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Preface

Purpose of this Document

This manual provides the informalion necessary to install, configure, operate, and
service the VX4250 Wavelorm Tester module.

Organization of this Manual

This list shows the titles of the sections in this manual, and includes a briel
description of each one.

Sectlon 1. General Information — provides a brief overview of the VX4250
capabilities and architeclure. The complete instrumen! specilications appear al the
end of this section.

Section 2. Preparation for Use — provides information on how to configure and
install the VX4250.

Sectlan 3. Introduction to Operation and Programming — describes the front
panel conneclors and indicators. This seclion also contains several examples
which guide the user through all layers of the instruments’ capabililies.

Section 4. Advanced Operatlon — provides more detailed informalion on
various oplions within the command sel. Information is presented on methods 1o
oplimize system throughpul, and details on the internal paramelric measurements.

Sectlon 5. Command Notation and Formats — conlains the introduclory in-
formation aboul the command dictionary.

Section 6. Command Dictionary — contains an alphabetical listing of all of the
instrument command sel broken down into three major groupings: Channel Com-
mands, Instument Commands, and System Commands.

Secllon 7. Emors, Wamings, and Events — lisls these conditions and their
causes. Also conlains a description of the error and event reporing mechanism.

Sectlon 8. Malntenance — gives diagnostic procedures to allow fault isolation
to the Field Replaceable Unit. Also describes insirument disassembly and reas-
sembly procedures.

Section 9. Checks and Adjustments — describes Performance Verificalion and
Calibration procedures.

Section 10. Replaceable Pars List of Field Replaceable Unlis — provides

replaceable mechanical and electrical parts lists, manulacturer code numbers, and
an exploded view drawing of the VX4250.
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The manual also conlains these appendices and an index:

Appendix A. IEEE Standard 488.2 Reference — provides information about
standard terms and command tree structures.

Appendix B. Pulse Measurement Definllons — contains information about
built-in pulse measurements, malhemalical formula used in calculating pulse
measurement, definitions of the terms used in pulse measurement, a list of 1heir
names and the corresponding VX4250 commands, and a descriplion of each cne.

Appendix C. VXl Rear-Panel Interface — gives the pinout of the VI P1 and
P2 connectors which are used by the VX4250,

Appendix D. Fast Data Channel Reference — presents information about the
layout and use of Physical Share Memory.

Index

Tabbed Sectlons

For user convenience, the command relerence (Seclion 6. Command Dictionary),
error messages (Seclion 7. Errors, Warnings, and Evenis), and Index have lab
dividers for quick access. Only these sections have 1ab dividers because 1hese
seclions are most likely to be used for relerence.

Related Publications

if

The following documents on relaled subjects may be helplul in efficient use of the
VX4250:

ANSIWEEE Standard 181-1977, IEEE Standard on Pulse Measuremenls and
Analysis by Objective Techniques

IEEE Standard 194-1977, |\EEE Standard Pufse Terms and Delinitions
VXibus System Specification, Version 1.3, July 14, 1989
VMEbus Specification Manual, Revision C.1, Ocfober, 1985

ANSVIEEE Standard 1014-1987, IEEE Standards for a Versatile Backplane Bus:
VMEbus
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GENERAL SAFETY SUMMARY

Only qualified personnel should perform service procedures. This Service Safely Summary and
the General Safely Summary should be read before performing service procedures.

The general safety informalion in this summary is for operaling and servicing personnel. Specific
warnings and cautions can be found throughout the manual where they apply, and may not appear
in this summary.

TERMS IN THIS MANUAL

CAUTION statements idenlify conditions or practices that could result in damage to the equipment
or olher property.

WARNING statements identify conditions or practices thal could result in personal injury or loss
of life.

TERMS AS MARKED ON EQUIPMENT

CAUTION indicates a hazard lo propery, including the equipment ilself, and could cause minor
personal injury.

WARNING indicates a personal injury hazard not immediately accessible as you read the marking.
DANGER indicates a personal injury hazard immedialely accessible as you read the marking.

SYMBOLS AS MARKED ON EQUIPMENT

& DANGER-High voltage
@ Protective ground {earlh} terminal

A ATTENTION-REFER TO MANUAL

GROUNDING THE PRODUCT

WARNING: This product is grounded through the VXI mainframe chassis. To avoid the possibility
ol electrical shock, always secure lhe fronl panel mounting screws to the mainframe. Assure that
the mainframe is adequately grounded before applying power. Refer to grounding information in
the mainframe safety documentalion.
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General Safely Summary

DANGER ARISING FROM LOSS OF GROUND

Upon loss of the proteclive-ground connection, all accessible conductive pars (including the front
panel and exiraction handles which may appear to be insulaled) can render an eleclric shock.

USE PROPER FUSE
To avoid fire hazard use only a fuse of the correct type, voltage raling, and current rating.

REMOVE LOOSE OBJECTS

During disassembly or inslallation procedures, screws or olher small objects may fall to the boltom
of the mainframe. To avoid shorling out the power supply, do not power-up the instrumenl until
such objecls have been removed.

DO NOT OPERATE WITHOUT COVERS

To avoid personal injury or damage to the product, do nol operate this product with the covers or
panels removed.

REMOVE FROM OPERATION

If you have reason to believe that the instrument has suffered a component failure, do nol operale
the instrument until 1the cause of the failure has been determined and corrected.

DO NOT OPERATE IN EXPLOSIVE ATMOSPHERES

To avoid explosion, do nol operate this product in an explosive atmosphere unless it has been
specially cerified for such operation.

SAFETY CERTIFICATION OF MODULES

For madules which are sately certified by Underwrilers Laboratories, UL Lisling applies only whan
the module is inslalled in & UL Listed product.
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Section 1
General Information

Introduction

The VX4250 is a dual channel analog waveform tester oplimized for high through-
pul testing applications. The single wide VXI “C" size module combines a high
performance acquisition system, powerful internal passfiail determination, and in-
ternally stored tesl sequence execulion. Twenfy four built-in measurement
funclions directly provide parametric answers of common single and two por
measurements, often eliminating the need to transfer large wavetorm data blocks
with a system controller. VX! triggering capability allows the VX4250 to coordinate
ils operation with other instrumentation in the system.

Description

The VX4250 inslrumenl is a programmable VXI component. All user communica-
tion is done via Word Serial Protocol and Fast Dala Channel,

Each channel can auvlonomously iest or monitor a signal using template com-
parison or parametric measurement lechniques. The VX4250 is a stored
measuremenl instrument and therefore varying degrees of test signal failure infor-
malion can be exiracted, including the raw acquisition dala.

Through the use of slored sellings, on board analysis and waveform template
comparison, run-time communication is minimized and fast fesling is maintained.

Fast access 1o all user variable information is made available through a Fast Data
Channel {FDC) thal is directly mapped inlo VX address space. This allows the
instrument 10 excel in dala intensive and high performance applications.

Three imporiant altribules make the VX4250 a high perdormance test syslem
component;

* Flexlble Measurements. Accommodales a wide variely of test signal
amplitudes and frequencies with averaging and enveloping.

* Autonomous testing capabllity. Determines pass or fail in the instrument.

* Fast runtime communications. Through the use of locally slored dala and
direcl access via FDC.

VX4250 Waveform Tester Module Instruction Manual -1



Section 1 — General Infarmation

Figure 1-1 shows a block diagram of the inslrument hardware.

Acquisition Hardware

CH 2 |
Channel CH 1
Inpul Aftanuators
] i, 2, /5, 1o, /100 FLASH Wavaform Memory
F
AC 7 DC ADC 8 2K X 8
F 3
Addrass

| Pre Trigger Counter

Extarnal Acquisttion . Upost Trigger Counter
Triggar Extarnal ) Complete { J
Input Trigger Trigger Acquisition Control
Coupling SOUICIB
*— nl ;
P DC Trigger
= ‘I—{ — o Saleclor
f—e Ext
AC

Trigger Leve
DAC

Time Base Divider
1-2-5-10-100-1k-

10K-100K-1M-10M
[

CH 2

CH 2 Trigger Acquisition Hardware

Signals Interface i—
Crysital
Time Base

Procassar Kernal

High Level ' Low Level
¥ r Communicalions l

VXI Trigger Rouling Word Sarial Protocol Physical Sharad Mamory
TTLTRIG ECLTRIG D16/A16 Di16/A24
Vilbus d

Figure 1-1. VX4250 Instrument Block Diagram,
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Section 1 — General Informalion

Flexible Measurements

Acquisition

The VX4250 is a stored measurement instrument. At regular time intervals, the
amplitude of the analog input signal is converled inlo a digital value and then slored
in a waveform memory. This process is referred 1o as “acquisition”.

A single acquisition results in a waveform that digitally represents lime sequential
samples taken al regular time intervals unlil the acquisition memory is full. Each
sample is slored as a numernical value which comrelales to the aclual vollage
amplitude of the inpul signal at the instant the sample was 1aken.

Sample interval and sample window are two different methods of specifying the
speed at which samples are acquired. The “sample interval® is the time interval
between individual samples. The “sample window" is the total amount of time or
window, over which data will be caplured. The sample window is equal lo the
sample interval muftiplied by the physical number of slorage locations in the
wavelorm memory.

Sample Window = Sample Interval x Wavelorm Memory Size
For example, if the inslrument is set 1o acquire wilh a one microsecond sample

interval and it has 2044 locations in its wavelorm memory, i can store data thal
represenis 2.044 milliseconds of time, as shown in Figure 1-2.

Sample Interval

Sample Window

1< -00
¥ {2044 Samplas) t> 0o

Figure 1-2, Relationship of Sample Window to Sample Interval.
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Section 1 — General Information

The acquisition process begins when the user gives a command to the inslrument
1o star sampling. Once the process is started, the signal is continuously sampled
and put into waveform memory, The waveform memory is a circular buffer which
can hold a finite number of samples. Thus, the oldest sample data is always being
replaced wilh the latest data. In order 1o complele the acquisition, a trigger signal
must tell the instrument when to stop the acquisition process (refer o Figure 1-3).

Figure 1-3. Circular Acqulisiiion Buffer.

Because ihe trigger qualifies the end of acguisition, data which was acquired before
the trigger point can be maintained and used. This is called “pretrigger” data. If
the acquisilion process is stopped at exaclly the point of time that the Irigger
occurred, all of the caplured data in the wavelorm memory will be “preltriggered”,
that is, a history of the signal before the trigger occurred. The addition of a digital
counter 1o the acquisition system allows the acquisition process 1o continue 1aking
a predetermined number of samples after the trigger occurs, then slop. The dala
that is slored alter the trigger occurrence is referred to as “positrigger” data.

By presetting the digital counter, the user can conlro! the ratio of samples that are
acquired before and alter the trigger poinl. This control is referred to as the amount
ol “pretrigger”. Figure 1-4 illustrates the relalionship of pretrigger to time intervals

recorded.
Sample Window
£ ™
Oedast /
Sample
{Les1) ./ P
Sampla
1 \ I X J
| | L' \'4
| | Pre-Tiggered Data Post-riggered Data —
Ll interval
Trigger
Point

Figure 1-4, Etfect of Pretrigger on Sample Window.
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Seclion 1 — General Information

All acquisition systems have a finite maximum speed al which they can sample
the input signal. To allow more flexibility, the VX4250 employs “equivalent time"
sampling to exlend the usable range of the instrument. In equivalent time mode,
a single sample of the input is taken at a known period of time after the trigger
occurs and is stored in waveform memory. By slightly increasing the time afler
each trigger that the sample is taken and stored, the entire waveform memory can
be filled with a record that is an equivalent represenlation of the input signal over
a conlinuous window of time. Since this record is built from repetitive samples of
successive periods of the input signal, equivalent time mode requires a consistent,
repelitive input waveform. Also, because the sample is taken after the frigger
occurs, pretrigger dala is not available in equivalent time mode. The VX4250 uses
equivalent fime sampling at sample intervals of five ns and faster. At the slower
sample intervals, the convenlional, successive sampling process is used. This is
referred to as “real time"™ sampling mode.

Figure 1-5 illusirates eguivalent time sampling.

Source
Waveiorm

Reconstrucled -
Wavelorm g g ;I 7
"‘n‘_‘ ¥

Flgure 1-5. Equlvalent Time Mode,

Triggering Sources

As explained above, the trigger determines when the acquisilion process will stop.
This trigger can come from several sources,

Internal trigger is the most slraightiorward trigger source. In this mode, triggering
occurs when the input signal of the channel being sampled passes through a
predelermined vollage known as “trigger level”, in a predelermined direction
known as "frigger slope™.

Cross channel trigger operales the same as inlernal trigger, except 1he Irigger
signal originates from the olher channelin the instrument. For example, if channel
1 trigger source is set 1o cross channel (XCH), channel 1 will be triggered when
the input signal on channel 2 passes lhrough the “irigger level™ in the direction of
“rigger slope™

VX4250 Waveform Tester Module Instruction Manual 1-5



Section 1 — General Informafion

External trigger derives the trigger signal from an independent input connector,
EXT TRIG IN. Two of these inputs are provided, one lor each channel. Trigger
level and trigger slope qualify lhe signal required to trigger the instrument, 1he
same as internal and cross channel trigger modes. In addilion, input coupling of
DC or AC can be selected when using extemal trigger mode. By selecting AC
coupling, any DC component present in the external input signal will be ignored
by the trigger level comparator circuits in the instrument.

VXI triggering derives the trigger signal from one of the VXI backplane triggers.
This allows the acquisition syslem to be triggered by anclher inslrument in the
VX1 mainframe. In order lo use VXI trigger as a trigger source, the panicular
backplane trigger line to be monitored musl be predetermined. This can be
selecled from any of the available C size VXI tiggers: TTLTRG 0—TTLTRG7,
ECLTRG 0 or ECLTRG1. Because these trigger signals are digital in nature,
“Irigger level” is not used when VXI frigger is selected. Trigger slope selection is
still available. When selecling VXI trigger source, the user musl select the rigger
slope 1o coincide with the desired edge of the backplane trigger being generated
by the other instrument in the VXI mainframe. With TTLTRG lines, the active slope
is generally MINUS, while with ECLTRG lines it is generally PLUS.

