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THANK YOU FOR PURCHASING THIS
ASTRONICS TEST SYSTEMS PRODUCT

For this product, or any other Astronics Test Systems product that incorporates software drivers, you
may access our web site to verify and/or download the latest driver versions. The web address for
driver downloads is:

http://www.astronicstestsystems.com/support/downloads

If you have any questions about software driver downloads or our privacy policy, please contact us
at:

atsinfo@astronics.com

WARRANTY STATEMENT

All Astronics Test Systems products are designed to exacting standards and manufactured in full
compliance to our AS9100 Quality Management System processes.

This warranty does not apply to defects resulting from any modification(s) of any product or part
without Astronics Test Systems express written consent, or misuse of any product or part. The
warranty also does not apply to fuses, software, non-rechargeable batteries, damage from battery
leakage, or problems arising from normal wear, such as mechanical relay life, or failure to follow
instructions.

This warranty is in lieu of all other warranties, expressed or implied, including any implied warranty
of merchantability or fitness for a particular use. The remedies provided herein are buyer’s sole and
exclusive remedies.

For the specific terms of your standard warranty, contact Customer Support. Please have the
following information available to facilitate service.

1. Product serial number
2. Product model number
3. Your company and contact information

You may contact Customer Support by:

E-Mail: atshelpdesk@astronics.com
Telephone: +1 800 722 3262 (USA)
Fax: +1 949 859 7139 (USA)



RETURN OF PRODUCT

Authorization is required from Astronics Test Systems before you send us your product or sub-assembly for
service or calibration. Call or contact Customer Support at 1-800-722-3262 or 1-949-859-8999 or via fax at 1-
949-859-7139. We can also be reached at: atshelpdesk@astronics.com.

If the original packing material is unavailable, ship the product or sub-assembly in an ESD shielding bag and
use appropriate packing materials to surround and protect the product.

PROPRIETARY NOTICE

This document and the technical data herein disclosed, are proprietary to Astronics Test Systems, and shall
not, without express written permission of Astronics Test Systems, be used in whole or in part to solicit
guotations from a competitive source or used for manufacture by anyone other than Astronics Test Systems.
The information herein has been developed at private expense, and may only be used for operation and
maintenance reference purposes or for purposes of engineering evaluation and incorporation into technical
specifications and other documents which specify procurement of products from Astronics Test Systems.

TRADEMARKS AND SERVICE MARKS

All trademarks and service marks used in this document are the property of their respective owners.

e Racal Instruments, Talon Instruments, Trig-Tek, ActivATE, Adapt-A-Switch, N-GEN, and PAWS are
trademarks of Astronics Test Systems in the United States.

DISCLAIMER

Buyer acknowledges and agrees that it is responsible for the operation of the goods purchased and should
ensure that they are used properly and in accordance with this document and any other instructions provided
by Seller. Astronics Test Systems products are not specifically designed, manufactured or intended to be used
as parts, assemblies or components in planning, construction, maintenance or operation of a nuclear facility, or
in life support or safety critical applications in which the failure of the Astronics Test Systems product could
create a situation where personal injury or death could occur. Should Buyer purchase Astronics Test Systems
product for such unintended application, Buyer shall indemnify and hold Astronics Test Systems, its officers,
employees, subsidiaries, affiliates and distributors harmless against all claims arising out of a claim for personal
injury or death associated with such unintended use.



FOR YOUR SAFETY

Before undertaking any troubleshooting, maintenance or exploratory procedure, read carefully the
WARNINGS and CAUTION notices.

This equipment contains voltage hazardous to
CAUTION human life and safety, and is capable of inflicting
Ai RISK OF ELECTRICAL SHOCK “ .
N el e h personal injury.
If this instrument is to be powered from the AC line (mains) through an
autotransformer, ensure the common connector is connected to the neutral (earth

pole) of the power supply.

Before operating the unit, ensure the conductor (green wire) is connected to the
ground (earth) conductor of the power outlet. Do not use a two-conductor extension
cord or a three-prong/two-prong adapter. This will defeat the protective feature of the
third conductor in the power cord.

Maintenance and calibration procedures sometimes call for operation of the unit with
power applied and protective covers removed. Read the procedures and heed
CAUTION  warnings to avoid “live” circuit points.

Before operating this instrument:
1. Ensure the proper fuse is in place for the power source to operate.

2. Ensure all other devices connected to or in proximity to this instrument are properly grounded or
connected to the protective third-wire earth ground.

If the instrument:

- fails to operate satisfactorily

- shows visible damage

- has been stored under unfavorable conditions
- has sustained stress

Do not operate until performance is checked by qualified personnel.
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CLKOUT termination change. Includes NEG mode voltage
specification change.

12/18/17

Updated per ECN09678. Mentions W6A3 configuration and
common configurations. Updates Figure 1-1 with current
photos. Deprecates W2 but includes all reference
information. Corrects various text errors. Updates
Controlled Pulse Parameters in Appendix A and Tables 6-
38, 6-44, 6-45, 6-52, 6-58, and 6-59

1/3/2018

Updated per ECN09797. Updated Neg. mode and Period
Accuracy specifications on pages A-3 and A-14. Reverted
test limits in Tables 6-38 and 6-52 back to 3% limits.
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Chapter 1
Introduction

What's in this
Manual

What'’s in this
Chapter

This manual contains information for operating and servicing the
Racal Instruments™ 3172 series of VXIbus Arbitrary
Waveform/Pulse Generators. Generally, what is applicable to the
3172 is the same for all other models, except where otherwise
stated. Throughout this manual, we refer to all units as the 3172.
When there are differences in the specific models, the differences
are described in detail.

More specific information on the 3172 models is included in the
section, “3172 Configuration (Different Model Numbers)” later in
this chapter.

Legacy mode information can be found in Chapters 3 and 5.

The manual is divided into functional chapters which guide you
through the various operations that are necessary to install and to
prepare the instrument for its intended operation. The following lists
the chapters that are included in this manual:

e Chapter 1 provides general description of the instrument and
identifies key controls and features. It also describes briefly all
functions and features that are available for the user.

e Chapter 2 describes hardware and software installation.

e Chapter 3 provides descriptions of all functions, features, run
modes and operating modes. It also describes in detail how to
operate the instrument.

e Chapter 4 demonstrates the capability of ArbConnection to
control the 3172 and to create and download waveforms and
control tables to the working memory.

e Chapter 5 lists all of the commands that control the instrument.
It also has detailed descriptions of the limits and factory default
values of the programmable parameters.

e Chapters 6 and 7 contain service information that allows you to
do performance tests and to calibrate the product.

e Appendix A lists the 3172 product specifications.

This chapter contains a general and functional description of the
Racal Instruments 3172 VXlbus Arbitrary Waveform Generator. It
also explains the front panel connectors, operational modes, and all
available features. However, some options available for the 3172

Astronics Test Systems
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may not be installed in your specific module. A complete listing of
the available options is included later in this chapter.

Conventions Used This manual uses the following conventions:

in this Manual

Introduction

3172
Configurations
(Different Model
Numbers)

@ NOTE

A note contains information relating to the use of this product

'
& CAUTION

A caution contains instructions to avoid damage to the instrument or the
equipment connected to it.

& & WARNING

A warning alerts you to a potential hazard. Failure to adhere to the
instructions in a warning could result in personal injury.

The most commonly used configuration of the 3172 series is the
3172-W6P2 VXIbus Single-Channel Arbitrary Waveform Generator
plus Dual-Channel Pulse Generator. It communicates using the VXI
message-based protocol. This high-performance generator
combines five powerful instruments in a single C-size card:

The W6 module can be used to generate standard, arbitrary and
modulated waveforms and can also be used as a stand-alone
counter/timer.

The P2 module has two independent channels that can be used to
generate analog-oriented pulse waveforms

The front panel has connectors and indicator lights, but no controls.
To control the 3172, use instrument drivers or a soft front panel
from your computer.

Supplied with the 3172 is ArbConnection (part number 922336-
001), a software application that controls the 3172. ArbConnection
allows you to specify, design, or edit waveforms and download
them from your computer to the 3172.

The 3172 can be configured to power up in Modern or Legacy
mode but is easily programmed between Modern and Legacy
modes. See Chapters 3 and 5 for more information.

3172 configuration specifies how the instrument is mechanically
constructed and the model number of the final instrument. Figure
1-1 shows the front panels of the various configurations.

1-2
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The 3172's message-based interface includes LAN and USB. You
may communicate with the instrument through the normal VXI
controller but take control via the LAN port to completely bypass
the backplane interface and control instrument functions and
parameters remotely. The USB port is used for memory stick I/O
where waveform data can be loaded directly to arbitrary waveform
memory. This feature was specifically designed for security
reasons where breach of secret waveform data can endanger
national security if it falls to the wrong hands. This way, the data is
erased immediately as soon as the instrument is turned off but can
be restored by a person holding a memory stick with data.

Four types of cards can be installed inside a 3172 module:
e W6 or W2 — Single channel arbitrary waveform generator
e P2 — Dual channel pulse generator
e A3 -122Vp-p power amplifier

Multiple combinations of these cards can be factory configured for
different applications. The following 3172 configurations are
available:

e 3172-W6P2 — This model number specifies a single channel
arbitrary waveform generator and dual channel pulse generator.
In modern mode, this model expands to include all of the
features, functions, and operating modes as specified in
Appendix A. In legacy mode, this configuration responds to *idn?
with “3171” in the instrument field and is fully compatible with
3171 legacy behavior.

e 3172-W6 — This model number specifies a single-channel
arbitrary waveform generator.

e 3172-W2P2 — This model number specifies a single-channel
arbitrary waveform generator and dual-channel pulse generator.
In modern mode, this model expands to include all of the
features, functions, and operating modes as specified in
Appendix A. In legacy mode, this configuration responds to *idn?
with "3171" in the instrument field and is fully compatible with
3171 legacy behavior except for the fact that the AM is routed
differently.

e 3172-P2 —This model number specifies a dual-channel pulse
generator.

e 3172-P2P2 —This model number specifies two independent dual
channel pulse generators.

e 3172-W6A3 —This model number specifies a single-channel
arbitrary waveform generator and a high-voltage power amplifier.

This manual addresses the W6, P2, and A3 functions separately.
Information about the W6 also applies to the now deprecated W2
unless stated otherwise throughout this User Manual.
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3172-W6 3172-P2 3172-W6P2 3172-W6A3
Figure 1-1, Commonly Used 3172 Configurations

W6 Module e Single width, C-size, VXIlbus Module

. . e Provision to generate five types of waveforms: standard,
Feature ngh|lghtS arbitrary, sequenced, modulated, and half-cycle

e 200 MS/s sample clock frequency for generating arbitrary and
sequenced waveforms
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Sine and square waveforms to 30 MHz, and other waveforms to
over 1 MHz

Frequency hopping and sweeping

Modulated waveforms: AM, ASK, FM, FSK, and PSK
14-digit sample clock frequency setting, limited by 1 uS/s
Extremely low phase noise, Clock stability of 1ppm

PLL function that automatically locks to external signals
16-bit vertical resolution; 5 mVp-p to 20 Vp-p into 50 Q

Three voltage windows: 0V to 20V, -11Vto 11V, and 0 V to
-16 'V

Choice of three matching load impedance: <2 Q, 50 Q2, and 93 Q
1 M-point memory depth.

Ultra-fast waveform downloading

Trigger delay and period-controlled auto re-trigger

Built-in counter/timer

Figure 1-2, Racal Instruments 3172 (W6P2 Configuration Shown)

P2 Module Feature -«
Highlights .

