control 1o create the
comparision envelope by positioning a baseline trace to
the positive and negative limits desired. For example,
positioning the baseline trace two divisions above, and
then two divisions below graticule center, creates a four-
division envelope around graticule center. Once the
envelope is saved and displayed, any excursions outside
that envelope by the waveform being acquired will result in
the 2430 entering the SAVE mode, and the waveform is
saved on screen.

To create a horizontal window on the comparison
envelope signal, the HORIZONTAL MODE is set to B, and
& signal conforming fo the ideal waveform is acquired. The
horizontal window is obtained by varying the DELAY TIME
setting slightly to position the waveform to the left and
right, thereby defining the horizontal limits for the
envelope. The vertical envelope limits are created as
before, by positioning the waveform vertically around the
signal baseline. The waveform is then saved in the correct
SAVEREF memory for making the live waveform com-
parison and displayed. The 2430 is ieft in B Horizontal
Mode for acquiring the live waveforms and making the
SAVE ON A comparison {see Figure 6-19).

The following procedure creates a comparison envelope
for a particular waveform (in this case a 5 V, 1 kHz square
wave) so that # can be monitored for any amplitude
changes greater than +0.5 V and phase or frequency
shifts greater than 5%. The user should use this procedure
as a quide for developing his own enveiopes for other
types of waveforms.

1. Input the square wave into the desired Channeils)
and set VERTICAL MODE as desired.

2. Set the A SEC/DIV control to 1 ms and set HOR-
IZONTAL MODE to B.

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

4. Position the displayed waveform at the reguired
vertical position on screen {remember, when it is stored as
a REF waveform it cannot be positioned vertically).

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



6. Set the DELAY TIME readout to a value that allows
the waveform to be positionsd several horizontal divisions
in hoth dirgctions.

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

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

9. Rotate the Gursor/Delay control knob clockwise until
the readout indicates 0.1000 ms less than the vaiue noted
in Step 8. Note that the envelope increases 1/2 division to
the left of the waveform.

10. Vertically position the square wave up 1/4 division,
then down 1/4 to begin creating the = 1/4 (0.5 V) division
vertical envelops.

11. Rotate the Cursor/Delay control knob courter-
clockwise until the readout indicates 0.1000 ms less than
the value aote in Step 8. Note that the envelope increases
1/2 division to the right of the waveform.

12. Position the waveform up 1/2 division {it was left at
the —1/4 position in Step 10} to complete the envelope
waveform {see Figure 6-19a).

13. Return the DELAY TIME setting to the same value
as noted in Siep 8.

14. Push STORAGE SAVE and save the envelope
waveform in the proper REF memory location. See Table
G-15 in Appendix C to determine which REF is appropriate
for the VERTICAL MODE in effect.

14, Change the acquisition mode to NCGRMAL.

18. Push DISPLAY REF and display the REF selected
in Step 14.

17. Center the waveform to be monitored within the
REF enveiope, using the VERTICAL and HORIZONTAL
POSITION controls,
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USING THE GPIB. A general oulline of a method that
may be wuwsed o develop an envelope waveform for
comparison using the GPIB interface foliows. The
procedure allows the 2430 to do as much of the work as
possible in creating the waveform.

i. Create an envelope waveform in B HORIZONTAL
MODE using the Vertical POSITION controls and the
Cursor/Delay control knob {as described in “FROM THE
FRONT PANEL”) to define the rough limits of the envelope
1o be used for comparison.

2. Use WFMpre? 10 get the envelope waveform pream-
bie portion of the message, letting the 2430 do the work
for you,

3. Acquire the envelope waveform using CURVE? to
obtain the waveiorm data points. The programmer must
have set up arrays to receive and hold the curve and
preamble data.

4. Adjust any of the 512 envelope data point MAX-MIN
pairs stored in the waveform data array as necessary 1o
create the comparison fimits wanted. Fast rsing edgss
need some horizontal width to widen the envelope for
jitter. How this is done depends on what you want your
comparison envelope to lock fike, and the exact manner in
which it is dong must be left to the programmer.

5. Set the DATa ENCdg for ASCH, RPBINary, or
RiBiNary as reguired by the type of daia, Normally, the
2430 expects waveform data to be sent in iwo's-
complement format (RIBINary).

6. Set DATa TARget for the reference memory to be
stored into. Remember that waveforms are compared
against designated reference memories. See Table C-15 in
Appendix C for the correct destination to make a com-
parison,

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

8. Send the envelope wavelorm data to the 2430 using
the CURve command followed by the waveform data.
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Figure §-19 {a and b). Using the SAVEREF function with EMVELOPE mode to moniior and save a square wave.
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This section contains a general description of available
options for the 2430 Digital Storage Oscilloscope at time
of manual publication. The opticns are:

Cptions A1-A5 internationzt Power Cords

Option 1R Rackmounting
Option 05 Video Option
Option 11 Probe Power

Operating instructions for the Video Option and the
Word Recognizer Probe optional accessory follow the gen-
aral descriptions. A complete list of standard accessories
supplied with the Instrument and 2 list of suggested
optioral accessories, each identified by part number, is
included at the rear of this saction.

Additional information about instrument options, oplion
availability, and other accessories can be obtained from
the current Tekironix Products Cataiog or by contacting
your local Tektronix Field Office or representative,

OPTIONS A1-Ab
INTERNATIONAL POWER CORDS

instruments are shipped with the detachable powsr-
cord configuration ordered by the customer. Descriplive
irformation about the international power-cord options is
provided i Section 2, “Preparation for Use.” The {ollow-
ing list entifies the Tektronix part pumber for the avail-
able power cords.

Option AT {Universal Eurg)

Power cord (2.5 my) 161-0104-05
Option A2 (UK)
Power cord (2.5 m) 161-0104-07

ption A3 (Australian}
Powsr cord (2.5 m 161-0104.05
Ciotion A4 {(Morth American)
Power cord (2.5 my) 161-0104.08
Option A5 {Switzerland)

Power cord (2.5 m) 161015400

Section 7—2430 Operaltors

TH

OPTION 1R—
RACKMOUNTED 2430

When the 2430 Digital Oscilloscope is ordered with
Option 18, it is shipped in a configuration that permits
easy instaflation into a 19-inch-wide equipment rack. An
optional rackmounting kit may be ordered 10 convert the
standard 2430 o 2 rackmountad insirument. Installation
instructions for rackmounting are provided in the docu-
mentation supplied with the rackmounting kit and the 1R
Option.

Tha rear-support kit also is supplied for use when rack-
maouniing the 2430. Using this rear-support kit enables the
rackemnounted instrument to mest all electrical and environ-
meanisl specifications of the standard 2430,

Comnector-mounting  holes are provided in the frond
panet of the rackmounted instrument. These holes enable
convanient accessing of the rear pansl BNC connectors
and directing the Vertical Channel and External Trigger
gt conneciars 10 1ear access in an electronics equip-
ment rack, The cholce of which signals are routed through
the rackmounting front panel is lft 0 user discrelion.
Additional cabling and conneciors reguired o implemeant
any through-pansl access must be vser supplied; howevar,
the necessary items may be separately ordered from
Takiromx, Inc,

OPTION 05—YIDEO OPTION

Option 05 provides an ald in examining composite video
signals. With the Video Optlion installed, all basic instru-
ment functions ramain e same. Thanges o any of the
control menus by the installation of Option 05 are detaiiad
in the descriplion of the affected menus i Bection 3,
“Controts, Connactors, snd lndicators.” Features of this
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option include a sync separator, back-porch clamp cir-
cuitry, TV trigger coupling modes, and adjustment for
closer tolerance on the 20 MHz BANDWIDTH LIMIT. This
option permits the user to trigger on a specific line number
within a TV field and provides sync-polatity switching for
either sync-negative or sync-positive composite video
signals.

OPTION 11—PROBE POWER

Option 11 provides two probe-power connectors on the
rear panel of the instrument. Voltages supplied at the
FROBE POWER connectors meet the power requirements
of standard Tektronix active oscilloscope probes.

OPTIONAL WORD RECOGNIZER
PROBE ACCESSORY

The Word Recognizer Probe optional accessory is used
to obtain triggering on a selected parallel TTL data word.
A word length of 16-bits plus a 17th gualifier bit is recog-
nizable, {with each bit selectable as 0, 1, or X {don’t care).
Recognition may be either synchronous with an external
clock signal {rising or falling edge) or asynchronous. All the
required hardware and firmware for using the Word
Recognizer Probe is included in the standard 2430 Digital
Oscilloscope; it is only necessary to purchase the Word
Recognizer Probe optional accessory. More specific infor-
mation on the Word Recognizer Probe, inciuding electrical
specification, is provided in the Instruction Sheet supplied
with the probe.

OPTION OPERATING INFORMATION

VIDEC OPTION

introduction

The TEKTRONIX 2430 oscilioscope with the Video
Trigger (Option 05) contains additional hardware and
software components to simplify the triggering and viewing
of video signals. All standard instrument operating controls
and features remain unchanged; and as with those
features, the Video Option is fully controllable via the GPIB
interface. GPIB control commands for the Video Option
are given in Appendix A, Table A-3 (Trigger Commands),

Features of this option include a sync separator, back-
porch clamp circuitry, TV trigger coupling modes, and
adjustment for closer tolerance on the 20 MHz bandwidth,
This option permits the user to trigger on a specific line
numper within a TV field and provides sync polarity switch-
ing for either sync-negative or sync-positive composite
video signals.

Both system-M and nonsystem-M operation are avail-
able, providing compatibifity with most U.3. television sig-
nal line-numbering formats. Stable video rejection and sync
separation is obtained from the sync-positive or sync-
negative, interlaced or non-interlaced scan, composite
video signals having 525 to 1280 horizontal lines per frame
and 50- or 80-Hz field rates.
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Video Option Accessories

In addition to the standard accessories supplied with
the 2430, the following accessories are provided when
Cption 05 is installed in the instrument:

1 CCIR Graticule, Tektronix part number 378-0199-04
1 NTSC Graticule, Tektronix part number 378-0199-05

Yideo Option Specifications

The electrical characteristics of the Video Option are
listed in Table 1-4 of Section 1 in this manual. All other
glectrical, environmenial, and mechanical characteristics
remain as for the standard 2430.

General Operation

Selecting the TV menu choice from the A TRIGGER
COUPLING (CPLG) controt menu enables the sync separa-
tor circuitry of the Video Option. Pressing the front-panel
button labeled SET TV calls up the control menu for set-
ting up the operating mode of the Video Option.

CLAMP (CHANNEL 2 ONLY). The Channel 2 back-
porch clamp circuit is used {o stabilize TV waveform
displays by removing unwanted hum or tift from displayed
waveform. With the CLAMP function on, the back-porch
level of the video signal displayed on CH 2 will be held at
near ground level. Clamp circuit operation wili be
unpredictable if the Channel 2 signal is not a composite
video or composite sync signat or if the scope is not being
triggered with video sync signals.



If the back-porch clamp is enabled without a video sync
signal appfied to the sync separator, the CH 2 trace may

) . drift vertically, which is normal. When the back-porch

" clamp is tumed off, regular operation is again restored.

When any front-panel change is made while back-porch
clamp is enabled, the disptay may jump vertically. How-
ever, the back-porch clamp circuit will return the back-
porch level to its previous position.

FIELD TRIGGERING. Either FIELD 1 or FIELD 2 in
interlaced video signals may be selected for triggering.
ALT (alternate field triggering) causes the triggering 1o
aiternate between the two fields.

With field triggering selected {Field 1 only for “noninter-
laced” video signals), the A TRIGGER LEVEU/FIELD
LINE # control knob is used to select a specific line within
the field 1o trigger on. Line numbers may be selected from
1 to the maximum number of ines per frame in the video
signat being viewed. The acquisition will trigger on the
chosen horizontal line sync pulse after all holdofis have
been satisfied. In an interlaced TV signal, Figld 1 has ong
more line than Field 2; however, the last Hne in Field 1 is
not accessible when alternate {ALT) field triggering is
selected because the line counter counts only o the

- highest common ling number.

SYSTEM SELECTION. Selecting system-M  or
nonsystem-M  operation is  accomplished  using  the
EXTENDED FUNCTIONS SYSTEM menu. In system-M
operation, fine counting begins three lines before the field
sync; but in nonsystem-M operation, line counting starts
just after the field sync.

SYNC POLARITY. Sync polarity is selected with the A
Trigger SLOPE/SYNC front-panst hutton. When TV Cou-
pling is selected, the SLOPE/SYNC selector bution
controls the signal polarity applied to the sync separator
and operates independently of the SLOPE selection for the
A and B Trigger signals. SYNC polarity for correct sync
separator operation is chosen as foliows.

For compesite-video signal inputs (at the input BNC)
with positive-going sync and negative-going picture infor-
mation, the SLOPE/SYNC is set to +  (plus). For
composite-video signal input with negative-going sync, the
SLOPE is set to - {minus). The INVERT featurs of the
Vertical inputs has no effect on the polarity of the trigger
isignal to the Video Option sync separator,
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Setting Up the Video Option

Fressing the SET TV front-panel button calls up the fl-
lowing menu (see Section 3, item 38).

ATV COUPLING
FIELD1 FIELDZ ALT

CLAMP

TV LINE OMNIOFF

FIELD1 —Acquisition is triggered on a selecied line dur-
ing Field 1 of the input video signal. The fine number
and field indicator {TVF1) are dispiayed in place of the
normal A Trigger level and source indicators.

FIELD2— Acquisition is triggered on a selected line in
Field 2 of the input video signal. When Field 2 is the
selected field, TVF2 is the displayed indicator in front of
the line number readout. An input signal must be inter-
laced to activate and display FIELD 2 in the SET TV
menuy.

NOTE

The Video Option circuitry does not detect the
color-burst phase or Bruch Sequence color burst
blanking information. In a four-field Pal Sequence
with Bruch Sequence color burst blanking. Fields 1
and 3 will be displayed when Fleld 1 is selected (odd
fiplds), and Fields 2 and 4 will be displayed when
Field 2 s selected (even fields). On noninteriaced
scan systems the TV circuitry detects the start of
field information only.

ALT-—Acquisition is alternately triggered on a selected
fine during both fields of an interlaced video signal.
With alternate field triggering selected, the indicator in
front of the line number readout is TVFLD.

When B Delayed Horizontal Mode is selected with
a4 TIME mode on, one field of a single channel video
signal will be displayed at the main delay and the other
figld will be displayed at the main delay plus the della
defay. If CH 1 and CH 2 are both on, the CH 1 signal
wilt be one field at the main delay and the CH 2 signal
will be the other field at the main delay plus the delta
delay. 1 the delta delay is adjusied for zerc delay time,
a ling-by-line comparison betwean the two fields may be
done using the FIELD LINE # control knob to move
through the two fields in unison.
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TV LINE—Seiects any line within either field for trigger-
ing the oscilloscope when the Video Option is enabled
{TV CPLG onj. An acquisition will be triggered by the
first line-sync pulse encountered after all holdoffs have
been satisfied. The indication for TV LINE triggering
selected is TVLN without a line number readout being
displayed.

CLAMP ONIOFF—-Controls the Channel 2 back-porch
clarnp feature. The clamp circuit holds the video signal
back-porch level 10 a constant do level {the vertical
position of the ground indicator} and eliminates vertical
drift, hum, and it from the display. A stable display is
provided despite changes in signal ampitude and lumi-
nance levels. When the Video Option CLAMP featurs is
on, the message "CLAMP” appears on the ol scresn,
and the clamp cirouitry continues to function for the
Channel 2 display until CLAMP is set to OFF.

Seliing a Line Number

When the Yideo Option is on, the A TRIGGER
LEVEL/FIELD LINE # control knob is used for selecting a
spacific horizontal line within a field. For fine number selec-
tion within a specific field, the field and line numbers are
displayed n the upperright comer of the ont scresn in
piacs of the normal A Trigger Level readout.

Rotating the LEVELFIELD LINE # control knob clock-
wise increzses the selected line number in a fisld; rotating
i counterclockwise decreases the fine number. (The
LEVEL/FIELD LINE # control still sets the B Trigger Level
when the A/B TRIG bution s pressed (o select B Trigger
operation.)

Whan the ne-number setting reaches the maximum {or
rminimuny number of lines in a field with sither FIELDT or
FIELDZ triggering selected, continued turning of the control
in the same direction changes the line number to the
beginning (or end) of the opposite field. In these cases, the
underscorad FIELD choice in the SET TV control menu
and the field number {(TYFT or TVF2) readowt preceding
the line number readout also switch o reflect the correct
fiald, If abternate (ALT) fHeld trigoering is sslected, further
rotation of the control past the maximum or minimum jine
number only resets the ine count 10 the beginning {line 1)
or the end {maxdmum line count common to both fields).

System-M/Nonsystem-8 Protoco! Selection

The following procedurs s used 1o select a partdoular
protocol using the EXTENDED FUNCTIEDNS meno.

T Press the MENU OFFEXTENDED FUNCTIONS
front-pansl button (see Figurs 3-1 and Hem B in
“Controls, Conneciors, and indicators”Y once 0
oft any menus being displayed and again 1o call up
the EXTEMDED FUNCTIONS menu
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2. Press SYSTEM to call up the selection menu for the
system extended functions. Under TV 8YS, the

menu bution foggles between M and NON-M, with . '

the selectad protocol underscored,

Selecting an incorrect protocol for a given TV signal will
not affect the ability to trigger on that signal. It will, how-
ever, cause the spedcific line number within the field to be
inaccurate. When systam-M is selecied, the line count
beging three lines before the fisid-sync pulse is encoun-
tered. When nonsystem-bM s selected, the line count
bagins coincident with the fisld-syng puise.

Special Measuremants

OVERSCANNED DISPLAYS. For various video meas-
wremerds, it may be desirable 1o expand the vidso
wavetorm vertically beyond the limits of the screen. Under
thase circumstances, the tngger amplifiers or the sync
separator circuitry may be overloaded, blocking out syne
pulses in the vicinity of large signal transitions or losing
sync pulsaes altogether. Therefore, to avoid overdoad prob-
lemns, use the other vertical channst or one of the exdermnal
trigoer inputs (EXTT or EXT2) 1o supply a constan? ampli-
tude trigger signal to the Video Option while the oDserva-
tions are being made on the expandad wavelonm.

RF INTERFERENCE. Opesration m the vicinity of some
FM and TV transmitiers may impress  objectionable
arnounts of ¢ signal energy on the input signal, aven when -
coaxial cables are used to make the signal connections.
Using the 20 MHz BANDWIDTH fimit feature will usually
eliminate such interference from the display, but # does
not imit the signal reaching the Video Option circuitry.
Whare the T energy interferes with the TV triggering
operation, extamal fiters will be required to fimit the
bandwidth of the tdgger signal. In such cases, it S recom-
mendad thal one of the extemal igger inputs (EXT1 or
EXT2Y be used fo supply the thigger signal, using the
reduired  external bandwidth fimiters and abtenugtors to
obtain the necessary ngger ampiiudes.

identifying Fislds, Frames, and Lines in 525/60
aned 825/50 TV Sysioms

HTSC {COIR SYSTEM 8. Feld 1 is defined as the fiold
whose first equalizing pulse 8 ong full M imterval (635 us)
from the preceding horizontal sync putse. The Feld 1 ple-
ture starts with a Tull ne of video and its lines are num-
bered 1 through 263, starting with the isading edgs of the
first equalizing pulse. The {irst reguar horizontal syno
oidse alter the second squalizing interval is the start of
fing T

Field 2 starts with an segualizing puise a haliling interval
from the preceding horizontal syne pulse, The Field 2 pic-
ture starts with 2 half line of video and iis fines are num. -
bered 1 through 2862, starting with the lsading edoe of the



second equalizing pulse. After the second equalizing inter-
vai, the first full line is line 8.

CCIR SYSTEM B AND SIMHLAR 625/50 SYSTEMS.
Except for PAL systems, identification of parts of the pic-
ture in most 625-ing, 50-Hz fiekd-rate systems relies pri-
marily on continuous line numbering rather than on field-
and-line identification.

The CCIR frame starts with the first (wide) vertical sync
pulse following a field which ends with a half-line of video.
The first line after the second equalizing interval is fine 6;
the first picture line is #ine 23 (half-line of video). The first
field of the frame contains lines 1 through the first half of
line 313, and the pictwre ends with a full line of video
{line 310).

The second field of the frame commences with the
leading edge of the first (wide) vertical sync pulse {middle
of line 313) and runs through line 625 {end of egualizing
interval). The first full fine after the equalizing interval is
line 318; the picture starts on line 338 (full line).

The first field is referred fo as “odd,” and the second
field as “even.” Note that the identification systems for
System-M and System-B are reversed.

In the four-field PAL seguence with Bruch Seguence
color-burst blanking, the figlds are identified as follows:

Field 1: Field that foliows a field ending in a halfdine of
video, when preceding field has ¢olor burst on the
last full fine. Field 1 fines are 1 through 312 and
half of line 313. Color burst starts on line 7 of
Field 1; a half-line of video appears on line 23.

Field 2: Field that follows a field ending in a full line which
does not carry color burst. Field 2 lines are the
last half of line 313 through line 625. Color burst
starts on line 319 {one line without burst following
the last equaiizing pulse); a full line of video
appears at line 336,

Field 3: Field that follows a field ending in a half line when
preceding field has no color burst on s last full
line. Field 3 lines are 1 through the first half of line
313. Burst starts on line 6 (immediately following
the last eqgualizing puise) a haliline of video
appears on line 23,

Field 4: Field that! follows a field ending in a full ine carry-
ing color burst. Field 4 lines are the second half of
line 313 through line 825. Color burst for Field 4
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starts on line 320 (two full lines without burst fol-
low the last equalizing pulse}); video starts with a
full line on line 336.

Basic Applications

The 2430 instrument with the TV Option circuitry pro-
vides an accurate and flexible measurement system for
displaying and anatyzing video information. After becoming
familiar with the controls, indicators, operating considera-
tions, and capabilities of the instrument, perform the fol
lowing procedures to become familiar with the functions
for making TV-related measurements.

Verify that the POWER switch is OFF (push button
out); then plug the power cord into the power outlet.

initial Setup
a. Press in the POWER switch button (ON).

b. Set the instrument controls fo obtain a baseline
trace as follows:

Trigger
TRIG POS (A and B) 1/2
MODE AUTO
SOURCE CH2Z
COUPLING TV
SET TV
FIELD 1 Selected
CLAMP ON
LEVEL/FIELD LINE # 1
SLOPE/SYNC — {minus)
HOLDOFF O {(no Holdoff
indicator displayed)

Storage Mode

ACQUIRE ENVELOPE {1 sweep)
Horizontal
MODE A
SEC/D 2ms
POSITION Center trigger-point
indicator
Vertical

CH 2 POSITION
MGDE

CH 2 VOLTS/DIV
CH 2 COUPLING

Extended Functions

Systam
TV SYS

Center haseline trace
CH 2

500 my

GND
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¢. Adjust the DISPLAY and READOUT intensity for the
desired trace and readout brightness.

d. Apply a composite video signal {with color-burst
signal and negative-going sync) to the CH 2 input connec-
tor using a coaxial cable with the proper terminations for
impedance maiching.

e. Set CH 2 input coupling to DC: observe the fisld-
rate signal envelope.

f. Press SET TV to display the Video Ogption control
menu.

g. Rotate the LEVEL/FIELD LINE # knob cow into the
end region of Field 2. Observe that the field number indica-
tor switches 1o TVF?Z and that FIELDZ becomes the under-
scored field choice in the control menu.

h. Rotate the FIELD LINE # knob ow through the
entire Field 1 display and set the line number for line one
of Field 2.

i. Switch the A SEC/DIV setling to 50 us and set the
Storage ACQUIRE mode to NORMAL.

j- Observe line number 1 is in the vertical blanking
region prior to the vertical sync pulse.

k. Set the line number for line 283 of Field 1 and set
the A SEC/DIV to 2 us for g close examination of the
waveform around the horizontal sync pulse.

I. Suppiy 2 trigger signal 10 external trigger input EXT1.

m. Set the following controls:

B TRIGGER MODE RUNS AFTER
B SEC/DIV 500 ns

A TRIGGER SOURCE EXTHt

EXT GAIN EXT1/5

CH 2 VOLTS/DIV 100 mv
Horizontal MODE 3

DELAY by TIME O

DELTA TIME OFF

DELAY TIME Minimum

n. Adjust the DELAY TIME to observe the color-burst
signal {approximately 4 1o 5 us delay from RTRIG).
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0. Press CURSOR FUNCTION and select VOLTS cur-
sors. Measure the peak-to-peak voitage of the color-burst
reference signal.

p. Press SAVE Storage Mode.

4. Save the color-burst signal in REF4,

r. Expand the SAVE display by switching the B
SEC/DIV setfing to 100 ns.

3. Press CURSOR FUNCTION and select 1/TIME cur-
sors. Measure the frequency of one cycle of the color-
burst signal. V@T cursors may be selected first to overlap
the VOLTS cursors for { V with the TIME cursors set one
periad apart 10 set the exact time; then press 1/TIME 1o
measure the frequency.

t, Set the Horizontal MODE to A and press the
ACQUIRE button.