Input Signal Conditioning

1-6

As mentioned earlier, the resulting data in the acquisition memary represents time
sequential samples of the inpul signal. Each sample is slored as a numerical value
which correlates to the actual voltage amplitude of the input at 1he instant in time
in which the sample was taken. This voltage amplitude is modilied by three
paramelers which control the input signal path. Control of these input conditioning
parameters allow the user to oplimize the accuracy and informalion 1hat can be
derived from an acquired wavelorm.

Range controls the amount of allenuation applied lo the input signal. All acquisition
syslems can resolve the inpul signal to a fixed amounl, usually expressed in
number of bits. The maximum resolution is one parl in 2n where A is number of
bils. The VX4250 is an 8 bil syslem, therelore the inpul signals can be resolved
to a maximum of 1 parl in 256 or 0.39% of range. In order to maximize resolution,
an input range as small as possible should be selecled to caplure the entire
dynamic range of the signal.

Coupling can be selected as either BC or AC. AC coupling removes any DC
component from the input signal. AC coupling should be used whenever the mag-
nitude of the DC component is nol of interesl in the measurement. A typical
application would be measuring the peak-lo-peak noise on a DC power supply
signal.

Offset allows the nulling of a DC componenl from a signal while maintaining calibra-
tion of the component. The offset signal is sublracted directly from the input signal
before the signal is digilized in the acquisilion system. Applying an offset ap-
proximately equal to the DC component of the input signal will center the signal
in the measurement window of the digitizer. Generally this will allow a reduction
in the range setting, resulling in more measurement resolution.
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Section 1 — General [nformation

Acquisliiion Modes

The V¥X4250 can perform single, smoothed, averaged and enveloped acquisitions.
The resulling data can be direcled 1o any one of several internal waveform data
storage locations.

Smeocthing is a mathematical process performed by the VX4250 after data acquisi-
tion to remove noise from the dala. The process uses a three point running average
which progresses through the buffer point by point. The smoothing function
operates on dala that is acquired in a single acquisilion. Because smoothing
averages successive dala points, it will tend 1o remove sharp corners from a
waveform. This effect is somewhat akin to adding a low pass filter function to
signal.

Averaging acquisition mode acquires the input signal for the number of limes
specified and calculates a wavelorm. This waveform is built from points which are
the stalical average of each comesponding sample point in all of the acquisitions.
Averaging acquisition mode is useful for litering out random noise from signals
when muliple acquisitions of the signal can be made. Because averaging does
not average time successive points, it does not add a low pass filter effect to the
signal,

Enveloped acquisilion mode acquires the signal for the number of limes specified
and builds an “envelope”. This resulting envelope has two amplilude values for
each sample point, These represent the minimum and maximum values for the
corresponding sample point during all of the acquisitions.
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Section 1 — General Informalion

Autonomous Testing

Figure 1-6 shows how a single measurement can be managed in an aulomaled
context within the instrument.

START

Satup

Acquire

Measure

e
e

b3

ek
=
3

Tast

1 o .

i

Sequence =i Naxt Salting

§§f i : R

B

DONE?

Figure 1-6. VX4250 Funcilonal Layers.

Waveform Testing Modes

The VX4250 can test a wavelorm using templale compare or parametric meas-
urements wilh predetined hightlow windows. Testing a single boundary is possible
by selling one of the desired margins to its maximum numeric value.

Template compare tesling may be performed using a waveform acquired in any
acquisition mode, in conjunction with a previously generated waveform template.
This template contains the maximum and minimum value for each sample. The
process of lemplate comparison involves a sample by sample comparison of the
acquired data with the comparison iemplate. Any excursion beyond the range
specified for each sample is trapped and will cause the VX4250 to generate an
even! message.
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Section 1 — General Information

Parametric Measurements include max, min, midpoint, average, RMS voliages,
rise-time, fall-time, frequency, pericd, width, duty cycle, and many others. To
perform a parametric tesl, the VX4250 uses the acquired dala to compute the
measured value, and then compares this value to predetermined high and low
values. As in the case of lemplate compare lesting, any excursion beyond the
limits Is considered an even.

Sequencing Modes

The ¥X4250 may be programmed fo autonomously loop on a cycle of “acquire
and test”. This cycle is termed the CHANNEL SEQUENCE. The user may control
the method for terminating the channel sequence. This may include: excursions
across the comparison template boundaries or parametric limits, number of loops
execuled, and infinite looping.

Thus, the channel sequence may be programmed to conlinuously execute, ter-
minaling when a test condition passes or fails 10 execute for a specific number of
times,

The application of this feature allows the instrument fo autonomously measure and

test analog signals which reduces the workload in the system controlier and thus
increases system throughput.

VX4250 Waveform Tester Module Instruction Manual 1-8
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Fast Runtime Communications

Stored Seltings and Waveforms

To reduce the amount of communications during tesl program runtime, the VX4250
allows the user to store and recall setups and waveforms from instrument memory.

There are eight (1 - 8) wavelorm locations for the user 1o access. Each channel
can access any waveform location.

There are also eight (1 - 8) slored settings per channel. The stored setting loca-
tions are trealed as lest steps for the channe! sequence. They may be executed
individually or together—just as a lest program may be single stepped or executed.

Figure 1-7 shows the slored dala objects thal may be manipulated by the user.

Setlings Waveforms

Wavelom

Figure 1-7, VX4250 Stored Information.

Fast Access to Instrument Data
All user generated information may be accessed Ihrough a Fast Dala Channel

(FDC). Thus, the slored setlings and wavelorms may be quickly swapped to further
enhance syslem throughput.
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Figure 1-8 shows how the stored data objects are direclly accessible via FOC.

Eg La ss
VME
ReadMWiile

H

Currant
Saltings

Slored
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Wavaform
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Flgure 1-8, VX4250 Siored Informallon Access.

Standard Accessories

SoliScope™ Software Package

INSTRUMENT SOFTWARE DESCRIPTION FILE for
TekTMS™ |nleractive Program Generator

This instruction manual
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Specifications

Performance Conditlons

The pedormance requirements for the specifications listed in Table 1-2 are valid
only when the instrument is operating under the following conditions:

* The inslrument module must have at least a 20 minute warm-up period.

* The instrument module must be in an environment whose limils are specified
in Table 1-3.

+ The VX4250 has been calibrated within the last 12 months.
The electrical and environmental pedormance limits, together wilth their related
validation procedure, comprise a complete statement of the performance of a
calibraled instrument module.

Table 1-2 presents the specifications for the vedical system, time bases, trigger
system, memory, general digitizer, and VX! system of the VX4250.
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Table 1-2. Specifications

Characteristic

Performance Requirements

Supplemental Information

Vertical System
Sensitivity

80, 160, 400, 800 mV

1.6, 4, 8, 16, 40 V Full Scale
Each range is bipolar, sym-
metrical at haffway point, i.e.,
4 V range can measure vol-
tages from -2 V to +2 V

DC Gain Accuracy

+ (3% of Signal + 0.8% of
Range + 2% of Ofiset + 2 mV)

Resolution B bits (Full Scale / 2586)
Bandwidih (- 3 dB) DC to at least 100 MHz -3 dB, 7 Hz to al least 100
MHz when AC coupled
Risetime < 35ns Calculated {rom Bandwidth
. Risetime = .35/BW
Coupling DC or AC
Ofiset
Range -100% of full scale Range to
+99.22% of full scale Range
Resolution Full scale Range / 128
Input Impedance 1 M Q|| 24 pF nominal
Maximum Mon-destructive 200 V OC or Peak AC
Input Vollage
Time Bases
{1 per channel}
Sample Interval 100 ms — 10 ns (Real Time)
5 ns =100 ps {Equivalent
Time)
in 1-2.5-5 Sequence
Accuracy
Real Time + 0.1% Based on oscillators of
0.01% accuracy
Equivalent Time + 3%

“Trigger System

Sources CH 1, CH 2, External,
VXITTL or ECL -
Slope + Of - -
Coupling DC or AC seleclable on EX-
TERWAL only. Intemal cou-
pling is determined by
Verical Input Coupling
Range
Internal —64% lo +63.5% of Full
Scale Input Range al 0 V oflsel
Exlernal —6.40 V 1o 6.35 V
Resoclution
Internal Full Scale Range / 200
External 50 mV

VX4250 Waveform Tesler Module Instruction Manual
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Table 1-2. Specifications (cont.)

Characteristic Perlormance Requirements | Supplemental Information
Trigger System (cont.)
Sensitivity
Internal < 12% of Input Range DC—
15 MHz
< 30% of Input Range 15—
40 MHz
£ 90% of Input Range 40—
80 MHz
External < 1 Vp-p DC—15 MHz
< 2 Vp-p 15—40 MHz
< 4.5 Vp-p 40—80 MHz
Impedance 1 M || 28 pF nominal
{External Input)
Position Beginning (128th sample)
Real Time Center  (1024th sample)
End (1820th sample)
Equivaleni Time Post-rigger only
Typical delay
Real Time 20 ns or 1 sample, whichever

is greater

Equivalent Time 5 nssample rate:  1.66 ps
{lrigger to first 2.5 ns sample rate: 821 ns
dala point) i nssample rale: 315 ns
500 ps sample rate: 227 ns
250 ps sample rate: 139 ns
100 ps sample rate: 85 ns
Uncertainty + 1 sample
Memory

Record Length

2044 points per channel

Acquired Waveform
Slorage Localions

8

General Dligitizer
Acquisition Modes

Single
Average (2- 256)
Envelope (2 — 256)

Paramelric Measurements
(Single Port)

(Two Port)

Risetime, Falllime, Period
Fraquency, Width, Duty
Cycle, Min, Max, Mid Paint,
Peak-lo-Peak, Amplilude,
Proximal, Mesial, Distal, Top,
Base, Top Overshoot, Base
Overshoot, RMS, Mean,
Area, Energy

Gain, Phase
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Table 1-2, Speclfications {cont.)

Characteristic

Periormance Requirements

Supplemental Informailon

Comparisions Template and Parametric
HILD
Number of Stored Setups 8 per channel
VX! System
Communications
Protocol Word Serial, Fast Data Channel
Inlerlace Message Based
Triggers, Impor
Digitizer Trigger TTLTRG 0-7, ECLTRG 0-1
Triggers, Export

Internal Trigger

TTLTRG 0-7 (This signal is a
shaped version of the intemal
trigger derived from eilher
input channel)

Delay 35 ns typical from trigger
occurrence
VX Interrupls Envelope test fail, Parametric
{REQT) test fail, Acguisition complete,

|EEE 488.2 errors and events

Power Requirements

+5 V 375 A IPM

+12 V 950 mA IPM
-12 V 125 mA IPM
-5.2 V 40 mA IPM

Cooling Airllow

2.0 llers/second at .75 mm
Hz0 minimum for a 10° C
internal rise

VX4250 Waveform Tester Module Instruction Manual
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The environmental and mechanical characterislics of the YX4250 are shown in

Table 1-3.

Table 1-3. Environmenial and Mechanical Specliications

Characterlstic Description
Environmenial

Operaling Temperature 0°to 50° C

Non-operating Temperalure =55 “t0 75° C

Humidity
{non-condensing)

95% relative humidity, 0°10 30° C
75% relalive humidity, 1o 40° C
45% relative hurnidity, to 50° C

Electromagnetic Compatibility (EMC)

FCC-A when operated in a cerified mainframe with
fronl panel mounting screws installed

Mechanlcal

Dimensions
Height 261.8 mm (10.308"
Width 30.18 mm (1.188%)
Depth 367.5 mm (14.469")

Weight
MNel 1.515 Kg (3 Lbs. 5.3 0z2.)
Shipping 5.34 Kg {11 Ibs. 12 0z.)

Table 1-4 lisls the range, offset and trigger limit capabilities of the V¥X4250.

Table 1-4. Range, Olfset, and Trigger Capabliities

Maxlmum Signal OFFSET limlits TRIGGER limiis
(+ Amplitude/2) upper lower upper lower
80mV [+ 40 mV) +79.375 mV ~-80 mV +50.8 mV -51.2 mV
160 MV (+ 80 mV) +158.75 mV -160 mV | +101.6 mV | -1024 mV
400 mY (£ 200 mV) +39687 mv 400 mVv +254 mV -256 mvy
80O MV (£ 400 mV) +793.75 mV -800 mV +508 mV -512 mV
1.6V (+ 800 mV) +1.5875 V -16 V +1.016 V -1.024 V
4V {t 2V} +3.9687 V -4 v +254 V -2.56 V
8V (t 4V) +7.9375 V -8V +5.08 V -5.12 V
16 V (£ 8V) +15875 V -16 V +10.16 V -10.24 V
40V {t 20V) +39.687 V —40 V +25.4 V 256 V
1-16 VX4250 Waveform Tester Module Instruction Manual
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Table 1-5 is a charl showing 1he timebase capabilities for both the equivalent lime

(sequential) and real time sampling modes al various sample rales.