Fits within a single width, C-size, VXlbus Module
Two channels, operating independently or synchronously
50 MHz clock frequency for generating pulse waveforms

Independent and fine control of pulse parameters such as period,
pulse width and transition times

Generates single, double and delayed pulses

Astronics Test Systems
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A3 Module Feature
Highlights

ArbConnection
Feature Highlights

Provides normal, inverted and complemented outputs
Extremely low jitter, Clock stability of 1ppm

Three voltage windows: Positive, 0 V to 20 V; Symmetrical, -11
V to 11 V; and negative, O V to -16 V

Choice of three matching load impedance: <2 Q, 50 Q, and
93 Q

Trigger delay and period-controlled auto re-trigger

Fits within a single-width, C-size, VXIbus module
50 Q, DC-coupled input

122 Vp.p output

100 kHz output bandwidth

AWG signals can be fed through the A3 amplifier

The ArbConnection software (provided with the 3172) has the
following features:

Virtual control panels

Arbitrary waveform composer

Complex pulse composer

Serial data and FM composers

Detailed virtual control panels for all functions and modes

Waveform, modulation, and pulse composers for designing,
editing, and downloading complex waveforms

Automatic detection of active instruments
Equation editor to generate waveforms from equations
SCPI command and response editor (simulates ATE operation)

Translation of waveform coordinates from ASCIl and other file
formats

Simplified generation of complex waveform sequences

1-6
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E ArbConnection << Tabor Electronics >> 3172 Demo.cad * P ] 3 |
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utpt ( 31722 - Bun Mode Control Panel = \

Fun Mode 3172-W2 - Standard Waveforms Panel ; 2

Sandard ( - /N _\ ] )

AmbiraryiSequence ( 3172202 - ArbitrangSequence Panel F \"]

Halr Cyele 31722 - Half Cycle Panel : X]

v Modulation | o ‘ \
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Figure 1-3, ArbConnection Control Panels

[ wave Composer - A TemS1.wal 1N o =] [
File = Edit Wiew ‘Wave Download About ..

u L | & ZH BT Lk ;4
DEEES| L 1 __
jWaveIength 1074 | Activeseg | 1 | e

L. &nchor =0 F. Anchor = 1023

“ertical Scale: B4kPts [BkPEsiDiv]
Hotizortal Scale: 1kPEs [100e-3kPts/Div]

Figure 1-4, ArbConnection Wave Composer Example
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=181x]
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| Time Cumulative ErEE
.............. L] Index| Level | jireal | Tine DL Intervals =
1 5 100 100 Time/Level Paoints m“l,-
2 o 500 &00
3 1.5 50 650 Append I Irisert | Delete |
4 1] 25 675
L el IEE = Deletedll | Undo |
5] u] 500 1200 i T
7 1 75 1275 i~ Section Properties — =
] ] 30 1305 Design Urits W, ms
9 1 30 1335 Section Startt 0 m3
1m0 50 1385 \ Repeat [T T
1 i i E ! Dration [« R] 4155 ms

“ertical Scale: 4% [0.5VDiv] I
Horizontal Scale: 4133ms [413.5meiDiv]

Figure 1-5, ArbConnection Pulse Composer Example
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123d4561%9 1234567%9 123d4F67%9 123456749 1234567%9% 1234
o 10 2 EL A0
Ready IS

Figure 1-6, ArbConnection Serial Data Composer Example

General
Description

W6 Output
Waveforms

This section describes the 3172 general features and performance,
as well as its output functions, run modes, and operating modes.

The W6 module is a digital waveform generator that creates
virtually any type of waveform. Unlike conventional function and
pulse generators, the W6 creates waveforms digitally and stores
them in memory. A clock generator then clocks the data from
memory to a digital to analog converter (DAC) to convert the digital
data to an output waveform. Since the waveform memory is
volatile, its data is lost when you turn off the instrument. However,
you may create as many waveforms as desired on the host
computer, and quickly download them to the W6 memory as
needed.
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The memory size is large enough for most applications. However,
you may maximize the effective memory capacity by downloading
specific waveforms only when they are required. For example, if
one part of your ATE sequence requires a complex waveform that
consumes nearly all of the waveform memory, you may delete this
waveform after that portion of your sequence is completed, and
then quickly download a new waveform for the next part of the
sequence.

Depending upon your application, you may be able to change
waveform parameters even more quickly without downloading new
data. After you download a waveform, you may change the sample
clock frequency, amplitude, offset, and run modes without
disturbing the downloaded data.

The W6 can divide its memory into smaller segments, and then use
these segments to create complex sequences of waveforms.

The W6 can generate the following functions:

e Standard waveforms. The W6 computes these automatically
from its built-in equations for sine, square, triangle, and other
common waveforms.

e Arbitrary waveforms. Download these to the instrument
whenever you need to change from one arbitrary waveform to
another.

o Waveform sequences. The W6 builds sequenced waveforms
from memory segments that are loaded with the waveforms and
are referenced in the sequence table in advance.

e Modulated signals. A direct digital synthesis (DDS) circuit creates
these signals without downloading a waveform.

e Half-cycle waveforms. Half-cycle waveforms are similar to
standard waveforms, but a programmed delay interval separates
the half cycles.

e Phase-Lock Loop (PLL) mode. This special function allows
phase locking to an external signal regardless of the wave shape
and frequency of that signal. While locked to the external signal,
the W6 can generate any of the above functions, with the added
control that is attributed to the external signal.

e Counter/timer. The W6 also performs counter/timer

measurements.
P2 Output The P2 module is a dual channel pulse generator that generates
P pulses in an analog manner. It has the capability to generate pulses
Waveforms just as a stand-alone pulse generator does. When using this
module, one could program pulse timing parameters in units of
time.

All pulse parameters are programmable including period, pulse
width, rise and fall times, delay, polarity and more. As a dual
channel instrument, you may program different pulse settings for
each channel and select if you want the channels to run

Astronics Test Systems 1-9
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A3 Output
Waveforms

Run Modes

Frequency
Control and
Accuracy

independently or synchronously.

Depending upon your application, you may be able to change pulse
parameters on the fly and without disturbing the downloaded data.

The P2 module can generate the following pulse shapes:

e Single pulse.

e Double pulse.

o Delayed pulse.

¢ Normal, inverted or pulse complement
e Fixed duty cycle pulse

e Pulse with linear transition

The A3 module is a single-channel, high-voltage amplifier. To use it
with the W6 waveform generator module, use a coaxial cable to
connect the W6 output to the A3 input. You can then command the
A3 module to either amplify the W6 signal or simply pass it through
to its output connector, bypassing the amplifier.

When the A3 module is set to bypass the W6 output signal, the
signal still retains its full bandwidth. However, when the output
amplifier is engaged, the amplifier limits the bandwidth to 100 kHz.

The 3172 has two run modes that determine when it will output a
waveform. Continuous Run is the basic mode for generating a
waveform that does not stop. This mode is appropriate except
when the application requires synchronization to external events.

In Interrupted Run mode, the output is either triggered or gated by
external signals. The 3172 accepts a trigger event from the front
panel connector, a backplane trigger line, or a software command
from your computer.

The Run Modes and triggering features are discussed later in this
chapter. The run mode options apply to all combinations of W6 and
P2 modules.

An internal reference determines the frequency accuracy of the
output waveform. The internal reference provides 1 PPM accuracy
and stability over time and temperature. For applications that
require better accuracy and stability, or just clock synchronization
to external devices, the W6 can use the CLK10 VXIbus signal or
the front panel 10MHz REF IN signal (which is available only on a
3172 that has at least one W6 module, i.e., 3172-W6 or 3172-
W6P2).

1-10
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Phase-Lock Loop
(PLL)

Signal Integrity

Frequency Agility

Amplitude

Amplitude Span
Ranges

By activating the Phase-Locked Loop (PLL) function, you may
generate any standard or arbitrary waveform while synchronizing
with an external signal, or even while tracking it as its frequency
changes. This feature is not available on the P2 modules.

As technology evolves and new devices are developed each day,
faster and more complex signals are needed to simulate and
stimulate these new devices. Using the latest technology, the W6
has a bandwidth of 30 MHz, enabling it to accurately duplicate and
simulate high frequency test signals. With its outstanding sample
clock generator range, 16-bit vertical resolution and its high output
voltage amplifier that has a high output bandwidth, one can create
mathematical profiles, download sampled waveforms to the
instrument and be assured that the waveforms are generated
without compromising signal fidelity or system integrity.

Regardless of whether the W6 module, the P2 module or both are
used, you can count on the fact that the 3172 utilizes the latest
technology to give you the purest and most reliable signals that
only a combination of digital and analog instruments can provide.

The W6 module has two separate internal clock sources:

o Sample clock generator: The sample clock generator clocks the
standard, arbitrary, and sequenced waveforms

¢ Direct digital synthesis (DDS) circuit: The DDS circuit generates
amplitude and frequency related modulation throughout the
entire amplitude and frequency ranges of the 3172-W6. This
mode is useful for wideband FM, sweep, FSK, PSK, ASK, AM,
and frequency hopping, as well as simultaneous frequency,
amplitude, and phase modulation (3D modulation).

The output level for both the W6 and P2 modules is programmable
from 5 mVp-p to 20 Vp-p into a matched impedance while a
programmable offset generator can be programmed to shift the
output in either a positive or negative direction or to leave the signal
symmetrical about its vertical centerline.

The output span is programmable in three ranges: Positive, from O
V to 20 V; Symmetrical, from -11 V to 11 V and Negative, from 0 V
to -16 V. When range is changed, the peak-to-peak amplitude and
offset values automatically default to the factory preset values.

Astronics Test Systems
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Load Impedance

Remote Control

Safety
Considerations

Specifications

Options

When programming an amplitude level, it is important that the load
impedance matches the source impedance. This is important for a
number of reasons, for example, the output calibration is
maintained only when a matching impedance is used. In addition,
having a matched impedance load assures that the output does not
ring out of control. The 3172 has three output impedance options to
match industry standard load impedances: <2 Q, 50 Q and 93 Q.
The output is calibrated to matching load impedances and, there-
fore, the selection of the appropriate output impedance is required
for precise amplitude level control at the actual load. The con-
sequences of unmatched load impedances is given in Chapter 3.

As with any other VXIbus instrument, the 3172-W6 must be used
with a host computer. All of its functions, modes, and parameters
are fully programmable using one of the following three ways:

e Low-level programming. Use SCPI commands to program each
individual parameter.

e ArbConnection. Use the ArbConnection virtual front panel on the
computer screen, which simulates a mechanical front panel. It
has push-buttons, displays, and dials to simulate the look and
feel of a bench-top instrument.

e Instrument drivers. Use a high-level driver, such as,
VXlplugé&play, IVI or LabVIEW, with your own program to control
the 3172.

The 3172 has been manufactured according to international CE
safety standards — EN-61010. Adjustments, maintenance, or repair
of the unit while the covers are removed and power is applied must
be carried out only by skilled, authorized personnel. Removal of the
covers without authorization shall immediately void the warranty
agreement.

Appendix A lists the instrument specifications. Specifications apply
under the following conditions:

e Output terminated into 50 Q

e 30-minute warm up period

e Ambient temperature range of 20°C to 30°C.

e For temperatures outside the above temperature range,
specifications degrade by 0.1 % per °C.

There are no options available for the 3172 series.

1-12
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Supplied
Accessories

W6 Front Panel

The instrument is supplied with a CD containing the instruction
manual, ArbConnection software for Windows® XP, Windows
Vista®, and Windows 7 operating systems (part number 922336-
001), and VXlplug&play soft front panel and drivers (part number
922556).

The W6 has a single Combo D-sub 24W7 connector, marked as

J1, which has seven coaxial connections and 17 low-frequency
Connectors pins. This connector embeds all of the I/O signal that the W6
generates and needs to control its functions. Figure 1-7 shows the
connector and its pin assignments. The following paragraphs
describe each Arbitrary Waveform Generator input/output signal.
e
Crpl-1 - GND
AR sesemens ‘”"M_OG 2 SCLK I
&S| i~ s
[T [ [, L P P W | I R,
54 - S
TRIGIN --1J1-A3_QO -\.H? _____ ‘DIGD
S| M- DI
10MHz REF IN ---J1-A4—OD 9 - DIG2
e
SYNC OLIT-------.H-.-E'-.S—-O e il
O H-13 - DIGE
SEERARY - s i ten n-a64 ) &S| Iita DG
S| e - oica
.&.HEIOLIT---------J1-.£'-.T—9%41 L.
Figure 1-7, W6 Module I/O Connector
AM IN The external Modulation coax input provides the capability to
externally amplitude modulate the Main Output signal. All standard
(J1-Al) and arbitrary waveforms can be modulated using this input.
Amplitude modulation depth is programmable from 0% to 100%.
The AM input is active only after selecting the External AM option.
For the 3172-W6, see 3171 AM IN characteristics.
PM IN The external Phase Modulation coax input provides the capability
to externally modulate the phase of the Main Output signal. The PM
(.J 1-A2) input is enabled only when the instrument is placed in PLL

operating mode. Phase can be adjusted from -130° to 130° using
an amplitude swing of 20 Vp-p.