U. Press DISPLAY REF and press REF4 to recall the
previously saved waveform.

v. Set the SEC/DIV control back to 500 ns and com-
pare the SAVE waveform with the REF4 waveform
display.

w. Switch the Horizontal Mode to A and press the
ACOUIRE button 1o restart the waveform acguisition.

Signal input Coupling

The CH 2 back-porch clamp stabilizes video waveform
displays by removing unwanted hum and tilt from the
Channel 2 display. For the clamp circuit to be functionai,
the 2430 must be triggered on a composite video or com-
posite sync signal.

The following procedure demonstrates the appearance
of a video signal with CLAMP pn and off.

NOTE

When enabling the back-porch clamp (CLAMP ON),
leave the rear-panel OH 2 SIG OQUT connector unter-
minated (open) to preserve waveform fidelity of video
signals applied to the CH 2 Vertical input connector.



a. Connect a composite video signal (hegative-going
syncy along with an overriding ac signal of 60 or 120 Hz
{simutating power-supply hum) o CH 2 input connector.

b. Set the A SEC/DIV t0 5 ms.

c. Set VOLTS/DIV to obtain a display amplitude of at
lgast 2 divisions.

d. Press the front-pane! Trigger CPLG (coupling) button
and select TV from the A TRIGGER COUPLING menu.

e. Press SET TV panel button, and select FIELD 1 or
FIELD 2 wiggering: then press the CLAMP OFF menu
Dution.

f. Sslect the ENVELOPE Acquisiion Mode and
ohserve the presence of AC tilt or hum on the displayed
trace.

g. Press SET TV again and tumn the CLAMP OM.

h. With the CH 2 back-porch CLAMP enabied, observe
that the ac hum on the waveform has been eliminated {see
Figure 7-1).

OPTIONAL WORD RECOGNIZER
PROBE ACCESSORY

The Word Recognizer Probe is used to obtain triggering
on a selected parallel TTL data word. General operating
information is given in the following text.

Electrical connection from the Word Recognizer Probe
to the 2430 is mads by means of the rear-panel connector
labeled P6407 WORD RECCG INPUT, The instrument has
one Waord Recognizer Probe connector, but the trigger out-
put from the probe may be selected as the source for the
A Trigger signat or the B Trigger signal, or for both using
the A an B TRIG SOURCE menus. The system identifies
whether the WORD trigger is the selected trigger Source
for A or B Trigger, or both, by displaying the appropriate
letter{s) on the TRIG WORD menu title line {(displayed
whern the SET WORD front-pane! button is pressed).

Attempting to select WORD as a trigger source or pro-
gram the probe operation without a Word Recognizer
Probe connected will ring the warning bell, and the error

Options and Accessories—2430 Operators

message “WORD PROBE FAULT"” will be displayed. The
trigger source remains as previously selected in that case.
i the Word Recognizer Probe is disconnected after WORD
is selected, the same error message will appear i the
2430 is acquiring. Disconnecting the probe will not be
detected while the 2430 is in SAVE mode; however, any
atternpt to change the programmed word with the probe
removed will result in a WORD PROBE FAULT.

A word length of 16-bits plus a 17th qualifier bit is
recognizable, with each bit selectable as 0, 1, or X (don't
care). Word recognition may be either synchronous with an
external ciock signal {rising or falling edge) or asynchro-
nous (ignoring clock signals).

The word-recognizer {rigger signal is routed to the
rear-panel BNC connector labeled WORD TRIG OUT for
use as g trigger signal to external devices. A trigger signal
will appear at the WORD TRIG OUT connector each time
a word match occurs; however, the hoidoff time of the
scope may prevent it from accepting each trigger if the
selected word appears too often in the data stream.

TVF2 85

 CLAMP ON it bioii it o
}

CLAMP OFF — e

-

4218-34

Figure 7-1. Composite Video Signal with and without TV
clamping.
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Word Probe Setup

The front-panel button labeled SET WORD calis up the
control menu for setting up the Word Recognizer Probe
operation. The RADIX choice permits the user to display
the selected word in either octal or hexadecimal. Under
the CLOCK selection, a choice of rising-edge clock,
falling-edge clock, and ASYNC (asynchronous) permits the
selection of either clock edge or ignoring the ciock for
determining the time that a data match will produce an
output trigger.

Pressing the SET BITS menu button calls up the TRIG
WORD control menu for setting the word to be recog-
nized. The trigger word is displayed in binary form (for
ease in setting the individual bits) and in either octal (six
digits) or hexadecimal (four digits) as selected under the
RADIX choice (for ease in user identification of the trigger

word). Digits containing don't care bits, {4} in the binary
word display are shown in the octal or hex word
representation as a question mark (7).

The binary trigger word bits are selected for setting
using the direction arrow menu buttons to position the cur-
sor, represented by an underscore beneath the bit to be
set. Once the cursor is positioned to the desired word bit
of to the qualifier bit, that bit may be set by pressing a 1,
{0, or X menu button. After a bit is set, the cursor automat-
ically advances to the next bit in the direction last selected
by an arrow button. The bit selection and arrow buttons
are repealing; they continue their function and rotate
through the bits as long as they are held down. Using the
repeating feature, all the word bits (or any portion of the
bits} may be set to ong, zero, or x. The specific bits for
change may then be selected by pressing the arrow keys
for one step at a time as necessary to align the cursor and
then pressing the correct bit button once.

ACCESSORIES

STANDARD ACCESSORIES

The following standard accessories are provided with
gach instrument,

Part Number

2 Probes, 10X, 1.3 meter,
with accessories 010-6131-01
1 Accessory pouch, snap 016-0692-00
1 Accessory pouch, ziploc 016-0537-00
1 Operators manual 070-4518-00
1 instrument interfacing guide 070-5705-00
1 User Reference guide 070-5497-00
1 Fuse, 5 A, 250 V, AGC/3AG 159-0014-00
1 Crt filter, blue plastic (installed) 378-0199-03
1 Crt filter, clear plastic 378-0208-00
1 Front cover 200-2742-00

RACKMOUNTING ACCESSORIES

The following accessories are available to rackmount
the instrument not configured as a 11 option.

Part Mumber

Rackmounting conversion kit 016-0825-00
Rackmounting rear-support kit

{(included in conversion kit) 016-0096-00
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OPTIONAL ACCESSORIES

The following optional accessories are recommended
for use with the 2430 Digital Oscilloscope.

Part Number
Service manual 0706-4917-00
Word Recognizer probe 010-6407-01
Oscilloscope cameras
C-5C Option 01 016-0357-01
C7 Option §3 with Option 3G 016-0799-01
SCOPE-MOBILE cart K212
Carrying strap 346-0058-00
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Appendix A provides the 2430 GPIB communication
protocol; including the definition and description of all com.-
mands, format and header structure, sfatus bytes, and
interface specifications.

The GPIB commands control the instrument operating
mode, query the results of measurements made, query the
state of the oscilloscope, and send or receive waveform
data. Commands sent must have the proper syntax to be
understood, but the format is flexible in that many abbrevi.
ated variations are acceptable as long as they are unam-
biguous.

COMMAND FORMAT

The 2430 commands follow the conventions established
iy the Tektronix GPIB Codes and Format Standards. Com-
mands are specified in mnemonics similar to the name of
the front-panel control that performs the identical function
as the command. That likeness, plus the siandard syntax
of the cormmands, makes thelr use much easier in writing
systern programs to control the 2430.

The special characters in the 2430 character set that
are avallable to the programmer, for use in command
strings and messages fo be displayed, include underlined
alphanumeric characters and scientific symbols. These
special characters are accessed using a backsiash {™\")
before the ascii code character normally found in a stand-
ard ascil chart. Carriage returns, line feeds, and tabs may
all be used as formatting characters to improve the reada-
bility of command sequences. Figure A-1 Hlustraies the
complete 2430 character set.

COMMAND STRUCTURE

The 2430 command structure is formed from a header
followed by a main argument and then link arguments 0
implement a command string.

Example:

CH1 COUPLING:AC

Appendix A—2430 Operators

TERFACE

The Header is CH1, and COUPLING:AC is an argument
list made up of the main argument “COUPLING” and the
link argument “"AC."

in the command cescription tables, A-2 through A-12,
Headers, Argumenis, and Link Arguments are listed in
uppercase and lowercase character combinations, The
instrumsnt will accept any abbreviated Header or Argu-
ment which contains at least the characters indicated in
uppercase. Lowercase command characiers added for
readability are normalized to uppercase by the 2430 before
interpretation. However, any characters added o the
uppercase short form must be those characters shown in
lowercase.

For a “query,” a question mark (?) must follow the
Header. Any of these example query formats is accept-
able:

Example:

YiMO? VMOd? ViMOde?

Al commands may be gueried to any argument level,
except the lowest, by attaching a question mark (7} tc the
Header, An argument may be attached to a query for
specifying at which level it should respond. Howsver, if the
compiete command path is used down to the lowest argu-
ment, the query will be ignored and an error SRQ will be
issued.

Examples of good queries:

CH1? COUpling
CURSOR? VPOS:ONE

Examples of bad queries:

VMOde? GH1:0ON
ATRigger? SOUrce:CHI
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Cuery only arguments need to be explicitly queried to
receive the wanted information.

Example: ACQuire? by itself does not return the
number of acquisitions made. The guery command sent
must be:

ACQuire? NUMACq

o receive the number of acquisitions.

HEADERS

A Header represents a major logical grouping of control
functions used in the instrumeant, such as CHi, TRIGGER,
and HORIZONTAL, All GPIB commands are composed of
at keast a Header that by itself may meet the requirements
for a GPIB command 1o the 2430. An example of a com-
mand formed by a single Header is "MANig.”

ARGUMENTS

Some commands require arguments with the Headers
io describe the exact fask to be performed. The Header
must be followed by at least one space before the first
argument.

Example:

BWLimit TWEnty
Header Argument

If a second argumsnt is vequired, a coion must separate
the two arguments,
Example:
CH1 VOLEs 10
ATRigger MODs 1 AUTOLEVEL
In Header with muitiple arguments, the argumernts must
be separated by commas.

Example:

CH1 ¥OLis:10 |, COUpling:DC , POSRIoN:1.2
YMOde CH1T:0FF , CH2:ON |, ADD:ON
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COMMAND SEPARATOR

if multiple commands are put in one message, each
individual command must be separated with a semicolon.

Example:

CH1 VOLTS:10,COUPLING:DC,POSITION:1.2 ;
YMODE CH1:0FF CH2:0N ADD:ON

NUMERIC ARGUMENTS

Nurneric arguments in the command set may contain
both signed and unsigned numbers, with the unsigned
value being interpreted as positive. Numbers returned as
the resuit of a guery will always be the form specified in
the command. Table A-1 illustrates the number formats for
numeric arguments in the GPIB command set.

Table A-1

MNumeric Argument Format for Commands

Symbol of
Mumeric
Argurnent Number Format Examples
<MNR1x integers +1,2, =1, —10
< NRZ2> Explicit Decimal 3.2, +51,1.2
Points
<NMR3> Floating Point In +1.36E--2, 1E+2,
Scientific Notation 1E-2, 1.0284+3

MOTE

All sclentific notation numbers having the exponentiaf
“EY nugt have a plus sign preceding the positive
exponents, just as the minus sign must precede the
negative sxponents.

GPIB TABLES

Of the following tables, A-2 through A-14 describe all
GPIB commands available for the 2430, including those
relating to options. Table A-15 describes the GRIB inter-
face specifications, Table A-16 defines the 2430 siatus
byies, and Table A-17 defines the Event Codes sent in
answer to an EVEn? guery.
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The first column #ists the name {or header) of a com-
mand. The second column lists the arguments that can be
associated with a command. The third column lists any
further “link” arguments associated with the first argu-
ment. And finally, descriptions of each command and its
arguments are contained in the last column.

The capitalized letters must always be present to iden-
tify the command, while those shown in lowercase are
optional. The Command format is as follows:

COMMAND ARGUMENT:LINK1:LINK2

When making command queries, one or more argu-
ments, separated by commas, may be given 1o request
only the information wanted.

Example:

CH17 COUpling,V ARiable

This gquery retums only the coupling and variable infor-
mation about the CH1 setup.

A-4

instrument commands, divided into functional groups,
are presented in the following tables:

Table Command Group Page
A2 Vertical Commands A-5

A-3 Trigger Commands A-7

A4 Horizontal Commands A-11
A5 Acquisition Commands A-13
A-B Save and Saversf Commands A-14
AT Cursor Commands A-18
AB Display Commands A-18
A-9 Miscellaneous Commands A-20
A-10 Service Heguest Commands A-21
A1t Waveform Commands A-23
A2 Waveform Preamble Felds A-24
A-13 Waveform Data Commands A-27
A-14 Calibration and Diagnostic Commands A28
A-15 GPIB Interface Specifications A-29
A-16 Status Bytes A-30
A7 Event Codes A32
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Table A-2

Yertical Commands

Header

Argument

Link Argument

Description

CH1 {or CH2)

VQOLis

VARiable

POSition

COUpling

FiFty

INVert

<NR3>

<NR3>

<NRB3>

AC
DC
GND

[ON]
OFF

[ON]
OFF

Sets the “screen” VOLTS/DWV in a 1-2-5 sequence to the
value of the argument. The screen VOLTS/DIV takes
attached probes into account. For example, sending a 50
Vidiv setting in over the bus while a 100X probe is
attached will result in setting the actual hardware gain to
0.5 Vidiv. <<NR3> will be rounded and limited 1o a legal
hardware sstting. W EXW is on and rounding or limiting
oceurs, & warning SRQ will be issued.

Live expansion of non-Average waveforms is not allowed.
A command to change to 1 mVY, 500 pV and 200 pV will be
rejecied unless acquiring in Average mode. Also, if
expanding in SAVE mode with VOLTS/DIV setting less
than 2 mV, it will be reset to 2 mV when ACQUIRE is
selected. Each of these events causes a warning SRQ to
be issued i EXW is on.

<NR3> will range from O to 100 with a resolution of
(3.125. Zero is fully calibrated and 100 is fully uncalibrated.
<NR3> will be iimited to legal values, and if EXW is on,
a warning SRQ will be issued. This is not a calibrated
feature and is meant to be used as a reference only.

0.01 and will set the position of ground (in divisions) with
“0" being cerder screen. If < NR3>> is limited to the valid
range, and EXW is on, a warning SBQ will be issued.

An SRQ wilt be issued whenever a 50 @ overoad is
detected if INR is on. f EXR is on, an arror SRQ will be
issued if an attemnpt is made to set the COUpling to FiFtly
with an overtoad still present. if coupling is AC and FIFty is
turned on, COUpling will be set to DC. Similarly, if FIFty is
on and COUpling is then set to AC, FiFty will be turned
off.

PROba?

CH1
CH2
EXT1
EXTZ2

Query only. Wil return the probe valug attached to the
indicated input BNC connector. The values can be: 1, 10,
100, or 1000.

BWLImit

TWeEnty
FiFty
FULY
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Table A-2 {cont)

Header Argument Link Argument Description
VMOde CHI1 [ONj
OFF
CH2 [OM]
OFF
ADD [GN] ADD and MULT are mutually exclusive. The selection of
OFF ong causes the other to be turnad off.
MULY FON]
OFF
DiSplay XY
YT
Examples:
CH17 VOLTS - CH1 VOLTS:5.0E—1;
CH1? - CH1 VOLTS:5.0E -1 VARIABLE:5.9E +1,POSITION:6.34,
COUPLING:.AC,FIFTY:OFF INVERT: OFF;
VMODE? - VMODE CH1:0ON,CHZ.OFF ADD:OFF, MULT.ON,DISPLAY: YT,
CH1? VOL CH1 VOLTS:5.0E--3;
PRO? -+ PROBE CH1:1,CH2:10,EXT1:10,EXT2:1;

A-G



Appendix A--2430 Operators

Table A-3
Trigger Commands

Header Argument Link Argument Description
ATRigger MODe AUTOLevel Sending an AUTOLevel command whie AUTOLevel is
selected forces a recalculation of the trigger level.
AUTo AUTO switches to ROLL at SEC/DIV settings of 100 ms
and slower. '
NORmal
SGlseq A single sequence is started by issuing the RUN
ACQUIRE command. An SRQ will be issued when the
transition to SAVE is made if OPC is on. This is the way
{0 do a hold next.
S0Urce CH1 For any SOUrce selection, if LOGsrc is WORd, then
CH2 LOGsrc is set to OFF, and a waming SRQ is issued if
LiNe EXW is ON.
VERtical
EXT1
EXT2
1. 0Gsrc WORd If WORD is selected and the word probe is not present, a
AB warning SRQ will be issued if EXW is on, and LOGsrc will
OFF change to OFF. Likewise, if WORD is currently active and
the probe is disconnected, the same SRQ will be issued
and the source will change to VERT.

COUpling AL Choosing the TV selection turns on the Video Option using

DC the coupling choices in the SETTv command. An SRQ is

LFRgj issuad if the Video Option is not present and EXR is on.

HFRej

NOlserej TV coupling and A.BMWORD logical sources are incompati-

TV ble. Selecting TV coupling forces LOGsre to OFF; selecting
any LOGsre argument forces CCUpling to DC. if either is
done, a warning SRQ will be issued if EXW is on.

LEVel <NR3> Level is set in volts with no range limitations, but the
actual effective ievel (which is based on the current trigger
source) is limited to + 18 divisions in CH1 and CH2 and
+9 divisions otherwise. This allows the user to set, abso-
lutely, the trigger level of interest and et the instrument
determine what its hardware can supply at any given
VOLTS/DIV setting. For purposes of LEVel, line SOUrce is
considered to be 20 V per division.

SLOpe PlLUs

MINUs
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Tabie A-3 {cont}

Header

Argument

Link Argument

Description

ATRigger
{cont)

POSition

HOLdoft

ABSElect

MiNImum

MAXimum

STATE

CLRstate

<NR1>

<<NR3>

Sets number of data points which will be acquired prior to
the trigger with {1023 [NR1+32]) points acquired after the
trigger. <<NR1> can range from 1 to 31, with T meaning
32 pretrigger and 991 post-trigger points and 31 meaning
992 pretrigger and 31 post-irigger points. if necessary,
<NR1> will be limited to the nearest legal setting and, if
EXW is on, a warning SRQ will be issued.

«<NR3> is seitable with a resolution of 1/16 in the range
0 to 100, with 0 bsing the minimum holdoff (one screen)
and 100 representing the maximum., Numbers outside
these limits will be set equal to the value of the closest
boundary and, if EXW is on, an SRQ will be issued.

Holdoff will always change to the minimum value on an A
SEC/DIV change.

Selects which trigger level the Trigger LEVEL pot controls.
It also controls which trigger status is displayed on screen
and on the front-panel Trigger Status indicators.

Guery only. Returns the current minimum level of the A
Trigger channel in volis. Dala is cnly valid in AUTO LEVEL
and immediately following completion of an auto-level
cycle. An auto-level cycle is forced by sending in the com-
mang: ATRigger MODe:AUTOLevel while the mode is
already AUTOLevel.

Query only. Returns the current maximum level of the A
Trigger channet in volts. Data is only valid in AUTO LEVEL
and immediately following completion of an auio-level
cycle.

Query only. Shows the most “advanced'’ state the trigger
system has reached since the last CLRstate command.
These are the responses (in order of least to most
advanced state): ARMED, READY, ATRIG, RTRIG, SAVE.

Command only. Resets the trigger-siate variable to
“ARMed.”

Examples:
ATR?

ATRIG? MODE
ATR? HOL
SETWORD?

ATRIGGER MODE:AUTO,SOURCE:CH1, LOGSRC:WORD,COUPLING: AC,
LEVEL:2.06& 4 1,SLOPE:PLUS,POSITION: 18, HOLDOFF:5.5E+1,ABSELECT . A;

ATR MOD:AUTOL;

ATRIGGER HOLDOFF:3.5E+1;
SETWORD RADICHEX, CLOCK:ASYNC, WORD: #Y11000XX1100110011;
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Table A-3 (cont)

Header

Argument

Link Argument

Description

BTRigger

MODe

EXTCOLK

S0Urce

CCUpling

LEVel

SLOpe

POSition

RUNSAf
TRigaft

[ON]
OFF

CH1
CH2
WORd
YERtical
EXTi
EXT2

AC

oC
LFRej
HFRef
NOIsergj

<NR3>

PLUs
MIiNUs

<NR1>

See ATRigger LEVe! comments.

See ATRigger POSition comments.,

SETTv

1C0upling

NiCoupling

INTERiaced

TVClamp

FLD1
FLD2
ALT
Tviine

FLD1
Tviine

{ON]
OFF

Shows the type of display when the video signal applied is
an interlaced signal.

if any SETTv selections are made and the Video option is
not present, an SRQ wili be issued, i EXR is on, and the
command ignored.

Shows the type of display when the video signal applied is
a noninterlaced signal.

Query only. Returns “ON” if the Video Option detects that
the applied video signal is interiaced and "OFF” if it
detects that the signal is noninteriaced.
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Appendix A—-2430 Operators

Tabie A-3 (cont)

Header Argument Link Argument Description

SETTv TVLine <NR1> << NR1> gives the #ine number to be iriggered on in the

(cont) selected field (selected in the COUPLING command).
<:NR1> can range from 1 to the current maximum
number of ines for the field (in ALT, the field will be FLLD2).
if outside this range, a warning SRQ will be issued (if EXW
is on) when TV Trigger is selected.

LCNTStar PREfd Line count begins three fines before the field-sync pulse.
This is the SYSTEM-M selection that will be made in the
Extended Functions menu from the front panel.

ATFId Line count begins at the sync pulse (non-SYSTEM M).

SYNc PLUs Shows direction of the sync pulse relative to the baseline.

MINUs
SETWord RADix oCcT Shows which numbering scheme will be used in the
HEX display.
Cl.Ock ASYnc
FAL!
RiSe

WORd < asCi <zasci binary data> will be a #Y or #y followed by 17

binary characters, each one representing a bit in the trigger word

data> plus the qualifier bit (the MS bit). The characters can be 0,
1, X, or x. Spaces will be ignored, but any other charac-
ters will cause an error to be generated. If an error
oceurs, the command will be ignored, and an SRQ will be
sent if EXR is on.

PRObe Query only. Returns "“ON" if the word probe is attached or
“OFF" either if the probe is not connected or if the probe
register bit that is checked to confirrn attachment has not
been set 1o the correct state {a defect).

MANtrig Command only. If the 2430 is in the READY state (as an
ATR? state query), meaning that the pretrigger data has
been acquired, this command forces a trigger.

EXTGain EXT1 DIV

DiVs

EXT2 Divi

DIVS

A-10



Appendix A-—2430 Operators

Tabie A-4

Horizontal Commands

Header

Argument

Link Argument

Degcription

HORizontal

MODe

P(OSition

ASEcdiv

BSEcdiv

EXTExp

ASWeep
AlNtD
BSWeep

<NR3>

<NR3>

<NR3>>

<NH1>

if in ROLL mode (AUTO trigger at slow SEC/DIV settings},
selecting AINtb or BSWeep causes A TRIG mode to
become NORM. If EXW is on, a warning SRQ will be
issued.

Position will move point <NR3> of the waveform(s) to
the center of the display. In order to account for expanded
sweeps, the range for <NR3> will be from 0 to 1023
with a resolution of 0.01. ¥ <NR3> requires rounding or
limiting, a warning SRQ will be issued i EXW is on,

<<NR3> can range from 5E—9 t0 5 in the standard 1-2-5
sequence. If <NR3> does not match a valid SEC/DIV
setting, it will be set to the closest valid setting. If rounding
or limiting is required, and EXW is on, an SRQ will be
issued. if the A sweep is set faster than the B sweep, they
will lock with an SRQ being sent if EXW is on.

<NH3> range i3 the same as for ASEcdiv. The B
SEC/DIV setting can be set whether being used or not. f
an atternpt is made to set B slower than the A SEC/DIV
setfing, it will be set equal to A, and an SRQ will be issued
if EXW s on. During subsequent changes in the A
SEC/DIV setting, the B SEC/DIV setting will be locked to
the A SEC/DIV setting.

<NR1> c¢an be any of the following: 1, 2, 5, 10, 20, 50,
or 100 and shows the expansion factor to be applied to
any externally clocked A waveform in SAVE. The expan-
sion factor is reset to 1 if not in SAVE mode or not work-
ing with externally clocked waveforms. Any <NR1>
entered will be rounded and limited to one of the legal
values and, if EXW is on, an SRQ will be issued.
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Appendix A—2430 Operators

Tabile A-4 {cont)

Header Argument Link Argument Description

DLYTime DELia fON]
OFF

DLY1 <NR3> DLY1 is set to <NR3> seconds with the range and

DLYZ2 <NR3> effective resolution depending on the SEC/DIV setting.