Table 1-5. Timebase Capabliiiles

Sampling Sample Sample Pretrigger Samples to Pretrigger TIME
MODE INTERVAL | WINDOW 0 128 1024 1920
100 ps 204.4 ns 0 na- -na- -na-
ET 250 ps 511 ns 0* -na- -na- -na-
Equivalent 500 ps 1.022 us 0* -na- -na- -na-
Time 1ns 2.044 us 0 -na- -na- -na-
(Sequential) 25ns 5.11us 0’ -na- -na- -na-
5 ns 10.22 us o -na- -na- -na-
10 ns 20.44 us -Na- 1.28 us 10.24 us 19.2 us
25 ns 511 us -Na- 32us 25.6 us 48 us
50 ns 102.2 us -na- 6.4 us 51.2us 96 us
100 ns 204.4 us -na- 128 us 102.4 us 192 us
250 ns 511 us -na- 32 us 256 us 480 us
500 ns 1.022 ms -na- 64 us 512 us 960 us
1us 2.044 ms -na- 128 us 1.024 ms 1.92 ms
25us 511 ms -na- 320 us 2.56 ms 4.8 ms
RT 5us 10.22 ms -na- 640 us 512 ms 9.6 ms
Real 1Dus| 20.44 ms -na- 1.28 ms 10.24 ms 19.2 ms
Time 25 us 51.1 ms -na- 3.2 ms 25.6 ms 48 ms
50 us i02.2 ms -na 6.4 ms 51.2 ms 96 ms
100 us 204.4 ms -na- 12.8 ms 102.4 ms 192 ms
250 us 511 ms -na- 32 ms 256 ms 480 ms
500 us 1.022 s -na- 64 ms 512 ms 960 ms
1 ms 2044 5 -na- 128 ms 1.024 & 192 s
25ms 5118 -na- 320 ms 256s 485
5ms 10.22 5 -na- 640 ms 5125 9635
10 ms 20.44 5 -na- 1285 10.24 5 i9.2 s
25 ms 511s -na- 32s 2565 48 5
50 ms 10225 -na- 645 51.2s 96 5
100 ms 20448 -na- 1285 102.4 5 192 s

VX4250 Waveform Tester Module Instruction Manual

*Some delay occurs between irigger and first sample. Refer 1o delay speciticalions
in Trigger System, Table 1-2. Specifications lor lypical values.
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Section T — General Information

Power-Up Default Control Settings

1-18

The following list summarizes the instrument condition after power-up or receiving

the IRIT command.

Note:

Defaults apply to both channel 1 and 2.

RANGE

OFFSET

COUPLING
SAMPLE:INTERVAL
TRIGGER:SOURCE
TRIGGER:EXT:COUPLING
TRIGGER:LEVEL
PRETRIGGER
ACQUIRE:MODE
ACQUIRE:NUM
ACQUIRE:LCC
COMPARE:TYPE
COMPARE:LOW
COMPARE:NOMINAL
COMPARE:HIGH
COMPARE:LOC
STEP:EXIT
STEP:NUMLOOP
DATA:LOC
DATA:ENCDG

CONNECT:TRIGGEROUT

40
0

DC
100E-9
INT

128

Normal

i

{1 for CH1, 2 for CH2)
None

Off

0

Gt

{3 for CH1, 4 for CH2)
Single

1

1

Rig

OFF
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Section 2
Preparation for Use

Module Installation

When the VX4250 is unpacked from its shipping carton, the conlents should
include these three ileams:

«  One VX4250 Module
One VX4250 Wavelorm Tesler Module Instruction Manual (this manual)

+  One 3 1/2" diskelle containing:
Software fronl panel for VX4250 for TekTMS™ Interaclive
Program Generator (located in sleeve of Instruction Manual).

»  Dne 5 1/4" diskelte containing:
Software front panel for VX4250 for TekTMS™ Interactive
Program Generator (localed in sleeve of Inslruction Manual).

All componenls should be inspected for any damage due to shipping.

The VX4250 module may then be inslalled into any appropriale C-size or D-size
VX1 mainframe in any slot other than slot 0. The mainframe should be checked lo
ensure thal it is capable of providing adequate power and cooling for the VX4250.
With this ensured, the module’s logical address and backplane jumpers can be
caonfigured.
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Calculating System Power and Coollng Requirements

2-2

When a VX1 system is integrated, the power available and cooling capacity of the
mainframe should meet or exceed the power and cooling requirements of the
installed modules. The power requirements can be calculated by adding the re-
quired Peak Module Current {IPM) of all the modules in the system for each supply,
and then comparing this value with the specilied power available from the
mainirame. The power requirements for the VX4250 are:

+5 V 375A IPM
52 V 40mA IPM
+12 ¥V 950 mA  IPM
-12 V 125 mA  IPM

The mainlrame should also provide minimum cooling 1o ensure reliable operation
of the module. The cooling requirement specificalion for the VX4250 is:

50° C ambient maximum operaling {emperature

45° C ambiont

Pregsura (mm HO)

e Z.8 3. 4.8 E.@ 6.8
Flow (| LLterssac)

Flgure 2-1, ¥X4250 Alrflow Impedancs,

To use this information, the maximum expected ambient lemperature where lhe
VX4250 will be operaling should be known. Find this ambient temperature on Figure
2-1, interpolating between poinls as needed. This point defines the required airfiow
to maintain the maximum allowable temperalure and the back pressure that the
cooling syslem will experience from this module.
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Example of calculating coomy

The VX4250 is operated in a syt

case temperature of 30° C. Ths?" conditioning maintains a worst

Point found on Figure 2-m Hs0.

Therefore, the aliflow needs 10 by
mm Hz0 backpressure. This poirnd the module will present .01
for the mainframe you intend to ud™Pared with the specitications

: hin Figure 2-2 as an example
the operal int calculated is ; mpie,
chaf;eﬁ:;igcs?o p:-h of the mainirame slot airflow

2.8

1.8a

2.6

Preesurs (mm HZ0)

L] T

Flgura 2-2. Slotl Aidlow Cl
mple

The solid line on the graph represents TR
provide in its worst case condition (w( o¥ 1he mainframe can

below the solid line, it is within the up-a§ é??hgpr‘ﬁgﬁg f};’i“‘ i8
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Module Configuration

: the VX4250 is the Logical Add
The only operator configur 0g fess
Switoh. Acoess 1o the switc®Uah a cutout in the right side panel

of the instrument.

Logical Address Swiich

Each VXI module in a sys{fique logical address. An 8-bit switch
is provided fo select the V]eSS: 85 shown in Figure 2-3. The LSB
of the swilch is foward thﬁ"‘? and the MSB is toward the bottom,
When the switch is in the | 'S Selected for that bit position. When
the swilch is in the closef"®) 18 setected for that bit position.

fule)

cal Address Switch.

ito Configuration (DAC). The logica! address
;“: gi‘égdsgj‘:gfnad at system power-up. To select Dynamic
s should be sel o open (1). When a VX

Auto Configuration : - )
resource manager ;{; :g:;c;; g:!n;tgures the system, a logical

address will be aul’
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Configuring the Backplane Jumpers

VXlIbus mainframes cortain daisy-chain jumnpers for the Bus Grant (BGO — BG3)
and Interrupt Acknowledge (IACK) signals. When a VX4250 module is installed in
a mainlrame slot, the IACK jumper must be configured so thal the slol is not
bypassed (connected through)., Consult the mainframe documentalion for the
backplane jumper configuralion procedure.

The mainframe compartment may conlain high current. Reler jumper
reconfiguration to qualified service personnegl.

Installation

Module Installation Using Ejector Handles

The following procedure is for installing the module into a Teklronix mainframe. If
the module is being installed in anolher mainframe, the procedure may need to
be modified.

To install the module:

1. Ensure that the power ON/OFF or ON/STANDBY switch on the mainframe is
turned to OFF or STANDBY.

2. Insert the module inlo the mainframe top and bottom module guides for the slot
where the module is to be installed and push it partially into the mainframe. Push
the module inlo the mainframe as far as it will go without forcing it. Then press
the module completely into the mainirame, sealing the P1 and P2 connectors,

3. Ensure that the module is fully seated into its VXI connectors with the front

panel flush wilh the front of the mainframe chassis. Then tighten the lop and bottom
module relainer screws 1o secure 1the module in the mainframe.
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Module Removal Using Ejector Handles

The following procedure explains how to remove the ¥X4250 module from a
Tekironix mainframe. I the module is being removed from another mainframe, the
procedure may need to be modified.

To remove the module using the ejector handles:

1. Ensure that the power ONOFF or ON/STANDBY switch on the mainframe is
turned to OFF or STANDRBY.

2. Loosen the fop and bottom module refainer screws. These screws have caplive
retainers and will not come complelely out.

3. Simultaneously push the upper ejeclor handle lully up and the lower handle fully
down to eject the module. After the module is ejected, it can be removed from the
mainframe.

Power Up Self Test

2-6

Once the module has been installed, the mainframe may be powered up. The
VX4250 will initially execule its inlemal diagnostics which should complete in less
than five seconds. When the module has successfully completed the diagnosltics,
the green READY indicalor will illuminate.
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Section 3

Introduction to Operation
and Programming

Getting Started

This initial topics in this section are intended 1o help you become familiar with the
VX4250 Wavelorm Tester, eslablish communicalions wilh 1the module, and confi-
denlly program and execute simple tests. The rest of the seclion presenls more
advanced subjects and many programming examples 1hal can be used 1o verily
system operation.

Front Panel Indicators and Connectors

Familiarity with the VX4250 Front Panel is needed for successiul operation.

* READY Indicalor—This green LED is illuminated when the inslrument has
successiully completed its power on self lest and is ready 1o operate.

* ACCESSED Indicator—This yellow LED is illuminated when the instrument
is being accessed through Word Serial Protocol.

* CH1 Input Conneclor—High impedance input for channel 1.
* CH2 Input Conneclor—High impedance input for channel 2.

* CH1 EXT TRIG Conneclor—High impedance input for channel 1 exlemal
frigger signal when being used.

* CH2 EXT TRIG Connector—High impedance input for channel 2 extemnal
trigger signal when being used.
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Establishing Word Serial Communications

3-2

The first step in using any instrument which does not have front panel controls is
1o establish two way communications with the instrument. Commands will be senl
to the instrument to control i's state and responses will be received from the
instrument which show its state or provide dala. In VX, the fundamental high level
communications path is referred to as "Word Serial Protocol® (WSP) or simply
"Word Serial”.

The difficulty in guiding a user through this crucial step is compounded by the
variely of different controllers and communications paths. In VXI, the complexity
of 1his 1ask may increase when an inlerlace device is ulilized.

In the most general description, the user musi verily the operalion of the com-
munications paths by sending a simple query to the insirument which will generale
a response. The user must then collect the response and verity that it is correcl.

The most universal query in VXl is * ToN7? which requests identilication information
from the instrument.

This example shows what aclual Word Serial communicalions 1o the VX4250 look
like:

Command; *IDpN?
Response: TEK,Vx4250,0, {Information on firmware version.)

It is important to note that whenever the VX4250 is engaging in communications,
the yellow indicator on the front panel labeled "ACCESSED” will blink.

The aclual syntax used to send and receive these commands will depend on the
controller andfor inlerlace device used the VXl system. Refer to documentalion
supplied wilh these devices for informalion on how to send and receive Word
Serial messages from a VX! instrument.

Most controllers include a *Talker/Listenar” type of utility which facilitales sending
and receiving messages with instruments,
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Introduction to Instrument Programming

This section describes some fundamental concepts of the instrument command
sel. All commands and responses are transmitted in ASCII code via the Word
Serial Prolocol.

Readers who are familiar with other systems digitizers will find most of the com-
mands sirilar with a few exceplions. These differences result from the architeclure
of the wavetorm tester which is oplimized for functional test throughpul. As the
user becornes more lamiliar with this architecture, they will find the command
structure very siraightiorward and efficient 1o use. The major consideralions in
designing the command set were:

* Clear, concise commands that are easily readable in source code.
« Symmetry with easy to remember conventions.
* The support of layered perdormance tesl systems concepts.

-

Full coverage of the instrument capabilities.

IEEE 488.2 supported General Command Format

Note:

The text and examples in this section ulifize data types and formais
which are generated by the majority of conlrollers. The IEEE 488.2
standard alfows considerably more flexibility in the dala types and
formats permitted as valid input. In order to keep this seclion concise
and readable, details on the oplions permifted under IEEE 488.2 are
given in Appendix A, IEEE Standard 488.2 Reference.

The general command format used in the VX4250 Wavelorm Tesler is:

[CHx] : <COMMAND HEADER>[?] [<ARGUMENT>];

This command format is used because the acquisition system is comprised of two
completely independent acquisition channels.

All commands can be sent in upper or kower case, bul responses will always be
returned in upper case,
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Introduction to Operation

34

The capabilities of the VX4250 are presented in a layered fashion in this seclion.
Each topic includes programming examples that refate the tlext to 1he comespond-
ing operation of the inslrument. Each example perlorms a paricular function which
is commonly performed in a real applicalion. The topics start with a simple sel up
and acquisition, then llustrate the use of the more powerlul measurement, lesling
and sequencing capabililies built into the instrument.

It is understood that at this point the reader may not grasp the fine detail of each
command syntax. Do not concern yourself with this. Overall, the reader should
find it easier 1o comprehend the overall flow of control without geliing bogged
down with command format details.

Noles:

In the following examples, the actual commands sent o the VX4250
are printed in THIS TYPEFACE. Any fex! which foffows the command
printed in itafic lypeface is a comment which explaing what the
command does. Do not enter any portion of the comment with the
command.

VXl interface devices ulilize some method of addressing the particufar
device in the mainframe which the command is destined for. Because
the addressing method used by various interface devices differ, device
addressing is not included in the following examples. Refer lo the
documentation for your inferface device for information on how address-
ing is accomplished. Most VXI lalker-listener routines have a mode
which sels the defaull device address and keeps it set until it s
specifically changed by the user. The rouline then insers the
appropriate addressing aviomatically.
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Initializing and Setting up the Instrument for Acquisition

There are two steps involved in making a measurement or test with the VX4250.
First, the channel must be set up correclly to capture the inpul signal. Once the
data is captured and stored, various processes can be used to measure and lesl
the data. Because the VX4250 is a slored measurement inslrumenl, the inpul
signal is only needed for the caplure or acquisilion slep of the process. Hence,
multiple measuremenls and tests can be made even alter the input signal is no
longer present.

Changes 1o the parameters which control the acquisition system only take effect
when the acquisilion is slopped and started. Once the paramelers are
programmed, the acquisilion process can be started.

When the VX4250 completes its power-up self lests, it loads in a set of default

parameters. These parameters will allow a valid acquisition 1o take place by slarting
the acquisilion syslem.

Stariing an Acquisiilon

A single command will start the acquisition system with the defaull paramelers:

CH1:START Starts the channel 1 acquisition process.

When the START command is executed, the acquisition hardware begins sampling
the input signal and sloring the resull in the acquisilion memory. This memory is
a circular butfer, and will continue 10 be filled with new dala, with the newest data
overwriling the oldest. The acquisition process lerminales in one of two ways: (1)
with a trigger occurrence, or (2) wilh use of the sToP command.