Astronics Test Systems
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TRIG IN The TRIG IN connector accepts signals that stimulate the
generation of output waveforms. The W6 ignores this input when
(J 1-A3) operating in Continuous mode. When placed in Trigger, Gated, or

Burst mode, the trigger input is active, and the W6 waits for the
proper condition to trigger the instrument. In Trigger and Burst
modes, the TRIG input is edge-sensitive, so that a signal transition
will trigger the W6. The direction of the transition is programmable.
In gated mode, the TRIG signal is level sensitive. The output
waveform is enabled when the TRIG signal voltage is beyond a
threshold voltage. The threshold voltage and direction are
programmable within the range of -10 V to +10 V.

When the PLL function is selected, this input feeds the reference
signal to the PLL circuit. The PLL input must be stable and
repeatedly cross the trigger level threshold setting. Signals having
a low slew rate may cause jitter because of noise. Therefore, make
sure that the transition time is fast enough to minimize jitter.

The TRIG IN input is also used in FSK, ASK, and PSK modes
where the output shifts between two frequencies, amplitudes, or
phases. The output signals have the nominal frequency, amplitude,
and phase when the TRIG IN level is at logic 0, and a shifted
frequency, amplitude, or phase when the TRIG IN level is at logic 1.

This input accepts a 10 MHz reference signal. At the factory, this
10 MHz REF IN input is configured for TTL logic levels. It may be changed to
(.J 1-A4) 0 dBm, but only by qualified service personnel.

The EXT 10 MHz input is available for applications requiring a more
accurate, stable reference than can be attained by the 1 ppm
TCXO reference built into the W6 module. The reference input is
active only after selecting the External 10 MHz Reference Source

option.

The SYNC OUT connector outputs a single TTL-level pulse for
SYNC OUT synchronizing other instruments, such as an oscilloscope, to the
(J 1-A5) output waveform. The SYNC signal always appears at a fixed point

relative to the waveform. The location of the SYNC signal relative
to the waveform is programmable, as is the pulse width. When the
sweep or any other modulation function is enabled, the SYNC
connector is also useful as a marker output. For digital patterns the
SYNC output is controlled by bit M12 (J1-4) of the 16-bit digital

word.
SCLK IN The EXT SCLK connector accepts sample clock signals from an
external source. It is AC-coupled to accommodate positive ECL
(J 1-A6) (PECL) or negative ECL (NECL) amplitude level clock signals
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ARB OUT
(J1-A7)

SCLK IN
(J1-2)

Digital Pattern
Outputs

having frequencies from DC to 200 MHz. This signal replaces the
internal clock generator, either for low-noise applications or for
synchronization purposes. The sample clock input is active only
after selecting the External Sample Clock Source option.

The main output coax pin (J1-A7) provides standard, Arbitrary and
modulated Waveforms. The output impedance of this output is
selectable from <2 Q, 50 Q, or 93 Q. The cable connected to this
output should be terminated with a 50 Q or 93 Q resistance. The
output amplitude is specified when connected to a 50 Q load. If the
output is connected to a different load resistance, determine the
actual amplitude from the resistance ratio of the internal output
impedance to the load impedance

The SCLK IN connector is connected for compatibility with the 3171
legacy hardware. This pin is not connected in the 3172-W6
configuration. It is AC-coupled to accommodate positive ECL
(PECL) or negative ECL (NECL) amplitude level clock signals
having frequencies from DC to 40 MHz. This signal replaces the
internal clock generator, either for low-noise applications or for
synchronization purposes. The sample clock input is active only
after selecting the External Sample Clock Source option.

When enabled by the Digital Stimulus Pattern Command, the below
listed pins output TTL levels at the programmed sample rate. Up to
16,000 different digital patterns can be stored in the waveform
memory. The maximum depth of the patterns is the same as for
individual arbitrary waveform segments. When the Digital Pattern
output pins are enabled the main output is disabled. The list below
describes the function of each of the J1 pins.

J1-1, J1-6, and J1-17 — Ground connections
J1-3 — Not used

J1-4 — SYNC Output. TTL level signal used during digital pattern
generation. SYNC out is controlled by bit 12 of the 16-bit
digital word.

J1-5 — Cursor Output. TTL level signal used during digital pattern
generation. Cursor out is controlled by bit 13 of the 16-bit
digital word.

J1-7 — Bit O of the 16-bit digital word.
J1-8 — Bit 1 of the 16-bit digital word.
J1-9 — Bit 2 of the 16-bit digital word.
J1-10 — Bit 3 of the 16-bit digital word.

Astronics Test Systems
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J1-11 — Bit 4 of the 16-bit digital word.
J1-12 — Bit 5 of the 16-bit digital word.
J1-13 — Bit 6 of the 16-bit digital word.
J1-14 — Bit 7 of the 16-bit digital word.
J1-15 - Bit 8 of the 16-bit digital word.
J1-16 — Bit 9 of the 16-bit digital word.

P2 Front Panel The P2 has a single Combo D-sub 5W5 connector, marked as J2,

which has five coaxial connections. This connector embeds all I/O
Connectors signals that the P2 generates and needs to control its functions.
Figure 1-8 shows the connector and its pin assignments. The
following paragraphs describe each Pulse Generator input/output
signal.

PGZOUT oo oee J2- A5

CLOCK CUT - --- J2-A4—

TRIGIN =omemenees J2-A5

GATEIN - oomon o 282

PGT OUT coomemees J2-a1—

(OO0 O O

Figure 1-8, P2 Module I/O Connector

PG1 OUT The main output coax pin (J2-Al) provides a path for channel 1
pulse waveforms. The source impedance of this output is

(J 2-A 1) selectable from <2 @3, 50 Q, or 93 Q. The cable connected to this
output should be terminated with a 50 Q or 93 Q resistance. The
output amplitude is specified when connected to a 50 Q load. If the
output is connected to a different load resistance, determine the
actual amplitude from the resistance ratio of the internal output
impedance to the load impedance

GATE IN The GATE IN connector accepts gating signals that stimulate the
generation of output waveforms. It can be programmed to gate

(J 2-A2) either channel 1 or channel 2. The P2 module ignores this input
when operating in Continuous mode. When placed in Gated run
mode the gate input is made active, and the P2 module waits for
the proper condition to gate the instrument. The gate input is level -
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TRIG IN
(J2-A3)

CLOCK OUT
(J2-A4)

PG2 OUT
(J2-A5)

EXT WID

Output Waveforms

sensitive, so that crossing a predetermined signal level will gate
one of the outputs. The polarity of the gate is programmable. The
input is a TTL level signal and is pulled up to +5 V through a 4.7 kQ
resistor.

The TRIG IN connector accepts trigger events that stimulate the
generation of output waveforms. It can be programmed to stimulate
either channel 1 or channel 2. The P2 module ignores this input
when operating in Continuous mode. When placed in Trigger, or
Burst mode, the trigger input is made active, and the P2 input waits
for the proper event to trigger the instrument. In Trigger and Burst
modes, the TRIG input is edge-sensitive, so that a signal transition
will trigger one of the P2 outputs. The output waveform is triggered
when the TRIG signal voltage transitions through a threshold
voltage. The input is a TTL level signal and is pulled up to +5V
through a 4.7 kQ resistor.

The CLOCK OUT connector outputs a fixed level TTL signal
capable of driving a 50 Q load to a level > 3 Volts. The signal is
derived directly from either channel 1 or from channel 2 periods.

The main output coax pin (J2-A5) provides a path for channel 2
pulse waveforms. The source impedance of this output is
selectable from <2 Q, 50 Q, or 93 Q. The cable connected to this
output should be terminated with a 50 Q or 93 Q resistance. The
output amplitude is specified when connected to a 50 Q load. If the
output is connected to a different load resistance, determine the
actual amplitude from the resistance ratio of the internal output
impedance to the load impedance

The external pulse width input is using the external signal to shape
and define the width of the output pulses. The inputis a TTL level
signal and is pulled up to +5 V through a 4.7 kQ resistor.

As long as the input remains low, the output idles on its low level
setting. When the input goes high, the output generates the high
level and the width is proportional to the time that the input remains
high level.

The W6 module can generate five types of waveforms:
e Standard (Fixed)

Astronics Test Systems
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e Arbitrary
e Sequenced
e Modulated

e Half-cycle

The P2 module can generate a variety of pulses through two
independent outputs:

e Single
e Double
o Delayed
_ The W6 must pre-load its memory before it can generate standard
W6 - Standard waveforms. On power-up, the waveform memory contains no
(FIXED) specific data. The sine waveform, which is the default, is computed
Waveforms and loaded into the waveform memory as part of the reset

procedure. Later, if you select another standard waveform, the
3172-W6 computes the waveform points and loads them into the
waveform memory.

Every time the user selects a new waveform, there is some delay
for the processor to compute the data and download it to memory.
The delay interval depends on the complexity of the waveform and
the number of points the processor has to calculate. It is good
practice to add sufficient delay to a test program to allow for this
delay. The delay could range from a few milliseconds to a few
seconds, and there are no special rules beside trial and error to
determine the necessary delay time.

Nine standard waveform shapes are available:

e Sine

e Triangle

e Square

o Pulse/Ramp
e Sine(X)/x

o Pulse

e Gaussian Pulse

¢ Rising/decaying Exponential Pulse
e Noise

[ ] DC

Each waveform has parameters for modifying it to suit your
requirements.
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: The waveform memory can store one or more arbitrary, or user-
WG - Arbltrary defined, waveforms. The regular W6 configuration is supplied with
(USGI’) 1 megasample.
Waveforms You may allocate the entire memory for a single waveform or you

may divide the memory into smaller segments and load each
segment with a different waveform. By dividing the memory into
multiple segments, you may program the instrument to output the
waveform one segment at a time, using a simple command each
time you want to select a different memory segment. There are no
limitations on the shape of the arbitrary waveform as long as it
meets certain criteria such as minimum and maximum lengths and
does not exceed the dynamic range of the DAC (65,535 counts).

The sequence generator lets you link and loop segments in any

WG - Seq uenced order. For a simple example of a sequenced waveform, see

Waveforms Figures 1-9 through 1-12. The waveforms in Figures 1-9 through 1-
11 are placed in memory segments 1, 2, and 3, respectively. The
sequence generator links and loops these waveforms in a
predefined order to generate the waveform shown in Figure 1-12.

The sequence circuit is useful for generating long waveforms with
repeated sections. Although the waveform only needs to be
programmed once, the sequencer loops on this segment as many
times as selected. When in sequenced mode, there is no time
delay between linked or looped segments.

Figure 1-9, Segment 1 — Sine (x)/x Waveform
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Figure 1-10, Segment 2 — Sine Waveform

Figure 1-11, Segment 3 — Pulse Waveform

The following sequence was made of segment 2 repeated twice,
segment 1 repeated four times, and segment 3 repeated two times.

Figure 1-12, Sequenced Waveforms
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W6 - Modulated
Waveforms

Sweep

FM

AM

The use of direct digital synthesis (DDS) technology gives the W6
frequency agility. During operations such as sweep, FSK, FM, and
other modulation modes, the W6 quickly synthesizes the modulated
waveform using the DDS circuit. The varieties of modulated
waveforms available are described below.

The W6 can sweep the output frequency between minimum and
maximum values that you specify. You may sweep up or down
using linear or logarithmic increments. Sweep frequency is
programmable from 10 Hz to 30 MHz, and sweep times can range
from 1.4 us to 40 seconds. Sweep mode is compatible with
Continuous, Triggered, and Gated modes.

Sweep modes with triangle and square waveforms are computed
and placed in memory as complete waveforms. This adds delay
before the initial output is available while the software computes the
waveform. All sine swaps use the DDS circuit, thus no computation
time is required.

The FM function modulates the frequency of the W6 output
waveform. You can modulate the output using built-in standard or
arbitrary waveforms. FM is available in Continuous, Triggered, and
Gated modes.

The W6 generates two types of frequency modulation: standard
and arbitrary. For standard modulation, the modulation waveform is
selected from a built-in library of four standard waveforms: sine,
triangle, square, and ramp. For arbitrary modulation, complex
modulation signals are loaded into modulation waveform memory.
There are 10,000 points allocated specifically for modulation
waveform memory.

The internal AM function modulates the amplitude of the W6 output
waveform. Four standard modulating waveforms are available:
sine, triangle, square, and ramp. AM can be used in Continuous,
Triggered, and Gated modes. Modulation depth is programmable
from 0% to 100% and up to 200% in some cases.

Astronics Test Systems
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Frequency Hopping The Frequency Hopping function causes the output frequency to
hop through a sequence of frequencies. The amount of time the
W6 dwells on each frequency is programmable. You may opt to set
the dwell time uniformly over the entire hop list.