Both delays can be set at any time. With DELTa OFF,

only BLY1 will be used. DLY?2 sets the second delay rela-

tive to the first (it is the difference between the two). If the

time base is being externally clocked, 1 sec/sample will be

used to set the delay time. Delay time essentially becomes

delay-by-events in external clock mode.

DLYEvis MGDe [ON]
OFF

VAlLue <NR1> <MNR1> ranges from 1 to 65536 (2'8) and shows the

number of events by which the A record trigger will be

delayed. 1t will be limited to match a legitimate value. If lim-

iting occurs and EXW is on, a warning SRQ will be issued.

Command (queried) examples:

HORIZONTAL?
HOR? POS
DLYTIME?
DLYE?

A-12
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A d

-

HOR MOD:ASW,POS:5.11E+ 2, ASE:2E—4,BSE: 1E+5,EXTE: 1;

HOR POS:521E+2;

DLYTIME DELTA:ON,DLY1:5.3E—7,DLY2:2.7E+2;
DLYEVTS MODE:OFF VALUE: 23451;



Appendix A-—2430 Operators

Table A-8
Acguisition Commands

Header Argument Link Argument Description
ACQuire MCDe NGRmal if set to AVG in DLYTime with DELta set to ON, only
ENY delay 1 will be displayed, and a warning SRQ will be
AVG Es§ued if EXW is on.
REPet [ON]
OFF
ERAse Command only. Causes the acquisition sequence currently
running to restart similarly to a single-sequence reset.
NUMEny <NR1> <NR1> is the number of envelope sweeps done before
CONT resetting. 1t is setiable {o one of the following: 1, 2, 4, §,
16, 32, 64, 128, or 256. if it does not maich, the value will
be rounded to coincide with one of the above and an SRQ
will be issued H EXW is on. The number of envelopes is
ignored in BOLL Mode.
NUMAVg <MNR1> <NR1> is the number of sweeps averaged before start-
ing over. it is settable to any of these: 2, 4, 8, 16, 32, 64,
128, or 258 (handled similarly to NUMERv},
SAVDel fON] An OPC SRQ will be issued when the instrument has
OFF entered SAVE mode as a result of this command.
NUMACq Query only. It will indicate the number of acquisitions that
took place before SAVE was activated. An error will be
generated if the SAVDel function is not active with an
SRQ being sent if £EXR is on. An intermediate number will
be retumned if SAVE has not been entered yet. A controlier
must monitor OPC or the busy bit in the status byte to
know when SAVDsel has terminated.
Command {gueried) examples:
ACQ? MOD - ACQ MODIAVG;
ACQUIRE? - ACQUIRE MODE:AVG,REPET: OFF NUMENV:CONT NUMAVG: 32 SAVDEL:OFF;

ACQ? NUMACG

-

ACQUIRE NUMACQ:435;
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Appendix A—2430 Operators

Table A-6

Save and Saveref Commands

Header Argument Link Argument Description
RUN [ACQuire] The ACQuire argument will cause the 2430 to start an
SAVe acquisition. SAVe will cause an immediate {ransition to
SAVE mode.
SAVERef [STACK] Command only. if STACk is selected, an automatic refer-
REFt ence transfer is done. For the others, the waveform indi-
REF2 cated by the REFFRom pointer is put into the reference
REF3 memory indicated by the argument. ¥ the waveform
REF4 pointed to by REFFRom is invalid, an error SRQ will be
issued f EXR is on. Also, If the argument is REF4 and
REF4Role is sat to PANel, the command is ignored and an
error SRQ issued if EXR is ON.
REFFrom HEFT
REF2
REF3
REF4
CH1Del
CHZDel
ADDDel
MULTDel
CH1
CH2
ADD
MULT
REFDisp REF1 JON] Because of display memory limitations, just turning on a
OFF reference does not guarantee that it will be displayed. If
the reference is empty, an error results, and an SRQ is
issued if EXR is on.
EMPty The EMPty command will erase the contents of the
selected reference.
REF2 [ON]
OFF
EMPty
REF3 [ON]
OFF
EMPty
HEF4 [ON] if the argument is REF4 and REF4Role is set to PANel,
OFF the command is ignored and an error SRQ issued if EXR
EMPty is on.
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Appendix A-—2430 Dperators

Table A-8 {cont)

Header Argument Link Argument Description
.RQF:POS REF1 < NR1=> <NR1> ranges between 0 and 1023 with a resolution of
REF2 <NR1> 1 and labels the point on the reference that will be at
REF3 <:NR1=> center screen. In XY display mode, REF1 and REF2 hor-
REF4 <NR1:> izontal positions are “locked” (not independently select-
able}).
Examples:
REFD? REF1 - REFDISP REF1:EMPTY;
REFFROM? - REFF CH1;
RUN? - RUN SAV;
REFPOS? REFPOS REF1:512,REF2:614 REF3:37 REF4:981;
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Appendix A—2430 Operators

Table A-7

Cursor Commands

Header Argument Link Argumenis Description
CURSor FUNction VOLts V.T and SLOpe will place cursors only on the waveform
V.T selected using the TARget argument. There are no ABSO-
SLOpe lute cursors in SLOpe. If SLOpe is requested with ABSO-
TiMe lute cursors on, MODe will be changed to DELta, and a
ONE/Time warning SRQ will be issued if EXW is on.
OFF
TARget CH1 This command selects which waveform the user wouid like
CH2 the cursors to appear on. The target waveform needs to
ADD be displayed; if not, an error SRQ will be issued if EXR is
MULt on, and the current target will not change. Also, if the tar-
REF get is REF4 and REF4Rcle is set to PANel, the command
REF2 is ignored and an error SRQ issued if EXR is ON,
REF3
REF4
CH1iDel
CH2bel
ADDDel
MULTDel
UNIts TiMe BASe BASe units are SEC.
PERcent
DEGirees
SLOpe BASe BASe units are V/S.
PERcent
bB
VOL1is BASe BASe units are VOLTS.
PERcent
DB
REFVoits UNHs V
Vv
Div
VAlLue <NR3>
REFSlope XUNit SEC
CLKs
Vv
Vv
Div
YUNit vV
LAY
DIV

VAlLue << NR3>
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Appendix A—2430 Operators

Tabie A-7 (cont}

Header Argumeni Link Arguments Description
REFTime UNits SEC
CLKs
Value <<NR3>>
NEWRef Command only. Uses the current position of the cursors to
set up the new reference for making percentage, dB, and
degree measurements.
CURSor XPOs ONE < NR3>> The <NR3> argument will range over 5.1 divisions for
{cont) TWO <NR3> XPOs cursors and over 4.1 divisions for YPOs cursors,
both with a resolution of 0.01 {0 is center screen). Values
YPOs ONE <NR3> wil be limited and, if EXW is on, a warning SRQ will be
TWO <NR3> issued.
TPOs ONE <NR3> The <NR3> argument can range from 0 to 1023, with a
TWO <NR3> resolution of 0.01 and will determine where to put the cur-
sor specified in the first argument. <NR3> values will be
limited, and if EXW is on, a warning SEQ will be sent.
MODe DELta
ABSOlute
DiSplay VALue Query only. VALue will return the <NR3> number from
UNlts the cursor readout field of the display. UNlts will return the
symbolic “units” string associated with that <NR3>
VALue. H the cursor funciion is off, the units returned will
be "OFF.”
SELect ONE Command selects which cursor is the active one.
TWO

Command {gueried) examples:

CURSOR? XPOS:ONE =

CURSOR? FUN

CURS? UNITS
CURSOR?

-

-

—

CURSOR XPOS:ONE:4.02;
CURS FUN:SLO;
CURSOR UNITS:PERCENT,;

CURSOR FUNCTION:VOLTS, TARGET:MULT,
UNITS:SPECIAL,
REFVOLTS:UNITS:V,REFVOLTS: 2800,
REFSLOPE:UNITS:VV,REFSLOPE: 2500,
REFTIME:UNITS:SEC, REFTIME: 325,
XPOS:ONE:20.02, XPOS: TW0:3.23,
YPOS:ONE:3.0,YPOS: TW(:7.33,
TPOS:0ONE:530,TP0OS: TW0:5.35,
MODE:RELATIVE SELECT:ONE;
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Table A-8
Display Commands

Header Argument Link Argument Description
INTENSHyY DiSpiay <NR3= <NR3> for all the intensity conirols (DIS, REA, GRA,
and INTENS) will be a number from 0 to 100 with a resolu-
REAdout <NR3> tion of 0.25; O being off and 100 being the brightest,
< NA3> will be limited and, if EXW Is on, a warning SRQ
GRAt < NR3> will be issued. INTENS sets the intensity of the intensified
zone in A INTEN Horizontal Mode. ’
INTENS <NR3>
VECtors [ON] Determings whether the display is drawn using vectors
OFF (ON) or dots (OFF).
REAdout [ON] Turns all readout on the screen on or off.
OFF
MENuoff Command only. Clears the lower three lines of readout
and prevents updates from occurring with sach menu but-
ton push. A useful command for creating custom menus
{see MESsage command).
REF4Role PAMNel Defines what the REF4 memory is to be used for. if set to
REF4 REF4, the memory is used to hold a reference waveform,
and only one front panel SAVE/RECALL SETUP memory
is available. When set to PANel, the memory location is
used instead to provide four more front-panel setup
memories, and REF4 is considered 10 be permanentiy
ampty.
SETUp SAVE CME Command only. Causes the current front-panel setup to be
TWO saved in the selected memory. if REF4Role is REF4, only
THRee PANel ONE save memory is available; an argument to
FOUr SAVE into memories TWO through FlVe is ignored and an
Five error SRQ is issued if EXR is on. in order to determine
what has been saved in a particutar front-panel memory
location, the user can do a RECall and then a SET?.
RECall ONE Command only. Causes the setup in the selected memory
TWGO 1o become active. If an attempt is made to retrieve either
THRes an unset memory or PANels TWO through FiVe when
FOUr REF4Roll is REF4, an error SRQ is issued if EXR is on
Five and the command ignored.
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Appendix A—2430 Operators

Table A-8 {cont)

Header

Argument

Link Argument

Description

MESsage

< NR1>

CLRstate

“string”

<NR1> i5 settable in the range 1 to 16 and will desig-
nate which row in the readout the “string” will go {line 1 at
bottom of screen). <NR1> values will be fimited and, if
EXW is on, an SRQ will be issued. The string will be left
justified in the display and will be blank filled or truncated
to equal 40 characters.

Command only. Clears out all 16 lines of readout from the
2430 display.

NOTE

The fop two and bottom three lines of readout are used
extensively by the scope. Even though the front panel is
locked out (LOCKOUT ON), ramote changes can still
cause updates to rewrite any of the iop two or bottom
three fines. In addition, any of the following can cause an
overwrite {0 ocour:

{1} 50 2 overload

{2) word probe is disconnected while word-trigger source is
sefected.

(3} if cursors are on, line 14 is constantly overwritten.

. PLOt

STArR

REAdout

GRA?

PENIf

[ON]
OFF

[ON]
OFF

OPEn
CLOsed

Command only. When this command is decoded, the piot
is started using previously set or power-up parameters. No
comnmands of gueries are handled until the plot is com-
pleted. A DCL interface message will abort the plot. An
OFC SRQ will be issued when the plot completes,

Specifies relay polarity for the pen-up position,

Examples:

INTENSI? DISP
MESSAGE? 16

-

VAT

INTENSITY DISPLAY:5.0E+1;

MESSAGE 16:"CH1 =500\ V\~ A 500
31.2\VVERT™,
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Table A-9
Miscellansous Commands

Header

Argument

Link Argqument

Description

iD?

Returns the message "D TEK/2430, V811, <string>".
Option{s) present will extend ID string to show the
configuration. Example: ‘.., <string>,TVTRIG" The
< string> will be composed of the firmware release date,
the firmware version, and the waveform processor
firmware version. Example of <string>: "10-APR-85
V1.00/1.07

DEBug

[ON]
OFF

Command controls the debug option which displays incom-
ing symbols from a controller on the screen as they are
processed by the 2430. Each new message will clear the
text area before it is displayed. H an error occurs in the
message, an error message is shown, and the display is
frozen. Lower case characters are displayed as upper
case, and normal ascii characters, overlaid by special 2430
characters, are displayed as the special characters. The
message terminator is shown as a box character. Ascii
waveforms are displayed; binary ones are not.

HELp?

Query only. Will return a #ist of alt valid command headers
available to the user.

INEt

PANe!

GPIb

[BOTh]

Command only. Will cause the 2430 to go to a factory-
preset front-panel setup.

Command only. Causes all bus-unique comwands to be |
initialized 1o known states as follows: PATH ON; DEBUG
OFF; LONG ON; RQS ON; OPC ON; CER ON; EXW ON;
EXR ON; INR ON; DEVDEP ON; USER OFF; PID OFF,;
DATA ENCDG:RIBINARY, TARGET:REF1,
SOURCE:CH1; FASTXMIT OFF.1; START 256, STOP
512; LEVEL 0; WINDOW CH1. it also ciears the event
buffer,

Does both the PANel and GPIb initializations.

LONg

[ON]
OFF

Command determines whether a response to a query is
given with unabbreviated symbols {ON) or not.

SET?

Returns an ascii string that refiects the current instrument
state and can be retumed to the 2430 to recreate that
state. The LONg command will affect the SET? query.

L1Set

<binary
biock >

<<binary block> will consist of a low-level "readout” of
the instrument state which will be shorter in length than a
human readable version. The LLSet command is much
fater than the SET? query.

PATh

[ON]
OFF

When PATh is on, the full path name is returned for a
query response. If PATh is off, just the last item is sent.
For example, with PATh on, the query INTENSITY?
DISPLAY would return: “INTENSITY DISPLAY:10.5;".
With PATh off, just "10.5;" wouid be returned.

BELL

Command only. Rings the bell.
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Table A-10
Service Request Commands

Header Argument Link Argument Description
RQS [ON] RQS causes the 2430 to assert SRQ when it has an event
OFF to report.  this feature is turned off, events are still accu-
mulated as before and can be retrieved with an EVENT?
query.
OPC [ON] Enables SRQ upon the completion of a command. The
OFF 2430 will have several commands that will use the opera-
tion complete feature, including: SINGLE SEQ, SAVE ON
A, plot complete, and self-test complete.
CER [ON] if on, this mask will allow the 2430 to assert an SRQ
OFF whenever a command error is detected. Some examples
of command errors are syntax errors or invalid characters
in the input.
EXR [ON] if on, this mask will aliow the 2430 to assert an SRQ
OFF whenever an execution error is detected. Some examples
of execution errors are illegal characters sent to set up the
word trigger or trying to retrieve an unset front-panel recall
memory.
EXW FON] f on, this mask will allow the 2430 to assert an SRQ
OFF whenever a warning condition is detected. Some examples
of warning conditions are parameter rounding or limiting
and irying to set B SEC/DIV setting slower than the A
SEC/DIV setting.
iNR [ON] If on, this mask will allow the 2430 to assert an SRQ
OFF whenever an internal error is detected. An example of an
internal error is a self-test failure,
USEr [ON} Enables/disables an SRQ generated by a menu switch
OFF being pushed. Each switch will have a unique event code
associated with #, allowing a controller to create special
menus and react to user feedback. The USEr command
must be preceded by a MENuoff command (or a press of
the MENU OFF button) to tell the 2430 to ignore the bezel
buttons for its normal operation, An SRQ will not be sent
for normal scope menu displays.
DEVdep [ON] Enables/disables a device dependent SRQ such as one
OFF generated from a TRANSMIT or ABORT button push.
PiD {ON] Enables/disables an SRQ generated by a probe identify
OFF bution being pushed.
EVEnt? Returns the most recent event held by the 2430 or a O if

none exists. (See Table A-17 for EVERt codes.)
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Table A-10 (cont)

Link Argument

Description

Header Argument
FAStxmit <NR1>
DELta
NORmal
OFF

CH1
CH2
BOTh

CH1
CH2
80Th

Command only. Controls the fast transmit mode of the
2430. To use FAStxmit, it is necessary to set <NRi> to
the desired number of waveforms only in the first com-
mand tumning on the FASDamnit mode. <NR1> may be
set from 1 to 65535 and is retained until reset by com-
mand or initialized again. <NRi> is set o 1 both at
power-on and with the INIt GPib command. The next
argument of the command selects the waveforms of
interest; either DELta {for the delta delay waveforms in A
TIME mode) or NORmal {for either undelayed or main
delayed waveforms) with the appropriate link argument for
CH1, CH2, or BOTH. it is not necessary o sel <NR1>
on subsequent target waveform changes excapt 1o make
a change in the number of waveforms wanted. If only the
number of waveforms is to be changed, it is not necessary
to send the waveform target arguments. The last argu-
ment of either DELta or NORmal received is the active
waveform designator.

NOTE

If DELta waveforms are asked for and A TIME is not ON,
the asked for waveforms will never be acquired. If
waveforms are being acquired in ROLL mode, the
waveform transmission will not ocour untif SAVE mode is
ernfered, and <NR1> must be set to 1 because more

than one will not be acquired. If either of the above hap- -
pens, the 2430 GPIB wili “lock up,” and there is no way to

abort once <MTA> is received by the 2430, except
power-off on the 2430.

Untalk the 2430, send the command [line with terminator,
then make the 2430 a talker again to initiate the transfer.
Each subsequent transition from untalked {UNT) to talked
{MTA)} starts another sequence of <NR1> waveforms
being sent. All waveforms are sent in Codes and Formats
binary curve format, with the last binary byte of sequence
being terminated by a LF with EOf set.

Examptle for FAStxmit command:
Send to 2430 -
Repiy from 2430 -

{bin curve];[bin curvel;
{bin curve];(bin curve] LF<EOI>

To change number of FAStxmit waveforms:

Send to 2430 -
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<UNT> FAStimit 4 NOBmalCH1 <EOI> <MTA>

<UNT> FAStxmit 2 <EOI> <MTA>

NOTE
FAStxmit mode sends data in RIBINARY format regardiess of the ENCDG setting.



Table A-11

Waveform Commands

Header Argument Link Argument Description

WAVIrm? A WAVFRM? query will cause both WFMPRE? and
CURVE? queries to be generated for the waveform
specified by the DATA SOURCE pointer.

CURVe <wim data>> The CURVe command or guery is used to send or receive
just waveform data. The DATa SOUrce pointer shows
which data to send on a query, the DATa TARgst pointer
shows where to put data on a command, and the DATA
ENCDG pointer shows which format to send it in. <wfm
data> , as defined by Codes and Formats, can be either
ascii or binary format,

NOTE
The curve data sent is that which would go into a refer-
ence memory if SAVEREF were pressed.

DATa ENCdg ASCit At power-up, ENCdg is initialized to RIBinary. BPBinary is

RPBinary positive integer notation; RiBinary is {wos-complement,
RiBinary

TAHRgset REF1 Targets which reference memory will receive the next
REF2 CURVe sent to the 2430. If the argument is REF4 and
REF3 REF4Role is set to PANel, the command is ignorad and an
REF4 error SRQ issued if EXR is ON. At power-up the TARgst

is initialized to REF1.

S0Urce CHA1 Points 10 the wavelorm that a CURVa?, WFMpre?, or
CH2 WAVEmM? guery will return information on. If the waveform
ADD of interest is not valid (empty reference) an error will be
MULT returned when the information is reguested if EXR is on. If
REF1 the argument is REF4 and REF4Role is set to PANel, the
REF2 command is ignored and an error SAG issued If EXR is
REF3 ON. At power-up, S0Urce is initialized to CH1.
REF4
CHiDel
CH2Del
ADDDel
MULTDaf
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Table A-12
Waveform Preamble Fields

Header Argument

Link Argument

Description

WFMpre? Wkid

NR.Pt

PT.Fmt

XUNit

XINcr

“asch
string”’

1024

ENV

SEC
CiLKs

<NR3>

The WFID field in the WFMPRE is left undefined by Codes
and Formats to allow individual instruments the ability to
communicate information not included elsewhers in the
preamble. In the 2430 this section will include labeling
information 1o help the user remember key features about
the waveform and will include vertical mode, coupling,
VOLTS/DIV, SEC/DIV, and what the particular acguisition
mode was. The scaling information is the same as the
preamble but is given in scope "uniis.” See examples at
the end for the form of this argument. This argument will
be ignored if sent as a command.

During waveform input, the 2430 will always expect
waveforms with 1024 points. (All received waveforms are
placed In reference memory.) Waveforms received with
less than 1024 points will have the remainder filled with
the last data point sent. All waveforms output by the 2430
will contain 1024 points. This argument will be ignored if
sent as a command.

Point format defines how to interpret the curve data. Y for-
mat means that x information is implicit and the data
points sent are the y values. Each point will be sequential
in fime (older to younger).

Format used for envelope waveforms. The data is sent in
the form: yimax,yiminy2max.... Data sent to the 2430
with this format will be treated as an envelope waveform.

If the argument is SEC, the XINcr value has units of
seconds. If i is CLKs, the scaling is for EXTCLk.

<NR3>= will give the time interval between points (sam-
pling rate). It is calculated by assuming 50 pis/div and
dividing that into the sweep rate. it will range from
1.0E—-1 (5 sec/div) to 1.0E-10 (5 ns/div). <NR3> »B0
will be rounded and limited to match a legitimate SEC/DiV
setfing; and, if done, a warning SRQ will be Issued if EXW
is on. For a query response with an unknown sec/div (as
for EXTCLK), <<NR3>> will be setfo 1.

aDetault values for the wavetorm preamble wili not be sent or received, but they are needed when using the preamble information to
associate waveform scaling with the waveform data in the message. The defaults are:
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HEERD =0
YZERO — O
BiT/nt = 8

BYT/or — 1

CRVchk ~ CHEKsmO
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Table A-12 (cont)

Header Argument Link Argument Description
WrMpre PT.OfY <NR1> Shows the location of RTRIG within the waveform.
{cont} <NR1> can vary between 0 and 1023 in increments of
32. A number that does not fit the increments or limits will
be rounded and limited to match. If rounding or limiting
occurs, a warning SRQ will be issued if EXW is on.
0 means the trigger point is off the record to the left, and
1023 indicates that it is off the record to the right.
YUNit v Gives magnitude in volts when associated with YMUIL
vV
Div
YUl <NR3> This value gives the vertical “step” size ¢f the digitizer
{volts between poinis); computed from the VOLTS/DIV
setting by assuming 25 points per division vertically.
ENCdg ASCit Shows the encoding type that will be used on the next
BiNary CURVE query.
YOFt <NR3> YOFF locates the ground in digitizing levels relative to data
00. (i the YOFF is positive, then ground is below data 00.)
<NR3> can range from —2500 to 2500 with a resolution
of 0.25. Incoming values will be limited to this range; and,
should fimiting occur, a warning SRQ will be issued if EXW
is on.
BN.Fmt Ri Binary integer format wilt be used by the 2430. This is
essentiglly a two's complement representation with the
MSBE being interpreted as a sign bit. Digitized values being
output will range from 80 (—128) to 0 to 7F (+127).
RP Binary data will be treated as positive integers (0 to 255),

NOTE

The 2430 powers up expecting Rl binary data. If AP is to
be sent, first send a BN.Fmt command with RP as the
argument to change the 2430.

Wavelorms acquired in ROLL mode do not have a trigger point although the current irigger position will be sent. That trigger posi-
tion defines the waveform window capiured when a SAVE ON A gperation is done.
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Examples:
These are the fields and possible values for the WFID section of the preamble.

Channel CPLG YOLTS/DIV SEC/DIY STORE Mode
CH1 DC (0.2MV 5NS NORMAL
CH1DEL AC to to AVG
CH2 GND 5060V 58 ENV
CH2DEL UNK! UNCAL EXTCLK
ADD
ADDDEL
MULT
MULTDEL
REF1
REF2
REF3
REF4
Command {gueried)} examples:

WFMPRE? WFID > WFMPRE WFID:"CH1 DC 5MV UNCAL 200NS AVG";
WHFMPRE? WFID > WFMPRE WFID:"CH2 AC 2V 5MS NORMAL”;
WFMPRE? ENCDG - WFMPRE ENCDG:ASCH;

UNKnown-—CPLG (coupling) may be unknown when an ADD or MULY wavelorm has Siseimilar couplings on the input channels.
Likewise, a stored ADD or MULT reference waveform may have UNKnown coupling.
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Table A-13

Waveform Data Commands

Header

Argument

Link Argument

Description

STARt

<MNR1i>

NOTE

The DATa 50Urce variable shows which waveform will be
looked at for all measurement queries.

<NR1> varies between 1 and 1024 and sets the start of
the interval for the actual measurement gueries. STArt
must be less than STOp; if they are not of the proper size
relationship, they will be swapped. A warning SRQ will be
issued if <NR1> is outside the allowable range and
EXW is on.

STOp

< NR1>

<NR1i> sets the end of the interval for the waveform
measurement queries {see STAR1).

LEVel

< NR1 >

<MR1:> varies between --127 and 126 and sels the
vertical level for PCRoss and NCRoss,

MAXimum?

Query only. Retumns an <NR1> number, from —127 {0
126, which represents the maximum value of the acquired
waweform between STARt and STCp.