Cften during system debugging, it is desirable to determine if the acquisilion
process has slopped.

petermining the Status of an Acquisiiion

A query command is used to delermine il the acquisition process is slill running
(indicating the absence ol a trigger).

CH1:STATUS? Queries the acquisition status of channel 1,

The ¥X4250 will reply.

WAITING; (If a trigger has not occurred.)
or
COMPLETE; If the enlire record is caplured and the

acquisilion process is stopped.
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Terminating an Acquisilon

Changes 10 parameters which control acquisition only 1ake effect when the ac-
quisition process is nol operating. A sTop command will turn off the acquisition
process.,

CH1:STOP Stops the acquisition process on channel 1.

Operatlonal Commands

The sTarT command belongs to a class of commands referred to as “operational”
commands. Operational commands initiate a process in the instrument. The nor-
mal operalion of the instrument may cause the process lo complele. In the above
example, a frigger would cause the acquisilion process initialed with the START
command to stop. Because operational commands only iniliate a process, they
cannot be queried.

Query Commands

The sTaTus? command is a query only type command. Query only commands
request a response trom the instrument and cannot be sent in a non-query form.

Selting up the Signal Path Parameters

To maximize system throughpul and measurement accuracy, it is imporiant to set
up the VX4250 correclly to capture the signal on the first try.

There are four functional groups of parameters which perain to the acquisition;
signal path, time window, trigger control, and lrigger-time relation.

Signal palh parameters relate to the amplitude dimension of the caplured data.
Commands provide control of the dynamic range, amounl of offsel 1o be added
to the signal, and the coupling of the input.

CH1:STOP Stops acquisition if it was running.
CH1:RANGE .8 Sels the fult scale range to 0.8 V full scafe.
CH1:0FFSET -.5 Sublracts — 0.5 Virom the input signal.
CH1:COUPLING DC Sels the inpul coupling to direct.
CH1:5TART Starts the acquisifion process.
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The raNGE command sets the full scale. The RANGE is always centered around
ihe OFFSET value. This example would allow the VX4250 1o measure input signals
which swing from —0.9 Volt to 0.1 Voll. When OFFSET is programmed 1o zero,
signals with a peak value of plus or minus 1/2 of the RANGE can be measured.

Figure 3-1 shows the dynamic range of this example:

0 Volis

=.1 Vol -
0.8 Volt
- .5 Vol Offset Full Scale
Range
-.9 Vol -

Figure 3-1, Input Dynamic Range,

Settings Commands

The RANGE, OFFSET, and COUPLING commands are examples of “settings”
commands. As lheir name implies, setlings commands set a paricular parameler
in the instrument. Generally, setlings commands remain in effecl until they are
specifically changed by issuing the same command wilh a ditferent argumeni.
Therefore, only the commands for settings thal are 1o be changed from their
present slate need be sent. For example, if aler 1aking the acquisition in the
previous example, we wished to take another with the offset set 1o zero, we would
only need 1o enter these commands:

CH1:5TOP
CH1:OFFSET 0O
CH1;:START

This would set the instrument to acquire with full scale range of 0.8 volts, 0 volls
oliset, and DC coupling. The RANGE and COUPLING will remain the same as
they were in the previous step. Sending the RANGE and COUPLING commands
wilh the same arguments is valid; in fact, some es! syslem programmers send
all of the setings al each slep. This praclice however lowers system throughput,
because considerable time is used in sending and processing the superfluous
commands.

Unlike operational commands which slart a process, seftings commands can be

queried by sending them to the instrument in the query form. For example, il you

send this query to the VX4250 after executing the previous example:
CH1:0FFSET?

the VX4250 will respond:

CH1:OFFSET 0.000E+400;
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Setting the Time Base

3-8

SAMPLE INTERVAL Of SAMPLE WINDOW are seltings commands which are used
to control the acquisition speed. Only one form of the command is used; the other
is calculated by the VX4250,
SAMPLE INTERVAL i5 used when it desirable to control the rate al which samples
are 1aken, For example, o acquire a 100 kHz signal with a minimum of 20 sample
points per cycle, use:;

CH1:SAMPLE: INTERVAL 500E-9
This sels the sample interval to 500 ns or 2 MHz which is 20 X 100 kHz.

The argument can be entered in either engineering notation (as above), or in
scienlific notation:

CH1:5AMPLE: INTERVAL 5E-7

Both examples give the same resull. Queries are always relurned in engineering
notation, For example:

CH1:SAMPLE : INTERVAL?
Regardless of the formal used to enter the sample interval, this resull is retumed:
CH1:SAMPLE: INTERVAL 500.0E-09;
The saMPLE wINDOW command is used when the tolal amount of lime we wish
to capture the input signal is known. For example, to caplure one line of a NTSC
video signal which has a penod of 63.5 us, we would use:
CH1:SAMPLE:WINDOW 63,5E-6
If the window specilied is not exactly the one available, the VX4250 always uses

the nexl larges! sample window, thereby assuring 1hat the entire time of interest
will be caplured. The query and response after the above example would be:

CH1:SAMPLE WINDOW 63.5E-6 Sels the sample window lo caplure

63.5 nus.
CH1 : SAMPLE : WINDOW? Queries the aclual window size.

The VX4250 would reply:

CH1:SAMPLE WINDOW 102,2E-06; The sample window is 102.2 ps.
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Setting the Trigger Control Parameters

The sampling process is stopped by the occurrence of a frigger. TRIG-
GER: SOURCE commands determine where the trigger signal will come from. The
sLopE command determines whether the instrument will be tiggered onthe rising
or {alling edge of irigger signal. TRIGGER : LEVEL sels the amplilude al which the
trigger signal causes a trigger 10 occr.

If we enter the commands:

CH1:TRIGGER:SOURCE INT Sels bigger source to infemal, or the input signal
CH1:TRIGGER:SLOPE PLUS Sels triggerng to occur on the positive slope.
CH1:TRIGGER:LEVEL -.2  Sels the trigger level to —.2 Volts.

The VX4250 would be set to trigger when the input signal crossed -0.2 Volts in
the positive (rising) direction.

Trigger coupling tor the internal trigger is atways the same as lhe inpul. When ExT
{extemnal) trigger is specified as a source, the coupling is set by a separate com-
mand.

If the following commands are sent:

CH1:TRIGGER:S0URCE EXT
CHL:TRIGGER:EXT:COUPLING AC
CH1:TRIGGER:SLOFE PLUS
CH1:TRIGGER:LEVEL 3.2

The ¥X4250 would be sel to irigger when the AC component of the signal applied
o EXT TRIG 1 conneclor crossed 3.2 Volts in the posilive direction. Because he
irigger input is set to AC coupling, any DC component in the trigger signal would
be ignored.

Note:

The dynamic range of argumenis for internal trigger fevel and offsel are
dependent on the BANGE argument. When the input RANGE is
changed, the VX4250 will altempt fo maintain previously programmed
values for input OFFSET and internal TRIGGER LEVEL. If either of the
argumenls are oulside of the new available range, the VX4250 will
program the parameter to the closest legal value in the range and issue
a WARNING message. Table 1-4 al the end of Section 1 lisis the range
of arguments for TRIGGER LEVEL and input OFFSET in each of the
input RANGE setltings. Refer lo Section 7 for information on Error and
Event Reporting.
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Controlling the Trigger-time Relationshlp with Pretrigger.

A powerful feature available in digilizing acquisition systems is the ability to retain
a history of the input signal before the occurrence of the trigger. The dala which
represents 1his hislory is refered 1o as pretriggered. Prelrigger determines how
much of the total data record will contain wavelorm data before the trigger occur-
rence. This is done by controlling the number of samples that will be taken after
the trigger occumrence before the acqguisition slops. The VX4250 can be
programmed lo one of four pretrigger values. The following table relates the pretrig-
ger argument with the ratio of the data record located to pretrigger data.

Table 3-1. Pretrigger argument's relationship to the
data record ratlo located to pretrigger data.

ET only Real Time only
PRETRIGGER ARGUMENT 0 128 1024 1920
Ralio used for pretrigger Nong 1/16 1/2 1516
Ratio remaining for postirigger All 15/16 1/2 116

Example:

CH1:SAMPLE:WINDOW 102.4E-6
CH1:PRETRIGGER 128

This would program the YX4250 1o sample dala for 102.4 ps. 1/16 of the captured
data in the acquisition memory will represent the inpul signal for 6.4 pus (102.4 X
1/16) belore the trigger occurred. Figure 3-2 shows the wavelorm captured in this
example:

—Jl {-— 6.4 us

I
|
|

i | j
l |
[ |
| L—Tfiggnr Painl |

i 1024 us ————-]

Figure 3-2. Preirigger Set for 128 Samples.

CH1:S5AMPLE : INTERVAL 50E-9
CH1:PRETRIGGER 1024

In this case, the sample inlerval is set to 50 ns. 1024 samples will be caplured

before the Irigger occurred. This represents 51.2 ps of lime (1024 samples X 50
ns/sample). Figure 3-3 shows the wavelorm thal would be captured inthis example:
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|
i
|
. T
Trigger Poinl

1024 —»

l
|
]
l
|
E

Figure 3-3. Pretrigger Sel for 1024 Samples.

Waveform Measurements

Once a waveform has been acquired info the VX4250 memory, several uselul
paramelers can be calculated by the instrument. The results of any of these
measurements is a single numeric parameter,

Example:

Suppose you wanted 1o calculale the maximum and minimum vollage levels of
the NTSC signal acquired in a previous example. You would simply send:

MAX? This asks the VX4250 for the Maximum value
of the waveform,

The VX4250 responds:

MAX. +600.8E-03; The VX4250 responds, 600.8 mV.

You woulkd then send:

MINZ This asks the VX4250 for the minimum value
of the waveform,
And the VX4250 responds:
MIN -401,2E-03; The VX4250 replies, —401.2 mV.

Notice that the acquisition step was not included in ihe above example. Using the
power up defaults, single port measurement commands atways operale on the
last wavetorm acquired through channel 1.
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The VX4250 can directly calculate any of the measurements listed in Table 3-2.

Table 3-2. VX4250 Measurement Functions

Magnliude Time Integrated Other
Parameters Parameters Parameters Parameters
Top Rise Time Mean Gain®
Base Fall Time RMS Phase*
Maximum Width Area Template
Minimum Period Energy

Top Overshool Frequency

Base Cvershoot | Duly Cycle

Mid-Paint

Peak-l0-Peak

Proximal

Mesial

Distal

Amplilude

*Gain and Phase are dual port measurements.

These measuremenls are colleclively called "Pulse Measurements™. This term
originates from the |EEE Standard which delines the measurements. This is some-
what of a misnomer, as the pulse measuremenls can be made on any waveform
shape. See Seclion 4 and Appendix B for more information on 1he specilics of the
ditferent measuremenls available.

Generating a Test Template

In order to use the waveform measurement mode known as TEMPLATE lest, a
template waveform must first exist. The following procedure allows you 1o generale
a lest template with only the instrument commands. More sophisticaled soflware
tools that run on the system controller are available for more complex template
gengration.
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Example:

Command: CH1:ACQUIRE:MODE ENVELOPE; Switch fo envelope

generation.
Command: CH1:ACQUIRE:LOC 3; The waveform goes in
location 3.
Command: CH1:ACQUIRE:NUM 16; Make sixteen acquisitions.
Command: CH1:START;WAIT? Generate the envelope.

Response: COMPLETE;
Command: MARGINS 3,.5,.-5

In the above example, the envelope acquisition mode is used lo generale a
waveform which contains both high and low boundary information. The templale
is completed by applying MARGINS, which “stretch” the boundaries up and down,
half a volt each direction.

This template in location 3 may now be used wilh WFMCHMP? and Chx:COM-
PARE: TYPE TEMPLATE, 10 make waveform testing PASS/FAIL decisions.

Using Template Compare

Comparing waveforms to templates in the previous section, the use of
ACQUIRE:MODE ENVELOPE and MARGINS 10 generate a tesl template was shown.
To compare the wavelform to the template to see if it 1its wholly within the bounds,
use these commands:

Example:
Command: REF:LOC 3; Sets the reference location to 3.
Command: WINDOW:LOC 1; Sets the test waveform to location 1.
Command: WEMCME? Perform the compare.
Response: 0; A response of 0 means zero

excursions from the template.

In the above example, the source waveform to be fesled is in location
1 and the template is in location 3. The wrMcMP? command is sent
fo find if the waveforms fits the envelope. The response of “0" indi-
cates that there were no excursions from the envelope. If the number
were nol zero, for example “34°, this would show thal there were thir-
ty four occasions where the waveform exceeded the envelope, either
on the upper or lower boundary.
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Testing Results

Examples here show how to test measurements for PASS/FAIL.

Setling Test Type

Previously, when asked for a measurement, the program relurned the measured
value. For example, if the MaAX? command was given 1o the instrument, the
response was lhe maximum vollage in the waveform, e.g., +1.56 volts. Il is
possible to defing a test step in the instrument, so that the measurement will be
automalically performed and the measured value tested for PASS or FAIL based
on acceptable boundaries for the lest step.

It is not difficult to set up the instrument to automatically make PASS/FAIL decisions
based on the type of measurement and the acceplable range of the measured
value,
Example:

Command. CH1:COMPARE:TYPE MAX;

In the above example, the maximum value of the acquired wavetorm will be cal-
culaled as the tesl type portion of the test step.

In order to complete the test slep definition, limils must be specified—see the next
topic, Selling Test Limits.

Setting Test Limits

3-14

Test limits define the acceplable or PASS window for a measurement.

There are two requirements for defining the test step limils—the definition of (1)
{he maximum or upper limil and {2) the minimum or lower limil.

With this information, the test step will be complete and when run, will produce
PASS/FAIL results.

Examples:

Command: CH1:COMPARE:HIGH 1.7:
Command: CH1:COMPARE:;LOW 1.2;
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In the above example, the upper limil is defined lo be *1.7" and the lower limit is
defined to be “1.2". This means that any measured value falling within thal range
will be considered as a “PASS". If the measured value exceeds the limils (greater
than 1.7 or less than 1.2 ), then the resull would be a "FAIL".