The frequency hop table can contain up to 1,000 frequency values
ranging from 10 Hz to 30 MHz.

Amplitude Hopping  The amplitude hopping function causes the output amplitude to hop
through an amplitude list. The amount of time the 3172-W6 dwells
on an amplitude level is programmable for each hop. You may also
set the dwell time uniformly over the entire hop list.

The amplitude hop table contains up to 5,000 different amplitude
values ranging from O Vto 11 V.

FSK FSK (frequency shift keying) shifts the output between two
frequencies. The logic level of the TRIG/PLL input determines the
instantaneous frequency value. When the trigger slope is set to
positive and the TRIG/PLL is false, the output is at the base
frequency. When TRIG/PLL is true, the output frequency is shifted
by an offset. To reverse the trigger polarity, select the negative
trigger slope.

PSK PSK (phase shift keying) shifts the phase of the output between 0°
and 180°. The logic level of the TRIG/PLL determines the phase
value. When the trigger slope is set to positive and the TRIG/PLL is
false, the phase shift is 0°. When TRIG/PLL is true, the phase shift
is 180°. To reverse the trigger polarity, select the negative trigger
slope.

ASK ASK (amplitude shift keying) shifts the output between two
amplitudes. The logic level of the TRIG/PLL input determines the
instantaneous amplitude value. When the trigger slope is set to
positive and the TRIG/PLL is false, the output is at the base
amplitude. When TRIG/PLL is true, the output amplitude is shifted
by an offset. To reverse the trigger polarity, select the negative
trigger slope.

The W6 generates three types of half-cycle waveforms: sine,
W6 - Half CyCIe triangle, and square. The frequency range is 10 mHz to 1 MHz, and
Waveforms the delay between half cycles is programmable from 100 ns to 20
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W6 - Counter/
Timer

P2 — Pulse
Waveforms

General Run
Modes

seconds in increments of 20 ns. You may also program the starting
phase of the waveforms from 0.1° to 359.9°.

The W6 can operate as a counter/timer to measure frequency,
period, averaged period, and pulse width, and to count events. As a
counter/timer, it measures frequency to over 100 MHz with gate
times of 100 us to 1 s. When using a gate period of one second, it
provides seven digits of resolution with an initial accuracy of 1 ppm.

The P2 has two output channels of which each can operate
independently of the other but both can also be locked out to
operate in synchronized mode. Each channel can output the
following pulse shapes: normal, double and delayed. Pulse polarity
can be selected from: normal, Inverted and complemented and
transitions can be defined to be fast or linear. The 3172 run modes
apply to the pulse output and hence the pulse can be triggered,
gated, or generate a burst of pulse trains.

The pulse waveform is generated using analog circuits but the
controlling circuits are digital and therefore, the parameters can be
programmed to a great degree of accuracy while the analog circuits
guarantee for pulse stability and signal integrity.

All pulse parameters are controlled using dedicated remote
commands however, an additional input at the front panel provides
an option of external control of the pulse width. When selected, an
external signal modifies the width of the pulse when it transitions
through certain threshold levels.

Each of the two pulse outputs has its own clock source which
allows each channel to operate in an entirely different rate and
mode from the other channel. The P2 module has provisions to
lock the two channels together so they run from a single clock
source and the 3172 has provisions to run all W6 and P2 outputs
from a single clock generator so that all 3172 outputs, regardless of
whether they are W6 or P2 channels, can be synchronized to the
same source.

Detailed information on pulse parameters and control options is
given in Chapter 3.

The 3172 may operate in one of four run modes: Continuous,
Triggered, Gated, and Burst. These modes are described below.
Note that the W6 behaves differently when it generates modulated
waveforms. The description below applies to standard, arbitrary,
and sequenced waveforms. The Modulation mode is described
later.

The 3172 responds to a variety of trigger sources: front panel
triggers, the TRIG IN connector, VXIbus backplane trigger lines

Astronics Test Systems
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(TTLTrg0-7), and software triggers from the computer. There are
also two built-in trigger generators. One repeats itself at pre-
programmed intervals from 100 ns to 20 seconds. The other has a
programmable delay. The re-trigger delay is measured from the
end of a signal to the start of the next signal. You may program the
re-trigger delay from 100 ns to 20 seconds, in increments of 20 ns.

In Continuous mode, the 3172 generates the selected waveform
continuously at the selected frequency, amplitude, and offset. The
generator will begin waveform generation as soon as the waveform
and its parameters have been programmed, and will stop only
when turned off or placed in one of the interrupted run modes.

Continuous Mode

In Triggered mode, you may program the trigger circuit to respond
to positive or negative transitions of the trigger input signal. When
triggered, the generator outputs one waveform cycle, and then
remains idle at an amplitude level equal to the voltage of the first
point of the waveform. You may set the instrument to receive
triggers from the front panel connector, backplane, or the trigger
command in your software.

Triggered Mode

A re-trigger circuit requires only one trigger event, after which it
automatically generates a series of triggers. In this case, the re-
trigger delay parameter determines the time between waveform
cycles.

The trigger signal, whether it comes from the front panel, VXIbus
trigger line, or a software command, has to pass through electrical
circuits. These circuits cause a small delay known as system delay.
This delay determines the amount of time it will take from a valid
trigger edge to the moment that the output reacts. System delay
cannot be eliminated completely, and must be accounted for when
using a trigger signal.

Note that the W6 modules have a single input for trigger and gated
signals but the P2 module has two inputs, one for trigger and the
other for gate. On the P2 module, you first need to associate the
trigger and gate inputs with the appropriate channel because there
is only one input available for both.

In Gated mode, the 3172 circuits generate an output waveform as

Gated Mode long as a gating signal is present. The instrument can be
programmed to gate on two different signal types. The normal
mode is level sensitive, where the output is enabled only while the
trigger signal is above the trigger level threshold voltage. The
second mode is transition (edge) sensitive, where the gate opens
on the first transition and closes on a subsequent transition.
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Burst Mode

Trigger Sources

Modulation Run
Modes (W6 only)

Synchronization of

Regardless of the selected gating mode, the generator always
completes the waveform at the end of the gate and then idles at a
DC level.

Note that the W6 modules have a single input for trigger and gated
signals but the P2 module has two inputs, one for trigger and the
other for gate. On the P2 module, you first need to associate the
trigger and gate inputs with the appropriate channel because there
is only one input available for both.

The Burst mode is an extension of the Triggered mode where the
generator is programmed to output a pre-determined number of
waveforms. The sources to trigger a burst are the same as for the
Triggered mode.

The 3172 responds to a variety of trigger sources such as the TRIG
IN connector, backplane trigger lines (TTLTrg0-7), and a software
trigger. There are also two built-in, self-generating trigger
generators. One repeats itself at pre-programmed intervals from
100 ps to 20 seconds. The other has a programmable delay time.
The re-trigger delay is measured from the end of the signal to the
start of the next signal and programmed from 100 ns to 20 seconds
with a resolution of 20 ns.

As previously mentioned, the 3172 has four run modes:
Continuous, Triggered, Gated, and Burst. However, the W6
behaves differently when generating modulated waveforms.

While the modulated and non-modulated run modes are similar, the
modulated run mode offers two start options for the output signal
during idle. Idle is the period of time before the output is triggered
or gated to generate a modulated waveform.

The first option is where the W6, before receiving a trigger event,
outputs continuous, non-modulated waveforms. When the trigger or
gate occurs, the W6 outputs the modulated waveform. When that
waveform has completed, the instrument resumes outputting non-
modulated waveforms.

The second option is where the W6, before receiving a trigger or
gate, outputs a DC level. When triggered or gated, the W6 outputs
the modulated waveform. When that waveform has completed, the
instrument resumes outputting a DC level.

A single or dual waveform generator in a single slot, no matter how
advanced, may become a limiting factor for applications requiring
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Multiple 3172-W6
Modules

PLL
Synchronization
(W6 only)

Phase
Modulation
(W6 only)

multiple simultaneous waveforms.

Various techniques exist to synchronize the outputs of multiple
waveform generators, but none are simple because real
synchronization requires sharing of the reference and sample
clocks, as well as signals that control the starting phase of the
waveform. The 3172 can use the VXlbus Local Bus (LBUSO-7) to
synchronize adjacent modules. The Local Bus lines are short and
can tolerate high-frequency signals, but modules must be placed in
the VXlbus chassis in a fixed master/slave configuration, and local
bus jumpers must be installed. Details are provided in Chapter 2 in
the Local Bus Configuration section..

In either case, the slave instrument(s) are locked to the frequency
and starting phase of the master module. After lock has been
achieved, the starting phase of the slave modules may be shifted
with respect to the master module to create a multi-phase system.
The starting phase is programmable from 0° to 360°.

PLL synchronization is another technigue for synchronizing multiple
waveform generators. In this case, synchronization is not between
pairs of 3172-W6 modules, but between the 3172-W6 and any
external device that generates signals stable enough to satisfy the
PLL input requirements. When placed in this mode, the 3172-W6
measures the frequency stability of the input signal and determines
whether or not it is valid. Then, the built-in counter/timer circuit
measures the frequency of the signal and centers its lock-in range
on this frequency. The 3172-W6 thus locks automatically onto the
frequency of the external signal. Note that there is no need for
manual initiation or operator intervention for the PLL function to find
and lock onto an external reference. The PLL range is 500 Hz to
10 MHz.

After phase locking has been established, the start phase of the
3172-W6 waveform can be shifted with respect to the start phase of
the external reference within the range of -180° to +180°, with
phase increments as low as 0.01° (fine phase control). The
reference signal is applied to the front-panel TRIG IN connector. In
this way, the same reference can be applied to multiple modules to
generate multi-phase signal patterns. The TRIG IN input has a
programmable trigger level and programmable slope.

When the 3172-W6 is placed in PLL mode, there are two ways to
control the phase offset. The first way is to modify the phase offset
setting using SCPI commands. This method is quite accurate, and
allows phase offset adjustments in increments of 0.01°.

The second way is to apply a voltage to the PM IN port of the 3172-
WB6. This changes the start phase of the synthesizer, proportional
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Filters

Output State

Programming the
3172-W6

to the voltage level at the phase modulation input. An input voltage
of 1 V modifies the phase by 20°. The phase changes

between -130° and 130° as the applied voltage goes from -10 V to
10 V. The instrument responds to AC changes on the PM IN port
throughout the frequency range of DC to 10 kHz, but the time to
lock depends on the lock frequency and the number of waveform
samples.

The W6 has two elliptic filters (60 MHz and 120 MHz) and two
Bessel filters (2 MHz and 20 MHz). You may switch these filters in
to reduce harmonics or high frequency spurs.

Access to the elliptic filters is disabled while the W6 is generating
standard sine waveforms because these filters are used
automatically to construct optimal sine waveforms.

For safety reasons, the 3172 powers up with its output turned off. In
fact, the output circuit is disconnected from the output connector
using a mechanical relay, which eliminates erroneous and
uncontrolled transitions that may occur during power-up. This
protects equipment that remains connected to the output when the
mains power fails or the system is powered down.

Mechanical relays have a settling time of about 2 ms. Therefore,
when writing software, allow enough time for the relay to close
before using the signal at the output connector.

The 3172 has no front panel control; therefore, you must use a
computer to communicate with the instrument. There are a number
of ways to do this including the use of an appropriate software
driver on the host computer. The specifics of communication are
discussed in later chapters.

An alternative to a driver is to use the SCPI (Standard Commands
for Programmable Instruments) language. Chapter 5 explains the
details of SCPI programming.

The ArbConnection software application is supplied with the 3172.
ArbConnection provides a user interface that allows you to control
the 3172 interactively. Chapter 4 provides detailed instructions for
using ArbConnection.

Astronics Test Systems
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Chapter 2
Installation

Preparation for Preparation for use includes selecting the required logical address,
configuring the Local Bus (if required), and installing the module in a
Use VXIbus chassis.

Log ical Address  The VXibus Chassis Resource Manager identifies a module in the
. system by the module’s address. VXIbus logical addresses can range
Selection from 0O to 255. However, logical address 0 is reserved for the
Resource Manager. Addresses 1 to 254 are reserved for VXIbus
modules. Logical address 255 permits the Resource Manager to
dynamically configure the module logical address.

To change the 3172 logical address, use the 8-segment DIP switch
(S1) accessible from the side of the module near the rear of the case.
Figure 2-1 shows the logical address switch. The switch segments are
marked with numbers 1 to 8. Each switch segment represents a
binary digit of the 8-bit binary logical address. The segment marked
“1” represents the least-significant digit. A switch is active (equal to 1)
when it is moved downward to the “ON” position.