MiNimum?

Query only, Returns an <NF1> number, from —127 o
126, which represents the minimum value of the acquired
waveform between STARL and STOp.

UL AVG?

Query only. Returns an <NR3> number that represents
the average of the points between STARt and STOp.
<NR3> will vary from —128 {0 126, with —128 indicat-
ing that no valid points (- 127 to 1286) are in the requested
intarval.

PCRoss?

Query only. Returns an <NR1> number, from 0 10 1024,
that represents the first waveform point (in the interval of
STARt to STOp, but labeled from 1 to 1024) whose value
is at or above LEVel when the previous point was below
LEVel If there is no positive crossing point, a value of O s
retumed,

NCRoss?

Query only. Retumns an <NR1> number, from 0 to 1024,
that represents the first waveform point {in the interval of
STARt to STOp, but labeled from 1 to 1024) whose value
is at or below LEVel when the previous point was above
LEVel. if there is no negative crossing point, a value of O
is returned.
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Table A-14
Calibration and Diagnostic Commands

Header

Argument

Link Argument

Degcription

TESTType

SELFCal
SELFDiag
EXTCAI
EXTDiag

indicates which type of test will run upon receipt of an
EXEcute command.

TESTNum

<NR1>

<NR1> indicates the test number within the TESTType
{extended calibration or extended diagnostics) that is to be
run. if SELFCal or SELFDiag Is the TESTType, the
TESTNum will be reset to 0000 when an EXEcute com-
mand is received.

EXEcute

Command only. Causes the test selected by TESTNum to
execute. Any tests in the test hierarchy below the selected
number will all be run. An SRQ will be sent upon success-
ful completion of the test seguence if OPC is on. K a test
was unsuccessful, an SRQ will be issued if INR is ON and
the ERRor? query may then be used to return the test
status.

ERRor?

Query only. ERRor? returns a string of error numbers (up
1o nine) resulting from the last EXEcute command {or O if
no errors exist). Only those error numbers associated
with the same level in the test hierarchy as that of
TESTNum are returned. The exact test that failed in a
hierarchy is found by moving TESTNum to a lower level |
and rerunning the test and reissuing the ERRor? query
until the failure is isolated to a test at the lowest level.

STEp

Command only. Causes the current test to advance to the
next step in the sequence and begin execution of the new
step. An SRQ will be sent to indicate completion of the
step if OPC is on.

LOOp

CONt
FAl
PASs
ONE

Command only. Causes the next test executed torunin a
loop either until 2 HALY is received or the argument condi-
tion is met.

HALL

Command only. Stops any test being executed; specifically
used to stop a looping test.
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Table A-15 lists the GPIB subsets that the 2430 has in accordancs with the IEEE-488 specification.

Table A-15

2430 GPIB Interface Specification

Function Subset Note
Source Handshake SH1 Complete capability.
Accepter Handshake AT Complete capability.
Talker 5 Basic Talker, Sertal Poll, Talk Only, Unaddress if MLA,
Listener L3 Basic Listener, Listen Only, Unaddress if MTA.
Service Request SR Complete capability.
Remote/l.ocal RL1 Complete capability.
Parallel Poll PPO No capability.
Device Clear DECA Complete capability.
Device Trigger NDTO No capability.
Controlier GO No capability.
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Table A-16 defines the stalus byte codes sent over the GPIB by the 2430.

Table A-16
2430 Stajus Bytes

Title Binary® Decimat Priority
RQS Off RQS On RGS ROS
Off On
idie Busy idle Busy
{System:)
No Status To Report 000X 0000 0 16 0 16 g 1
Power On 010X 2001 1 17 65 81 2 9
Operation Complete OR1X 0010 2 18 66 82 2 3
User Reguest OR1X 0011 3 19 67 83 2 8
Command Error OR1X 0001 33 49 97 113 2 7
Execution Error QR1X 0010 34 50 98 114 2 6
internal Error OR1X 0011 35 51 99 115 2 5
Execution Warning OR1X 0101 37 53 101 117 2 4
(Device Dependent:)
Fatal Error 1R1X 0011 227 243 10
Transmit Request 1ROX 0011 131 147 185 211 2 8
Transmit Aborted 1R0X 100 132 148 196 212 2 8

Device Dependent Bit
RQS Bit
Error Bit
Busy Bit

a1 s set to 1 i the GPIB and RQS are on; otherwise, it is 0.
“X" is the busy bit and will be set if the 2430 is husy at the Hime the status byte is read. Any lime the 2430 is doing something for

which the OPC SRQ can be sent {calibration or self test, single sequence, SAVE on A, plotting), the bit will be sent true {1); other-
wise, twillbea 0.
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GPIB EVENT CODES

Table A-17 lists the possible event codes returned by
the 2430 as a reply fo an EVENI? query. if there is no
event o report on, the 2430 returns a zero.

Errors and warnings are broken into different types.
The response to errors in each typs differs. Warnings are
issued either by the 2430 or the operating system when
the user makes an error in entering & number of an event
happens that is not fatal but which the user may want to
know about. Mask status may be obtained using the
STATUS choice in the GPIB QUTPUT menu (see Figure
A-2).

1. Command Errors—Cause the input to be dumped fo
the next EO! or semicolon (). An SRQ is sent if CER
mask is ON.

2. Execution Errors—Inform the user that although a
valid command was sent, the 2430 could not axecuis it
An BRQ is sent if EXR mask is ON.

Appendix A-—2430 Operators

3. Internal Errors—Are the resuit of a self-calibration
failure or a 50 ohm overload of the vertical inputs. An SRQ
is sent if INR mask is ON.

4. System Events-—inform the user of certain operat-
ing events that have ocourred in the GPIB interface or the
2430,

5. Execution Warning-—Issued as & result of a user
entering an invalid or cut-or-range number in a command
or guery and when a nonfatal event occurs that the user
may wish to know about. Sends an SRQ when the EXW
mask is ON.

6. Device Dependent Error--A result of a waveform
being solicited or a waveform iransmission being aborted.
SRQA is sent when DEVDEP mask is ON.

7. Fatal Error—No masks.

CH év A dms .25V VERT]
CHz) 108my 1 )
E‘{} . . : ..
TADDR @ ROS ON PENDING
MODE T/L OPC_ON EVENTS
- TERM EOQI CER ON ;
Foid bpddid I}I.E"!KB.‘ON“" Izag;lil d
| FASTXMIT E£X4 ON
OFF INR ON
1 WFMS REQSTD PID OFF
b USER OFF
o DOURCE REF1 | PATH ON 1
TARGET REFS 1 LONG ON . | |
ENCDG [ASCIT | DEBUG DFF
BINWFM32438 RI DEVDEP| ON
4318-48

Figurs A-2. GPIB STATUS dispiay.
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Table A-17
2430 Event Codes
Event Code Event Description
Command Error Events-——CER Mask
108 Checksum error in CURVE transfers.
109 Count = 0 or EQI set on byte count.
151 Symbol or number 100 long.
152 invalid character or control character input.
153 EOI set on back slash.
164 Invalid number input.
155 EO! set on string character before ending quote.
156 Symbol not found.
157 Command or query argument is illegal in this syntax.
158 Character should be a colon (2).
159 Valid symbol, but not a legal header.
160 Character should be a comma {,), a semicolon (;}, or EOLL
161 Query argument stack overfiow.
162 Command only. May not be sent as a query.
163 Query only. May not be sent as a command.
164 EQI asserted before wavelorm was completed,
185 incorrect word string input.
168 Number expected on incoming ascii waveform.
167 Comma expected on incoming ascii waveform.
168 Incoming ascil waveform has more than 1024 data points.
169 {fisgal LL.5et string.
Exscution Error Evenizs—EXR Mask
203 /0 buffers full, output dumped.
250 Selected recall memory is unset.
251 Selected reference memory is emptly.
252 Waveform requested via GPIB is not valid or available.
253 Too many numbers were sent in (stack overflow).
254 Mo Video Option installed when SETTv commands issued vie GPIB.
255 Target selected for cursors is not displayed.
256 Clear overload condition before changing to 50-phm termination.
257 Waveform selected for reference source is not valid.
258 Use of REF4 memory incompatible with current setting of REF4Role.
Internal Errors-—IWR Mask
336 Cal execute command returns with FAINL. Must use ERR? guery to determing failure code.
KRR A Birohm overload occurred and the input Coupling switched to DC.
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Table A-17 {cont)

Event Code Event Description
System Events
401 2430 Power on {(no sub mask for this event).
450 Menu key #1 request (REM mask).
451 Menu key #2 request (REM mask).
452 Meanu key #3 request (REM mask).
453 Menu key #4 request (REM mask).
454 Menu key #5 request (REM mask).
455 CH 1 Probe identify (PID mask).
456 CH 2 Probe identify (PID mask).
457 EXT 1 Probe identify (PID mask]).
458 EXT 2 Probe identify (PID mask).
459 SRQ pending (no mask}. This is in lieu of last event if SRQ is pending.
461 Single Sequence has completed (OPC mask).
462 Transition to SAVE has occurred in SAVE ON A (OPC mask).
463 XY Plot has compieted (OPC mask).
454 Current Cal command or power-on self-check has finished execution {OPC mask}.
465 Current STEP command is done {OPC mask).
Execulion Wamning—EXW Mask
550 Only delay 1 will be displayed if in AVG,
551 Word Recognizer Probe is disconnected.
552 A and B SEC/DIV are locked together,
553 More than 1024 binary points were sent; excess discarded.
554 No ABSOlute cursors in SLOPE.
565 ATRlgger COUpling and LOGsre changed.
556 ATRigger 30Urce change forced LOGsrc to OFF.
557 No AVERAGE in ROLL. Acquisition mode or A Trigger mode changed.
558 Mo live vertical expansion unless averaging. Vertical gain changed.
560 YOLTS/DIV value requested was rounded or limited.
561 VARIABLE VOLTS/DIY value requested was limited.
562 Vertical POSITION value requested was limited.
564 Trigger HOLDOFF value requested was limited.
565 Horizontat POSITION value requested was limited. This event code is also used when Time Cursor
horizontal position is limited.
566 A or B SEC/DIV setting requested was rounded.
567 Delay by Events evenis number was limited.
568 Delay by Time delay value was limited.
569 Number of Envelopes requested was rounded.
570 Number of Averages requested was rounded.
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Table A-17 {cont)

Event Code Event Descripiion

Execulion Warning—EXW Mask (cont)

572 Cursor reference value requested was rounded.

573 Horizontal position value (XPOs) for cursors was limited.

574 Vertical position value {YPOs} for cursors was limited.

575 Intensity value requested was limited.

576 Line number of GPIB message was limited.

577 Setup memory number requested is invalid or unset.

578 The XINCR value was rounded or fimited.

579 The PTOFF value was rounded or limited,

581 Video Option line number requested was limited.

582 Trigger position number requested was limited,

583 An ascil data point was rounded to fit into 127 to —128.

584 Waveform data LEVel value requested for data queries was invalid.
585 Waveform data STArt or STOp number requested for data queries was outside range.
586 The YOFF value was fimited.

587 EXTExp value requested was limited,

Device Dependent Error—DEVDEP Mask

650 Waveform was reguested from front panel,
851 Waveform transmission was aborted from front panel.

Fatal Error—io Masks

750 Fatal error,
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EXTENDED FUNCTIONS

INTRODUCTION

The information in this section describes and defines
the performance of the 2430 EXTENDED FUNCTIONS.
Two types of EXTENDED FUNCTIONS are available for
the user: SYSTEM and CAL/DIAG. A third choice of
SPECIAL is used for special servicing only and performs
no user functions. The control menus found under SY5.
TEM are ones that are seldom used and, once set for the
system operation wanted, are not normally accessed.
Control menus for the internal calibration and diagnostics
are accessed using the CAL/DIAG menu selection. The
instrument system supports three levels of internal diag-
nostics; SELF DIAG, EXT DIAG, and service routines.
Calibration s in two levels; Self Calibration and Extended
Calibration.

SPECIAL

The menus choices undsr SPECIAL are normally dis-
abled. and if the SPECIAL button is pressed, the message
“DISABLED---SEE MANUAL” is displayed. If the functions
are snabled, pressing the SPECIAL choice of EXTENDED
FUMNCTING calls up the display “WARNING: SERVICE
ONLY —SEE MANUAL™ with the choice of COLD START
and FORCE DAC. Both choices are special diagnostics
functions that should not be called up the the user. COLD
START sgliminates all the previous calibration constanis.
After & COLD START, a partial re-calibration is required 10
raturn the instrument to its previous state. FORCE DAC
is a spacial diagnostic tool that permits the service techni-
cian 1o change the value of selected constants as an ald in
trouble shooting parts of the internal circuitry.

SYSTEM CONTROLS

Front-pane! Controls at Power-On

Under SYSTEM, the choice of how the front-panel con-
rols are set at power-on is selectad by the user as sither
LAST (the control settings at power-off) or INIT {a factory
setup of initialized front-panel settings). In general, power-
. ing up in INIT produces a simple setup with CH 1 only ON
;. for display in SAVE acquisition mode, and all special func-
tions (such as Delay by Events, Cursors, and Envelope or

Average acquisition) OFF. (The complete list of controls
and states of the INIT feature s found in Table C-16 of
APPENDIX C). The INIT PANEL menu selection found on
the front-panel SAVE/RECALL SETUP control menu pro-
duces exactly the same front-panel conditions as PWR ON
INIT.

Warning Bell

The BELL ONIQFF feature is self explanatory. With the
BELL ON, any warnings fo the user regarding system
operating errors {especially with the GPIB interface} can De
signaled by an audible tone.

Prefilter

The usual setting for the PREFLT menu choice is ON.
ts effect occurs only on interpolated data to reduce the
filter overshoot in the sinx/x interpolator seen when view-
ing fastuise and fast-fall signal. If viewing very narow
pulses, the user may wish to turn off the prefilter o elim-
inate s effscts.

Selecting Use of HEF4

Ther user has the choice under REF4 of sslecting either
1o use some available memory space as the location of
SAVEREF memory number 4 (REF} or t© use it 0 save
four additional fromi-pana! selups {PANEL). If used for
front-panet setups, the numbers 2 through 5 will appear in
the front-panet SAVE/RECALL SETUP menu when that
button is pressed. The mermory location for front-panel 1
is long-term nonvolatile storage space; for numbers 2
through 5, the storage is short-term nonvolatile memory
{three to five days).

TV System

Choice of operating the sync selection in Systam-M
protocol or nonsystam-M protocol is set using the TV 3YS
MINON-M menu buiton. Setting the choice for the wrong
protocol does not prevent TV Triggering, however the line
counter will not count the lines correctly. When System-M
is selected, the fine count beging three lines before the
fisld-sync pulse in encouniered. When nonsystemn-M is
selected, the line sount begins coincident with the fisid-
syne pulse.
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CALIBRATION/DIAGNOSTICS
DESCRIPTION

Selecting the bezel menu buiton under CAL/DIAG menu
label displays four choices; SELF CAL, EXT CAL, SELF
DIAG, and EXT DIAG.

internal Diagnostic Routines

The SELF DIAG and EXT DIAG routines are layered
into three levels for detecting and isolating system opsra-
tion faults. Fault detection is based on starting at the
lowest system level, the kemel, and then testing each
additional subsystem with the knowledge that previously
tested subsystems were good. When a subsystem fault is
detected by one of the diagnostics, it is isolated at that
subsystemn level. Additional testing then proceeds down-
ward through the remaining tests of that subsystem fo the
lowest testable level.

SELF DIAGNOSTICS. These are menu-driven tests,
automatically executed at power-on. The Self Diagnostics
test the functionality of all components that may be
controlled or accessed by the 2430 System uP. The Self
Diagnostics routines may also be accessed from the
instrument front-panel or by mean of the GPIB interface.
if all tests pass, the system invokes the SCOPE MODE.

POWER-ON/SELF DIAGNOSTICS TEST FANLURE. if
the Self Diagnostics tests fall, either at power-on or when
called by the user from the front panel, the "EXTENDED
DIAGNOSTICS” mode will be entered. The meanu
displayed in Extended Diagnostics permits the user to
determine which test(s) faited as a start in isolating the
fault to the problem area {see Table B-1). Fallure of a test
number from 8000 o 9300 does not necessarily indicate a
fatal instrument fault. An abnormal power-off or transient
power condition may have prevented the orderly shutdown
that normally saves the data needed to return the scope
10 the operating state present at power-off. A fallure of the
SELF DIAGNOSTICS will also ocour if the present tem-
perature of the scope is very different from the tempera-
iure during the last SELF CAL. In the last case, the stored
calibration constants may not permit accurale measure-
ments to be made.

At power-on, the 2430 checks the seif-calibration con-
stants, waveform data, waveform scaling factors, and
power-off front-panel control settings storad in the instru-
ment. Failure of g 6000 subset diagnostic fest indicates a
checksum failure of the stored data in the nonvolatile
RAM, If test 6100 fails, tests 6200 and 6300 in the subset
are not done. The causes of a failure in this area may be
non-fatal to continued instrument operation, and normat
{or near-normal) operation may be recoverad by the user.
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Loss of calibration constants (failure of CAL-
CONSTANTS test 6100) causes the instrument to do a

“COLD START" with the resulting replacement of alf cali- . o
bration constants by predetermined nominal values. After

a COLD START, all previously stored waveforms are
invalid (saveref memories will be marked “EMPTY" and
none of the VERTICAL MODE waveforms can be called
up for display untii valid data is obtained} and an INIT
PANEL is done to set all the front-panel controls and GPIB
states to their INIT values (see Table C-18 in Appendix C
for a complete list of INIT settings).

Continued scope operation after a COLD START is
obtained by first performing the SELF CAL procedure to
restore the automatic calibration constants. (Pressing the
up-arrow menu button shown in the EXTENDED DIAG-
NOSTICS menu retumns to the main CAL/DIAG menu with
the SELF CAL choice.) SELF CAL takes a little more time
to complete than normal after a COLD START. This is
because the nominal starting point values for the calcula-
tions are farther from the correct results than the previ-
ously calculated SELF CAL constants.

NOTE

DO NOT TURN THE 2430 OFF WHILE THE SELF
CAL ROUTINE 1S RUNNING. Turning off the power
prior to completion of SELF CAL will again invalidate
the instrument cafibration constants. The S8ELF CAL
routine must also be allowed to compiate before the
MENU  OFF/EXTENDED FUNCTIONS button is
pressed to obtain a valid calibration.

After SELF CAL has been done, the REPET cal in the
EXT CAL menu must alse be done if the scope is to be
operated in the REPET mode. The ATTEN and TRIGGER
choices {normally disabled io the user) in the EXTENDED
CAL menu are labeled “UNCALD” after the COLD
START. Pressing the MENL OFF/EXTENDED FUNC-
TIONS button returns the scope to the operating mode for
near-normal operation. The COLD START nominal calibra-
tion values supplied for the ATTEN and TRIGGER calibra-
tion permit normal measurements 1o be made, but with
slightly reduced vertical gain and trigger level readout
accuracy.

Replacament of the calculated ATTEN and TRIGGER
calibration constants by a GOLD START causes the scope
to enier the EXTENDED DIAGNOSTICS mode with the
"UNCALD" message displayed for each following power-
on. The ATTEN and TRIGGER choices in the EXTENDED
CAL menu will also be labeled UNCALD, These messages
are there to remind the user that the scope must be
referrad to a qualified service person o replace the nomi-
nal COLD START calibration constants with actual calcu-
lated values. External test equipment and access to inside

of the scope is reguired fo perform the EXTENDED CAL ;
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Loss of the stored power-off front-pane! settings (failure
of FP-LAST test 6200) causes the scope to do an INIT
PANEL on power-up (see Table C-16 in Appendix C for
; the INIT settings). Recovery of normal operation is done
by pressing MENU OFF/EXTENDED FUNCTIONS to exit
EXTENDED DIAGNOSTICS and resetting the front-panel
controls to the required settings for the measurement to
be made. The “FAIL” condition for test 6200 will be reset
to PASS and the scope will not enter EXTENDED DIAG-
NOSTICS on the next power-up if permanent failure of the
memaory has not occurred,

Loss of the waveform scaling factors (faiiure of WFM-
HEADERS iesi 6300) causes all waveforms to be invalid.
On powsr-on, invalid waveforms are turned off and not
permitted to be called up for display and saveref memories
are marked "EMPTY.” Exiting EXTENDED DIAGNOSTICS
by pressing the MENU OFF/EXTENDED FUNCTIONS but-
ton then pressing ACQUIRE to obtain valid waveform data
permits continuad normal aperation of the scope.

Loss of individuai waveforms from the SAVE memory, a
short-term nonvolatile RAM, will not cause a power-up
test failure. Such & loss can occur if the scope is in the
middie of acquiring when the power is turned off or if the
scope remains off beyond the nonwvolatie time fimit of the
SAVE RAM ({three to five days without powsring on the
scope). The user is notified of this loss by replacing the
invalid waveform({s) with a horizontal line broken by full-
screen fill areas (broken fine of dois with vectors off). Sim-
ply acquiring new waveform data in any affected memory
restores the display to normal. i saversf memory REF4
has been set to stors front-panels rather than the fourth
referance waveform, those front-pansl setups in RECALL
SETUP locations 2-5 may be lost by a long-term power
off. An attempt to recall an invalid front-panal setting will
ring the warning bell, and no changes to the currant front-
pangl| settings will be made. Mew front-panel setups have
10 he savaed 10 raplace the ones lost,

Failure of diagnostic tests numbers 7000 through 9300
may indicate that instrument calibration is invalid at the
present temperature. If that condition occurs, the instru-
ment will enter the EXTENDED DIAGNOSTICS moeds, and
an “UNCALD" message wil then be displayed. Such a
non-fatal condition might axist if the last SelLF CAL was
dong at an operating temperature thai is very different
than the present temperature of the scope. In this case,
the power-on self diagnostics dstect that the stored cali-
bration constanis may not permit accurate measurements
to be made. Recovery is made by allowing the instrument
to warm up (CMOT WARMED UP" message not displayed
in the main CAL/DAG menu) and running the SELF CAL
procedurs to recalculate the calibration constants.
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A diagnostic test number of 7000-2300 that continues
to fail diagnostics after SELF CAL is done indicates that
some condition exists that prevents correct operation. The
scope may stifl be operational for iimited use, depending
on the nature of the failure. For exampile, # the failure is in
the CH 2 side only, CH 1 may still be used for making
measurements with confidence that the required vertical
accuracy is available. Exit the Extended Diagnostics mode
by pressing the MENU OFF/EXTENDED FUNCTIONS but-
ton o operate the scope.

When Self Diagnostics is called via the GPIB, comple-
tion and/or failure will cause an SRQ io be issued by the
instrument. The status bytes raturned on a poli indicate a
successful completion or fallure of the Self Diagnostics
sequence. Errors can then be queried via the GPIB and
traced io the lowest level of the Exiended Diagnostics in
the same manner as from the front-panel. Failure of Self
Diagnostics when run from the GPIB does not put the
instrument into the Extended Diagnostics ment.

EXTENDED DIAGNOSTIOS. Any of the Self Diagnos-
tics tests may be accessed either individually or in salectad
groups using the EXT DIAG control menu. The tests use
internal feedback and the digitizing capabilities of the
instrument to minimize the nead for applying external sig-
nals or using external test equipment to troubleshoot.
Testing of a failed area down to the lowest functional level
possible (in some cases to the failed component) provides
direction for further froublashooting with service routines
andfor conventional matheds. Troubleshooting a failure of
the 2430 may be based on assumptions made possible by
running selected tests o verify good circuit blocks, thereby
siiminating thosa blocks from consideration as a failed
area.

SERVICE ROUTINES. The Sarvice Routines are menu,
GPIB interface, or jumpser initiated routines for axercising
the hardware, usually in a looping test, that allow a service
person (o froubleshoot a fault in the 2430 using external
testing and measuring equipment,  Where possible, the
Exiended Diagnostics routines are used for looping to
parmit  access to them from  both the front-panel
EXTENDED FUNCTIONS menu and the GPIB interface.

Use of these routines provide service persornst with-
signals and procedures fo enable fault isolation and for
rastoring an instrument o a functional level that is sup-
ported by the Extended Diagnostics and/or other Service
Foutines.

Programmad  routines  that  systermatically  exsrcise
spagific firmware or hardware functions may be imple.
merted via the GPIB interface. This enhances ou-
bleshocting performance by providing a comprehansive
ool for instrument troubleshooting using controfler pro-
aramming.
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internal Calibration Routines

The instrument system supports two levels of Internal
Calibration routines: SELF CAL and EXT CAL. These rou-
tings calibrate the analog subsystems of the 2430 to meet
specified performance requiremenis. Any detected faulls
in the control system and/or in the self-calibrating
hardware are reported by a ‘FAIL" message displayed
with the label of the failed area.