Running a Test

After the test lype and limils are defined, the tesl step may be run:

Example:

Command: CH1:STEP:MODE SINGLE; Do only one test step.
Command; CH1:START:

Command: CH1:STATUS?

Response: COMPLETE;

The above example shows how to run 1he single test STEP. After running this test,
the resulls are accessible with the RESULTS? command. See the next topic,
Geliing Test Resulls.

Mote thal the STEFR : MODE is set to SINGLE. This tells the instrument that only the
current tesl step will be run. It is possible to save and run up 1o eight lest sleps
wilh one sTART command. See the Sequencing fopic later in this section.

Getting Test Results

After you run the tesl step, the results are available with this command:
Example:

Command: CH1:RESULT?
Response: Pass, 1.350E+00 (Your measured value may be different)

In the above example, the results from the lasl lest step performed indicate that
the test passed and the measured value was 1.350.
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Using Template Compare

3-16

The previous section showed how to use ACQUIRE : MODE ENVELOPE and MAR-

GINs 1o generale atest template. The example thal follows shows how 1o use this
template for PASS/FAIL testing.

Example:

Command: CH1:ACQUIRE:LOC 1
Command: CH1 :COMPARE:LOC 3
Command: CH1:COMPARE:TYPE TEMPLATE
Command: CH1:START

Command: CH1:RESULT?

Response: PASS,0;

In the above example, the waveform 10 be 1ested is acquired inlo localion 1 and
the template already exists in localion 3. The compare lype is sel to TEMPLATE.
The channel sequence is started and assumed lo complete. The resulls are ob-
tained and show that the test was successiul, with zero excursions recorded.

If the test failed, 1he result would return FAIL, followed by the number of times the
wavelorm exceeded the envelope,
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Sequencing

Sequencing provides the abilily to setup, acquire, lest against limits, and branch
based on results. This sequence can be stored and called by executing a single
command. Figure 3-4 illustrates the functional layering of the operations available
in a channel sequence.

START
STOP
CHANNEL Sequence
RANGE
& 1 OFFSET

S COUPLING
SAMPLE:INTERVAL
Initialize H/W SAMPLE:WINDOW
{input, timebase, Irigger) TRIGGER:SOURCE
¥ TRIGGER:SLOPE
TRIGGER:COUPLING
TRIGGER:LEVEL
ACQUIRE PRETRIGGER

1 I 1 1
Single Smooth| |Average| [Envelope

ACQUIRE:MODE
ACQUIRE:NUMACQ

¥ Y 2% ACQUIRE:LOC
i I COMPARE:TYPE
Envelope Parametric COMPARE:HIGH
Compare HIGH/LOW COMPARE:LOW
¥ ¥ ¥ COMPARE:LOC

MEASUREMENT CONTROL
I | Lo STEP:EXIT
vl R |m ope | | we | | piote | STEP:NUMLOOP
Y X ) STEP:COUNT?
— E

i SEQUEMCE COMTROL STEP:MODE

—— Maxt Bsttlng < BTy

STATUS?
WAIT?

Flgure 3-4. Channal Seguence.

VX4250 Waveform Tester Module Instruction Manual 3-17




Section 3 — Infroduction to Operation and Programming

The examples below illusirale sequencing in more depih.

Flgure 3.5, Stored Instrument and Waveform Sellings.

Using Stored Settings

Once a tesl has been defined, it is possible 1o use Instrument Test Step Storage,
as shown in Figure 3-5, 1o save it for laler use.

Examples:

Command;
Command:
Command:
Command:
Command:
Command:
Command:
Command:
Command:

CH1:SAVE
CH1:5AVE
CH1:5AVE
CHI1:S5AVE
CH1:S5AVE
CH1:5AVE
CH1:5AVE
CH1 :S5AVE
CH1:RECALL 3

m ma

-

[= T - T I P ]
P A

- ma

Saves CHY selup as CH1 lest #1.
Saves CHI selup as CH1 lest #2.
Saves CHI selup as CHI test #3.
Saves CHT selup as CHI test #4.
Saves CH1 selup as CH1 test #5.
Saves CH1 selup as CH1 test #6.
Saves CHI selup as CH1 lest #7.
Saves CHI selup as CHT test #8
Restores CHY selup from CHT test #3.

In the above example, the current inslument sellings are saved in each of the
test step localions. Then, the test step from setting localion 3 is recalled into
current setlings.

The savE and RECALL commands will slore and kead the current sellings, includ-
ing all the information required to make a test, in a local memory location that is

only accessible 1o that channel.

When several tests have been saved, it is possible {o recall each one independenlly
and run it, or to run all of them, as the next topic, Running a Test Sequence,

explains,
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Running a Test Sequence

Once a number of tests have been saved, it is possible to run them all, one after
the other, with one START command.

Examples:

Command: CH1:5TEP:MODE RUN;
Command. CH1:S5TART;

Command: CH1:STATUS?;

Response: COMPLETE;

Command: CH1:STEP:MODE SINGLE;

When the STEP :MODE is sel to RUN, whenever @ START command is received,
the selup conlained in slored setting location #1 is loaded inlo the hardware and
run. When done, stored setling #2 is loaded and executed. This continues until all
eight stored settings have been loaded and executed.

If there are stored setlings that have not been saved, no test will be run because
the delaull is COMPARE : TYPE NONE.

When the channel sequence Is complete, PASS/FAIL informalion is available from
all tests. See the Gelting Test Results section that follows.

Getting Test Results
Once a test sequence has been run, il is possible to query the resufls.

Nole that resulls are aligned wilh 1he test step. This means resull 5 will come from

step 5.
Example:
Command: CH1:RESULT? 2; Find the result of step #2.

Response: PASS, 1.000E+00;
The rRESULT? command will access the information that resulied from the lesl
step being run. The information is in the form of PASS/FAIL and the measured
value.

The Parameter thal comes after RESULT? specifies which test resull is needed.
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Errors

All commands and arguments are checked for validity before there are executed.
Errors caught al this point are labeled "Command Errors”. Whenever a command
error is generated, the enlire command is ignored and the instrument remains in
the stale it was prior 1o receiving the command. If a command error occurs in a
command sent wilh multiple commands in a single message, all remaining com-
mands in the message are flushed and ignored. Any prior commands in lhe
message which are correct will be executed.

Itis possible for a command 1o be valid when entered, but some operation of the
instrument creates an invalid slate at a later time. When this happens, an "Execu-
tion Error” is generated. There are some cases when il is desirable to aled the
controller when a certain part of the test program is execuling, or a paricular event
has occurred. The VX4250 has the ability 10 generate various "Evenls”. The way
events are reported is similar to the way errors are reporled, but may resufll from
normal operation, Operation complele (*OPC) is an example where the VX4250
would generate an OPGC interrupt when a particular operation has completed.

Including an Error Interrupt Handler Routine

3-20

Whenever an emor or evenl occurs, the VX4250 sends the conlroller an interrupt.
A good practice in test system programming is to include an error interrupl handler
routine. Typically the first thing an error and event interrupt handler will do is query
the instrument 1o determine the cause of the error or evenl. Specific informalion
on how the VXl error and event interrupl structure operales can be found in Seclion
7, Error and Event Handling.

Cnce the controller delects that an error or evenl has occumred, the associaled
slatus can be read back from the VX4250 wilh the EvMsG? command. The
response to this command is the message code, followed by a string describing
ihe error or event.

For example, suppose that a misspelled command is sent o the instrument:

CHL1:RNGE 4 Invalid command, should have been "CHT.HBANGE 4",

This would immediately generate an interrupl. The user's error handler might send:

EVMSG? Error and event message query.

To this query, the VX4250 responds:
EVMSG 100, "Command Error, Command not found";

The event code 100 corresponds to command errors. When the EVHMSG? command
is execuled, the error or evenl is removed from the message queue. Up 1o five
errors or events can be slored in the error queue. Errors are reporled in ihe order
they are generated. In 1he following example two errors are generated, then the
EVMSG? query is execuled twice.
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CH1:RNGE 4 Invalid command.
CH1:RANGE 5000 Invalid range argumenl.
EVMSG? First message query sent.

The VX4250 replies:
EVM5SG 100, "Command Error, Command not found”;
EVMSG? Second message query sent.
The VX4250 replies:

EVMSG 220, "Data out of range, Channel input range
limited"™;

It the queue is empty, the program responds with this message:
EVMSG? Message sent with no errors pending.
The VX4250 replies:
EVMSG 0, "No events to report";
The queue is live deep. When the sixth error or evenl occurs, an inlerrupt is

generated, bul the message is not entered in the queue and will be lost. This
usually happens only when an interrupl handler is not employed in the system.
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Section 4
Advanced Operation

Introduction

This seclion presents a more in deplh description of the layered funclionalily
available from the VX4250 Wavelorm Tester. While the discussion follows the
same topics covered in Seclion 3, several more command oplions are given which
enable the user 10 oplimize 1the operation of the VX4250 in their applicalion. More
information is also given onthe internal operalion of test and measurement features
in the VX4250. This betler enables the user to avoid some of the traps commonly
encountered when using digilizing acquisilion instruments.

The topics covered in this section are calegorized in groups relaling fo the major
operations performed by the VX4250: Acquisition, Waveform Slorage and Trans-
fer, Measurement, Test, Sequence Control, and Throughputl Enhancement.

Acquisition Control

Triggering Optlens

The VX4250 offers several lriggering oplions forgreater flexibilily in signal caplure.
In addilion 1o inlemal and exlernal triggering (described in Section 3}, the VX4250
also incorporales cross channel, VXI backplane, and free run trigger modes. A
High Frequency Reject mode allows the user to optionally filtter the signal used for
internal and external triggering to minimize trigger jitter.
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Cross Channel Triggers

VXITriggers

4-2

When cross channel iriggering is selected as a trigger source for a channel, a
valid trigger occurrence in 1he opposite channel triggers thal channel. The opposite
channel’s trigger source, slope and level determine the valid trigger condilion.

Example:

CH2 ; TRIGER: S0URCE  INT
CHZ : TRIGER: SLOPE POS
CHZ : TRIGER:LEVEL 1.2

These commands sel channel 2 to trigger when the signal applied to the input
crosses 1.2 volts in the positive direction. This command causes channel 1 fo
trigger when channel 2 trigger conditions are mel.:

CH1:TRIGGER:SOURCE XCH

Unlike the trigger source seleclor on a conventional oscilloscope, cross channel
{XCH]) trigger uses the trigger delector from the akternate channel; hence, all of
the afternale channel's trigger controis determine the conditions for valid trigger
occurrence. Triggers can be detected from the allernate channel regardless of ils
acquisilion status.

Note:

Selecting XCH as the Irigger source for both channels will generate an
error.

Any of the VXI backplane triggers available in “C" Size modules can be selecled
as a trigger source for either or both of the channels. These are TTLTRG 0—
TTLTRG 7 and ECLTRG 0—ECLTRG 1. Either or both channels can be triggered
from the same VX ftrigger; however, separale backplane triggers cannol be
selected for each channel.

Example:

CH1:TRIGGER; SOURCE TTLTRG3 This selects TTLTRIGGER line 3 for
CH1 trigger.

Trigger level is nol applicable 1o VXI Iriggers. If a8 TRIGGER: LEVEL command is
issued while a VXI trigger is selected, a wamning message will be generated by the
VX4250.

Trigger slope is selectable for backplane triggers. In order 1o elfeclively use back-
plane triggers, the user musl know the active slope of the instrument generating
the trigger. Generally, the negative or falling slope is the aclive slope used in VXI

triggering.
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The value relurned by MaX? and MIN? is the voltage of the maximum and minimum
points of the waveform.

Based on the maximum and minimum vollage levels, the peak-lo-peak and mid-
point values are derived.

The peak-to-peak vollage is the difference between the maximum and minimum
voltages; in other words, the maximum voltage swing ol the acquired signal, (See
Figure 4-6.) The midpoint voltage value is the midpoinl between the maximum and
minimum voltage levels.

Maximum

-Peak

Example:

Command:

Response:
Command:
Response:

VX4250 Wavelorm Tester Module Instruction Manual

Figure 4-6. Mid-polnt and Psak-10-Peak Vollages.

PKZ2PK?

PEZPE +6.8%91E+00;
MID?
HMID +143.0E-03;

Ask the VX4250 br the peak-to-peak
voltage.
The peak-to-peak voltage is 6.891 V.

Ask the VX4250 for the midpaint voltage.
The midpoint vofiage is 143.0 mV.
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Top, Base, and Amplitude

How are Top and Base different than maximum and minimum? There is no single
algorithm for determining top and base—ihe VX4250 has four ditterent base/lop
determination methods. In most cases, the Top {Base) value is a level the signal
attains after any overshool. For now, let's assume that top and base are at the
levels indicaled in Figure 4-7.

Figure 4-7. Top, Base, and Amplituda,

The example in Figure 4-15, later in this section, shows how a histogram was
generated from the waveform in the VX4250's memory. The hislogram merely
represents the number of limes the waveform dala “ell into™ a particular bin or
digitizer level.

The mechanics and implications of using histograms for calculating base and top
will be explained latter.

Amplilude is the difference between lop and base and is an alternative lo the
peak-lo-peak measurement. Peak-1o-peak picks up any noise on the exiremes of
the signal, which afters the measurement because the noise is included.

Example:
Command: Top? Ask the VX4250 for the top
vaffage.
Response: ToP 43.312E+00; The vollage at the lopline is
3312 V.
Command: BasE? Ask the VX4250 for the base
volfage.
Response: BASE-3.254E+00; The voltage at the baseline
i5 =3.254 V.
Command: AMPLITUDE? Ask the VX4250 for the amplitude.

Response: AMPLITUDE +6.566E+00; Amplitude vollage is 6.566 V.
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Calculating the 10%, 50%, and 90% polnts (Proximal, Meslal, and Distal)

Mosl rise and fall measurements are made between ihe 10% and 90% points on
a pulse edge. The 10%, 50%, 90% poinls will be referred to as reference levels.
Nole that the reference values are calculated based on the Top and Base values,
they are not calculated from the maximum and minimum values.