Astronics Test Systems ships the 3172 with the logical address set to
2 as shown in Figure 2-1.

il

Figure 2-1, Switch S1 (Set to Logical Address 2)
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Local Bus
Configuration

A 3172 can synchronize (phase lock) with other 3172 modules
installed in the same VXI chassis. One of the synchronization
methods uses the VXI Local Bus lines (LBUSO-LBUS7). The Local
Bus has advantages of high bandwidth and the capability to
synchronize any quantity of modules in the same chassis.

To use the Local Bus, the modules to be synchronized must be
configured as instructed below, and must be operated in Modern
Mode (not Legacy Mode).

NOTE

Originally, configuration of Model 3172 for Local Bus operation was
performed at the factory. In September 2013, a feature was added
to allow the user to configure the 3172.

If you need to configure a 3172 module for Local Bus operation,
and it does not have the side-panel access openings shown in
Figure 2-2, contact Customer Support. Contact information is
provided in the Warranty Statement at the front of this manual.

When synchronizing (phase locking) a group of modules, they must
be installed in a contiguous group of slots in the VXIbus chassis. The
reference module (master) that the others will synchronize to must be
immediately to the left of the other modules (slaves) in the group.

To enable use of the Local Bus, you must install Local Bus jumpers
(supplied with 3172) into each module. Figure 2-2 shows the
installation locations for the jumpers, which you will install onto the
internal printed circuit board through the openings in the side panel.
Each jumper slides onto two header pins, connecting them together. It
may be helpful to use needle-nose pliers to install the jumpers.

The specific jumpers required for each 3172 depend on its position
within the synchronized group:

1. The first module on the left (master) requires jumpers LK15 and
LK16. Do not install LK13 or LK14 on this module.

2. The last module on the right requires jumpers LK13 and LK14.
Do not install LK15 or LK16.

3. If there are modules between the first and last modules, they
each require jumpers LK13, LK14, LK15, and LK16.

As mentioned above, the 3172 must be in Modern Mode (not Legacy
Mode) to use the Local Bus for synchronizing modules. To place the
3172 in Modern Mode, send the following SCPI command:

FORMat:INSTrument MODern

You may abbreviate the command by omitting all lower-case
characters. When power is cycled, the 3172 defaults to Legacy Mode,
even if it was in Modern Mode while power was being turned off.

Commands used for controlling local bus synchronization are detailed
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in Chapter 5 in the Instrument & Output Control Commands section
(see INSTrument:COUPle commands).

Figure 2-2, Local Bus (LBUS) Jumper Installation
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Installation

Controlling the
Instrument from a
Remote Device

Installing
Software Utilities

If the 3172 is not configured to use the Local Bus, you may install it
into any empty slot in the VXIbus chassis except slot 0. If the 3172 is
configured for Local Bus operation, then take care to comply with the
configuration rules from the previous section.

When inserting the instrument into the mainframe, gently rock it back
and forth to seat the connectors into the backplane receptacle. The
ejectors will be at right angles to the front panel when the instrument
is properly seated into the backplane. Use the captive screws above
and below the card ejector handles to secure the instrument into the
chassis.

In general, the 3172 is controlled from a remote device using the
VXlbus slot 0 controller. In addition, when configured in a 3100M
carrier, there is an additional front panel LAN connector that allows
communication with a web page (LXI specification) and USB port.
This allows you to transfer data directly to the waveform memory.

To communicate with the 3172 you may either write your own
software or use one of the soft front panel programs that allow access
to all instrument modes, functions, and parameters. If you wish to use
ArbConnection, insert the supplied CD and follow the instructions on
the screen to install the program. You may also use the soft panels
that are supplied with the VXIplug&play drivers on the same CD. 3172
users that intend to control the instrument from a web page must
program the LAN parameters before it can be used on the network.
Information on how to program the LAN parameters is given below.
Note that as long as the instrument is powered on, the LAN
parameters will not change. For a new LAN setting to take effect, turn
the power off and then back on.

The 3172 is supplied with a CD containing ArbConnection and the
VXIplugé&play driver, and possibly an IVI compatible driver for use with
the Ethernet interface. It also includes the user manual. You should
store the CD in a safe place in case you need to restore damaged
files or load the software onto different computers. The latest drivers,
and firmware are available for download from the Astronics Test
Systems at http://www.astronicstestsystems.com/support/downloads.

ArbConnection lets you control instrument functions and features from
a remote computer. It also lets you generate and edit arbitrary
waveforms, sequence tables, and modulated signals, and then
download these to the 3172.

You may use ArbConnection to control the 3172 without writing

software. However, for maximum flexibility, you may control the 3172
at a low level using SCPI commands in your own software. Note that
for register-based models, SCPI commands need to be directed to a
DLL instead of to the VISA library. In either case, you may use SCPI
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Connecting to a
LAN Network

commands through ArbConnection’s command editor without
programming.

Chapter 4 provides installation and operating instructions for
ArbConnection.

The 3172 has a front panel connector that allows connection to a local
area network system. This LAN port has three purposes:

Download waveform data directly from an external computer without
using the VXIlbus controller.

Control the 3172 in a system that does not have a VXlbus slot O
controller.

Use Ethernet to control VXIbus modules adjacent to the 3172 using
VXlbus local bus lines (for modules designed to interface with the 3172
in this way).

The programming section of this manual lists the default settings.
Additional descriptions of LAN settings are given below.

Direct connection between a single host computer and a single device
is also possible, but you must use a special cable that has it’s transmit
and receive lines crossed. If your site is already wired, connect the
3172 via twisted pair Ethernet cable. Take care that you use twisted
pair wires designed for 10/100 BaseT network use (phone cables will
not work). Refer interconnection issues to your network administrator.
After you connect the 3172 to the LAN port, proceed to the LAN
Configuration section in this chapter for instructions how to set up
LAN parameters.

LAN Configuration

There are several parameters that you may have to set to establish
network communications with a LAN interface. Primarily you'll need to
establish an IP address. You may need to contact your network
administrator for help in establishing communications with the LAN
interface. To change LAN configuration, you'll need to use some LAN
commands that are listed in the programming reference. The
programmed parameters will be updated with the new setting only
after you turn the VXI chassis off and on once.

Note there are some LAN parameters cannot be accessed or
modified; These are: Physical Address and Host Name. These
parameters are set in the factory and are unique for this product. The
only parameters that can be modified are the IP Address, the Subnet
mask and the Default gateway. Correct setting of these parameters is
essential for correct interfacing with the LAN network.

Description of the LAN settings is given in the following. Information
how to modify the LAN setting is given in the programming section of
this manual.

Astronics Test Systems
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Choosing a Static
IP Address

@ Note

Configuring your LAN setting does not automatically
select the LAN as your active remote interface.

There are three LAN parameters that can be modified and adjusted
specifically to match your network setting; These are described below.
Consult your network administrator for the setting that will best suit
your application.

e IP address - The unique, computer-readable address of a device on your
network. An IP address typically is represented as four decimal numbers
separated by periods (for example, 192.160.0.233). Refer to the next
section - Choosing a Static IP Address.

e Subnet mask - A code that helps the network device determine whether
another device is on the same network or a different network.

e Gateway IP - The IP address of a device that acts as a gateway, which
is a connection between two networks. If your network does not have a
gateway, set this parameter to 0.0.0.0.

For a Network Administered by a Network Administrator

If you are adding the Ethernet device to an existing Ethernet network,
you must choose IP addresses carefully. Contact your network
administrator to obtain an appropriate static IP address for your
Ethernet device. Also have the network administrator assign the
proper subnet mask and gateway IP.

For a Network without a Network Administrator

If you are assembling your own small Ethernet network, you can
choose your own IP addresses. The format of the IP addresses is
determined by the subnet mask. You should use the same subnet
mask as the computer you are using with your Ethernet device. If your
subnet mask is 255.255.255.0, the first three numbers in every IP
address on the network must be the same. If your subnet mask is
255.255.0.0, only the first two numbers in the IP addresses on the
network must match.

For either subnet mask, numbers between 1 and 254 are valid
choices for the last number of the IP address. Numbers between 0
and 255 are valid for the third number of the IP address, but this
number must be the same as other devices on your network if your
subnet mask is 255.255.255.0.

Table 2-1 shows examples of valid and invalid IP addresses for a network
using subnet mask 255.255.255.0. All valid IP addresses contain the same
first three numbers. The IP addresses in this table are for example purposes
only. If you are setting up your own network, you probably do not have a
gateway, so you should set these values to 0.0.0.0.
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Table 2-1, Valid and Invalid IP Addresses for Subnet Mask 255.255.255.0

IP Address

Comment

123.234.45.211

Valid.

123.234.45.213

Valid. The first three numbers match the previous IP address. The fourth
number must be a unique number in the range of 1 to 254.

123.202.45.214

Invalid. Second number does not match the previous IP addresses. The first
three numbers must match on all IP addresses with subnet mask
255.255.255.0.

123.234.45.0

Invalid. The first three numbers are valid but the fourth number cannot be 0.

123.234.45.255

Invalid. The first three numbers are valid but the fourth number cannot be 255.

Connecting to
the USB Port

@TIP

To find out the network settings for your computer, perform
the following steps:

e For Windows XP/Vista/7

1. Open a DOS prompt.
2. Type IPCONFIG.
3. Press <Enter>.

If you need more information, you can run ipconfig with the
/all option by typing IPCONFIG /all at the DOS prompt. This
shows you all of the settings for the computer. Make sure you
use the settings for the LAN adapter you are using to
communicate with the LAN device.

Select the Ethernet adapters you are using to communicate
with the Ethernet device from the drop-down list.

The 3172 has a front panel USB connector that allows connection to a
USB memory device. This USB port has only one purpose, to allow
the downloading of waveform data directly from a USB memory
device without going through the VXI controller. The waveform data
has to be stored on the USB memory device in a special format. The
negotiation between the USB memory device and the instrument is
automatic. The application program can then select the loaded
memory segment for use in an application.

Astronics Test Systems
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Chapter 3
Operation

Overview

Output
Termination

This chapter explains how to operate the 3172. Unlike a bench-top
instrument, the 3172 requires a computer to turn on functions,
change parameters, and configure various operating modes. Two
software applications are available to control the instrument:
VXlplugé&play soft front panels (SFPs) and ArbConnection. For the
experienced programmer, VXIplug&play drivers and a set of SCPI
commands are available.

NOTE

The Model 3172 can be fitted with W2 (deprecated), W6,
P2, and A3 modules. Throughout the following
discussion, where the model number 3172 is cited, the
description is common to both W6 and P2 modules.
When operation differs between W6 and P2, the
operation of the individual modules is described in a
separate section. All operations of the A3 amplifier are
described in one section. W6 descriptions also apply to
the W2 except where otherwise noted.

Output signals must be properly terminated to minimize signal
reflection or power loss due to an impedance mismatch. Proper
termination is also required for an accurate amplitude level at the
main output connector. Use 50 Q cables and terminate the main and
SYNC cables with terminating resistors. Use a 50 Q termination at
the far end of the cable if needed to improve impedance matching.

The accuracy of the amplitude setting depends upon the load
impedance. The amplitude of the output signal will not match the
amplitude setting for loads that differ from 50 Q. To correct for this
error, program the actual load impedance and let the 3172
automatically correct its signal amplitude. Use the following
command:

outp:load <value>
where <value> is the load impedance in ohms.

Astronics Test Systems
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Input/Output
Protection

Power On/Reset
Defaults

Turning the
Output On

Turning the SYNC
Output On

The 3172 provides protection for its internal circuitry at the input and
output connectors. Appendix A specifies the level of protection for
each input or output connector.

At power-up or as a result of a software reset, the 3172 changes all
settings to their default values. Chapter 4 lists all settings and their
default values, as well as their maximum and minimum allowable
values.

It is good practice to reset the instrument between sequence events
to make sure that parameters that were programmed for previous
tests will not accidently interfere with future tests. Use the following
common command to reset the instrument to its default state:

*rst

For safety, the “OUTPUT” connector of the 3172 defaults to the “Off”
state when the unit is first powered up or receives a software reset.
To avoid the production of random signals at the output connector,
keep the output in the “Off” state while setting up the instrument.