SELF CALIBRATION. Seif Calibration may be started
from the front-panel using the EXTENDED FUNCTIONS
menu or by the GPIB routines for automatically calibrating
the analog systems within the 2430 instrument. Self
Calibration routines calibrate the major portion of the
analog system of the 2430 in about 10 seconds. A Self
Cdlibration may be performed by the user at any time.
Important times are after the instrument has warmed up, if
the ambient operating temperature changes by a
significant amount since the last Self Calibration, and just
prior to making a measurement that requires the highest
possible level of accuracy.

NOTE

The Extended calibration feature is normally dis-
abled, and the scope must be referred to a qualified
service person to complete the calibration pro-
cedures.

EXTENDED CALIBRATION. The Extended Calibration
steps provide the additional routines beyond Self Calibra-
tion that require user interaction. The steps require the
application of standard voltages to the vertical inputs fo
calibrate the Attenuators and to the external trigger inputs
to calibrate the Trigger ampilifiers.

Attempting to use the Extended Calibration features
without having the correct standard voltage levels avail-
able for the Attenuator and Trigger calibration will cause
the “FAIL” message to appear above the menu label of
the failed areas. However, in the event of a failed attempt,
the previous calibration constants will not be overwritten,
and the instrument will remain in its previous state of cali-
bration. Also to warn the user that a calibration attempt
has failed, the message “UNCALD" will appear in the
EXTENDED DIAGNOSTICS menu, and the instrument will
anter the EXTENDED DIAGNOSTICS mode at each
power-on.

The FAIL message will also be displayed as the result
of an actual hardware fallure. mnstruments displaying a
FAIL message should be referred to a qualified service
person for any necessary servicing if a correct cafibration
attempt does not pass.
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CALIBRATION/DIAGNOSTICS OPERATION

All the 2430 calibration and diagnostic routines are

accessible through the EXTENDED FUNCTIONS menu -

and via the GPIB. The EXTENDED FUNCTIONS menu is
selected by the MENU/EXTENDED FUNCTIONS button
when no other menus are displayed. Pressing the bezel
button under the CAL/DIAG menu choice that appears
produces the following menu display:

< slatus> < status> < sfatus>>  <warm-up>
SELF EXT SELF EXT
CAL CAL DIAG DIAG

<zstatus>> indicates the most current result of the test
or calibration.

For calibration < status> can be:

UNCALD instrument has not been calibrated
FAIL hardware errors were detected
during calibration (calibration

may not be valid)

the instrument was successfully
calibrated

PASS

For diagnostics < status> can be:

{blank) test has not been executed
FAIL test failed on iast attempt
PASS test passed on last attempt

< warm-up> is the warning “NOT WARMED UP” which is
dispiayed for approximately ten minutes after power-on.
Calibrating the instrument during this period is not recom-
mended.

NOTE

The NOT WARMED UP message is displayed after
every power-on for the ten minute period, even if the
scope is turned off and then right back on. In this
case, calibration may be performed as soon as the
instrument has stabifized after power-on.

Self Calibration

A complete Self Calibration of the instrument is exe-
cuted when SELF CAL is pressed. If no errors are
detected during the calibration sequence, the PASS mes-
sage is displayed above SELF CAL and the instrument is
ready to be used. Assuming no failure or “UNCALD™ con-
dition exists, press the MENU OFF/EXTENDED FUNC-
TIONS bution to exit the CAL/DIAGNOSTICS mode and
return to the scope mode. Any detected error puts the
instrument info the initlal EXTENDED DIAGNOSTICS
menu shown in Figure B-1 with the appropriate error(s}
indicated.



NOTE

If, after running SELF CAL, any fest sequence fails
SELF DIAG, it is recommended that the instrument
be broughit to the attention of a qualified and author-
ized service person.

Extended Calibration

NOTE

If Extended Calibration Is internally disabled, the
scope will not respond to a press of the ATTEN,
TRIGGER, or DISPLAY menu butions.

Pressing the EXT CAL button selects the Extended
Calibration menu:

< status> -ostatus> -status>

ATTEN TRIGGER REPET DISPLAY T

A choice of any of the four selections begins execution
of the indicated semi-automatic calibration routine. Press-
ing the up-arrow buiton returns to the CAL/DIAG menu
level. The correct do test voltages must be available to
complete this ATTEN and TRIGGER calibration.

EXT CAL routines can be aborted at any time by press-
ing the MENU OFF/ EXTENDED FUNCTIONS buiton, but
once a calibration sequence is started # must be success-
fubly passed o assure correct calibration.

Power-On Self Diagnostics

At instrument power-on, a self-lest sequence is exe-
cuted automatically in the first 15 seconds. If the instru-
ment has been calibrated and no hardware errors are
detected, the instrument will come up in SAVE acquisition
mode. I errors are detecied or if part of the instrument is
uncalibrated, the instrument will come up in the
EXTENDED DIAGNOSTICS menu with errors displayed
andf/or the message UNCALD at the bottom of the screen.
Exiting to the Scope Mode from the EXTENDED DIAG-
NOSTICS mode is done by pressing the MENU
OFF/EXTENDED FUNCTIONS button.

Front-Fanel Self Diagnostics

Pressing the SELF DIAG button from the CAL/DIAG
menu also causes execution of the complete Self Diagnos-
fic test sequence. If no self-test errors occur, the word
PASS will appear in the < status> position. if errors are
detected, the instrument will be put into the EXTENDED
DIAGNOSTICS menu with the appropriate errors
displayed, if possible.
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Extended Diagnostics

From the CAL/DIAG menu, a choice of EXT DIAG calls
up the Extended Diagnostic menu. The display is:

<mode>

1 i RUN/SEL  MODE HALT

< mode> indicates which looping mode is selected.

On entering the Extended Diagnostics, a list of the top
level tests with their most recent status--PASS, FAIL, or
plank (indicating that the test has not been run) is
displayed (see Figure B-1). In addition if the instrument is
not fully calibrated the word UNCALD is displayed at the
bottom of the screen.

The display of diagnostics selections is a hierarchically
structured set of tests in lists containing the test numbers,
test names, and last status of the test resulis. i the fest
has not been run since the last “Cold Start,” no status will
be displeyed. H an upper level test in the set {such as
REG) 15 run, all tests in the REG test hierarchy will be
done and labeled with a PASS or FAIL status.

UP/DOWN Arrows. The up-arrow and down-armow
buttons move an underscore pointer through the displayed
list of diagnostic tests. Moving the pointer to a diagnostic
below the title line, and then pressing the RUN/SEL
button, selects a menu of tests available at the next level
down with that diagnostic. Moving the pointer up above
the title fine returns to the next level of hierarchy in the
menu {if not ai the top line). If at the top line of 0000, a
press of the up-arrow button returns the CAL/DIAG menu
choices.

<Ci:TEK; INC 1985, ALL RIGHTS RESERVED
FIRMWARE| VERSION [ NUMBERS |AND [DAT
0002 EXTENDED-DIAGNOSTIES
1968 | SYS-ROM | PASS
2899 | REG PASS
3000 | SYS-RAM PASS
000, FER T PR AR
SE08 | WP . PASS
6808 |  CKSUM-NVRAMX PASS
7490 | CCD PASS
| cgeg . P PASS
| 8gdg | TRIGS | FATL
T UNCALD
_________ RUN-THCE :
0 4 RUNSEL | MODE | HALT
4318-36

Figure B-1. EXTENDED DIAGNOSTICS Menu,
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RUN/SEL. A press of RUN/SEL with the pointer at the
title Hine, causes all the test at and below that diagnostic
level to be run. An individual test can be selected by using
the arrow keys to move the pointer to the desired test
then pressing the RUN/SEL button. The cumulative result
of any test run will be displayed on test completion at the
right of the title line. This will be either PASS, FAIL, or
blank if an attempt was made to run a non-automatic test.

NOTE

A diagnostic name followed by an asterisk is not
testable. The asterisk indicates either that the fest
is accessible for cafibration only using the EXT CAL
rmenu choices or that it may be checked at power-on
only. The PASS/FAIL message displayed indicates
the resufts of the last Extended Calibration or the
fast power-on check. A FAIL label on an asterisked
test will be accompanied by an *UNCALD" label
above the bezel buftton labels. An UNCALD label
also appears above the uncalibrated selection of the
EXT CAL menu.

MODE. The MODE button rolis through the manner in
which a selected test will be run. The choices are RUN
ONCE, RUN CONTINUCUS, RUN UNTIL FAIL, and RUN
UNTIL PASS. If RUN CONTINUOUS is chosen before
starting the selected test, it will be continually executed
untii the HALT button is pressed. The choice of RUN
UNTIL PASS and RUN UNTIL FAIL may also be stopped
using the HALT button. In addition all tests can be aborted
with the MENU OFF/EXTENDED FUNCTIONS button.
Selecting to run an asterisked test automatically switches
to RUN ONCE, and the test does not run.

HALT. Pressing HALT causes all diagnostic test
activity to stop at the finish of the current test in progress.
it is especially used to halt a continuously looping test.

GPIB INTERFACE OPERATION

Operation of the GPIB interface is described in Appen-
dix A. This additional information describes use of the
diagnostic commands. Operation of any of the four
Cal/Diagnostic modes is selected by using the keywords
SELFCal, EXTCal, SELFDiag, or EXTDiag as arguments
with the TESTType command via a GPIB controller.  The
selected TESTType will start when the EXEcute command
is received. During execution of the tests, the 2430 front
panel is locked out, and only user prompts will be
displayed. Menus required for controlling the scope from
the front panel will not be displayed when controlling the
scope via the GPIB interface. See Table A-14 in Appendix
A for the definition of the GPIB calibration and diagnostics
commands.

B-6

Self Calibration

If TESTType SELFCal is selected, the Self Calibration
portion of the test sequence to be run in its entirety when
the EXEcute command is received. A service request
{SRQ} will be issued when the sequence is finished if the
OPC mask is on. The status byte received by the con-
troller will indicate if the test compieted either with error or
with no error. See Table A-16 of Appendix A for a list of
the status bytes.

If an error ocours during SELFCal, it is reported to the
controfler when the ERRor? query is issued to the instru-
ment. ERRor? returns a string of error numbers {up to
nine) resilting from the last EXEcute cormmand. These
numbers will be the highest order in the hierarchy of the
SELF CAL routine; so, to locate the exact test that failed
in the tree, the TESTNum must be set to a lower level and
the ERRor? query reissued until the lowest detection level
of the failure is reached. The ERRor? query returns 0 if no
errors have occurred. This method of failure location is
used for errors generated by any of the calibration or diag-
nostics sequences.

Extended Calibration

The EXTCAL TESTtype allows specifying the calibra-
tion sequence (TESTNum) to be performed. The calibra-
tion routine specified may be any steps or sub-steps of the
EXT CAL or SELF CAL routines. The user is responsible
for assuring that any externally required test eguipment
has been connected and programmed, and that pauses in
the procedure to make manual adjustments or equipment
changes are terminated via a 2430 menu button push or a
GPIB STEp command to advance o the next step in the
sequence. The external calibration sequence numbers to
be used as the numerical argument for TESTNum are
listed in Table B-1 under the “Test Code” column heading.
The valid test numbers for Calibration are 7000 to 9300 in
the table. Error handling is the same as in SELFCal.

Self Diagnostics

Invoking the TESTType SELFDiag causes execution of
the entire seii-diagnosiic sequence when an EXEcute com-
mand is received. Error handling is the same as in SELF-
Cal.

Extended Diagnostics

TESTType EXTDiag allows a specific TESTNum 1o be
selected for execution upon receiving an EXEcute com-
mand. Error handling and reporting is the same as in
SELFCal. Looping a test is done by issuing the LOOp
command prior to the EXEcute command, and the HALL
command stops the looping test.
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Table B-1
Calibration and Diagnostics Codes and Names Table B-1 {cong}
Test Code Test Name and Hierarchy Test Code Test Name and Hierarchy
0000 CAL-DIAG 2320 TCURS
1000 SYS-ROM 2321 1010 0101
1100 ROM1 2322 D100 1011
1200 ROMO0.0-0 2323 1001 0110
1300 ROMO.1-1 2324 0010 1101
1400 ROMO0.2-2 2330 U130
1500 ROMO0.3-3 2331 1010 0101
1600 ROMO.0-4 2332 0100 1011
1700 ROMO.1-5 2333 1001 0110
1800 ROMO0.2-6 2334 0010 1101
1800 ROMD.3-7 2340 U140
2000 REG 2341 1010 0101
2100 PROCESSOR 2342 0100 1011
2110 DIAGO 2343 1001 0110
2120 DCOK 2344 0010 1101
2130 BUSTAKE 2350 U240
2140 DIAG1 2351 1010 0101
2150 COMREG 2352 0100 1011
2160 WPDN 2353 1001 0110
2170 DIAG2 2354 0010 1101
2180 FiLD2 2360 yaz2
2190 MWPDN 2361 1010 0101
2200 TB-DSP 2362 0100 1011
2210 MISC 2363 1001 0110
2211 1010 0101 2364 0010 1101
2212 0100 1011 2370 u3i4
2213 1001 0110 2371 1010 0101
2214 0010 1101 2372 0100 1011
2220 MODECON 2373 1001 0110
2221 1010 0101 2374 0010 1101
2222 : 0100 1011 2400 TB-DSP
2093 1001 0110 2410 UB70-FISO
2224 0010 1101 2420 UB70-SIS0
2230 DISCON 2500 MAIN
2231 1010 0101 2510 INIT-SHFT-REGS
2232 0100 1011 2520 ATTEN
2233 1001 0110 2530 PEAK-DETECTOR
2234 0010 1101 2540 GATE-ARRAY
2300 TB-DSP 2550 TRIG
2310 VCURS 2560 SYSTEM-DAC
231 1010 0101 2600 SIDE
2312 0100 1011 2810 1010 0101
2313 1001 0110 2620 8100 1011
2314 0010 1101 2630 1001 0110
2640 0610 1101
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Table B-1 (cont}

Table B-1 (cont)

Test Code Test Name and Hierarchy Test Code Test Name and Hierarchy
3000 SYS-RAM 4700 BATT-VOLTS
3100 A11U431 4710 HIGH
3110 01 4720 LOW
3120 o1 5000 WP
3130 1-0 5100 RUN.-TASK
3140 1-0 5200 BUSGRANT
3200 A11U440 5300 VERSION-CK
3210 0-1
3990 g 6000 CKSUM-NVRAM
2230 120 6100 CAL-CONSTANTS
2240 1e0 6200 FP-LAST
2300 A12USES 6300 WFM-HEADERS
3400 A12U350 7000 ccD
3410 01 7100 CENTERING
3420 01 7200 GAIN
3430 1-0 7300 EFFICIENCY
3440 10 7310 sLow
3500 A11U430 7311 CH1-1
3600 A11U800 7312 CH1-3
3610 0-1 7313 CH2-1
3620 01 7314 CH2-3
3630 140 7320 FAST
3640 1-0 7321 CH1-1
3700 A12U440 7322 CH1-3
3710 0-1 7323 CH2-1
3720 0-0 7324 CH2-3
3730 1-0 7400 PD-OFFSET
3740 10 7410 CH1-1
3800 A12U432 7420 CH1-3
3810 0-1 7430 CH2-1
3820 0-0 7440 CH2-3
3830 -0 8000 PA
3840 1-0 8100 OFFSET
3900 A12U664 8110 NORM-SP
3910 0-1 8111 CH1
3920 0-0 8112 CH2
3930 1-0 8120 NORM-FISO
3940 1-0 8121 CH1
4000 FPP 8122 CH2
4100 U861-9 8130 ENV-SP-SLOW
4200 U861-6 8131 CH1
4300 WR-TO-HOST 8132 CH2
4400 DIAG-BYTE
4500 FPDNRD
4600 U741/U751
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Table B-1 {cont) Table B-1 (cont)

Test Code Test Name and Hierarchy Test Code Test Name and Hierarchy

8140 ENV-FISO-SLOW 8520 20MV

8141 CHI 8521 CH1

8142 CH2 8522 CH2

8150 ENV-FISO-FAST 8530 10MV

8151 CH1 8531 CH1

8152 CH2 8532 CH2

8200 POS-GAIN 8540 5MY

8210 CH1 8541 CH1

8220 CH2 8542 CH2

8300 BALANCE 8550 2MV

8310 50MV 8551 CH1

8311 CH1 8552 CH2

8312 CH2 8600 VAR-MAX

8320 20MV 8610 CH1

8321 CH1 8620 CH2

8322 CH2 8700 ATTENUATOR®

8330 10MY 8710 CH1

8331 CH1 8711 X1

8332 CH2 8712 X10

8340 5MV 8713 X100

8341 CH1 8720 CH2

8342 CH2 8721 X1

8350 2Mv 8722 X10

8351 CHA 8723 X100

8352 CH2 3000 TRIGGERS

8400 GAIN 9100 OFFSET

8410 SoMv 9110 A-TRIG

Bt G 9111 CH1

B412 CH2 9112 CH2

8420 20MV 9113 SLOPE

8421 CH1 9114 EXT1X1*

8422 CH2 9115 EXT1X5*

8430 oMy 9117 EXT2X5"

8431 Ch 9116 EXT2X1*

8432 cH2 9120 B-TRIG

8440 SMY 9121 CH]

844t cHi 9122 CH2

8442 cH2 9123 SLOPE

8450 2Mv 9124 EXT4X1*

8451 CHT 9125 EXT1X5*

8452 CcHz 9172 EXT2X5*

8500 INV-GAIN

8510 50MV

8511 CH1

8512 CH2
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Table B-1 (cont)

Test Code Test Name and Hierarchy
9200 GAIN
9210 A-TRIG
9211 CH1
9212 CH2
29213 EXT1X1*
9214 EXT1X5*
9215 EXT2X1"
9216 EXT2X5"
9220 B-TRIG
9221 CH1
9222 CH2
9223 EXT1X1*
9224 EXT1X5"
9225 EXT2X1*
0226 EXT2X5*
9300 REPET"

B-10



Appendix C-—2430 Operators

APPENDIX C
TABLES

Appendix C contains reference tables and general information which may be useful for the operator in understanding the
operation of the 2430.

LIST OF APPENDIX C TABLES

Teabie Page
cA VOLTS/DIV Readout Switching with Coded Probes ... et C-1
c-2 Plotter Slew Rate Versus PRDET SIZ8...cco e resisnsrisve st caen v esssvaasssas s sa s ena s e rasemsnsastesaeessessaneas c-2
C-3 Calibrator Frequency and Period for Each A SEC/DIV Setling ... cnminiminnnescrrcnss i esreressssnnsrnsenssssossasnsses c-2
C-4 Signal-to-Noise Improvement with Increasing Number of AVErages ... e e c-3
C-5 Repet Sweeps Acquired to Fill a Singie Seq Waveform 10 50%. ... c3
C-6 Variable A Trigger Holdoff... O OO USSP USSP PSP TOUUPTVRDNTUBIURTPVRORE O25.
C.7 Trigger Level Range and Resolutlon ....................................................................................................................... C-5
c-8 Auto Triggering and Auto Leveling INervals ... e C-5
C-9 B Trigger Source Menu Versus B TrZOEr MOGE ...t rceccrsress n s nanse ons C-5
C-10  RTRIG Point Yersus Trigger Position Menu Selecton ... i s s C-6
C-11 Maximum B SEC/DIV Delay Time and ReSORIION ... e s st e em e e en c-8
C.12 TRIG'D, BEADY, and ARM INJICatOr SlaEUS . iviveririe i s evarenr ccmreseraavrses avnservarenasyrnaee mrsnarasssssrassnmnnnsrmssrrassoraeeeanrs C-8
C-13  Display Priority Versus Display MOode ...t ranass s csvas e s s e s s C-8
C-14  SAVEREF S10r208 OPEIatiON .vei s cimieeir it st veieete st i esamst b sas s rssacases b s s st s s sb s s s 1d et aaascrsameb s s e as s e sb e e measenen C-2
C-T8  SAVE ON A COMmMIDarBONS oo oo e ee e e e bAoA 245 h e ed o e e e s dh L bs b s s bbbt ad b ea s v C-10
C-18  INIT PANEL SEBIBS ... v ereivireeirmrmesseerseseee e aaaenteseeees s aeecaeerserereaatreomeueeerseaee s omeerereebdu b e b £ ke84 St rd S bt b e bt beet s b st bt C-10
YOLTS/DIV Range with Attenuator Probes
The range of the VOLTS/DIV front-panel switch for all available probes is displayed in Table C-1.
Table C-1
YOLTS/DIV Readout Switching with Coded Probes
Display Basic Readout Volts/Div with Indicated Probe
Type Volts/Div 1% 10X 100X 1000X
2mv 200 uV 2mv 20 mv 200 mv
EXPANDED 2my 500 uV 5 mV 50 mv 500 mV
2mv 1mvy 10 mv 100 mv 1V
2my 2my 20 myv 200 mv 2V
5my 5mvy 50 mv 500 mv 5V
10 mv 10 mV 100 mv 1Y ALY
20 mv 20 my 200 mv 2V 20V
50 my 50 mv 500 mV 5v 56V
NORMAL 100 my 100 mv 1V 1oV 100V
200 mv 200 mv 2V 20V 200V
500 mvy 500 mv 5V SHAY 500 V
1V 1V 10V 100V 1 kV
2V 2V 20V 200V 2 kv
5V SV 50V 500V 5 kv

-1
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Piotter Slew Rate

Plotter speed is controlled dynamically by computing
the length of the stroke needed for each point, then
waiting an appropriate time at the new position before
continuing. Table C.2 shows the slew rates required to

Calibrator Frequency and Period for

Table C-3

Each A SEC/DIV Setling

draw the usual maximum size plot for various paper sizes. A SEC/DIV Caiibrator Calibrator Divy/
Setiing Frequency Period Cycle
5ns 40
Table C-2 10 ns 20
Plotter Slew Rate Versus Paper Size 20 ns 5 Mtz 200 ns 10
50 ns 4
Plot Size Siew Rate (ips) 100 ns 2
200 ns 1
A{Binx 8in} 16
: . 500 ns 4
B{0inx 10 in) 20 1 us 500 kHz 2 us 2
C{16in x 16in) 32 2 us 1
5 us 4
10 us 50 kHz 20 us 2
CALIBRATOR Frequency 20 ks !
Table C-3 shows the CALIBRATOR frequency and 50 us 4
period for each A SEC/DIV setting. 100 ps 5 kHz 200 us 2
. 200 us 1
500 ps 4
AVERAGING SNIR 1 ms 500 Hz 2 ms 2
2ms 1
Table C-4 shows the signal-to-noise improvement ratio
{SNIR) as the number of averages increases. The display 5ms 4
is updated with each new waveform acquired, so the user 10 ms 2
sees the averaged waveform improve with each new 20 ’
acquisiton. ms
50 ms 0.4
100 0.2
me 50 Hz 20 ms
200 ms 0.t
REPETITIVE Acquisition 500 ms 0.04
Table C-5 illustrates the number of repetitive 1s 0.02
acquisitions required to fill a Singie Seq waveform 1o 50%. o5 0.01
Figure C-1 is a complete graph of Sweeps vs % Fill for all 55 0.004

REPET Mode SEC/DIV settings.

C-2




Table C-4

Signal to Noise Improvement with
increasing Number of Averages
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Table C-6
Variable A Trigger Holdoft

Number of SNIR A SEC/DIY MIN HO MAX HO
SNiR .
Averages {in dB)
5ns
2 1.41 3 10 ns
4 1.98 5.9 20 ns 2.3 s
” 50 ns 9-15 us
8 2.75 8.8 100 ns
16 3.84 117 200 ns
32 534 146 500 ns 510 us
64 7.51 17.5 1 us 10-20 us
128 10.6 20 5 2 us 20-40 us 100150 us
5 us 50-100 us
256 14.8 234
10 us 0.1-0.2ms
20 us 0.2-0.4 ms 1-1.5 ms
Table C-5 50 s 0.5-1.0 ms
Repet Sweeps Aquired to Fill }
Single Seq Waveform to 50% 100 us 1-2 ms
200 us 2-4 ms 10-15 ms
SEC/DIV (ns/div) Number of Sweeps 500 ps 5-10 ms
200 2 1 ms 10-20 ms
100 6 2ms 20-40 ms 90-150 ms
5ms 50-100 ms
50 11
50 og 10ms 0.1-0.2s
20 ms 02045 09-15s
10 45 50 ms 05105
5 83
100 ms 1-2s
200 ms 2-4 s
Yariable HOLDOFF 500 ms 945 s
The front-panel HOLDOFF control knob varies the 13 10
amount of holdoff time between the end of the acquisition g >i0s
and the time a Wiggering signal can initiate the next 5
acquisition. Table ©-8 shows the time factor for the

minimum and maximum holdoff values. The HOLDOFF
conirol setting is shown in percentage between maximum
and minimum in the STATUS display.
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Figure C-1. REPET Mode sweeps required for % fill (99% confidence level).

Trigger LEVEL Range and Resolution

Table C-7 shows Trigger LEVEL range and resolution
for each trigger-gain factor. Trigger gain is equivalent to

C-4

the gain of the selected trigger source multiplied by the
attenuation factor of the attached probe. The selected
trigger gain for CH 1 and CH 2 SOQURCE is the vertical

deflection factor.