In some applications, reference levels of 109 and 90% are not desirable. And in
some cases, such as ECL circuits, rise and falltimes are made between the 20%
and 80% points. For the sake of consistent terminology, the IEEE Std. 194-1977
defines the 10%, 50%, and 90% points as proximal, mesial, and distal (see Table
4-5).

Table 4-5, Pulse Reference Level Description

Reference
Term Description
Proximal Typically the 10% amplilude level
Mesial Typically the 50% amplilude level
Distal Typically the 90% amplitude level

Adijusling 1the value o the referance levels is left until laler in this section. For now,
we can find the vollage values at the proximal, mesial, and distal points, as shown
in Figure 4-8.

g

Figure 4-8. Relaerenca Vollages.

Example:
Command: PROXIMAL? Ask for the proximal voflage.
Response: PROXIMAL -2.597E+00; Proximal voltage is =2.597 V.
Command: MESIAL? Ask for the mesial voftage.
Response: MESIAL +29.01E-03; Mesial voltage is 23.01 mV.
Command: pISTAL? Ask for the proximal vollage.

Response: DISTAL +2.656E+00; Distal voltage is 2.656 V.
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Reference Parameter Calculations

What are reference parameters and why are they impontant? Reference
parameters, illusirated in Figure 4-9, are the basis for calculating time relaled
measurements such as risefall time, period, elc.

Maximum
Minimum

Pk-Pk
Mid

RProximal

Horzontal D
Reforance  §

Figura 4-9. Refarence Paramaters.

The reference parameters and their definitions are listed in Table 4-6:

Table 4-6. Reference Parameter Delinitlons

Reference
Parameter

Definlllon

FDistal

Localion of the Dislal value on the falling edge

RDislal

Location of the Dislal value on the rising edge

FMesial

Location of the Mesial value on ihe lalling edge

RMesial

Location of the Mesial value on the rising edge

FProximal

Localion of the Proximal value on the falling edge

RProximal

Localion of the Proximal value on the rising edge

PMesial

Location of a Mesial point used to define a period

The location of these reference parameters is dependent on the value of the
proximal, mesial and dislal voltages on the vedical axis. Note that reference
paramelers are expressed in terms of the horizontal axis.

Example:

Command. REFCRS:FPROXIMAL? Where is the fafling

proximal point?

Hesponse: REFCRS:FRFOXIMAL +854.2E+00;

4-22
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The location of the falling proximal value occurs at the 854.2 point of the wavelorm.
How can a point occur between two samples? The VX4250 pulse analysis firmware
uses linear interpolation (see Figure 4-10) when an expecled waveform value does
not occur on a discrete sample. In the above example, a waveform sample was
recorded just after the proximal point {854) and before (855). The VX4250 pulse
analysis software interpolaled samples 854 and 855. This yields grealer accuracy
in the pulse timing measuremeants.

4

Proximal Level

I
Sample Point— 854 Sample Point— 855

- Inlerpolated Value 854.2

Flgure 4-10. Interpolation Between Samples.

Time Parameters, Rise and Fall

AHer calculating the reference parameters, the rise and 1all limes are very easily
calculated by 1aking the difference between the associated proximal and distal
points (retfer to Figure 4-11.)

Maximum
Minimum
........................................................ Pk-Fk
Mid

Amplituda

— | | —

Fall Time Rise Timo

Rise, Fall §+— Ralorance

Flgure 4-11. Risa and Fall Timas.
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The example below shows how to query rise and fall limes,

Example:
Command: RISE? Ask for the rise lime.
Response: RISE +3.117E-06; Rise fime is 3.117 us.
Command: FALL? Ask for the fall time.

Response: FALL +1.034E-06; The faff fime is 1.034 ps.

Time Parameters, Width, Perlod, Frequency, and Duty Cycle

Maximum

Minimum
Distal =1 PR-Fk
(EEETERRR - SRR Mid
Top
N Masial Baza
.................. . RN, /oSN, e
| rlrnpliiude
: : Proximal roximal
....... oo B i Bl Lbl Masial
T ! Distal
i | 1
| ' i | [
" , Fel aranca
i \ Duty, Freq, Paramalers

Figure 4-12. Using the Maeslal Polnts for Calculations.

The mesial points are employed to calculate width, period, frequency, and duty cycle.

Width and Perlod

Period is the time between the first and third mesial points—while frequency is
the inverse ol period. Width is the time between the first two mesial points.

Duty Cycle is the percentage of {ime the waveform is greater than the mesial
voltage within a given period.

Example:

Command: PERIOD? Ask for the period.
Response: PERIOD 11,84E-06; The periodis 11.84 us.
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Extended Paramelers — RMS, Area, Mean, and Energy

The exiended paramelers provide waveform statistics over a single period ol the
waveform, The formulas and explanations of the exiended paramelers are dis-
cussed in Appendix B, Pulse Measurement Definitions.

Example:
Command; RMS? Ask for the AMS value of the wavsform,
Response: RMS +2.241E+00; The RMS value is 2.214 V.

Galn and Phase

Mearly all of the pulse analysis functions provide dala regarding a single waveform.
Two exceptions are Gain and Phase.

Gain is simply the amplitude of the target waveform divided by the peak-lo-peak
ol a reference wavelorm (see the peak-to-peak measurement earlier in this sec-
tion).

Phase compares the midpoint crossings of the 1argel and reference wavelorms
and refurns the phase in degrees. Bolh waveforms must have been acquired at
the same sample rate. Phase direction is delermined by larget wavetorm relative
to reference wavelorm.

Note:

To oblain accurate phase measuremenis, it is imperative [hat both
channels are triggered from the same source.

The targel waveform is selecied by the winDow command (as described earlier).
The reference waveform is selecled by the REF command.

Galn and Phase Example

This example shows how to measure gain and phase of a targel wavelorm in
wavelorm localion 1, compared with a reference wavelorm in location 7.

Example:

Command: wWINDOW:LOC 1 The target wavelform is int location 1.

Command. REF:LOC 7 The reference waveform is in location 7.

Command: GAIN? What is the gain of location 1 to
focation 77

Response: GAIN +1.141E+00; The gainis 1.141 times localion 7.

Command. PHASE? What is the phase of location 1 to
location 7?7

Response: PHASE +44.14E+00; Location 1 leads localion 7 by 44.14
degreas.
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Selecting Waveforms with WINDOW

The winpow command is used fo select a waveform location and 1o select a
subsel of the waveform 1o be analyzed, as the examples below and Figure 4-13

show.

Example:

Command: WINDOW:LOC 1

Command: WINDOW:START 122

Command: WINDOW:STOP 2022

Analysis commands are performed on
waveform location 1.

Analysis commands start at the 122nd
point in the waveform,

Analysis ends at the 2022nd point in
the waveform.

—

+— Window =

Figure 4-13. Selecting Measurement Window,

The above example shows how to measure the peak-lo-peak ripple on the positive
level of the wavelorm,

Peak-to-Peak Ripple Measurement

Example:

Command;

Response:
Command:
Command:
Command:
Response:

4-26

PK2PK?

PK2PK +6.891E+00;
WINDOW: START 252
WINDOW:STOP 754
PK2PK?

PK2ZPK 512.2E-03;

Ask for the peak-to-peak voltage for
the entire waveform,

The peak-to-peak voltage is 6.891 V.
Start al the 252nd point,

Stop at the 754th point .

Ask for the peak-to-peak voltage.
The peak-to-peak ripple is 512.2 mV.
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Modifying Extended Mode Calculatlons
The extended mode calculations (RMS, Area, Mean, and Energy) are calculated,

by delinition, over a period {see Figure 4-14). The EXTHODE command is used to
allow the extended mode commands 1o be calculated over the bounds set by the

WINDOW command.

+—Window —=

WY

Figura 4-14. Changing Measuremenl Window.

Here are some sample commands that show how 1o modily Extended Parameler
calculations with EXTMODE.

Example:

Command: EXTMODE PERIOD RMS, Area, Mean, and Energy
calcufated over a period.
Command: rMS? Ask for the RMS value.
Response: EMS +2.241E+00; The RMS value is 2.241E-00.
Command: WINDOW:START 252 Starnt at the 252nd point.
Command: wINDOW:STOP 754  Sfop af the 754th point.
Command: EXTHODE WINDOW RMS, Area, Mean, and Energy
calculated over a window.
Command: rMs? Ask for the RMS value.
Response: RMS +362.2E-03; The RMS value is now 362.2 mV.
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Base and Top Determination

The VX4250 provides three methods for computing Top and Base, as shown in

Table 4-7.
Table 4-7. Top/Base Calculatlon Methods
Method Descriptlon
MinMax Sels Top=Max, Base=Min

Hislogram Mode | Sets Base and Top to the mode of the histogram
Histogram Mean | Sets Base and Top to the mean of the hislogram

Most pulse wavelorms are suited to using the mode of the histogram. The use of
the histogram is illustrated in Figure 4-15.

T

|

Figura 415, Datarmining Top and Basa with
Histogram Mode.

In the digitizing process, each wavelorm sample can be one of 256 bins. A his-
togram of the digitized waveform can be generated 1o determine the number of
fimes a sample fell into a particular bin.

When using the mode of the hislogram, the bin with the largest number of samples

is determined to be the lop, or alternately, the base. This method provides immunily
fo random noise and ringing.
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Backplane triggering is a powerful tool available in VXI. It is especially useful in
multi-instrument systems used in diagnostic testing. A typical application is a
system which tests a digilal circuit. A digital tester, such as a Teklronix VX4820,
generates a pattern and checks the oulpul of a circuit assembly under test while
the VX4250 Waveform Tesler is monitoring an internal power supply node. (See

Figure 4-1.)
VXI Trigger
Py G "fngna! ............ R
Wavaform Tasl
Testar Module
- o
2 (=]
Channel Trigger 'ge%t dstata
In ailer
@
Sy
|

Davice Undar Tesl

|

Flgure 4-1, VX4820 and VX4250 Test System.

The VX4820 has the abilily 1o generate a TTLTRG when il detects an incorrect
digital pattern coming from the unil under tesl. This TTLTARG can be used lo trigger
the VX4250 Wavelorm Tesler which was monitoring the power supply. By using
atemplate compare, the VX4250 can check to see if the power supply experienced
a noise hil which caused the operational failure in the unit under test. A difficulty
intesting slate machines is that failures may take several clock cycles to propagate
to the output before they are detected. With pretrigger, the VX4250 can caplure
the status of the power supply signal prior 10 the detection of the failure,
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Free Run Triggers

Specilying free run trigger mode effeclively disables triggering. In free run mode,
the circular buffer is continuously being overwritten with new data. Once the ac-
quisilion is started, it can be slopped only by issuing the sTor command.

Example:

CH1:TRIGGER:SO0URCE FREERUN This command selects FREERUN
trigger mode for channel 1.

CH1:5TART This command slars the
acquisition process on channel 1.

Channel 1 will now continuously acquire.

The free run mode is uselul if a signal needs to be caplured that has no discernable
trigger level (such as a DC level). This mode is also useful for system checkout,
when uncertain trigger levels exisl. Be aware that acquisilions in this mode are
asynchonous and may not produce the same resufts each lime.

High Frequency Reject

When any acquisition system is triggered on a signal which has a slow rise or fall
time relative to the sample rate, the effect of trigger jiller becomes more evident.
When multiple acquisitions of a periodic wavetorm are being performed, such as
when the input is averaged, excessive trigger jitter resulls in unstable waveforms.
Trigger jitter is caused by the acquisition system lriggering on noise that is super-
imposed on the input signal, as shown in Figure 4-2. The resuft is a lime shift of
the point al which triggering occurred. As the edge used for triggering becomes
slower relative lo the sample rate, the number of samples in which the trigger can
occur increases. To minimize the effect of trigger jilter, aways use 1he laslest
edge available for Iriggering.

This
+—— MArea —_—

Trigger i Entarged

Level

Both Wavaforms + Supenmposed Nolsa Muliple Acquisiions Ewhibit Time Skew
Cross the sarme Triggar Theeshedd.

Figure 4-2. Cause of Trigger Jitter.
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Somelimes it is necessary to trigger on a slow rising or falling edge. To minimize
the jitter in these sftualions, the VX4250 incorporates a High Frequency Reject
(HFR) mode. When HFR is enabled, the signal used for inlernal and extemal
triggering is filtered to reduce response lime of the trigger circuit. This reduces
the tendency to lrigger on ihe high frequency noise components in the trigger
signal.

Example:

CH1:TRIGGER:HFR ON Tums channel 1 High Frequency Reject filter on.

High Frequency Reject generally improves the stabilty of any low frequency
wavelorm, and this usually improves the fidelity of averaged waveforms. While
HFR mode is on, trigger sensitivity of signals over 1 MHz will be substantially
reduced. High Frequency Reject does not affect the trigger level or slope and HFR
mode has no ellect on VX1 backplane triggering.

Exporting Backplane Triggers

To allow enhanced syslem coordination, the YX4250 has the ability to generale a
VXlIbackplane trigger whenever a predetermined channel is triggered. Either chan-
nel 1 or 2, bul nol both, can source the trigger. Any one of the TTLTrigger lines
0-7 can be selecled.

Example:

CH1:CONNECT : TRIGGEROUT TTLTRGS
This command roules channel 1 frigger to VXI backplane TTL trigger 5.

The channel trigger can be used in syslems when it is desirable 1o synchronize
olher instrumenlation lo asynchronous events. Once a channel is triggered, the
time required to complete 1he acquisition process is deterministic.

The VXI trigger exporling circuitry contains two timing circuits, One converts the
negative porlion of the “low™ porlion of 1he trigger to a pulse which is low ap-
proximately 62.5 ns. This prevenls the VX4250 from locking out the trigger line
when a slatic level appears on the intemal trigger signal. The second limer limits
the maximum repetilion rate of the TTLTRG signal to 5 MHz. When input signals
generale channel triggers faster than this, the timer will ignore those iriggers.
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Timing Out an Acquisition

4-6

Often a tesl system programs the YX4250 to acquire and then measure or lest a
waveform. Normally, the wavelorm tester will then report the results. If the acquisi-
tion process is started and a trigger never occurs, such as when the unit under
test does not generate the signal, the VX4250 continues to acquire, waiting in-
definitely for a trigger. To prevent the system from locking up in these conditions,
a timeout mechanism is provided. The waIT? command combines the action of
the sTATUS? command wilh a timeoul mechanism and a command hold off for
the next command. Functionally, WAIT? is an operational command that holds off
the execution of following commands until acquisition is complete or the limeoul
value is reached. When either condition is met, wAIT? then forces a STATUS?
response. The warT? command follows the START command.