The output signal is connected to the “OUTPUT” connector through
a mechanical relay. When writing software to control the 3172,
provide a 2 ms delay to make sure that the signal output is stable
before you proceed with the next step of the test. Use the following
commands to turn the output on and off.

outp 1 Turns the output on
outp O Turns the output off

The W6 defaultsto a 1 MHz, 5 Vp-p sine wave when you apply power
or reset the unit. If you turn the output on before changing any
settings, the output defaults to a sine wave signal.

For safety, the “SYNC OUT” connector of the 3172 defaults to the
“Off” state when the unit is first powered up or receives a software
reset. To avoid the production of random signals at the output
connector, keep the SYNC output in the “Off” state while setting up
the instrument.

The SYNC output signal is hard-wired to the output connector and,
therefore, the output impedance remains low regardless of whether
the output is on or off. Use the following command to turn the SYNC
output on and off:

Outp:sync 1 Turns the SYNC output on
Outp:sync 0 Turns the SYNC output off
When you apply power or reset the 3172, the SYNC output defaults

3-2
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to a single pulse that has a fixed width of four sample clock periods.

Selecting the

The main purpose of the SYNC output is to produce a pulse that other
devices may synchronize with. The width of the “SYNC” signal might

SYNC Source be too narrow for slower devices. The pulse width, and several other
(W6 Modules Only) parameters, may be programmed using the following commands:

outp:sync:sour bit

outp:sync:sour lcom

outp:sync:sour ssyn

outp:sync:sour puls

outp:sync:sour zero

Provides a signal that is synchronized with
an external trigger event when the W6 is
placed in one of its interrupted modes.
Generates a narrow sync signal every time
the segment is generated. The sync
position along the waveform can be
programmed using the OUTP:SYNC:POS
command. OUTP:SYNC:POS is used to
set both the TRIGger point and the SYNC
point. The BIT signal is recommended for
use in continuous mode.

Generates a sync signal in SEQuence
mode only once when the selected
segment appears for the first time in the
sequence. The identity of the segment can
be programmed using the TRAC:SEL
command. The sync position along the
selected waveform can be programmed
using the OUTP:SYNC:POS command.
The LCOM signal is recommended for use
in Sequenced mode.

Generates a sync signal at intervals that
are synchronized with the internal clock
generator. This option is useful to minimize
jitter when using an oscilloscope. The
SSYNCc signal is recommended for use in
Triggered mode.

Generates a pulse each time a segment
waveform is generated. The pulse width is
specified in points using the
OUTP:SYNC:WIDTh  command. This
command is a useful alternative to the BIT
sync source, especially when the bit pulse
is too narrow. It is also helpful when using
the W6 to emulate the sync pulse of
another instrument that it is replacing in a
test system.

Generates a SYNC signal which remains
low when the main output level is below 0
V and shifts to high when the output signal
becomes greater than 0 V.

Astronics Test Systems
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Changing the
SYNC Position
and Width

(W6 Modules Only)

Example:
Generating a
Simple Waveform

The “SYNC” signal must be wide enough for other devices to detect,
but not so wide that it adversely affects timing in faster applications.
To accommodate a wide variety of situations, the SYNC pulse width
is programmable.

The programmed start point for the SYNC signal is in effect for all of
the SYNC types except ZERO. The SYNC width parameter is in
effect only when the pulse type is selected. Use the following
procedure to program SYNC position and width.

outp:sync:sour puls  Selects pulse as the sync source. In this
mode, you may also program the position
of the sync pulse.

outp:sync:pos <value> Sets the position of the sync pulse relative
to the active segment. The position is
programmed in units of waveform points.

outp:sync:wid <value> Sets the width of the sync pulse. The width
is in units of waveform points. Note that the
position (in points) plus the width (in points)
shall not exceed the number of points in the
segment.

This example assumes that you have set up the chassis and run the
Resource Manager.

Connect two cables, one from the OUTPUT connector and the other
from the “SYNC” connector, to an oscilloscope. Set up the
oscilloscope to trigger from the SYNC signal. Use the following
sequence of commands to set up the 3172:

*rst Restore factory defaults (Table 5-1
provides a complete listing of defaults)

outp 1 Enable output relay to turn output on

volt <value> Set up the amplitude level

volt:offs <value> Set up the offset level

Set up your oscilloscope to observe that the 3172 generates a sine
waveform with the following properties:

On W6 modules:

Frequency: 1 MHz
Offset: 0 V
Amplitude: 10 V

On P2 modules:

Waveform: Pulse

3-4
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Programming
Amplitude and
Offset

Period: 1 ms
Offset: 0 V
Amplitude: 10 V

The output of the 3172 is calibrated for signals applied to a 50 Q load.
If your amplitude is twice as higher than expected, then the 3172
output may not be properly terminated. In this case, either add a 50 Q
termination to the cabling or change your oscilloscope settings so
that its input uses the built-in 50 Q input termination. Also, note the
interaction between amplitude and the offset as described below.

The 3172 amplitude and offset can be programmed within an
amplitude window of 5 mVp-p up to 22 Vp-p (20 Vp-p for POS or
NEG ranges). This window can be shifted and used in three
amplitude ranges:

¢ Positive, where signals can be programmed from 0 V to 20 V;
¢ Negative, where signals can be programmed from 0 V to -16V,
e Symmetrical, for signal span from -11 V to 11 V

Regardless of the amplitude range that you choose, values may not
exceed the window maximum. Always watch your combined
amplitude and offset settings because if you exceed the window
maximum, the combined values will cause a settings conflict.

Amplitude and offset may be programmed freely as long as the
following relationships are observed:

POS or NEG range:
w +[Offset| < 20vp - p
SYMM range:
Amplitude [Offset| < 22vp — p

Amplitude-offset combinations outside the above limits will
generate "settings conflict” errors.

Use the following sequence of commands to select an amplitude
range and then program the amplitude and offset values:

*rst Restore factory defaults (Table 5-1
provides a complete listing of defaults)

outp 1 Enable output relay to turn output on

volt:rang <value> Set up an amplitude range: pos, neg or
symm

volt <value> Set up the amplitude level

Astronics Test Systems
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Programming the
Output

volt:offs <value> Set up the offset level

Note that when an amplitude range is changed, the peak-to-peak
amplitude and offset values automatically default to the factory
preset values.

The 3172 has three output impedance options to match industry
standard load impedances: <2 Q, 50 Q and 93 Q. The output is
calibrated on a matching load impedance and, therefore, the

Im pedan ce appropriate output impedance for the actual load should be selected
for specification compliance. Use the following sequence of
commands to select an output voltage window, output load
impedance and then program the amplitude and offset values:

*rst Restore factory defaults (Table 5-1
provides a complete listing of defaults)
outp 1 Enable output relay to turn output on
outp:imp <value> Set up the output impedance: 0, 50 or 93
volt:rang <value> Set up an amplitude range: pos, neg or
symm
volt <value> Set up the amplitude level
volt:offs <value> Set up the offset level
If your load impedance is not matched to the output impedance, the
amplitude reading at the load will differ from the programmed value.
The 50 Q setting is the default setting and is recommended for use
in most applications that require a good pulse response and minimal
aberrations.
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Selecting an
Output Function

Selecting a Run
Mode

The 3172-W6 has four basic output function types. Use the following
commands to select the waveform type:

func:mode fix The 3172-W6 outputs the standard
waveform currently selected by the
FUNC:SHAP command.

func:mode user The 3172-W6 outputs the arbitrary
waveform currently selected by the
TRAC:SEL command.

func:mode seq Selects the Sequenced Waveform
function. Waveform segments must be
downloaded to the instrument before it can
sequenced generate waveforms. In
addition, the SEQ:DEF command must be
used to define the sequence.

When programming a waveform function, you must consider the run
mode, since combinations of waveform types that are legal in one
mode may not be legal in a different mode. For example, arbitrary
and sequenced waveforms that do not conflict in Continuous mode
may conflict in Burst mode.

The 3172 offers five run modes:

Continuous
Triggered
Re-triggered
Gated

Burst

In Continuous mode, the 3172 repeats the selected waveform
continuously. The other four modes are known as interrupted, that is,
the output does not generate waveforms until an event initiates a
single- or multiple-output cycle.

Interrupted modes require a single trigger or multiple triggers to
initiate output cycles. Trigger events come from various inputs, such
as VXlbus backplane trigger lines or the front-panel connector.
Information on selecting a run mode and trigger source is given in the
following paragraphs.

Use the following commands to select run modes:

init:cont on Selects Continuous mode. This is the
default state of the instrument. Use this
command to return to Continuous run
mode from any other interrupted mode.

init:cont off De-selects Continuous mode. If you did not
previously select a specific interrupted
mode, the generator will automatically be
placed in Triggered mode.
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Continuous Run
Mode

Triggered Run
Mode

Upon power-up, the 3172 defaults to Continuous mode and
automatically starts generating waveforms which appear at the
output connector as the output relay is turned on. Use “init:cont on”
to return to Continuous mode from any interrupted mode.

In Triggered mode, the output remains at a specific DC level until a
trigger event initiates a single output cycle (see “Selecting the Trigger
Source” for details about trigger parameters).

Each time a transition occurs at the trigger input, the 3172 generates
one complete output cycle. At the end of the waveform cycle, the
output assumes a DC level that is equal to the amplitude of the first
point of the waveform.

If you have not invoked any interrupted modes since applying power
to the 3172, you may use the following command to turn off
Continuous mode and default to Triggered mode:

init:cont off Turns off Continuous mode, changing to an
interrupted mode. If you have not selected
a specific interrupted run mode since
power-up, the generator will default to
Triggered mode.

If you have used other interrupted modes since power-up, then send
the following command sequence to guarantee a change to
Triggered mode:

init:cont off Turns Continuous mode off in case this
was the most recent run mode.

trig:retr off Turns Retriggered mode off in case this
was the most recent interrupted run mode.

trig:gated off Turns Gated mode off in case this was the
most recent interrupted run mode.

trig:burs off Turns Burst mode off in case this was the
most recent interrupted run mode.
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Re-Triggered
Run Mode

Gated Run Mode

Re-triggered mode is a special case of Triggered mode where, after
a valid trigger event, the generator automatically self-issues triggers
separated by a programmable delay. The delay interval is measured
from the end point of the waveform to the start point of the next
waveform cycle. Use the following commands to place the instrument
in re-triggered mode and to program the delay between events:

init:cont off Turns Continuous mode off, changing to an
interrupted mode. If you have not selected
a specific interrupted run mode since
power-up, the generator will automatically
be placed in Triggered mode.

trig:retr 1 Turns on Re-triggered mode.

trig:retr:del <value>  Sets the re-trigger delay time. The re-
trigger delay is measured from the last
point of the waveform cycle to the first point
of the next waveform cycle.

<trigger event> Starts the re-trigger generator. You may
select the source of trigger events from a
number of inputs, such as software trigger,
front-panel input, or VXIlbus backplane
trigger lines.

The waveform will continue to re-trigger unless you change the run
mode or turn off power. Use the following commands to restore
continuous run mode:

trig:retr O This turns off Re-triggered mode. The
generator will revert to the Triggered run
mode.

init:cont on This removes the 3172-W6 from

interrupted run mode and reverts to
Continuous mode.

In Gated mode, the output remains at a specific DC level until a valid
event opens the gate. Only triggers from hardware sources can open
and close the gate. Use VXIbus backplane trigger lines or the front-
panel trigger input as the gating control.

You may set the edge sensitivity of the trigger signal for either the
rising or falling edge of the signal. At the end of the last output cycle,
the output assumes a DC level equal to the amplitude of the last point
of the waveform.

There are two selectable conditions for opening the gate:

Two transitions in the same direction toggle the gate on and off.

The gate remains closed as long as the trigger signal is below
the trigger level setting, and opens when the trigger signal
exceeds the trigger level setting.
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Burst Run Mode

Use the following commands to turn the gate function on and to select
the condition that will open the gate:

init:cont off Selects the interrupted run mode. If you did
not select a specific interrupted run mode
since power-up, the generator will
automatically be placed in Triggered mode.

trig:gate 1 Turns the Gated mode on.

trig:gate lev This option makes the gate level-sensitive.
The gate opens when the gating signal
amplitude exceeds the value of the
programmed trigger level. This is the
default for Gated mode.

trig:gate tran This option makes the input transition-
sensitive. The gate opens on the first
transition, and closes on the next transition.

<gate event> This event controls Gated mode. You may
select the source of the gate events from a
number of inputs, including the front-panel
or VXlbus backplane trigger line.

The gating sequence continues unless you change the run mode or
turn off power. Use the following commands to restore Continuous
mode:

trig:gate O Turns off the Gated mode. The generator
reverts to Triggered mode.

init:cont on Places the 3172 into Continuous mode.