Table C-7
Trigger Level Range and Resclution

Appendix C—2430 Operators

Auto Triggering and Auto Leveling

Table C-8 shows the approximate time interval (after

the last trigger) until the system decides that either the

Trigger Total Trigger Range Trigger scope has been triggered or that triggering has been lost.
Gain Resolution if the scope considers itself currently to be untriggered, it
{including CH1 or EXT1 or {1-point) waits for the time interval in the table column labeled
probe) CH2 EXT2 64 pt/div ““Triggered?" before forcing a trigger. Conversely, if the
(+18 div) {9 div) scope is receiving triggers, it waits for the interval shown
in the “Trigger Lost?" column before deciding that
5 kV/div 90 kV - 78125V triggering is indeed lost.
2 kV/div 36 kV e 3125V '
1 kV/div 18 kV - 15.625 V
500 v/div 9 kv 4.5 kV 78128V
200 v/div 3.6 kV --- 3125V Table C-8
100 vidiv 18KV 900 v 1.8625 V Autc Triggering and Auto Leveling Intervals
50 vidiv 860 v 450 v 781.25 mV
20 v/div 360 v --- 312.5 mV SEC/DIV Setting Triggered? Trigger Lost?
10 Vidiv 180 v 20V 156.25 mV
5 ms/div & faster 100 ms 300 ms
5 V/div 90V 45 v 78.125 mV
2 Vidiv 3BV .- 31.25 mv 10 ms/div 200 ms 600 ms
1 V/div 18V v 15.625 mv 20 ms/div 400 ms 195
500 mv/div Y 45V 7.8125 mv ;
200 mVidiv 36V .- 3126my S0 ms/dv 15 3s
100 mV/div 18V 900 mv 1.6625 mV
50 mvijdiv 900 mv - 781.25 puV
20 mV/idiv 360 mv “-- 3125 pv
10 mV/div 180 mv - 156.25 uV B Trigger Source
5 mV/div 90 mVv .- 78.125 uV The B Trigger circuit is used to precondition trigger
2 mV/div 36 mv - 31.25 pV signals as a source for three different functions: B
1 mV/div 36 mV .- 31.25 v Triggering, External Clock, and DELAY by EVENTS. The B
. TRIG SOURCE menu changes to correspond to the role
500 x Wdfv 36 mv T 31.25 uV that the B Trigger is playing. Table C-9 shows the specific
200 uV/div 38 my —_ 31.25 uv function.
Tabie C-9
B Trigger Source Menu Versus B Trigger Mode
B Trigger Mode DELAY by EYENTS EXT CLK Menu Label
OFF B TRIG SOURCE
OFF ON EXT CLK SOURCE
RUNS AFTER
OFF EVENTS SOURCE
ON ON EVENTS, EXT CLK SOURCE
OFF B TRIG SOURCE
OFF ON B, EXT CLK SOURCE
TRIG AFTER
OFF B, EVENTS SOURCE
ON ON B, EXT CLK, EVNT SQURCE
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Trigger Position Table C-11

The RTRIG {record irigger) position is the horizontal Maximum B SEC/DIV Delay Time and Resolution
point on the waveform about which the waveform samples

are displayed. Although a single time-base generator is )
used for either the A or the B acquisitions, the RTRIG B SEC/DIV Maximum Delay
point for either is independently selectable. Table C-10 Setting Delay Resolution
indicates the selectable RTRIG position versus the data
point at which it will be displayed in the next waveform 5 sec 3.64 fr 200 ms
acquisition. 2 sec 1.46 hr 80 ms
1 sec 43.7 min 40 ms
Figure C-2 illustrates the A and B RTRIG point 500 ms 21.9 min 20 ms
possibilities in each of the various Horizontal Display 200 ms 8.74 min 8 ms
modes and the effects of DELAY by TIME and DELAY by .
EVENTS on the occurrence of a RECORD TRIGGER. 100 ms 4.37 min 4 ms
50 ms 2.18 min 2ms
20 ms 52.4 sec 800 us
Table C-10 10 ms 26.2 sec 400 ps
RTRIG Point Yersus Tﬂugger Position 5 ms 13.1 sec 200 us
Menu Selection 2 ms 5.24 sec 80 us
. . i 1 ms 2.62 sec 40 ps
Trigger Position RTRIG Data Point
Menu Entry in Display 500 us 1.31 sec 20 us
1!8 198 200 us 524 ms 8 us
100 us 262 ms 4 us
1/4 256
50 us 131 ms 2 us
12 516 20 us 52.4 ms 800 ns
3/4 768 10 us 26.2 ms 400 ns
7/8 896 5 us 13.1 ms 200 ns
2 us 524 ms 80 ns
1 us 2.62 ms 40 ns
Delay Time and Delay Time Resoiution 500 ns 131 ms 20 ps
Table C-11 shows the maximum delay time and detay 200 ns 1.31 ms 20 ns
time resolution for each 2430 B SEC/DIV setting. 100 131 ms 20 ns
Maximum DELay time setting is 2621.4 times the B ns ’
SEC/DIV setting, with a resolution of 1/25 of the B 50 ns 131 ms 20 ns
SEC/DIV setting up 1o and including 500 ns per division. 20 ns 131 ms 20 ns
From 500 ns per division to 5 ns per division, the sampling 10 ns 131 ms 20 ns
rate does not change, so the maximum delay is also 5 ns 1.31 ms 20 ns
constant.
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PRETRIGGER
POST TRIGGER
EOD = END OF DELAY
EQAD = END OF DELTA DELAY
A [ A RECOR
ECORO EOE = END OF EVENTS
) ATRIG = A TRIGGER POINT
ATRIG = RYRIG ATRIG = B TRIGGER POINT
A RTRIG = RECORD TRIGGER POINT
I
ECE = RTRIG
4 B EVENTS &
PSS 4 —
1
woeaveo v |11 4
B EVENTS | A RECORD
i
i EOD = RTRIG ECAD = RTRIG
| & 4
|
: 8 RECORD [ | AB RECORD
B RUNS AFTER
DELAY TIME DELAY TIME e bttt DEL TA DELAY et
| £0D EOAD
|
! EOD = RTRIG E0AD = RTRIC
1 'y i
|
B B RECORD B RECOR
B RUNS EVENTS l i AB RECORD
AFTER DELAY e
BY B EVENTS f f
+ DELAY TIME R DELAY T IME ] bromrerrmrsmorol e DL TA DEL A~
EQF EOD EOAD
COUNT

BIRIG = RTRIG
&
B RECORD
8 TRIGGERABLE B EVENTS l
AFTER
DELAY TIME ? ? ?
DELAY TIME-—{%——w—-wWWMMM*i
£0D
BRTRIG = RTRIG
&
B TRIGGERABLE p—
AFTER DELAY B EVENTS |
BY B EVENTS
+ DELAY TIME f 44 !

DELAY ?{ME-—“Q}-—-"-————-————’i
EDE £00
COUNT

ATRIG

4918-38

Figure C-2. RTRIG versus Horizontal Display Modes.
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Trigger Status indicators

The Trigger Status indicators give visible evidence of
what function is occurring within the system. At A
SEC/DIV settings of 100 ms per division and slower, the
switching occurs slowly enough o examine the state in
detail. The only time during normal operation all trigger
status lights are off is when the scope is in SAVE mode.
Table C-12 is a summary of the switching states of the
indicators,

TRIG'D--0n at A TRIGGER; off when acquisition is
done.

READY—On at the end of pretrigger holdoff.
Pretrigger data continues to be acquired. While this
indicator is on, the instrument is locking for RTRIG
{the trigger event requirad to complete the record).
When the Record Trigger occurs, the READY
indication ends.

ARMED-—On at the start of each acquisition while
pretrigger data is being acquired. During this time,
no triggers are accepted. Off at the end of pretrigger
holdoff.

NOTE

For an acquisition involving both A and B triggers,
the READY and TRIG'D lights will both be on during
the time between the occurrence of A trigger and the
final B ftrigger.

Table C-12
TRIGD, READY, and ARM Indicator Status

STATE
LIGHT
Armed Ready Atrig Rtrig Save
TRIG'D off off on on off
READY off on on off off
ARM on off off off off

C-8

Wavelorm Display Summary

The 2430 is capable of drawing six waveforms, s0
when more than six waveforms are selected for display,
the system uses a priority scheme. Table C-13 shows the
available waveforms and the display (in decreasing order
of priority) versus the display modes. In the table, CHx is
the selected vertical channel, FUNC refers to ADD or
MULT, D1 and D2 are the two delays in DELTA mode,
and REF1 through REF4 are the four SAVEREF
memaories.

Whether an available waveform is actually displayed or
not is determined by the VERTICAL MODE menu, the
DISPLAY REF menu, and the availability of memory.

Table C-13
Display Priority Versus Display Mode

YT XY
DELTA

OFF ON

DUAL (CH1 and CH2)

NO YES

FUNC | FUNC@ D1 | FUNC@ D1 | CH1 vs CH2
CH1 FUNC @ D2 | FUNC @ D2 | REF1 vs REF2
CH2 CHx @ D1 CH1 @ D1
REF1 CHx @ D2 CH2 @ D2
REF2 REF1 REF1
REF3 REF2 AEF2
REF4 REF3 REF3

REF4 REF4

STACK REF Storage Operation

Pushing either the STACK REF menu button or SAVE
with the SAVE control menu displayed, will siore the
displayed waveforms in predefined SAVEREF memory
location, treating the reference memories as a push-up
stack. STACK REF storage operations for each of the
vertical and horizontal mode combinations are shown in
Table C-14.



in Table C-14, the letter “F" and the heading FUNC
denote either ADD or MULT function. Also, CHx to Rx
means that the selected channel will go into the
correspondingly numbered reference memory (e.g., CH1 to
R1 or CH2 to R2) and the FUNC (ADD or MULT} will go
into Ry {the open REF). D1 and D2 refer to the two delays
available in DELTA mode. The notation XXX with DELTA
TIME and a FUNC ON means that it is a “don't care”
situation, because neither CH 1 nor CH 2 is stored.

NOTE

If REF4 in EXTENDED FUNCTIONS js set for PNL
additional front-panel SAVE/RECALL SETUPS, then
REF4 will not be available to store reference displays
and wifl not appear in the SAVE or DISPLAY REF
control menus. In that case, REF4 will not be
overwritten by the STACK REF function, and alf
reference to REF4 in Table C-14 should be ignored.

Appendix C—2430 Operators

SAVE ON A Operation

The comparison channel for the SAVE ON A feature is
given in Table C-15. The designated Display Ref waveform
must be displayed for the comparison to take place. The
user must create the limits of the comparison waveform
gither by using CONT ENVELOPE acquisition mode or by
sending in a comparison envelope waveform via the GPIB
interface. The created reference is stored in the DISPLAY
REF memory location against which the active channel is
to be compared.

in the table, CHx vs REFx signifies that the displayed
channel is compared against the correspondingly
numbered reference waveform. REFy refers 10 either HEF1
or REFZ, opposite to what REFX is when used together in
the same line of the table. The “don’t care” condition
when neither CH 1 nor CH 2 is compared to a reference
waveform is indicated by XX

Table C-14
STACK REF Storage Operation Versus Horizontal and Vertical Modes

DELTA FUNC Channels

TIREE {F} Displayed Reference Waveform Storage
ONE R3 to R4 R2 1o R3 R1toR2 CHx to R
orF TWO R2 to R4 R1 to R3 CH2 to R2 CH1 to R
OFF ONE f12 to R4 R1to A3 F to Ry CHx to Rx
ON TWO R4 tc R4 FioR3 CH2 to R2 CH1 to Rt
NONE R3to R4 R2 to R3 R1 to R2 F to R1
ONE 12 to R4 R1to R3 CHx@D2 1o R2 CHx@D1 to R1
OFF TWO (YT) R2 to R4 R1to R3 CH2@D2 to R2 CH1@D1 to R1
oN TWOQ (XY) A2 to R4 R1to R3 CH2(@D1 to R2 CH1@D1 to R1
ON XXX H2 to R4 R1to R3 F@D2 to R2 F@D1 to R1
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Table C-15

SAVE ON A Comparisons

DELTA FUNC Channels
TiME {F) Displayed Waveform Comparison
ONE CHix vs REF1
OFF
TWO CH2 vs REF2 CH1 vs REF1
OFF ONE F vs REFy CHx vs REFx
ON TWO CHZ vs REF2 CH1 vs REF1 Fvs REF3
NONE F vs REF1
ONE CHx@D2 vs REF2 CHx@D1 vs REF1
OFF
ON TWO CH2(@D2 vs REF2 CH1@D1 vs REF1
ON XXX F@D2 vs REF2 F@D1 vs REF1

SAVE/RECALL BETUP Operation

A choice of either one or five front-panel memory
locations is selectable using the EXTENDED FUNCTIONS
menu. i the REF4 choice in the SYSTEMS control menu
{under EXTENDED FUNCTIONS) is set to REF. only one
front-panel memory iocation ks available for saving setups
and only "1 will be displayed in both the SAVE and
RECALL second-level menus. Memory location 1 is long-
term nonvolatile memory; memory locations 2 through 5
are shorter term nonvolatile memory (3 to & days).

Pressing the front-panel button labeled SAVE/RECALL
SETUP calls up the following control menu:

SAVE/RECALL SETUP INIT
SAVE RECALL PANEL.

Pressing the SAVE menu bution calis up the following
second-level menu:

SAVE SETUP
1 2 3 4 5

Pressing one of the numbered menu buttons in the
second level causes the current instrument setup 1o be
saved in the specified setup memory.

Fressing the RECALL menu button calls up the foliow-
ing second-level manu:

RECALL SETUP
1 2 3 4 5

C-10

Pressing one of the numbered menu buttons in this
second-level menu recalis the setup conditions previously
stored under that number using the SAVE SETUP menu.

Pressing the INIT PANEL button in the SAVE/RECALL
SETUP control menu sets up all the front-panel controis
and menu selection in the predefined states shown in
Table C-16.

Table C-16
INIT PAMEL States

STORAGE Mode Controls

STORAGE Mode SAVE
ACQUIRE Mode NORMAL
REPET OFF
AVG Number 2
ENVELOPE Number 1

SAVE ON A QOFF
AEF1 through REF4 OFF
REF4 REF

DELAY Controls

DELAY by EVENTS OFF
A TIME OFF
DELAY TIME 40 ps
A DELAY Time 0.0
DELAY EVENTS Nr. 1




Table C-16 {cont)
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Table C-16 {cont)

HORIZONTAL Mode Controls

GPIB SETUP (QUTPUT)

MODE
A SEC/DIV

EXT CLK Expansion
Factor

EXT CLK

POSITION Waveform
POSITION Reference
POSITION set 1o

A
1 ms

1

OFF

LIVE

REF 1
Midscreen

VERTICAL MODE Controls

CHA ON
YOLTS/DIV (both) 100 mv
VARIABLE {both} CAL
COUPLING (both) BC
50 @ {both) OFF
INVERT (both) OFF
POSITION set to Midscreen
Display Mode YT
BANDWIDTH FULL
INTENSITY Controls
SELECT DISP
READOUT intensity 50%
DISP Intensity 40%
GRAT lllum 0%
INTENS Level 80%
VECTORS ON

WORD RECOGMIZER (SET WORD;

Word Match
RADIX
CLOCK

Pon't Care {all x)
HEX
ASYNC

CURSOR Controls

CURSOR/DELAY Knob
CURSOR FUNCTION
VOLTS UNITS

TIME UNITS

SLOPE UNITS
CURSOR Mode
ATTACH CURSORS TO:
X-Axis Cursor Position
Y.Axis Cursor Position
TIME Cursor Position
VOLTS Ref Value
TIME Ref Value
SLOPE Ref Value

CURSOR POSITION
All off
VOLTS

SEC
VOLTS/SEC
A

CH A1

+ 3 divisions
+ 3 divisions
+ 4 divisions
1.0V

1.0 SEC

1.0 V/SEC

DEBUG

LONG

PATH

RQOS Mask
OPC Mask
CER Mask
EXR Mask
EXW Mask
{NR Mask
USER Mask
PID Mask
DEVDEP Mask
Data Encoding (ENCDG)
Data Target
Data Source
FASTXMIT
CURVE ONLY

OFF
ON
ON
ON
ON
ON
ON
ON
ON
OFF
OFF
OFF
RPBINARY
REF 1
CH 1
OFF
QFF

TRIGGER Controils

A/B TRIG set for
A TRIG MODE

B TRIG MODE
SOURCE (both)
COUPLING (both}
SLOPE (both)
TRIG POSITION
LEVEL (both}
EXT GAIN {both)
HOLDOFF

A

AUTO LEVEL
RUNS AFTER
CH 1

DC

+ (pius)

1/2 (512)

0.0

=1

Minimum

VIDEQ OPTION Setup (SET TV)

Interlaced Coupling
Noninteriaced Coupling
TV SYNC

CLAMP

Line Count

Line Start

FIELD1
FlELD

— {minus)
OFF

525
PREFLD

X-Y PLOTTER Setup {(OUTPUT)

Piot Graticule
Plot Readout
PENLIFT

ON
OFF
OPEN
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INDEX
A TIME CURSORS, 6-16 CAL MODE, B-5
ATIME, 3-14, 3-15 CALIBRATION, B-2, B-4, B-7
AIABS CURSOR MODE, 3-89 CALIBRATOR, 1-12, 3-9, C-2
1/TIME CURSORS, 3-8, 4-15 CCIR SYSTEM B, 7-5
2430 3YSTEM MENUS, 3.42 CER MASK, A-32
50 OHM OVERLOAD, 3-6 CH 2 SIGNAL OUTPUT, 1-13, 3-23
50 OHM TERMINATION, 3-5, 48 CHAN 12, 3-15
A AND B SEG/DIV SWITCH, 4-8 CHARACTER SET, A1
ANTEN, A INTENS, 3-2, 3-13, 6-8 CLAMP, 3.18, 7.2, 7-4
A RECORD TRIGGER, 6-12, C-6 COAXIAL CABLES, 4-3
A TRIGGER CONTROL MENUS, 3-28 CODED PROBES, C-1
A TRIGGER MOCDES, 3-17 COLD START, 3-21, 4410, B-1
A TRIGGER OUTPUT CONNECTOR, 3-23 COMMAND ERROR EVENTS, A-31
A-B TRIGGER, 6-21 COMMAND FORMAT, A-1
A*BIWORD SOURCE, 3-18 COMMAND SEPARATOR, A-3
A/B TRIG, 3-15 COMMAND STRUCTURE, A-1
ABORT, 3-11 COOLING, 2-3
ABSOLUTE TIME CURSORS, 3-7, 6-17 COUPLED CURSORS, 3-7, 3-8, 4-14
ABSOLUTE VOLTAGE CURSORS, 3-7, 6-15 COUPLING, 3-5
AC COUPLING, 3.5, 316 COUPLING/INVERT, 3-5
AC POWER SOURCE, 1-15 CPLG, 3-16
ACCESSORIES, 7-2, 7-17 CAaT, 3-2, 3-25
ACQUIRE MODES, 3-20, 5-23 CURSOR MEASUREMENTS, 1-2, 6-13
ACQUIRING DATA, 4-2 CURSOR/DELAY CONTROL KNOB, 3-15
ACQUISITION SYSTEM SPECIFICATIONS, 1-4 CURSORS, 3-7, 3-10, 3.26
ADD MODE, 3.3, 3-4, 6-2 CURVE ONLY, 3.12
ADDR, 3-11
ALT, 7-3
APPLICATIONS, 6-1 DB, DECIBEL, 3-9, 4-13
ARGUMENTS, A-3 DC COUPLING, 3-16
ARMED-READY-TRIG'D, 3-18 DCINPUT COUPLING, 3-5
ASCIH, 3-11, A-1 DEBUG, 3-11
ASTIG ADJUSTMENT, 3-2, 5-10 DEGREES, 3-9, 4-14, 415
ASYNC, 7-8 DELAY BY EVENTS, 3-15, 3-27, 417, 6-10, C-5
ATTACH CURSORS TO:, 3-8 DELAY BY TIME, 3-14, 3-27, 4-15, 6-8, C-6
AUTO LEVEL, 317, C-5 DELTA VOLTAGE, 6-13
AUTG/ROLL, 3-17, C-5 DEMONSTRATING THE FEATURES AND CONTROLS, 4-8
AUTOMATIC SCALE FACTOR SWITCHING, 4-3, C-1 DETACHABLE-POWER-CORD RECEPTACLE, 3-23
AUXILIARY GROUND, 3-8 DEVDEP MASK, A-34

AVG ACQUISITION MODE, 3-5, 3-15, 3-20, 4-12, 6-23, C.2 DEVICE DEPENDENT ERROR, A-31
DIAGNOSTIC BOUTINES, B-2

B TRIGGER, 3-18, 3-292, C-5 DIAGNOSTICS, B-2, B4, B-7
BACK-PORCH CLAMP, 3-19, 7-2 DIMENSIONAL DRAWING, 1-21
BANDWIDTH, 1.1, 1-4, 3-6, 4-11 DISABLED—--SEE MANUAL, B-1
BASIC APPLICATIONS, 6-1 DispP, 341

BATTERY, 1-11 DISPLAY PRIORITY, C-8

BELL, B-1 DISPLAY REF, 3-22, 4-10, 6-27

BEZEL BUTTONS, 3-1 DISPLAY SPECIFICATIONS, 1-14
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EDGE?, 3-8
EMPTY REF, 3-22
ENCDG, 3-11

ENVELOPE ACQUISITION MODE, 3-3, 3-4, 3-20, 4-12, 6-24

ENVIRONMENTAL CHARACTERISTICS, 1-16
£0!l, 3-11

EVENT CODES, A-40

EXECUTION ERROR EVENTS, A-31
EXECUTION WARNING, A-31

EXPANSION, 3-5, 3-13

EXR MASK, A-32

EXT 112, 3-16

EXT CLK, 3-18, 6-10

EXT TRIG GAIN, 3-20

EXTENDED CALIBRATION, B-3, B-4, B-5
EXTENDED DIAGNOSTICS, B-2, B-4, B-6
EXTENDED FUNCTIONS, 3-2, 4.7, B-1, B-4
EXTERNAL INTERFACE, 3-9, 3-14
EXTERNAL TRIG INPUT CONNECTORS, 3-9
EXTERNAL TRIGGER, 3-29, 4-3

EXW MASK, A-33

FAIL, 2-3, B-3, B-5

FAMILIARIZATION PROCEDURES, 4-4
FATAL ERROR, A-31

FIELD LINE # CONTROL, 3-18, 7-4
FIELD TRIGGERING, 7-3

FIELD1, FIELDZ, 7-3

FOCUS ADJUSTMENT, 3-2, 5-1
FORCE DAC, B-1

FORMAT, 3-10

FREQUENCY MEASUREMENTS, 3-8, 4-15, 6-15
FRONT PANEL SETUP MEMORY, 3-30
FRONT-PANEL CONTROLS, 44
FUNCTION BUTTON, 3.7

FUSE RATING, 1-15

GENERAL APPLICATIONS, 6.1

GND, GROUND, GROUNDING, ix, 3-5, 3-9, 4.2
GPIB CONNECTOR, 3-22

GPIB INTERFACE, 3-8, 3-10, A-1, A-28, B-5
GPIB MODE, 3-11

GPIB STATUS, 3-11, 3-12

GPIB TABLES, A-4

GRATICULE, GRAT, 3-1, 4-1

HALT, B-5

HEADERS, A-3

HF REJECT COUPLING, 3-17

HOLDOFF CONTROL., 3-19, C-3

HORIZ POS REF, 3-14, 3.22

HORIZONTAL GAIN CHECK, 5-2

HORIZONTAL MODES, 3-13, 3-21

HORIZONTAL POSITION CONTROL KNOB, 3-14
HORIZONTAL SYSTEM, 1-1

HZ, 3-9

ILLUSTRATIONS, v
INIT PANEL, 3-13, B-1, C-10
INITIAL SETUP, 5-1

INPUT-COUPLING CAPACITOR PRECHARGING, 4-3

INR MASK, A-32

INSTANTANEOUS DC VOLTAGE LEVEL, 8-2
INSTRUMENT COOLING, 2-3

INTENS, 3-1, 6-8

INTENSITY CONTROL KNOB, 3-2
INTERNAL ERRORS, A-31

INTERNATIONAL POWER CORDS, 7-1
INTERPOLATION, 3-13

INVERT, 3-5, 3-6

{LJONLY, 3-12

LEVEL/FIELD LINE #, 3-18, C.5

LF REJECT COUPLING, 3-17

LF/EQI 3-11

LINE FUSE, 1-15, 3-23

LINE SOURCE, 3-16

LINE VOLTAGE SELECTION, 2-1

LINE VOLTAGE SELECTOR SWITCH, 3-23
LINK ARGUMENTS, A-1, A4

LOCK, LOCKOUT, 3-12, B-5

MAGNIFICATION, 6.8

MAN TRIG {(MANUAL TRIGGER) BUTTON, 3-18
MAXIMUM DELAY, 3-14, 6-12

MECHANICAL CHARACTERISTICS, 1-18
MENU CONTROL BUTTONS, 31

MENU OFF, 3.2, B-4

MESSAGES, 3412

MULT MODE, 3-3, 3-4, 6-5

MULT SCALING, 3-4, 6-5

NEW REF, 4-13

NO A DELAY IN AVG, 3-15

NOISE REJECT COUPLING, 3-17
NOMINAL SOURCE VOLTAGES, 1-15
NONVOLATILE MEMORY, 1-11, B-1
NORMAL ACQUISITION MODE, 3-30, 6-23
NORMAL TRIGGER MODE, 3-17