Example:

CH1:5TART; :CH1:WAIT? 500; :FREQUENCY?
Inthis example, the channel 1 acquisition process is started, then a 500 millisecond
timer is starled. The frequency measuremenl is held off uniil the acquisition
process is complele or timed oul. A typical response from the above example
would be;

COMPLETE; FREQUENCY 3.127E+06;

Two conditions result in a timeoul. If the timeout occurred without a trigger occur-
rence, the response to the example query above would be:

WAITING;

If a trigger occumred but the post trigger acquisitions were still taking place when
the timeout eccurred, the result to the example query above would be:

RUNNING;

This usually happens only when slow sample rales are selecled. Once a timeout
occurs, the remaining commands are execuled. f a WAITING response is
generated, any measurement or 1est command will be perdormed on the data
stored from the previous acquisition. When a RUNNING response is generaled,
the nexi command may operale on a composile of bolh the old and new waveform
data. For example, if a device under test is dead and nol generating an oulpul,
the result of the above example might be:

WAITING; FREQUENCY 4.691E+06;

Whenever the response does not slart with COMPLETE, the test program should
treat the resulls as invalid, and process the error condition appropriately.
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Waveform Processing During Acquisition

The VX4250 provides various methods of processing a waveform during the ac-
quisition process. This processing can reduce the noise in acquired wavelorms,
or build envelops. The method of processing performed is selected through 1he
use of the ACQUIRE :MODE command. The power on defaull is off—no processing
modes used.

Smoothing and Averaging. Smoothing and averaging enhance waveform meas-
urement accuracy by removing some of the noise in the resulting waveform. In
averaging mode, several acquisitions 1ake place. A resulling waveform is calcu-
laled by taking the stalistical average of each point in the wavelorm record. The
calculations for each sample point are independent. Hence, the process used in
averaging affects only the amplitude component of the wavelorm, and does not
alter the time relationship between samples. Averaging requires mulliple acquisi-
tions of a reoccurring waveform. The number of acquisilions to be averaged is
defined wilh a separate command, ACQUIRE : NUM. This number must be a power
of 2, (2,4,8,16...) with a range ol 2—256. If the argument is not a power of two,
the VX4250 rounds it 1o the closesl valid argument and issues a warning.

Examples:
CH1:STOP
CH1:ACQUIRE;:NUM 8 Sefs the number of acquisitions lo be
processed to 8.
CH1:ACQUIRE:MODE AVERAGE Invokes waveform averaging mode.
CH1:START

Increasing the number of acquisitions reduces the amount of noise; however, lhe
fradeoff is the amount of time the acquisilion process requires. This general
relationship is shown in Figure 4-3; however, cerlain periodic noise componenis
may not follow the relationship. Whenever it is necessary lo optimize system
performance for both accuracy and throughput, il is besl 1o experimenl with the
real signals in the aclual environment.

. Tota
;agga sition
J me

Humbar o Acqusliors Hurbsr of Acqyuintan

Flgure 4-3. Two graphs of nolse versus number of averages,
time versus number of averages.
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Because averaging does not affect the time axis of the wavelorm, the time relation-
ship of the signals in all of the acquisitions must be consistent. To assure time
correlation in the multiple acquisitions, a consislent trigger is required. Excessive
noise in the trigger signal will result in time Jitter in 1he acquired waveforms, This
effect is more noticeable when the trigger is oblained from a slow rising (or falling)
slope. As slated earlier, use the fastest edge available in the signal used to trigger
the VX4250 whenever possible.

Smoolhing is a different process that can be employed 1o reduce the noise in an
acquired signal. Unlike averaging, smoothing uses only one acquisition of the inpul
waveform. Hence, it works on nonrepetitive signals. The smoothing algorithm is
based on a three poinl running average which starts at the beginning of the
waveform and travels 1o the end. This is the aclual algorithm:

Wi Wiie 13+ W= 1
Siy= 204 el

Where: S is the resulting smoothed wavelorm element
W is the unprocessed wavelorm element and
i is the sample point index

Essentially, this is a weighted three point interpolalion. Because the algorilhm does
ulilize 1ime, it has the efiect of adding a low pass filter to 1he inpul signal. Smoothing
can be run multiple limes, with the result of each pass being used as the source
for the nexi run. The ACQUIRE :NUM command delermines the number of times
the program runs smoothing. Because the low pass effect is accumulative, running
smoothing a large number of times will distort the wavetorm, Generally, one of
two passes offers the maximum benelit without noticeable degradalion of the true
waveform.

Envelope mode. This mode performs the opposite function of averaging. Like
averaging, envelope mode ulilizes mulliple acquisitions of a repelitive inpul signal.
The resulting waveform contains two amplitude values for each sample location.
These values represent the minimum and maximum excursion of the comespond-
ing sample point during all of the acquisilions. Enveloping is uselul for looking al
maximum noise on a signal, and amplitude variations over time. The number of
acquisilions used to build the envelope are sel wilh the ACQUIRE : NUM command,
The valid arguments are any integer between 2 and 256.

Example:

CH1:5TOFR

CH1:ACQUIRE:NUM 11
CH1:ACQUIRE :MODE ENVELOPE
CH1:START

Execuling these commands enables the VX4250 to acquire the inpul signal 11
limes and build an envelope of the maximum and minimum values from all 11
acquisilions. As with average mode, each acquisition requires its own trigger
OCCUITence.
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These wavelorm processing commands, like all acquisition control commands,
remain in effect unlil they are changed or tumed off. Once activated, mulliple
waveforms can be acquired and processed only by issuing additional START com-
mands.

Example:

CH1:STOP

CH1:RANGE .8
CH1:SAMPLE:INTERVAL 100E-&
CH1:COUPLING DC
CH1:TRIGGER:SOURCE INT
CH1:TRIGGER:5LOPE PLUS
CH1:TRIGGER:LEVEL -.2
CH1:ACQUIRE:NUM 16

CH1 : ACQUIRE :MODE AVERAGE
CH1:START

Channel 1 of the VX4250 will now start acquisition with a full scale range of 800
millivolis, at 100 ps per sample, with the input directly coupled. 16 acquisitions
will be averaged to produce the resufting wavelorm. Each acquisilion is triggered
when the input signal crosses through —200 millivolis in the positive direction.
When last of the 16 acquisitions is complete, the acquire status changes to COM-
PLETE. Issuing the command:

CH1:START

Will repeal the same process with all of the same conditions. The new result will
overwrite the firsl result, making 1his example not praclical. A paramelric meas-
urement step could be added after the START command to exiract a parameter
such as peak-lo-peak volls from the resulting wavelorm. Il maintaining the entire
waveform is desired, each result from execuling 1he process could be directed to
a dilferent wavetorm storage localion.
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Waveform Data Storage and Transfer

Using Waveform Storage Locatlons

4-10

The VX4250 contains eighl wavelorm storage locations. These can be used for
sloring acquired waveforms, storage for comparison templates, or slorage of
waveform data laded from an exiernal source. All operations which handle
wavelorm data can be addressed lo use any of the dala localions. The location
address is specified by compound header commands followed with an argument
in the range of 1—8. The location addressing commands are:

CHx: ACQUIRE:LOC Location for acquisition destination.

DATA:LOC Location for sending and receiving waveform
dala location.

WINDOW:LOC Location for data source for parametric
measurements.

COMPARE : LOC Localion of comparison template.

Localion commands, like any olher inslrument settings commands, stay in effect
until they are changed by reissuing the same command with a different argument.

Examples:
CH1:ACQUIRE:LOC 5 Store waveform from channel 1 in focation 5.
CH2:ACQUIRE:LOC 4 Store waveform from channel 2 in location 4.
CH1:START Stant acquisition on channel 1.
CH2 : START Start acquisition on channel 2.

After the channels finish 1heir acquisilions, the VX4250 can be queried for
paramelric measurements as follows:

WINDOW:LOC 4 Perform the folfowing measuremenl(s) on data in
location 4.

PEZPK? Calculate peak-to-peak voltage on data in
location 4.

WIKDOW:LOC 5 Perform the following measuremeni(s) on dala in
focation 5,

FREQ? Calculate the frequency of the waveform data
stored in location 5.

AMPLITUDE? Calcutate the amplilude of the waveform data

slored in location 5.

Al powerup and afteran INIT command is executed, all of the location commands
are sel 1o their default values. The defaull location is 1 for all commands except
ACQUIRE: LOC, which defaults lo lecation 1 for channel 1 and localion 2 for channel
2. Because ihe defaulls are valid for all operations, users who do nol need multiple
wavelorm storage locations can ignore the commands. However, the use of inler-
nally stored comparisons will substantially improve the throughput of 1esl systems
which use template comparison heavily.
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Waveform Data

Waveform dala can be accessed through word serial prolocol {WSF) or fast data
channel (FDC). This seclion describes waveform access through WSP. For infor-
mation regarding waveform access through FODC, see Appendix D, Fast Data
Channel Reference.

Waveform dala is transferred through the WSP via the CURVE command. CURVE?
causes the VX4250 1o send daia to the kocal controller, while CURVE allows the
VX4250 10 read wavelorm data from the local controlier.

Waveform data can be transferred in one of three formals, and in all three formats,
the wavelorm data is presenled as one of 256 values, This corresponds 1o 8-bit
binary data. A method for convering this 8-bit data fo a voltage level is explained
later in this section.

RIB Waveform Transfer
RIB is a binary waveform format. Wavelorm data ranges from =128 1o 127; thal

is, =128 is the most negalive value, while 127 is the most posilive. The advantage
of RIB is that the center of the range is at 0.

Example:
DATA:ENCDG RIB Sel waveform transfer format fo RIB.
CURVE? Ask for wavelorm daia.

RPB Waveform Transfer

RFE is a positive binary format with ihe center value being 128. RPB binary values

range from 0 to 255.

Example:
DATA:ENCDG RPB Set waveform Iransfer format lo RPB.
CURVE? Ask for wavefonn dala.
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Table 4-1 shows an example of wavelorm dala being transterred in binary formal.

Table 4-1. Binary Waveform Transfer Example

Decimal| Hex
Byte | ASCIl | Diglt Digit Comment
1 C 67 43 | Wavelorm header CURVE
2 u 85 55
3 R 82 52
4 v 86 56
5 E 69 45 .
6 | <SP> 32 20
7 # 35 23 | Arbitrary block program data
8 2 50 32 | Number of bytes in byte count
9 6 54 36 | Number of byles in the waveform
10 9 57 39 transfer is 69 byles
11 < 60 3C | First byte of waveform data
12 @ &4 40 | Second byte ol waveform dala
13 (0} 68 44 | Third byte of wavetorm data

ASCIl Waveform Transfer

4-12

Since binary dala does not ahways result in a prinlable character, an ASCI|
waveform transter may be used for debugging purposes, as the example in Table
4-2 shows. ASCH waveform fransfers are posilive integers that range from 0 to
255, The dala is separated by commas,

Example:
DATA:ENCDG ASCII Set waveform transfer format to ASCIL
CURVE? Ask for waveform data.
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Table 4-2. ASCIl Waveform Transfer Example

Declmal| Hex
Byte | ASCII| Digit Digit Comment
1 C 67 43 | Waveform header CURVE
2 u 85 55
3 R B2 52
4 v B6 56
5 E 69 45
6 < SP> 32 20
7 8 &6 38 | First waveform data point is 85
8 5 53 35
9 : 44 2C | Comma separaled data
10 1 49 31 Second wavefomm data point s 132
11 3 51 33
12 2 50 32
13 ; 44 2C | Comma separated data

Transferring a Subset of the Waveform Data

A subset of the 2044 poinl wavelorm record can be extracted using lhe paTa
command. In the following example, 128 poinls are translerred slaring at point

1028.

Example:
DATA:COUNT 128 Start waveform transfer at the 128th point.
DATA:START 1028 Transfer starts at the 1028th point.

The paTa:CcoUunNT command specilies the nurmber of sample points lo be irans-
ferred. The DATA:sTART command sels the first point of the wavelorm transfer
to the 1028th poinl.
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Scaling the Data Polnts

Iin some applications, il is desirable to convent these 8-bit digitizer values inlo
vollages. In order to convert to vollages, we must examine the waveform preamble
informalion. The waveform preamble is read with the weMPRE? command. Of the
various fields in the waveform preamble, the mosl important are the YMULT and
YZERO values. The YZEROQ is the DC offset of the waveform involts, while YMULT
is the volls-per-bit value. YMULT is simply the full-scale range divided by 256.

In order to scale RIB (two's complement, binary data), remember that O is in the
center of the scale. Therefore,

Voltage = Digitizer Level X YMULT - YZERO
Waveforms in RPB (positive integer, binary data), require that the offset value of
128 be sublracted from the digitizer level, because the center value of an RPB
wavelorm is 128.

Voliage ~ (Digitizer Level — 128) X YMULT - YZERO

Out of Range Signals

The conversion system used inthe VX4250 does nol provide overrange indication.
Input signals which exceed the limits of the operating range in either direction will
resull in maximum or minimum count in the oulpul data. Because there is no
differentiation of overrange from {ull scale conditions, users should treal the two
full scale data values as overrange indicalions in their applicalions programs.

Template Waveforms

Template wavetorms are simply two waveforms in one. That is, each wavelorm
sample contains a maximum and minimum excursion at that poinl. Normal
waveforms are represenled as 8-bits per poinl. Template wavelorms are repre-
senled as 16-bits per poinl. In the wavelorm preamble, the BYTNR (byte per point}
field is 2 for templates and 1 for normal wavelforms.