Burst mode is similar to Triggered mode except that only one trigger
signal is needed to generate a counted number of output cycles. In
Burst mode, the output remains at a specific DC level until a valid
trigger event initiates a burst of output waveforms. Any trigger source
can initiate a burst. If a hardware trigger source is selected, the edge
sensitivity can be programmed for either the rising or falling edge of
the input signal.

Each time a transition at the trigger input occurs, the 3172 generates
a counted burst of output waveforms. At the end of the burst, the
output assumes a DC level equal to the amplitude of the first point of
the waveform. The burst counter is programmable from 1 to 1 M
counts.

The 3172 can also operate in conjunction with Re-triggered mode,
creating a continuous sequence of delayed burst cycles. Use the
following commands to place the instrument in Burst mode and to
program the burst counter:

init:cont off Selects the interrupted run mode. If you
have not selected a specific interrupted run
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mode since power-up, the generator will
automatically be placed in triggered run
mode.

trig:burs 1 Turns the Burst mode on.

trig:burs:coun <value> Sets the burst counter. After a legal trigger
event, the instrument will generate the
counted number of waveforms, and then
resume idling at a DC level.

<burst event> This starts the burst generator. You may
select the source of the burst event from a
number of inputs including software trigger,
front-panel input, or VXIlbus backplane
trigger line.

The counted burst sequence will continue as long as legal trigger
events are present at the trigger input. Use the following commands
to restore Continuous mode:

trig:burs 0 This turns off Burst mode. The generator
reverts to Triggered run mode.

init:cont on This removes the 3172-W6 from an
interrupted run mode and reverts to
Continuous run mode.

Selectin g the Interrupted run modes require trigger signals, of which there are three

. types:
Trigger Source , o
External trigger. For synchronizing with external events, connect

the external trigger signal to one of the trigger inputs.
Internal trigger generator. For applications not requiring
synchronization to external signals, the 3172 has an internal
trigger generator with a free-running clock. This clock is
asynchronous to the sample clock generator.
Software trigger. Your software may generate an interrupt
condition by executing a trigger command.

You may select (arm) only one trigger source at a time. The 3172
responds only to the selected trigger source, and ignores other
sources. Use one of the following commands to select a trigger

source:
trig:sour ext This selects the front-panel TRIG IN
connector as the active source for trigger
events.
trig:sour int This selects the internal trigger generator
as the active source for trigger events.
trig:tim <value> This sets the period of the built-in trigger

generator. Unlike the Re-trigger run mode,
the internal trigger period defines actual
trigger events. Therefore, the period of the
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internal trigger generator must be larger
than the period of the waveform.

trig:sour ttlt<n> This selects and activates one or more of
the VXlbus backplane triggers (TTLTrgO
through TTLTrg7) as the active source for
trigger events. If more than one input is
activated, the instrument will accept trigger
events from all active trigger lines. Note
that if one of the lines is designated as an
output, it cannot be used as an active
source at the same time.

trig:sour bus This selects the software trigger as the
active source for trigger events.

Selecting the The Trigger Level command sets the threshold level for the trigger
. input connector only. The trigger level is adjustable from -10 V to

Trlgger Level +10 V using the following command:
Trig:lev <value> This programs the trigger level threshold

for signals that are applied to the front-
panel TRIG IN connector.

The default value is 1.6 V which is appropriate for TTL signals.

Selectin g the The Trigger Slope command selects between positive- and negative-
. edge triggering. The inputs that will be affected by this command are:
T”gger S|0pe Front-panel TRIG IN connector, TTLTrg lines O through 7, and

ECLTrg line 0. Use the following command to select slope sensitivity
for trigger events:

trig:slop pos This sets the 3172 to respond to positive
going transitions only. Positive transitions
must cross the trigger level threshold to
trigger a response.

trig:slop neg This sets the 3172 to respond to negative
going transitions only. Negative transitions
must cross the trigger level threshold to
trigger a response.

Usi ng Trigger T_he trigger delay value designates the time that will elapse from a
trigger event to the start of the waveform at the output connector. The
Delay trigger delay adds to the system delay time (see the definition of

System Delay in Appendix A). Therefore, when delaying the trigger,
always consider the added factor of the system delay.

Use the following command to turn on trigger delay and to program
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Activating the
Backplane
TTLTrg Lines

Controlling W6
Function and
Parameters

Selecting an
Output Function

the delay time value:

trig:del:stat 1 This command turns on the trigger delay
function. When turned on, the minimum
delay time is 100 ns plus system delay.

trig:del:stat O This command turns off the trigger delay
function. When turned off, the minimum
delay time is equal to the system delay.

trig:del:tim <value>  This sets the delay in units of time (an
alternative to the legacy compatible
method above which uses units of sample
clock points). You may set the delay time in
the range of 200 ns to 20 seconds in
increments of 20 ns.

The 3172 is programmable to drive or receive triggers on the VXIbus
backplane trigger lines (TTLTrg0 through TTLTrg7). It is important to
manage the trigger lines so that only one VXI instrument drives any
given line.

The signals through the TTLTrg lines are always TTL.
Use the following commands to program the backplane trigger lines.

outp:ttit<n> 1 This command defines a specific TTLTrg
line as an output. The SYNC signal is then
applied to the active TTLTrg output and the
front-panel SYNC OUT connector. The
argument <n> designates the required
TTLTrg line, and can take values from 0
through 7.

outp:ttlt<n> 0 This command removes the output
definition from a specific TTLTrg line and
permits re-definition of this line as an input.

The descriptions up to this point have been mostly common between
the W6 and P2. Description from this point on pertains to the W6
module only. Later in this chapter, there will begin a section which
describes the operation of the P2 module.

The W6 has six basic output functions; these are: Standard
Waveforms, Arbitrary Waveforms, Sequenced Waveforms,
Modulated Waveforms and Half-Cycle Waveforms. Use the following
commands to select the output function:

func:mode fix The W6 outputs the standard waveform

Astronics Test Systems
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Example:
Generating
Standard
Waveforms

currently selected by the FUNC:SHAP
command. Standard functions are re-
computed every time a new function or is
selected or parameter is modified.

func:mode user The W6 outputs the arbitrary waveform
currently selected by the TRAC:SEL
command.

func:mode seq Selects the sequenced waveform function.

Waveform segments must be downloaded
to the instrument before it can sequenced
generate waveforms. In addition, the
SEQ:DEF command must be used to
define the sequence.

func:mode mod Selects the modulated waveform function.
Modulation schemes are generated
internally by a special DDS circuit and are
routed through a by-pass leg to the output
connector. The MOD:TYP command is
used for selecting the required modulation
scheme.

func:mode half Selects the half cycle waveform function.
Similar to the standard waveform function,
half cycle functions are recomputed every
time this function is selected or a parameter
has changed.

When programming a waveform function, you must consider the run
mode, since combinations of waveform types that are legal in one
mode may not be legal in a different mode. For example, arbitrary
and sequenced waveforms that do not conflict in Continuous mode
may conflict in Burst mode.

Previous paragraphs provided sinusoidal waveform examples,
showing how to set amplitude and offset. This section expands on
that capability, covering all nine standard waveforms in the 3172-W6
internal library: sine, triangle, square, pulse, ramp, Gaussian pulses,
exponential pulses, DC, and noise.

The following command sequence example demonstrates how to
select a standard ramp waveform with an amplitude of 1Vp-p, an
offset of zero, a rise time of 10% of the ramp period, and a fall time
of 10% of the ramp period:

*rst Restores factory defaults.

outp 1 Activates the hardware connection to
the front panel OUTPUT connector and
turns the output on.

func:mode fix Selects the built-in library of standard
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func:shap ramp

ramp:tran 10

ramp:tran:tra 10

volt 1

volt:offs 0

waveforms.

Selects the ramp from the built-in library
as the active waveform.

Programs the ramp leading edge rise
time in units of percent (referenced to
the ramp period).

Programs the ramp trailing edge fall
time in units of percent (referenced to
the ramp period).

Sets the amplitude level to 1Vp-p.
Sets the offset level to zero.

Similar sequences could select different standard waveforms and
program their parameters. See Chapter5 for a programming
reference to the complete range of standard waveforms.

Each standard waveform is built into the 3172-W6 in a lookup table
or equation. Ten standard function shapes are available:

Sine
Triangle
Square
Pulse
Ramp
Sinc

Exponential Decaying Pulse

Gaussian Pulse
Noise
DC

Every time you select a standard function, the 3172-W6 retrieves the
data points from a lookup table or calculates them from equations,
and then places them into waveform memory.

Use the following commands to select one of the standard waveform

shapes:

func:shap sin
func:shap tri
func:shap squ
func:shap puls
func:shap ramp
func:shap sinc
func:shap gaus
func:shap exp
func:shap nois

Selects the sine waveform
Selects the triangle waveform
Selects the square waveform
Selects the pulse waveform
Selects the ramp waveform
Selects the sinc waveform
Selects the Gaussian waveform
Selects the exponential waveform
Selects the noise waveform
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func:shap dc Selects the DC waveform

After you select a waveform shape, you may specify the waveform
parameters. Chapter 5 explains the commands available for
specifying parameters of standard waveforms.

@Note

The number of points used for defining a standard
waveform depends upon the programmed frequency.
Therefore, some parameter changes may not have any
effect on the waveform because the number of points do
not provide enough resolution to show the difference.

The number of waveform points varies, depending upon the output
frequency. The reason for this variation is that even standard
waveforms are in a manner similar to that of arbitrary waveforms,
except that the 3172-W6 stores standard waveforms in a permanent
internal library for immediate use. At low frequencies, the number of
points for each standard waveform is 1,000. Therefore, waveform
modifications are possible in increments of 1/1,000 of the total
waveform. For example, if you want to modify the duty cycle of a
square waveform, the resolution for the duty cycle is 0.1%.

At higher frequencies, the number of points used for generating
waveforms decreases according to the following relationship:

Output Frequency = Sample Clock Frequency / Waveform Points

Since the maximum sample clock frequency is 200 MS/s, the only
way to increase frequency is by reducing the number of waveform
points (when the standard waveform frequency is > 200 kHz). The
reduced number of points available at higher frequencies decreases
timing resolution for the standard waveforms. For example, for a
20 MHz square wave, only ten points per period are available.
Therefore, duty cycle resolution is decreased to 10% increments.

3-16
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The built-in library of standard waveforms provides basic waveform
shapes. First select the basic shape, and then specify the waveform
parameters to create the finished waveform to fit your requirements.
For each standard waveform shape, you may adjust the frequency,
amplitude, and offset. Some wave shapes have additional
parameters available. For example, you may set the starting phase
for a sine wave, or the rise and fall time for a ramp waveform.

The following example demonstrates how to select a standard pulse
waveform and set its parameters:

*rst Restores factory defaults.

func:mode fix Sets the output function to the standard
built-in library of waveforms. This is
also the default function mode so if you
are using the reset command, there is
no need to re-select this function.

func:shap puls Selects the pulse waveform

puls:del O Sets the delay valueto 0 s

puls:wid 20 Sets the pulse width to 10%, expressed
as a percentage of the waveform
period.

puls:tran 3 Sets the rise time (leading edge) to 3%,

expressed as a percentage of the
waveform period.

puls:tran:tra 5 Sets the fall time (trailing edge) to 5%,
expressed as a percentage of the
waveform period.

freq 5e3 Sets the frequency of the pulse
waveform to 5 kHz (5e3 Hz).
outp 1 Turns the output on.

You may use similar command sequences to program other
waveforms and their parameters. Table 5-1 lists the complete set of
commands for setting waveform parameters.

The Apply command is a shortcut for setting up standard waveforms
and their parameters without having to program each parameter
individually. This also selects the waveform as the active signal at the
output connector. It does not, however, eliminate the need for turning
on the output. You may use the Apply command on a waveform from
the built-in library or on waveform segments that are pre-loaded with
arbitrary waveforms. Sequenced and modulated waveforms are not
supported by the Apply command.

The following example uses the Apply command to specify a square
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wave at the end of the programming sequence:
*rst Restores factory defaults.

appl:squ 10.7e6,2,1,30  Selects the standard square wave as
the active function, and simultaneously
sets the frequency to 10.7 MHz
(10.7e6), amplitude to 2 V, offsetto 1 V,
and duty cycle to 30%.

outp 1 Turns on the output.