NOT WARMED UP, 5-1, B-3

NTSC (CCIR SYSTEM M), 7-4

NUMERIC ARGUMENTS, A-4

OFF BUS, 3-12

OPC MASK, A-33

OPERATING CONSIDERATIONS, 4-1
OPERATORS CHECKS AND ADJUSTMENTS, 5-1
OPERATORS FAMILIARIZATION, 4-4
OPERATORS SAFETY SUMMARY, ix

OPTIONAL ACCESSORIES, 7-17

OPTIONAL WORD RECOGNIZER PROBE, 7-3, 7-15

OPTIONS, 7-1

QUTPUT BUTTON, 3-9

OUTPUT CONTROL MENUS, 3-31
OVERSCANNED TV DISPLAYS, 7-4



6407 WORD RECOG INPUT CONNECTOR, 3-24
PASS/FAIL, B4, B-S

PEAK-TO-PEAK VOLTAGE, 6-1

PEN LIFT, 3-11

PERCENT, 3-9

PERFORMANCE CONDITIONS, 1-3

PID MASK, A-33

PLOT, 3-11

PLOTTER, 3-23, C-2

POWER CORDS, 2-2

POWER ON/OFF SWITCH, 3-2
POWER-ON/SELF TEST FAILURE, B-2, B4
PREFACE, i

PREFILTER, B-1

PRINT, 3-11

PRINTER, 3-12

PROBE CODING, 3-2

PROBE LOW-FREQUENCY COMPENSATION, 5-2
PROBE POWER CONNECTORS, 3-24
PROBE POWER, 7-2

PROBES, 4-3

PWR ON INIT, 3-2, B-1

PWR ON LAST, 3-2

QUERY, A-1,B-5

RACKMOUNTING, 1-17,7-2, 7-8

RADIX, 7-8

RATIO, TIME, 6-16

RATIO, VOLTAGE, 6-14

READOUT DISPLAY, 3-1, 4.4

READY, 3-18

RAEAL-TIME CLOCK, 3-21, 4-10

REAR PANEL, 3-22

RECORD TRIGGER, RTRIG, 3-23, C-6
REF4, 313, 4-7, B

REM MASK, A-33

REPACKAGING FOR SHIPMENT, 2-3
REPET (REPETITIVE) MODE, 3-20, 6-26, C-2, C-3
ROLL MODE, 6-25

RUN UNTIL PASS, RUN UNTIL FAIL, B-5
RUN/SEL, B4

RUNNING SELF TEST, 5-1

RUNS AFTER, 3-18, 6-8

SAFETY, ix, 21

SAVE ON A MODE, 3-11, 3-21, 6-28, C-9
SAVE STORAGE MODE, 3.21, 4-10, 6-26
SAVE/RECALL SETUP, 3-13, B-1, C-10
SAVEREF, 3-22, 6-27, B-1, C-8
SCIENTIFIC NOTATION, A-3

SEC/DIV SWITCH, 3-13

SELECT, CURSOR, 3-9

SELECT, INTENSITY, 31

SELF CALIBRATION, 4-8, 5-1, B-3, B4, B-5
SELF DIAGNOSTICS, B-2, B-6

SELF TEST, 2-3, 5-1, B-2

SERVICE ROUTINES, B-2
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SET BITS, 7-8

SET TV, 3-18, 7-3

SET WORD, 3-19, 7-8

SETUP, 3-11

SIGNAL CANCELATION, 6-3
SIGNAL CONNECTIONS, 3-23, 4-3
SIGNAL OUTPUTS, 1-12, 3.23
SINGLE SEQ TRIGGER MODE, 3-17, 4-12
SLOPE CURSORS, 3-8, 4-14
SLOPE/SYNC, 3-15, 3-19, 6-19
SNIR, C-2

SOURCE, 3-15

SPECIAL APPLICATIONS, 6-13
SPECIAL MENU, B-1

SPECIAL UNITS, 6-21
SPECIFICATIONS, 1-1

SRQ, 3-11, 3-12

STACK REF, 3-22, 4-10, C-B
START-UP, 2-3

STATUS BYTE, 3-11, A-30
STATUS, 3-2, 3-29, 3-31, 417
STORAGE AND 1/0, 1-3
STORAGE APPLICATIONS, 6-23
STORAGE CONTROL MENUS, 3-27
STORAGE SYSTEM, 3-20
SYMBOLS, ix

SYNC POLARITY, 3.19, 7-3
SYNTAX, A-1

SYSTEM CONTROLS, B-1
SYSTEM EVENTS, A-31

SYSTEM MENU, 3-13, 3-24
SYSTEM SELECTION, 7-3
SYSTEM-M/NONSYSTEM-M PROTOCOL, 7-4

T/, 3-12

T/ONLY, 3-12

TABLES, vii, C1
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This document, made up of a series of five arlicles, is intended to
promote greater understanding of several prominent features and
design principles built into the 2430 Digital Oscilloscope. Each piece
was written by a member of the engineering design team that devel-
oped the instrument and responds to an area where there have been

requests for additional information.



CALIBRATION OF THE
2430 DIGITAL
OSCILLOSCOPE

by Warren A. Finke

Calivration of the 2430 Digital
Oscilloscope is as near 1o fotally auto-
rratic as practical. This capability helps
fulfill three maior design objgctives: {1}

user, (2) minimizing manufacturing costs
for Tektronix, and (3) maximizing the
instruments "up time” at specified
accuracy. The successful attainment of
all these goals offers definite advan-
tages to the user in terms of consistently
high oscilloscope performance at signif-
icantly reduced life-cycle costs.

To accomplish this high degree of
automatic calibration, the design leam
rmade wide use of digital calibration
techniques. Instead of using a myriad of
potentiometers and similar devices that
depend on manual adjustment and, in
many instances, require elaborate
external test-signal references, the 2430
employs an extensive D-A converter
subsystem. Together with built-in com-
puter firmware, the subsystem is respon-
sible for calculating and adjusting more
than 100 voltages in the instrument.

Two Calibration Levels

The 2430 provides two levels of inter-
nal calibration: Self Calibration and
Extended Calibration. Both levels can be
inttiated either locaily from the front
pansl or remotely over the GPiB. Access
is through the EXTENDED FUNCTIONS
—-CAL/DIAG menus, via menu entries
titled SELF CAL and EXT CAL (see
Figure 1).

When the SELF CAL routines are run,
calibration adjustments to the instrument
are made automatically by the sub-
systemn. However, when running the EXT
CAL routines, technicians themselves
manually make additional calibration
adjusiments while interacting with the
CRT readout.

Self Calibration. When the SELF CAL
routines are selected, the D-A converter
subsystem automatically calibrates
virtually all of the analog measurement
parameters within the 2430. Included
are every gain and offset parameter for
both the vertical acquisition system and
the internal triggers. No adjustments are
required in the horizontal subsystemn
{time base).

The entire self-calibration process
takes less than 10 seconds (o complete,
even though it comprises a major portion
of the instrument’s total calibration
requirements. N extermnal equipment or
stimult are needed. The SELF CAL rou-
tines can be initiated at any time, thus
guaranteeing accuraie maasuremenis in
the current environmenl.

A user can ensure optimum instru-
ment accuracy by performing a SELF
CAL routine at three important times: {1)
immediately before making critical mea-
surements, (2) whenever the ambient
temperature changes by more than 5°C
since the last self calibration was com-
pleted, and (3) after the instrument
warm-up period.

Figure 1. The CAL/DIAG menu showing
PASS indications. These indicate that the
SELF CAL and EXT CAL routines passed
and parameters updated the last time they
were run,

if all the parameters are within their
specified tolerances at the end of the
SELF CAL routines, a PASS message is
displayed, However, if any parameler
could riot be properly calibrated, the
subsystermn automatically invokes the
EXTENDED-DIAGNGSTICS menu. This
menu in turn displays a FAlL indication

opposite the label of each out-of-
tolerance area (see Figure 2), At this
point, the instrument operator can
choose whether to make a measure-
ment or not, depending on which param-
eter failed and how it would affect the
measurement.

Figure 2. The EXTENDED-DIAGNOSTICS
menu showing the 7000-, 8000-, and 9000-
series tests are not within required lmits.

Extended Calibration. The extended-
calibration routines are for adjusting the
remainder of the vertical acquisition and
igger system parameters. Four rou-
tings - accessed via the EXT CAL
menu and labeled ATTEN, TRIGGER,
REPET, and ADJUSTS — interactively
guide the technician through the steps
reguirad for calibrating: (1) gain of the
input thick-film attenuaters, (2) gain
and offset of the trigger amplifiers,

(3) repetitive-mode ramps, and (4) the
display system and Charge-coupled
Device {CCD) amplifiers {see Figure 3).

All except the ADJUSTS routines can
be accomplished without removing the
instrument’s cabinet; however, when
these routines are run, external voltage
references are needed.

During the EXT CAL routines, aFAIL
display appears whenever there is an
unsuccessiul calibration attempt. When
this occurs, the previous calibration con-
stants are not overwritten and the instru-
ment remains in its praviously calibrated
state, Also, when the EXTENDED-
DIAGNOSTICS menu is invoked, an
UNCALD message is displayed to wam
the user that an altempted calibration
has failed.



Two other conditions also can cause a
FAIL message to be displayed: (1) a real
hardware failure and (2} correct woltage
levels are not connected as required.

Attenuator and external-trigger cal-
ibrations (ATTEN and TRIGGER) are rec-
ommended every 2000 hours, or once
per vear, if the instrument is used infre-
quently. On the other hand, repetitive-
mode ramp and display calibrations
{REPET and ADJUSTS) should only be
performad whenever parts are replaced
during instrument servicing. Unlike the
SELF CAL routine, re-performing any
portion of the EXT CAL procedure is not
necessary to maintain maximum instru-
rment accuracy over the ambient tem-
perature range.

Manual Procedures. There are other
rmanual adjustments in the 2430 for input
capacitance, 50-MHz bandwidih fimit,
the CCD clock skew, the display system,
and the CCD output amplifiers. Nor
mally, these adjustments are made dur-
ing the manufacturing process and
should not reguire readjustment, unless
parts are replaced during instrument
sevicing.

Dynamic Adjustments. During normal
cperation, the 2430 itself makes addi-
tional dynamic adjustments to the
acquisition system and to the repetitive-
mode ramps, which compensate for
minor changes in offsets and repetitive-
mode timing. These adjustments are
both totally automatic and transparent o
the user and require no service,

Figure 3. The EXT CAL menu showing that
calibration routines for attenuator gain, trig-
ger amplifier gain and offset, and repetitive
mode ramps passed and parameters
updated during the last time each routine
WaS run.

NBS Traceability

Traceability to the National Bureau of
Standards (NBS) means that an instru-
ment’s stated accuracy was estab-
lished through calibration equipment
whose own accuracies were fixed, either
directly or indirectly, by NBS-certified
references.

Before being packaged for shipment,
the 2430 is calibrated with an external
NBS-fraceable source. Then, a jumper is
instalied inside the instrument to prevent
an operator from accidentally running
any extended calibration (EXT CAL} pro-
cedure that could void current calibra-
tion setiings.

inthe 2430, an external NBS-
traceable voltage reference is used to
caiibrate the attenuators and external
triggers via the EXT CAL menu (ATTEN
and TRIGGER choices). When run,
these calibrations not only make fine
gain adjustments on the aftenuators but
also normalize the internal 10-V Calibra-
tion Reference to the external NBS-
traceable source. This establishes the
relative accuracy of the internal refer-
enca. The installed jumper disables the
ATTEN and TRIGGER choices from the
EXT CAL menu.

Once a complete sequence of the
SELF CAL and the EXT CAL routines are
performed successiully al the service
center with an external NBS-traceabie
voltage reference, the 2430 and its inter-
nal 10-V Calibration Reference become
traceable to NBS, Traceability is main-
tained, because subseguent SELF CAL
routines use the intermnal (and unadjust-
able) 16-V Calibration Reference as the
comparison source.

During a calibration attempt of the
attenuators, should the exiernal voitage
reference and the internal 10-V Calibra-
tion Reference disagrea by approx-
imately two percent or more, a FAIL
indication will appear. This indicates that
one of the references is either faulty or
incorrect. When a FAIL indication
cceurs, the previous attenuator calibra-
tior constants are retainad and
are not updated.

Failure Modes

it 2430 falls are detected that might
affact instrument calibration, they are
shown in the extended diagnostics {(EXT
DIAG) display. System, subsystem, and
possibly device failures may be indi-
cated, as well as the UNCALD calibra-
tion status. Failures can be of two types:
{1} soft errors caused by drift in param-
eters {usually large operating tem-
parature changes since the last self
calibration) and (2) hard failures of 2430
compaonents,

Potential soft errors are revealed to
the user by: (1) failura of power-up diag-
nostic tests in the 7000 through 9000
range, (2) the word UNCALD displayed
in the EXTENDED-DIAGNOSTICS menu,
and (3) the word UNCALD displayed
above the SELF CAL selection inthe
CALDIAG menu. These errors can be
rectified by running SELF CAL and
obtaining a PASS indication.

Hard failures are indicated by (1) a
ioss of the ability 1o run SELF CAL rou-
tines, (2) a FAIL indication when attempt-
ing to rerun SELF CAL, and (3} loss of
£XT CAL {(which points 1o a possible
nonvolatile memory failure). In any of
these cases calibration should be con-
sidered void, and the instrument
serviced.



EFFECTIVEBITS—
MEASURING DYNAMIC
DIGITIZER ACCURACY

by Rolf Anderson

Specifications Determine
Performance Limils

The desire of any test and measure-
ment equipment user is to obtain an
accurate picture of the signal under
observation, with minimal distortion con-
tributed by the test system. The user
relies on specifications to determine
what effect the test equipment will have
on signal characteristics that are being
measured.

in the analog oscilloscope realm, per-
formance is stated in terms of widely
known specifications such as band-
width, rise time, aberrations, noise
levels, linearity, and others. These limita-
tions are also present in digital
oscilloscopes, since they require analog
front-end signat conditioning similar to
analog scopes. In addition, digita
scopes have performance considera-
tions in the sampling circult, and there is
little industry consensus on testing
methods or significance of the many
popular digitizer specifications.

Common digitizer specifications
include the number of bits, sampling
rate, monctonicity, lingarity, and aperture
uncertainty, Although each of these has
significance 1o the digital scope user,
none gives an overall picture of digitizer
performance. Effective bits combines alt
the other digitizer performance factors
into a single specification that describes
digitizer accuracy with respect to fre-
quency. In essence, effective bits
describes many specs rolled into one.
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Figure 4. Procedure for measuring dynamic accuracy of an N-bit digitizer,




How Do We Measure Effective Bits?

The effective bits of a real digitizer are
determined by comparing its output sig-
nal to the ouiput of a theoretically perfect
digitizer. An arbifrary input signal cannot
be used, since obtaining a perfectly dig-
itized version of the input signal would
be impossible. Instead, sine waves are
used, since high-frequency, high-guality
sine waves are relatively easy o gener-
ate as the inputs to the real digitizer
being lested. Also they are easily gener-
ated numerically as inputs 1o the perfect
digitizer.

To perform the effective-bits test, a
pure sine wave is fed into the real digi-
tizer. Pure in this case means a sine wave
whose harmaonics are below the sen-
sitivity of the digitizer. Harmonic distor
tion of the test waveform must be
minimized, since it adversely affects the
measurement of effective-bits. Typical
leveled sine-wave generators are
usable, provided their outputs are
passed through an appropriate low-pass
filter.

The sine wave is digitized, and the
numerical data fed fo a computer for
analysis. During the analysis, numerical
curve-fitiing techniques are used to
determine frequency, phase, amphituds,
and dc offset parameters—which then
are used to reconstruct the assumed-
pure sine wave coming from the imper-
fect (real) digitizer output. Errors inthese
wavetorm parameters {frequency,
phase, amplitude, and dc offset) that
result from real digitization are not deter
mined by the effective-bits analysis. The
reconstructed sine wave is then numer
ically sampled In the computer—
as though it were processed by a the-
oretically perfect digitizer,

The real digitizer's ouput is sub-
tractad, sample by sample. from the
computergenerated sine wave, leaving
behind the digitizer errors. These real
digitizer errors are then compared 1o the
errors of an ideal digitizer with identical
resolution. Using the error values, effec-
tive bits are determined by first comput-
ing the number of lost bits:

1

Real Digftizer RMS krrors

idgal Digitizer RMS Errogs)

Then subtract the ost bits from the
availabie digitizer bits:

Lost Bits = log,

Effactive Bils = {Digitizer Bits Avaliable) - {Lost Bils)

N
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Figure 5. Dynamic performance of the 2430 Digital Oscilloscope. Measurad with a five-

division input signal and 50-chm input coupling.

Effective
Frequency Bits
50 kHz 7.3
1 MHz 6.9
10 MHz 6.6
40 MHz 5.2
150 MHz 4.92

&With 16 averages.

Effects of input-signal Amplitude
and Siew Rate

Interms of slew rate, a large input-
signal amplitude places greater
demands on both the front-end analog
circuitry and the sampling circuits.
Because of these greater demands, the
effective bits are reduced as input-signal
amplitude increases.

Well then, how should the input ampli-
tude for an effective-bits test be deter
mined? Most measurements are usually
made with about five divisions ampii-
tude, and specifications such as rise
time and bandwidth also use a five-
clivision input. Since a five-division input
represents a typical measurement
parameter, that is what was used for the
2430 effective-bits lest.

The direct implication of effective bits
for the user is that, for a given sine-wave
measurement at a given frequency, the

digitizer may be viewed as if it were an
ideal digitizer whose dynamic vertical
accuracy is specified by the effective
bits at that frequency. Figure 5 and

the accompanying table summarize
effective-bits performance for the 2430
Digital Oscilioscope.

Vertical accuracy, when measuring
other types of signals-—for example,
step functions—Iis not certain. This is
due 1o the dependence of effective bits
upon slew rate. It does mean, however,
that signals with iesser slew raie-—for
exarmple, a smalleramplitude sine wave
—will have greater vertical accuracy.
And those with greater slew rate—such
&s a step input—will probably have less.

Additional References

DeWitl, Laurie, "Dynamic testing
reveals overall digitizer performance,”
HANDSHAKE, Vol 10 No. 1{Spring
1985): 8-11.

“Dynamic Performance Testing
of Ato-D Converters.” Hewlett-Packard
Product Note 5180A-2.




IMPROVING
MEASUREMENT
SIGNAL-TO-NOISE
RATIO AND
RESOLUTION
THROUGH AVERAGING

by Rolf Anderson

Why Averaging?

Noise pervades every eleclrical sys-
tem, whether it's a piece of fest equip-
ment or a circuit under lest, When
viewed on a digitizing osclloscope,

a signal often can be completely ob-
scured by noise and will sometimes
appear to contain no useful information.

Because of its random nature, noise
can be partially eliminated from the
oscilloscope display. More importantly,
its random gualities also can be used as
the meaans 1o increase digitizer resolu-
tion. Recent developments in fast-wave-
form processing spurred the evolution of
averaging techniques for efficiently
reducing the noise seen on a display
and improving the scope's measurement
resolution.

The averaging process in a typical
digital-storage osciloscope uses the dil-
ferences between signals of inlerest
and random additive noise sources.
Because of the fime-locked positioning
of sarmples relative o the trigger point in
successive acquisitions, any given sam-
ple amgplitude consists of two parts: a
Tixed signal component and a random-
noise component.

The desired incoming signal contrib-
utes a fixed amplitude component to
each given sample position in each
triggered acquisition. Random noise,
however, does not have a fixed time rela-
tionship to the trigger point. Because of
this, noise may be viewed as numerous
signals added together, with each noise
signal being different in frequency from
the desired signal. Noise signals move in
fime relative to the triggered signal, con-
tributing positive and negative ampii-
tudes equally to each sample in the
acquisition record,

The amount of noise reduction
increases with the number of acquisi-
tions averaged, as the average of the
noise amplitudes approaches zero.

The 2430 Combines Two
Averaging Methods

The usual definition of averaging
means that N numbers are addec
together, then their sum is divided by N,
If only this algorithm were implemented
in a digital storage oscilloscope, it would
create an inconvenience for the user,
Since the display would not be updated
after each acquisition, the scope user
would have to wait until the N acquisi-
tions had taken place before seeing the
averaged signal.

Anaother factor that the scope
designer must consider when imple-
menting an averaging function is that
some signals may vary in amplitude, fre-
quency, and phase over time. Normal
averaging techniques would eventually
“average away” most of these types
of signals. For these reasons, the 2430
blends togeher two methods of aver-
aging: stable and exponantial.

Stable averaging is a variation on the
usual meaning. It adds a comection term
1o the current acquisition value, which is
based upon previous averages. This
produces a display that not only is
updated with each acquisition but also
becomes less ncisy after each update.

The stable averaging algorithm is:

X, — A
An = AH—! + 1 ; = !

for
21 <7 J = 2n+1;

where
A,  isthenew data-point estimate,

A, sthe previous data-point
astimatie,

X, is the current-acquisition value,
and

i is an integer value such that
the resulting divisor, 21, is the
first power of two greater than
or equal to the current acquisi-
tion number (see Table 1).

Table 1
‘Relationship of Current
Acquisition Number to the Divisor 2i

Acquisition
Number j 2
1 0 1
2 1 2
3 2 4
4 2 4
5 3 8
6 3 8
7 3 8
8 3 8
1 i !
253 8 256
254 8 256
255 8 256
256 8 256




Stable averaging produces slightly
less improvement—1hat is, a smaller
signal-to-noise improvement ratio (SNIR)
~—{han conventional averaging {see
Tabie 2). In the 2430, stable averaging
occurs on the first T acquisitions, where
T is the number of user-selected aver
ages. After T acquisitions are made,
averaging automatically swilches io the
exponential method.

Tabie 2
Stabie Averaging SNIR
Signal-to-Noise
Selected | Improvement
Averages Ratio % of
(") Mumeric | dB [Conventionat
2 141 3.0 100
4 1.98 5.9 98.9
8 2.75 8.8 g7.2
16 3.84 117 96.1
32 534 148 94.4
84 7.51 175 893.9
128 10.60 1205 93.3
256 14.90 |23.4 92.8

Exponential averaging gets its name
from the fact that the averaging is expo-
nentially weighted toward the newest
samples. lIs algorithm is identical to the
stable-averaging algorithm, except
that the divisor, 2, is replaced by T, the
number of user-selected averages.
Because the divisor now is a constant,
the algorithm never ends. This means
that each averaged update of the dis-
play tracks the incoming wavelorm with
a time constant equal to T divided by the
acquisition rate.

Table 3 lists, at each value of T, the
expected time constant for 8-bit
accuracy and 11.3-bit accuracy, which is
needed when the waveform is expanded
by afactor of 10. The effects of expo-
nential averaging are most noticeably
demonstrated on a slowly changing
waveform,

Figure 8. Averaging sequence of a square
wave added to a slightly different frequency
sing wave. Triggered on the square wave.
Watch the sine wave average oul.

Table 3
Time Constants to Achieve Accuracy
Selected Time Constants
Averages 8-bit 11.3-bit
{ Accuracy | Accuracy
2 300 ms 410 ms
4 723 ms 988 ms
8 158s 213s
16 3.22s 4.40 s
32 6553 895 s
64 13.20s 18.00 s
128 2650 s 36.20 s
256 53.10s 72608

Obtainable Improvement is Not
Uniimited

The achievable signal-to-naise ratio
improvernent is limited by other noise
sources that are not random but are
refated in some way to the signal being
digitized. For exampie, if 2 measurement
has harmanics that are above the useful
bandwidih of the digitizer at the salected
sweep spaed, the harmonics will be
aliased cnto the fundamental, thus pro-
duging errors.

Time jitter, when averaged, produces
a low-pass fiter characteristic. Also,
within the oscilloscope, signals related
to the sample rate by frequency pro-
duce errors that cannot be reduced
through averaging. Another limitation on
signakto-noise ratio is the word length
used in the averaging algorthm itself, As
successive acquisitions are averaged,
the least significant bits of the result
must be rounded (because of finite word
length used in the aigorithm), thereby
fimiting resolution.