The first byte of the 2-byte sample represents the mosl posilive excursion of the
waveform, while the second byle represents the mosl negative excursion ol the
waveform at that particular point. Table 4-3 shows lemplate wavelorm data being
translerred into binary format.
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Table 4-3. Template Waveform Transfer Example

Decimal| Hex
Byte | ASCII| Digit | Digh Comment
1 C 67 43 | Waveform header CURVE
2 U 85 55
3 R 82 52
4 vV 86 56
5 E 69 45
6 | <SP> 32 20
7 # 35 23 | Arbitrary block program data
8 2 50 32 | Number of byles in the byle count
9 7 55 37 | 70 bytes in the wavelorm transfer, or
10 0 48 30 35 samples (2-bytes per sample)
11 ~ 126 7E | Most positive value for first sample
12 ! 33 21 | Most negative value for lirst sample
13 } 125 7D | Mos! posilive value for second sample
14 x 34 22 | Mosl negative value for second sample

Wavelform Downloads

The VX4250 provides a WSP facilily for downloading waveforms into waveform
memory. The most common example is to download a waveform template lor
templale comparison purposes.

In order to successiully download wavelorms, we need to examine the waveform
transier format and waveform scaling information.

As described previously, ihe waveform dala fransfer format is as follows:

CURVE #CB. .B<DATA><DATA><DATA>...

Where C is the number of characlers in the byle count, B..B is the byte count,
and <DATA> is the waveforrn data. For example, the header for a 2044 byte
waveform transler is:

CURVE #42044...
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Waveform dala can be downloaded to any waveform location. Selecting the
waveform location for downloading is accomplished in the same way it is for
uploading.

Example:

DATA:LOC 4 Transfer data lo/ffrom waveform location 4,

Wavelorm data can be senl in RIB or RP8 format. ASCI waveform downloads are
not allowed.,

When downloading waveform data, il is imporiant o be aware of the waveform
preamble information; specifically, the BYTNR fiekd.

The BYTNR field of the wavetorm preamble tells the VX4250 the number of bytes
in a wavelorm sample. In particular, a template waveform will contain two byles
per sample—therefore, BYTNR should be set 1o 2.

Example:

WEMPRE : BYTNR 2 Two bytes per sample, lemplate waveform.
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What is Pulse Analysis?

After acquiring a waveform inlo the VX4250's memory, some useful parameters
can be extracted from the data using the set of pulse analysis functions provided
wilh the VX4250. The VX4250 pulse analysis functions are detailed in Table 4-4.

Table 4-4. Pulse Measurement Functlons

Magniuda Time Integrated | Two Port
Parameters Parameters | Parameters | Parameters
Top Rise Time | Mean Gain

Base Fall Time RAMS Phase
fMaximum Widtlh Area

Minimum Period Energy

Top Overshool Frequency
Base Overshool Duty Cycle
Midpoint
Peak-lo-Peak
Proximal
Mesial

Distal
Amplilude

These pulse analysis funclions provide some of the common waveform measure-
ments. The pulse parameters are calculated on waveforms slored in the VX4250's
memory. This reduces the need to transler entire wavelorms to an external com-
puter for analysis. PASS/FAIL decisions based on the pulse funclions can be made
on lhe YX4250 with minimum intervention from an exlernal conlroller.

Successfully using these funclions requires some knowledge of wavelorm acquisi-
tion {as described in the previous seclion) and a basic understanding of how the
pulse analysis lunclions work.

The following seclions provide a basic framewaork for performing pulse analysis.

The pulse analysis functions will be discussed individually first, followed by topics
that explain how 1o customize the measurements for your individual applicalion.
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Sample Waveform

For the following examples, 1the waveform shown in Figure 4-4 will be used. A
graticule has been added for relerence purposes.

m | N\ Vertical
........... S RV Y T e S [ ST W B L
1
I
...... R DI R ] Horizontal:
i 2 us/Div

Figure 4-4. Sample Wavelorm.

Maximum, Minimum, and Peak-to-Peak Volages

The simplest waveform measurement parameters are maximum and minimum
voltages, as shown in Figure 4-5. The VX4250 pulse measuremenl routines scan
the waveform for the largest and smallest sample in the waveform record.

M nirmism

Figure 4-5. Maximum and Minimum Vellages.

Example:

Command: Max? Ask the VX4250 for the maximum value
of a waveform.
Response: MAX +3.517E-00:;  The maximum value is 3.517 V.

Command; MIN? Ask the VX4250 for the minimum value
of a waveform.
Hesponse: MIN-3.374E-00; The minimum vafue is -3.374 V.
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In the waveform shown in Figure 4-16, the top is placed between the two pulse
levels. This may or may not be desirable based on your application. However, use
of the histogram mode in this case may cause the 1op (base) 1o skip between two
different levels on mulliple acquisitions.

(A

Figura 4-16. Determining Top and Base with
Histegram Mode.

An allernalive 1o using the mode of 1he histogram is to develop a weighted mean
of the histogram. Thal is, each elemenl of the hislogram is weighted based on lhe
number of “hits” at that element. The histogram mean method would be useful
for the wavelorm shown in Figure 4-16.

In some cases, the histogram mean would not be a desirable top-base method.
As Figure 4-17 shows, the base and top have been moved too 1ar into the middle
of the waveform. This waveform could be handled better using the histogram mode
melhod.

T

Figure 4-17. Histogram Mean Yialding
Undasirable Resulis.

Mote that the top and base values are brought closer 1o the middle of the waveform
due to the distribution of the samples.
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Some waveforms have 1op and base values that are not easily recognizable by
use of a histogram. The triangle waveform in Figure 4-18 is such an example.

Figure 4-18. Use of the Hislogram Mode.

Setling Base and Top 1o MinMax

4-30

Notice thal 1he histogram dislribulion is even for he enlire amplilude. In this case
the base/top values will be random. The better baseftop determination mode would
be MinMax.

Example:
EMODE : MINMAX, Sels base determination method to MinMax.
THMODE ; MINMAX Sets top determination method to MinMax.

Every wavelorm is different, and each applicalion has its own requirements. The
top/base determination methods have been provided so 1hat the user can choose
ihe melhod that best suits the application. There are no absolules when choosing
a top/base method. For mosl applications, the hislogram mode method will be
besl. However, the user is encouraged to experiment.
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Changing Reference Levels

The VX4250 contains provisions that allow modification of reference levels, as
shown in Figure 4-19. This allows the flexibility to make rise/fall measurements
between the 20% and 80% points, or anywhere else. The only restriction is thal
the reference levels are as follows: proximal < mesial < distal < 100%.

Example:
REFLINES :PROXIMAL 0.2 Proximal level is 20% of the amphitude.
REFLINES:DISTAL 0,95 Distal level is 85% of the amplitude.

New Distal {35%)

E R L b

“_ Oid Distal (50%)

MNew Proximal (20%)

..... P
------ ‘Q'\'P'_mimal (10%)

Flgure 4-18. Changlng Referance Paramaeter Levels.
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Testing

Saving the expected result

To complimenl the COMPARE:HIGH and COMPARE:LOW paramelers, it may be
useful 1o save the expected value with COMPARE:NOMINAL. This parameter is
not used in the decision-making process; it is available to document the test more
completely.

Example:

CH1:COMPARE:HIGH 1.2
CH1 :COMPARE:LOW 0.9
CH] :COMPARE : NOMINAL 1.0

Saving the nominal value with the high and low bounds, documents the margins
allowed. For example, f COMPAREHIGH is 1.2 and COMPARE:LOW is 9, the
nominal value of 1.0 may record asymmetlric margins of +20% and —10% respec-
tively.

Sequencing

Infinite Loop Testing

4-32

Cnce a lest sequence of multiple tesls has been defined, il is possible 10 run all
1esls jusl once, or run all lests continuously.

Example:

CH1:5TEP:MODE LOOF
CH1:START;

in loop mode, only one START command need be issued. The only way 1o end
this infinite loop is 1o issue the sTop command. When the channel is running in
LOOP mode, the results may be continucusly queried to obtain the lalest complete
measurement, This mode of operation may be useful for monitoring 1the signal
parameters in reallime, by just using the RESULT? mechanism.
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Section 4 — Advanced Operation

Getting Detalled Test Results

Once atest sequence has been run, ilis possible 1o query the results. Forinstance,
to query the resulls of tesl step #2, enter the command shown in the example thal
follows.

Example:

Command: CH1:RESULT:LONG? 2; Find result of step #2.
Response: MAX,PASS,1.000E+00,1.500E+00, 500E-03, NORMAL;

The REsULT? command will access the informalion that resulted from the test
slep being run. The information is in the form of: MEASUREMENT TYPE,
PASS/FAIL, the measured value, lhe upper bound, the lower bound and the ac-
quisition mode.

The parameler that comes after RESULT? specilies which test step result is
needed,

Performance Enhancements

Several methods are available 1o reduce runtime lest times. These include single
acquisilion with mulliple measuremenis and fasl data access, which are explained
here.

Single Acquisition with Multiple Measurements

When many wavelomm parameters need 1o be lested, while running in STEP:MODE
RUN or LOOP, the toial 1esl lime may be reduced by making a single acquisilion
and many tesls. The method for doing this is setting CHx:ACQUIRE:MODE OFF
betore SAVING lhe step. The example 1hal follows shows how 1o enter the com-
mands 1o save, for inslance, lest step #2. This eliminates the task of acquiring a
new waveform and proceeds directly 1o the analysis.

Example:

CH1 : ACQUIRE :MODE OFF
CH1:SAVE 2

When the above lest slep #2 is encountered in lhe channel sequence, no new

acquisition takes place. Measurement and testing will immediately follow, per-
formed on the dala already present in the specilied dala location.
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Section 4 — Advanced Operafion

Fast Data Access

4-34

This fealure offers a solution 1o the problem ol moving large control and dala
blocks quickly, in and out of the instrument through the physical shared memory.

The commands to accomplish this are nol elaborate. They are simple and fast.
The commands are sent over Word Serial Protocol and return information regard-
ing the location and size of the physical memory containing the data. With this
information, the physical memory may be directly accessed by the controller.
Briefly:

1. The coniroller asks the instrument where the base address of ils shared
memory resides wilh “FDCBASE?"

2. lithe FDCSIZE? argumenis are sent, then the response indicales the size ol
the dala block in shared memory.

3. The conlroller wilh (2) base address and (b) size, extracts the data and stores
ft.

Example:

Command: FDCBASE?

Response: #H200000; Note hexadecimal response
Command: FDCSIZE?
Response: 65528; Note decimal response

The code segments below show how to use these commands to read/write through
EPCONNECT.

read_data{ unsigned long fdc_base, unsigned short fde size, char *buffer |}
{

ep_set_acc_mode{ AZ4ND | BM _MBO };
ep_from wme{ BM FASTCOPY | BM W16, fdc base, buffer, fdc _size );
}

write datai unsigned leng fdec base, unsigned short fde size, char "buifer }
[

ep set_acc mode( AZ4ND | BM MBO j;
ep to_wme { BM FASTCOPY | BM W16, buffer, fdc base, fdc_size );
}

In the above example, the VME A24 address and size of lhe shared memory region
is found. This infomation is used to read and wrile aff of the shared memory
information which includes all waveforn locations and stored selups for both chan-
nels. Refer to Appendix D, Fast Data Channe! Relerence tor more delailed
informalion on data buffer conlenl and formal.
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Section 5
Command Notation and Formats

Introduction

This seclion contains inlroductory information aboul the nolation and formal con-
ventions used in the command descriplions for the VX4250. The actual command
descriptions are covered in the next section of this manual, Section 6, Command
Dictionary. Commands use the formats and conventions eslablished by ANSIIEEE
Standard 488.2-1987, IEEE Standard Codaes, Formals, Protocols, and Common
Commands. The formal description given here covers the slyle used by mosl
programmers and virlually all controllers. The IEEE Standard 488.2 allows consid-
erably more flexibility in command struclures than whal loliows in this section.
More inlormalion on the command format options available can be found in Ap-
pendix 20A of the |EEE 488.2 Relerence Manual.

Command Notation

Command format descriptions and descriplive lables use 1he jollowing slandard
nolation.

These characters are used for descriptions, and do nol appear in the command

syntax.
< > Delimils a required, defined element to be provided by
the user,
[] Delimits an oplional element.
i Delimils an oplional element thal may be omifted, or
repealed one or more times,
{1 Delimits a group of elemants from which gne must be

selected.

| Delimits the individual elements in a group lorm which one
must be selecled.

These delimiters do appear as shown in the command synlax.

: (colon) Compound command header separator used to delimit
compound command headers.

, (comma) Data separator used to delimit multiple command
arguments.
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Section 5 — Command Notation and Formals

ASCH Code

Number Base

In general, all elemenls for commands are transmitted in 7-bit ASCHl code. How-
ever, B-bit words are used when arguments are transmitled in binary Arbilrary
Block Data format.

Unless olherwise noted, all numbers are assumed to be decimal (base 10).

Decilmal Numeric Data Format

All decimal command arguments can be enlered in any format: integer, floaling
point, or exponential notation {referred to in |IEEE 488.2 as NR1, NR2, and NR3
respectively}. Depending upon the command, 1he query response will always be
in one of two forms, INTEGER or REAL, INTEGER format {referred to as MR1 in
IEEE Standard 488.2) may be signed or unsigned. Argumenls denoted as REAL,
(referred o as NR3 in IEEE Standard 488.2), will be relurned in Engineering
notation; i.e., 43.27E-06. The format will have a four digit mantissa, followed by a
two digit exponen! which is a multiple of three.

General Command Format

In the following examples, this command format will be broken down to illustrate
the significance of the various pieces.

Header Arguments

5-2

[CHx] : <COMMAND HEADER>[?] [<ARGUMENT>];
The header argument CH1 or CH2 is required at the beginning of commands which
control acquisition and measurement in order to direct the command to the ap-
propriate channel. Because the acquisition systems are totally independent,
commands can be sent to change the settings of one channel while the olher
channel is making an acquisition.
EXAMPLES:

CH2:5TOP

This command causes the acquisilion process on channel 2 to stop.

CH1:RANGE 8

This command sets the full scale range of channe! 1 1o 8 volis.
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