Figure 7. Averaging sequence of a very noisy signal,

Resolution is Increased

Averaging also increases the potential
resolution of the digitizer. The increased
resolution may be better understood by
following the exampie of an eight-bit dig-
itizer The value of an eight-bit number
ranges from § 1o 255. i you add two
eight-bit numbers together, the range of
values goes from 010 510, Thus the
value of ong count decreases from 1/255
10 1/510, giving increased resolution.
This iIncreased resolution will be
obtained when dividing to obtain the
average, provided the number of bits
used in the calculation is sufficient to
prevent round-off or fruncation errors.

For example, the resolution for a sam-
ple of 128 and for asample of 1271is 1.
Their averaged valug is 127.5, but now
the resolution is 1/2. Resolution has dou-
bled. Infact, the resolution increases by
a factor of N, or log, N bits, when N
acquisitions are averaged using stable
averaging. Exponential averaging
requires more acquisitions to obtain the
same resolution improvernent as stable
averaging.

10

The presence of random noisg in the
digitizer is essential for producing this
exira resolution. Assume for the moment
that the system had no notse. Then,
whenever an input signal is quantized to
some number, say 10, at some sample
point, every later acquisition would
guantize that point to the same number
{103, and the average would be 10, even
though the signal may actually be 9.5.
Now re-introduce the noise. The chosen
sample point during one acquisition may
now read 9, and at the next acquisition
read 10, producing an average of 8.5.
Anextra digit of resolution has therefore
been achieved,

Remember that resolution is not the
sarme as accuracy. In spite of the fact
that the exira resolution can be com-
puted, the digitizer is still limited to the
signal-to-noise limitations mentioned
earlier.

Nenrepetitive Signals Can Be
Made o Appear Bepetitive

To be averageable, signals must be
repetitive. Signals that are nonperiodic
can sometimes be made to appear
periodic to the scope for averaging pur
poses. For example, an infrequently
occurring glitch may be made periodic
by setting the scope to trigger on the
ghitch, then use averaging with NORM
TRIGGER MODE selected.

Noise Reduction

A good portion of most measurements
involve measuing repetilive signals.
Thanks to the fast waveform processing
of the 2430, the user may choose to con-
stantly reduce noise through averaging,
with no loss of display update rate.

Additional References
Oppenhsim, Alan V., and Ronald W.
Schafer. Digital Signal Processing.
Englewcod Cliffs: Prentice-Hall, 1975.
Trimble, Charles L. "What is Signal
Averaging?" Hewlett-Packard Journal
{1968).




SAVE-ON-DELTA
OPERATION

Table 4
Display-Request List

Compared Against

by Fred Azinger

A powerful new capability was imple-
mented in the 2430 Digital Oscilioscope
—the ability for the instrument itself to
make pass-fail measurement decisions
for you! This feature, called Save-on-
Delia, accords scops users an added
dimension of efficiency in hunting and
finding these infreguently occurring
evenis. It offers them the freedom of
unattended operation while tracking
down circuit problems.

Essentially, the Save-on-Delta function
compares incoming waveforms with a
user-detined reference waveform or
envelope, then automatically stores
those incoming waveforms thal exceed
the limits set by the reference. Therefore,
making the best use of this feature and
correctly interpreting its results requires
some knowledge about how Save-on-
Delta comparisons are initially set up
and how the instrument subsequently
performs them.

From the user’s standpoint, there are
three basic steps involved in setting up
the 2430 for Save-on-Delta operation; (1)
establishing the waveform-comparison
pairs, (2) establishing the comparison
mode, and (3) generating the com-
parison waveform envelope. The first two
are discussed in this note; the lafter is
the subject of a separate application
note.

Setting Up the Comparison Pairs

When SAVE ON A is selected, the
2430 determines which reference wave-
forms-—that is, those stored in the rafer
ence memories—can be compared
against an incoming signal. i does this
via an internally stored display-request
list, which maintains a status of wave-
forms that have been selected for dis-
play. These include both incoming live
waveforms and those saved in reference
memories.

DELAY
Selacted by TIME Displayed Sefected DISPLAY REF
VERTICAL MODE | A TIME Live Waveforms REF1 REF2 REF3
{H1 OFF [ CH1 CH1 e —
CH2 OrFF [ OH2 CH2 - —
CHY + CHz OFF  [CHT 4 CH2 CH1 CHz —
ADD OFF |ADD ADD 1 e —
ADD + CHit OFF [ CH1 + ADD CH1 ARD —
ADD + CH2 OFF |ADD + CH2 ADD CH2 —
ADD + CH1 + CH2 OFF  TCHT + CHZ + ADD CH1 CH2 ADD
MULT OFF | MULT MULT e —
MULT + CH1t QFE  [CHT + MUY CH1 MULE —
MULT -+ CH2 OFF | MULT + CH2 MULT CH2 —
MULT -+ CHY + CH21 OFF [ CHY + CH2 + MULY CH1 CH2 MULT
CH1 ON CH1 + CH1/D2 CH1 CH1/D2 —
CHz ON CHZ + CH2/D2 CHZ2 CHz/D2 —
CH1 + CH2 ON CH1 + CH2/D2 CH1 CHz2/D2 —
ALD ON ADD + ADD/D2 ADD ALDIDZ —
ADD + CH1 ON ADD + ADD/D2Z + CHY + CH1/D2 ADD ADDID2 —
ADD + CH2 ON ADD + ADD/D2 + CHZ + CH2/D2 ADD ADDIDZ ] e
ADD 4 CHY 4+ CHP2 ON ADD 4+ ADDIGZ + CHY + CH2/D2 ADD ADDIDZ | e
MULT ON MUET + MULT/D2 MULT | MULT/D2 o
MULT + CH® On MULT + MULT/DZ + CHE = CH1/D2 | MULT . MULE/D2 -
MULT + CH2 ON MULT + MULT/D2 + CH2 + CH2/02 | MULT | MULT/D2 e
MULT + CHT = CH21 ON MULT + MULT/D2 + CHT + CH1/D2 | MULT | MULT/D2 e

Updating the list occurs whenever any
one of the following theee parameters are
changed using the front-panel controls
and menus: VERTICAL MODE displays,
DELAY (by; TIME A TIME status, and
DISPLAY REF selections. Hence, the
settings of these thres parameters con-
trol which incoming tive waveform will be
compared against an appropriate stored
reference waveform. In other words, they
establish the waveform-comparison
pairs.

It is important to note here that,
although there can be more than six
waveform-display requests active at any
time, the inability of the display system to
show more than six wavelorms at a time
does not affect the operation of the Save-
on-Delta function.

The many waveforms available within
the 2430 for display produce a greal
number of choices for Save-on-Delta
comparison operations. To minimize the
complexity of the human interface
required for making all these choices
and {o avoid diminishing the host of
useful capabilities in the Save-on-Delta
function, we implermented a table-driven
approach. tis similar fo thatused in the
operation of the STACK REF feature.

When determining the particular five
waveform that will be compared against
a specific reference waveform, the
oscllloscope looks at the selections
made in the VERTICAL MODE menu,
This information, aleng with the DELAY
{by) TIME A TIME status, are used as

indexes into the display-request list. It
then looks at which DISPLAY REF mem-
ories are selected, ifit sees that both the
live wavetorm and the contents of a spe-
cific DISPLAY REF memory are both
selected for display (refer to Table 4),
then a Save-on-Delta comparison for this
pair of wavelorms is programmed-up for
the waveform processor,

This method of deciding when to per-
form the comparisons gives a user the
ability to "babysi” one node in a circuit
while cbserving another nade of interest.
To determine which comparisons are
considered, look al the ling thal corre-
sponds to the selected VERTICAL
MODE and DELAY by TIME A TIME sta-
fus. Next, look into the table on that row
to find the particular live waveforms that
will be compared against specific refer-
ences. Continue along the same row (o
find & maiching waveform in the DIS-
PLAY REF columns.

For example, suppose you have
selected MULT and CH2 VERTICAL
MODE, with DELAY (by) TIME A TIME
toggled ON, and both REF 1 and REF 2
selected for display. In this instance, a
Save-on-Delta comparison operation
occours between the incoming live mutti-
plied waveform at the first delay (MULT)
and the reference waveform stored in
REF 1. A comparison also cocurs
between the live waveform display at the
second delay (MULT/D2) and the wave-
form stored in REF 2.



Establishing the Comparison Mode

There are three comparison modes for
the 2430 Save-on-Delta function — we'l
call them Standard, Roll, and Repetitive.
The criteria for differentiating between
these three modes are: the SEC/DIV set-
ting, the ACQUIRE REPET status, and
the A TRIGGER MODE selection. Each
mode (Standard, Roll, and Repetitive}
causes the Save-on-Delta comparison
operation 1o be performed in a different
way. Collectively, they cffer greater flexi-
bility to the user in handiing signals with
a wide variely of characteristics. Table 5
summarizes the criteria for each com-
parison mode.

Standard Mode. For the Standard
Save-on-Delta comparison mode, any
SEC/DIV setting can be used. it is set
at 50 ms/div or faster, the A TRIGGER
MGDE selection can be any of the four
choices, but ACQUIRE REPET should
be toggled OFF. When the SEC/DIV set-
fing is stowar than 50 ms/div, any A
TRIGGER MODE except ROLL should
be selected, and REPET acquisition can
be either ON or OFF. Remember that if
AUTO A TRIGGER MODE is active when
the sweep speed is S50 ms/div or
faster, it automatically changes to ROLL
whenever the sweep speed is shiftad
to a setting slower than 50 ms/div.

in the Standard mode, the entire 1024~
point live waveform record is compared
against the reference record, whichis
assumed 1o be 512 maximum-minimum
pairs. Each maximum-minimum pair of
poirts on the incoming live wavetorm is
compared with the corresponding pair
of points on the reference waveform to
determine whether either point exceeds
its respective limit.

Roll Mode. in Roli mods, the SEC/DIV
setting must be siower than 50 ms/div.
The selected A TRIGGER MODE should
be ROLL, and ACQUIRE REPET can be
either ON or OFF.

If the Standard Save-on-Delta method
of implementing comparisons were o
be used also in the Roll mode, each
incoming data point, given enough time,
would be compared (o every maximurm-
minimum pair in the reference waveform,
This is due to the way data rolls through
the record in Roll mode.

As a result, the Save-on-Delta com-
parison in fact is a DC level comgarison.
fts maximum iimit is equal to the mini-
mum of all the maximums, and its mini-
murm limit is equal to the maximum
of all the minimums. Accordingly, the

Table 5
Establishing Save-on-Delta Comparison Modes
Save-on-Delta Then Selected And Selected
Comparison HSEC/DIV ATRIGGER MODE | ACQUIRE REFPET
Mode Setling Is Should Be Should Be
100 ms/div Any Either
and siower except ROLL OGN or OFF
Standard :
50 ms/div
and faster Any CrF
100 ms/div Either
Roll and slower ROLL ON or OFF
- 200 ns/div
Repetitive and fastor Any ON

usefulness of the Roll Save-on-Delta
function is confined to monitoring DC
tevels. Moreover, if the reference isa DC
window only, then the first incoming
sample 10 exceed the window causes
the 2430 to enter SAVE, and the errant
sample will be at the very end of the
record — at essentially 100% pretrigger

To broaden the usefulness of the Roll
Save-on-Delia mode, it was decided to
only make comparisons arcund the trig-
ger position. When ROLL TRIGGER
MODE is selected and SAVE ON A
acquisition is OFF, the trigger position is
usually irrelevant. However, when ROLL
is selected and SAVE ON A is ON, trig-
ger position becomes important for con-
trolling the amount of pretrigger samples
that are preserved when an excursion
outside the reference envelope is
detected.

Theretore in the Roll Save-on-Delta
mode, comparisons happen only on
those sample occurring from about 20
sample points ahead of the trigger posi-
tion through the sample at the trigger
position. In the ideal situation, only the
sampie at the trigger position needs to
be checked. But due to the batched
nature of the way the comparison opera-
tion is implemented In the 2430, this
window was enlarged.

Repetitive Mode. In this Save-on-Delta
mode, REPET acquisition must be tog-
gled ON, and the SEC/DIV SETTING
should be 200 ns/div or faster. The A
TRIGGER MODE can be any selection.

Now, since the waveform is built up
using many acquisitions, there must be
yet another way for Save-on-Delta com-
parisons 1o take place. At the start, all
waveform data poinis are intilalized
10 - 128, which indicales that a data
sample has yet (o be acquired for the
current position in time within the record.
Because of these vet-to-be-acquired

samples, a Standard-mode comparison,
if implemented. would cause the scope
10 enter SAVE immediately. Therefore,
only the points in the live waveform

{that were updated during a particular
acquisition} are compared with the refer-
ence envelepe. Since REPET doss not
operate in ENVELCPE mode, both the
maximum and the minimum points of the
reference envelope (that correspond
with the live points sample pericd} are
compared.

Other Operational Considerations

One scope parameter that does not
affect Save-on-Delta operation is Hosi-
zontal Position. This parameter is ger
mane only 1o the display system. |
determines what points are displayed
but has no effect on how or where the
Save-on-Delta comparison is done.
However, here's an important tip to
remember when using the Save-on-
Delta function. Lock the Horizontal Posi-
tions so that all reference waveforms will
track the horizontal position of the live
waveforms. Then when the 2430 enters
SAVE, the event that caused the Save-
on-Delta to occur will be centered on the
screen, with its reference envelope
appropriately positioned also.

Anocther significant aspect of using the
Save-on-Delta function is the rearm
dead time. This is the period during
which the 2430 is busy processing its
last acquisition. Throughout this interval,
the scope is not ready to start acquiring
data for the next acquisition. And while
the scope is not acquirng data, it cannot
be performing a Save-on-Delta com-
parison. Howsver, it is important to note
that although the Rolt Save-on-Delta
mode is effective only for monitoring DC
levels, the combination of ROLL TRIG-
GER MODE and ENVELOPE acquisition
{with the peak detectors) vields 100%
coverage for a =4-ns event,



USING THE GPIB-FAST-
TRANSMIT MODE FOR
WAVEFORM TRANSFER

by Steve Lyford

Transferring waveforms from a 2430
Digital Oscilloscope to another device in
a GPIB-driven sytems environment
can be speeded significantly by using
the fast-transmit mode. This article
describes the fast-transmit function, with
several examples, and how it can be
used to attain the highest waveform
transfer rate available from the 2430
when it's used as part of a GPIB system.

Although the 2430 can send single
waveforms at high rates, the real power
of the fast-transmit mode (hereafter
labeled FAStxmit to conform with its
GPIB command header) becomes
apparent in repetitive-transfer situations,
where multiple waveforms must be
acautred then sentto a controller,

Because of its high update rale, the
2430 can acquire a waveform, send itto
the controller, and rearm itself for the
next acouisition fast enough to capture
and send up to 47 waveforms per sec-
ond. In any measurement situation
where the trigger rate is less than the
transfer rate {for instance, video frame
rate), FASIxmit delivers full coverage,
with an acguisition and transfer occur
ring between every trigger.

Inthe 2430, the 9914A interface chip
is still used for handshake control, but to
speed things up, the system processor
shuts down all unnecessary overhead
and concentrates on sending bytes over
the bus.

Memory Background

When data comes out of Acquisition
memory, it goes into what is called the
Save memory. If waveform expansion
and positioning are selecied, the wave-
form processor performs the required
operations on the waveform in Save
memory, then transfers it into Display
memory. The ARD and the MULTIPLY
waveforms also are created from wave-
forms in Save memory, then likewise
placed into Display memory,

There are four slots available in Save
memory—one gach for the CH1 and
CHZ main-sweep waveforms and one
each for their respective delayed wave-
forms. Normaily, when a waveform 1s
reguested using the CURVE? query
{and not using FAStxmit), the requested
waveform is built out of Save-memory
contents, stored in another holding
memory, then transmitted to the control-
ler. Therefore, the wavelorm recelved at
the controller is the same one displayad
on screen.

But when FASixmit is selected, a
waveform fransmittad to the controller
comes direclly from Save memory. inthis
fransmission mode, there can be silua-
tions when the waveform received at the
controller does not match the waveform
being displayed on screen. This can
happen when expansion or processing
functions are selected (since the
expanded, positioned, multiplied, and
added waveforms are built from Save-
mermnary contents, then placed into Dis-
play memory). Although the transmitted
and displayed wavelorms may not
match, the waveform received at the
controller is always the one that was
acquired by the 2430.

How to Set Up FASIxmit

Let's see how we use the FAStxmit
command to set up the 2430 for fast
transier of waveforms to a controller.
First, the waveform of interest must be
specified in the argument; the choices
available are DELta and NORmal.

If DELAY by TIME A DELAY is OFF
{use DLYTime? DELta), then NORmal is
the selection you want. This will send o
the controlier the contents of the CH1 or
the CH2 siot or BOTH slots in Save mem-
ory. Which waveforms are transmitted
depends on the link argument selected
to follow the NORmal argument,

[f DELAY by TIME A DELAY is ON, and
you are inlerested in the delay wave-
forms, then select the FASIxmit DELta
argument. This will retrieve data from the
delay slots in Save mamory. Again, the
chosen link argument (CH1, CHZ, or
BOTH) determines the waveforms that
will be sent.

if the link argument BOTh is selected,
then the specified number of waveforms
from each channel are transmitted in
the following sequence: CH1, CH2, CH1,
CH2, CH1,. ., CH2.

Examples:
FAStxmit Sends Channel 1
NORmaliCH1  main-swesp
: waveform(s).

FASIxmi Sends Channel 2
DELta:CH2 delay waveform(s).
EASHmt Sends both Chan-

NORmal:BOTh nel T and Channel
2 main-swaep
waveform(s).

The next step is to specify the number
of waveforms you want to send. This
number can range from 110 85535, and
it sets the quantity of acquire-send
sequences that will be completed before
the FASbenit mode ends.

Examples:
FASxmit 20000
FASEmIt 1
FAStkmit DELta:CH1,15

The last exampie sets up the 2430 to
gend 15 Channel 1 delay sweeps. If the
2430 were in an ACQUIRE mode, each
waveform would be newly acquired
before its transmitted. And if a SAVE
mode were selecied, each fransmitted
wavatorm would be a copy of the one
before it (since no new acguisitions
would ocour).
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The final step starts the fast-fransmis-
sion procass. Waveforms begin trans-
mission when the 2430 is addressed to
tatk—or more specifically, when a transi-
tion cocurs from the untalk condition to
being addressed to talk. Only when the
controlier issues the talk address for the
2430 and the user has reguested FAStx-
mit waveforms will the fast-transmission
sequence begin.

Before sending the talk address, the
programmer should allow enough time
Tor the 2430 to interpret and turm on the
FASIxmit command. A minimum delay of
50 ms is necessary between sending a
FAStmit NORmalhCH1 command and
recuesting input from the 2430 (by
addressing It 1o talk). Thisis needsdto
ensure thai the 2430 recognizes the fact
that FAStxmit is now active.

Sample Program

The following program example is one
way that the fast-transmit rnode can be
implemented. This example was done in
4041 basic, and the 4041 Diract Mem-
ory Access (DMA) mode is used to max-
imize transfer speed. Using the DMA
mode requires that Option 01 ba
installed in the 4041,

10 !

20 !Fast Transmit Exampie

30

40 Scope=1

50 Open#scope: "gpibi
(pri=1.eom=<0>,

60 |
70 Dim wave$ to 32000
86 |
90 Prinsfscope: "fas 30 ,noricht”
110 Wait .05
120 Inpu#scopewaved
130 !
140 Prin#scope; "fas off”
150 End tend of fast transmit

The program acquires 30 main-sweep
waveforms from Channel 1 and stores
them in a variable —wave$. Line 110
inserts the necessary delay to ensure
that the 2430 knows it is in the fast-
transmit mode before it is sent a transi-
tion command changing its condition
from untalk to takk. The “print” statement
inline 90 performs an untatk when it is
finished, and the “Input” statement in
line 120 performs a talk when it begins.
Line 140 is not executed untit all of the
fast-transmit waveforms have been sent.
This example produced a transmittal
rate of about 40 waveforms per second,
with the A SEC/DI sel to 100 ps/div and
the display turnad off.

Potential Traps

Each succeeding FASIxmit waveform
Is transmitted right after the waveform
processor finishes moving it from
Acquisition memory to Save memory
The code for starting the FASxmit
sequence resides in the waveform-
processordone (wpdn) interrupt routine.
its important to realize that waveform
acquisitions are what stimulate the wpdn
interrupt—and subseguentlly cause the
FAStmit waveform transmissions.
Because of this implemented sequence,
there are two situations that should be
avoided.

One exists f a user activaies FAStmit
while the 2430 fs acquiring in ROLL
mode. Inthis case, since there is con-
stant waveform acquisition during ROLL
operation, no wpdn interrupts are gener-
ated; it takes a transition o SAVE mode
to supply the necessary wpdn interrupt.
The condroller must be used to cause the
2430 to go into SAVE mode by sending
ita RUN SAVE command before starting
the FAStxmit sequence. If the program-
mer does not observe this step, bus
operation will hang up.

The other situation occurs after a user
requests FASIxmit DELia waveforms with
the DELAY by TIME A DELAY mode OFF
inthis case, the 2430 is preventad from
ever acquiring a delay waveform, so the
necassary wpdn interrupt will never be
generated. Meanwhile, the FASEmit
sequence continues to wait for an inter-
rupt—thus, it 100 suspends the GPIB.

In both of these situations, only the
bus hangs up—the front-panal opera-
tionis not affected. The reason is that,
when the 2430 recognizes if's been
addressed as a talker, it turns off the
interrupt coming out of the 9914A inter-
face chip. This is done to reduce con-
ficts arising from polling information that
possibly could be changed by the inter-
rupt. Transfer of the waveform data is
precluded by the handshake routine,
which polls the interrupt bit and only
looks to see whether the GPIB is ready
for anew byte. Atthis point, the 2430 is
in an output-onty mode and will net pay
attention to any bus command until
all the requested waveforms have
been sent,

To get cut of this predicament, the
operator can take one of two alter
natives: (1) turn OFF the PGWER switch
to reset things, or (2) press the SAVE
button on the front panel to stimulate the
transition needed for generating the
wpdn interrupt. Although both aiter-
natives are extremne, the tradeoff is
speed. And since FASIxmIt is a special
mode for users with a need for speed, it
seams reasonable.

Speed is also a factor in the decision
to ignore Device Clear, interface Clear,
andthe Talk and Listen address
changes until the FAStxmit sequence is
complete. Because the interrupts are
turned off, checks for thess events would
be made during the tight loop that is
actually sending oul new bytes. This
increases the total lcop time, as well as
the time to send the entire waveform.



Speedy Transfer Rates

We've measured some waveform
transfer rates for the FAShamit mode (see
Table 8). They were obtained using a
very fast controller and a frequency
counter attached to the RTRIG output on
the rear panel to measure time between
the occurrence of record triggers. The
intervals measured include both the time
to acquire the waveform and the time to
send that waveform fo the controller.

Because the waveform processor not
only moves wavelorm data from Acquisi-
fion memory 10 Save memaory but also
from Save memory to the display, turning
oif all wavefom displays (using the
VMOde command) alsc spesds the
transfer. Turning off the display elimi-
nates the large data-moves going o it,
which in turn accelerates the 2430% part
in the transfer.

Table 6
Measured Waveform Transfer Rates

Swesp Speed or Mode| Transfer Rale

100 ps/div 47 wim/s
50 ws/div to 500 ns/div 36 wim/s
SAVE mode 65 wim/s

The timing numbers were measured
for sweep speeds of 100 us and faster.
At speeds slower than this, waveform
haud rates are retarded, since data
acquisition takes longer. And because
sweeap speeds faster than 500 ns require
equivalent-ime sampling to fill waveform
points (which takes time), fast transmittal
of waveform data becomes superfluous.
But for sweep speeds from 50 ws to 500
ns, data is hangled exactly the same
way internally, so the transfer rates are
the sarme.

User Tip: If a high transfer rale for one
waveform is needed to reduce system
overhead, then placing the 2430 into the
SAVE mode (RUN SAVe) before initialing
the FASDxmit seqguence works well.
Command Timing

Tables 7 and 8 list various GPIB com-
mands and queries available to the
2430 along with the respective times to
execute them. These timing measure-
ments were made with a Tektronix 4041
controller and an 8540 emulator station.
Each measuremeant started when the
header (for example, CH1 and HORizon-
tal) was decoded. It stopped when the
hardware was updated, with the 2430
ready to process the next command.

Table 7
Measured Command and Guery
Timing

Header Arguments Time
SET? LONg ON 0.93s
OFF 0798
SET LONg ON 494
QOFF 4.60s
LLSet? 014s
LLSet 044 s
CURve? Binary Data 0.45s
ASCH Data 3558
CURVE Binary Data 1.19s
ASCII Data 7.33s

CH1 VOLts:.2 011 ga
HORizontal | ASEcdiv:.001 0.08s
002 |009s
ACQuire MODe:NORmal 10.07 s
AfRigger LEVel:D 002s
1234 0.03s

ahttenuators take time to change!

Table 8
Measured Query Timing
Peoints Between

Guery | STArtand STOp | Time
AVG? 128 .18 s
1024 113 s

PCRoss? 128 010s
1024 0.16 s

MINImum? 128 C10s
1024 017 s
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