The above is an example of a full utilization of the Apply command,
including the frequency, amplitude, offset, and duty cycle parameters
for a standard square wave. You may use the Apply command in a
similar manner for other standard or arbitrary waveforms.

You may use the Apply command on a partial set of the available
parameters of a waveform. To leave out a parameter, place no
characters between the corresponding comma separators. For
example, you may specify the frequency and duty cycle of a square
wave while leaving the amplitude and offset at the default values, as
follows:

*rst Restores factory defaults.

appl:squ 12.7€6,,,45 Selects the standard square wave as
the active function, and simultaneously
sets the frequency to 12.7 MHz, leaves
the amplitude at the default value,
leaves offset at the default value, and
sets the duty cycle to 45%.

outp 1 Turns on the output.

In a similar manner, you may use the Apply command with other
standard waveforms to set some parameters while leaving others at
their default values.

Before the 3172-W6 can generate arbitrary waveforms, you must first
download them to its waveform memory. This section describes the
arbitrary waveform function and explains how to download
waveforms.

3-18
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Arbitrary waveforms are generated from digital data points which are
stored in memory. Each data point (waveform sample) has a vertical
resolution of 16 bits (65,536 levels). Another way to express this is
that each sample has an amplitude resolution of one part in 65,536.
For legacy emulation, 12 bit waveform data is converted into 16 bit
data with a four position shift.

The standard 3172-W6 has a waveform memory capacity of 1 M
points. Each point has a unique address. The address of the first
point is zero, and the address of the last point depends upon the
waveform memory size. If a waveform does not require the entire
waveform memory, then you may divide the memory into smaller
segments, each of which may store a separate waveform.

When the instrument is set to output arbitrary waveforms, the clock
samples the data points one at a time, starting with address 0 and
continuing to the last data point of the waveform. The rate at which
each sample is retrieved is defined as the sample clock rate.
The 3172-W6 provides programmable sample clock rates from 100
mS/s to 200 MS/s.

Unlike waveforms contained in the built-in library, arbitrary
waveforms must first be downloaded into waveform memory. One of
the easiest ways to calculate the waveform samples is to use
ArbConnection. It provides an on-screen editor, called Wave
Composer, for creating and editing waveforms. Figure 3 -1 shows a
complex waveform from the Wave Composer editor. Chapter 4
provides instructions for using ArbConnection and its Wave
Composer editor.

You may divide the 3172-W6 waveform memory into segments, and
use each segment to contain a separate waveform. This is useful in
applications that require multiple waveforms and can benefit from
changing quickly from one waveform to another.

The memory can be partitioned into as many as 16k segments (with
up to 16,384 different waveforms), but the higher the number of
segments, the smaller the number of sample points that are available
to each.
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Figure 3-1, ArbConnection Example of a Complex Waveform

Memory
Management
Commands

Creating Memory Segments

Segments are defined using the following command:

trac:def 1,2000 Defines segment #1 as having 2,000
sample  points. Any  waveform
downloaded to this segment must have

exactly 2,000 data points.

This command has two variables: segment number and segment
size. Note that numbers, not names, are assigned to segments.
Segment numbers range from 1 through 16,384. You may define the
segments in any order. For example, you may define segment #3,
then segment #1, and then later define segment #2. You may not
change the size of a segment once you have defined it.

You cannot query the segment definition parameters, so make sure
you keep track of them if you intend to partition the memory into many
segments.

You may use the above command to create as many segments as
required. However, if you have many segments, it is more efficient to
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combine all segments into a single waveform, and then create a
memory partition table for the individual waveform segments. To do
this, use the following command:

segm <array> Downloads the entire memory patrtition
table to the instrument in one operation.

Chapter 5 provides details on the use of this command.

Deleting Memory Segments
To delete a waveform memory segment, use the following command:

trac:del <value> Deletes a segment (specified by
<value>) from the available segment
list but does not erase the contents of
the segment.

Note that if you delete a segment, the memory portion that belonged
to this segment is no longer accessible. The next segment defined is
placed at the end of the partition table. If you delete the last segment
that you defined, then the next downloaded data will overwrite the
memory of the deleted segment. If you delete segments often, large
portions of the memory will become inaccessible. Therefore, it is
suggested that you periodically clear the entire memory and reload
the waveforms that you intend to use. To delete the entire memory
partition table use the following command:

trac:del:all Removes the entire partition table,
allowing definition of a new segment
table.

Vr

The trac:del:all command deletes the partition table but
leaves the data in the arbitrary memory intact. Therefore,
if you made a mistake and want to restore the segments,
just re-load the partition table. The waveform memory is
overwritten. Every time you download new waveform
data, the waveform memory data for that segment is
overwritten.

The easiest way to download waveforms to the 3172-W6 is with
ArbConnection. Using this application, you may define, create, and
download memory segments to the 3172-W6.

For maximum flexibility, you may download waveforms to the 3172-
W6 from your own program. The following example shows how to
clear the partition table and set up three memory segments of 4,000,
1,000, and 64 sample points:

First, clear the entire memory partition table to eliminate any
fragmented segments. Use the delete command as follows:

trac:del:all Removes the entire partition table and
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allows you to define new segments.

Next, define the waveform memory segments by specifying each
segment number and its length:

trac:def 1,4000 Defines the length of segment #1 to be
4,000 sample points. Waveforms
downloaded to this segment must have
exactly 4,000 sample points.

trac:def 2,1000 Defines the length of segment #2 to be
1,000. Waveforms downloaded to this
segment must have exactly 1,000
sample points.

trac:def 3,64 Defines the length of segment #3 to be
64. Waveforms downloaded to this
segment must have exactly 1,000
sample points.

This completes the setup for the three memory segments.

Alternatively, you may use the following command to create the entire
partition table at once:

segm <array> Downloads the entire memory partition
table to the instrument in one operation.

Once you have defined the waveform memory segments, the next
step is to specify the active segment. This sets up the following
conditions:

1) The next time you download data to the 3172-W6, it will go to the
active segment (the 3172-W6 will accept downloaded data only if
a segment is designated as active).

2) The waveform contained in the active segment will appear at the
output the next time you turn on the output.

3) The SYNC output is associated with the active segment. This is
not important in arbitrary mode, but in sequenced mode, the
segments may be arranged in any order. Therefore, the location
of the sync signal is important because it may appear at the
middle of the sequence and not with the first segment.

Use the following command to select an active segment:

trac:sel <n> Selects the active segment <n>.
Waveform data is downloaded only to
this active segment. If you plan to
partition the entire table with the
“segm <array>" command, select
segment #1 as the active segment.

The next step transfers waveform data to the active segment. Use
the following command:

trac# <data_array> Downloads waveform sample data to
the active segment. If you condensed
all waveforms to a single waveform,
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Sample Clock
Input

then you may use the “segm <array>"
command to partition the memory into
segments in one operation. See
Chapter 5 for information on preparing
and downloading waveform sample
data.

Users should be careful not to confuse waveform frequency with
sample clock frequency. For the 3172-W6, the term “waveform
frequency” is valid for standard waveforms only, and controls the
waveform frequency at the output connector. Waveform frequency is
measured in units of Hertz (Hz).

On the other hand, the term “sample clock frequency” is associated
with arbitrary and sequenced waveforms only, and defines the
frequency at which the clock generator accesses the waveform
sample points. Sample clock frequency is measured in units of
samples per second (S/s).

The following equation computes the frequency of an arbitrary
waveform at the output connector:

Frequency = (Sample Clock Freq.) / (Number of Data Points)

For example, using a sample clock frequency of 80 MS/s with a
1,000-point waveform will generate an 80 kHz waveform at the output
connector.

The following command sets the sample clock frequency for arbitrary
and sequenced waveforms:

freg:rast <value> Set sample clock frequency in units of
samples per second

Sampling clock frequency can be in the range of 100 mS/s to
200 MS/s.

The number of points in the waveform must be an integer multiple of
four. For example, you may use a waveform length of 25,804
throughout the entire range, but if you increase the number of points
by two, then the 3172-W6 will generate an error.

The internal sample clock generator has a wide dynamic range that
allows the creation of an infinite number of waveforms and
frequencies. With its top frequency reaching frequencies close to
200 MHz, it must use dividers to create lower frequencies. Such
dividers can increase phase noise and jitter. Some applications
require better stability and phase noise, making a single-tone sample
clock source the most desired source.

The 3172-W6 does not have a single-tone sample clock source, but
it provides a front-panel input, that can accept a clock from an
external source. When this inputis in use, the internal clock generator
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is disabled, and the 3172-W6 waveforms are clocked at a rate
defined by the external signal. Using an external clock source can
improve phase noise and jitter to approximately 20 dB/Hz at 10 kHz
offset from the carrier.

Apply the external sample clock signal to the front panel SCLK IN
connector. Make sure your signal level is within the levels specified
in Appendix A. The following commands select the source of the
sample clock input:

freg:rast:sour int This is the default selection, where the 3172-
W6 self-generates its sample clock signal. All
other inputs are disabled.

freqirast:sour ext  This selects the front panel SCLK IN
connector as the source of the sample clock
signal. Observe the signal range and levels as
specified in Appendix A.

freg:rast:sour ecltO This selects the backplane ECLTrgO line as
the sample clock source. This is a special
mode that allows synchronization between
adjacent 3172-W6 modules. Note that the VXI
specifications limit the ECLTrg0 frequency to
62.5 MHz. Backplane synchronization is
covered in a separate section.

Sequences are comprised of waveform segments that reside in the
waveform memory. The sequence generator lets you link and loop
segments in a user-defined order. To avoid unexpected results, it is
essential that waveform segments are pre-loaded into waveform
memory before a sequence table is used.

To create a waveform sequence, you will create a sequence table
that provides instructions to the sequencer for assembling the
waveform from the segments in the waveform memory. Figure 3-2
shows an example of a sequence table created using
ArbConnection. The sequence table has five fields for each step:

Link — This defines the step number. The sequence will advance
through the links in the same order in which they are entered. There
are no pauses or transitions between links.

Seg — This defines the waveform segment number that will be linked
to form the next part of the sequence. The order of waveform
segments in waveform memory is irrelevant. You may link them in
any order.

Loops — This defines the number of times the segment will repeat
itself before advancing to the next link, or step. The number of loops
may range from 1 through 1,048,576.

Adv — Defines the advance bit, which tells the generator whether to
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Waveform Studio x|

move to the next link immediately or to hold and wait for a trigger
event before moving to the next link. The various advance modes are
discussed in more detail in another section.

Sync — This specifies the link on which you want to place a
synchronization bit. The SYNC output must be switched to the Bit
source option to enable the use of this feature. The Normal SYNC
output is LCOM, where the output goes high at the beginning of the
sequence and returns to low at the end of the sequence.

The following paragraphs describe the commands that create,
delete, update, and modify sequence tables.

= Searment table

— Sequence table

| Seg ! State

Append

| Length | Link. | Seg| Loops | .t’-'«dvi Sync |

1 sl | 57 00
2 Mapped Delete 2 2 I [
3 Mapped b WwawlBbithaing.way 1024 - 3 2 12000 1 1
4 Free

i

Downlnadi
| i

Wi avetorm Shape. <segment 1>

Expart I
|rmpart I

Save !

Tl I Aotive Sequence I "!

Figure 3-2, Sequence Table Created in ArbConnection

Sequence
Commands

The following is an overview of how to define and program a
sequence of arbitrary waveforms.

A sequence is made of a series of links. A link can stand on its own
or link to another step. It is possible to have only one link in a
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sequence, but the output will be a continuous waveform. If only one
link is specified and the 3172-W6 is placed in Triggered advance
mode, then the output will behave as it would in Burst mode, where
the repeat number replaces the burst count parameter.

The easiest way to create a sequence table is with ArbConnection.
Using this application you can define, create, and download
waveform segments to the waveform memory without using low level
commands. You may also use Waveform Studio to develop
sequences.

Use the following commands to write sequence tables:

seq:sel <1..10> The 3172-W6 can store ten separate
sequences, and this command selects the
active sequence. Once selected, the active
sequence is generated at the output
connector. Note that by selecting an active
sequence, you do not automatically change
the output to sequenced mode.

seq:def 1,1,10,0,1 This command defines a link. The parameters
are (from left to right) link number, segment
number, loop counter, advance flag, and sync
flag. These parameters are explained in the
Generating Sequenced Waveforms section.

Using the Sequence Define command repetitively, you may program
a complete definition of your sequence. When entering a large
number of links, efficiency can be improved by using an alternate
syntax which allows a table of sequence definitions to be downloaded
directly.

Use the following command to program a complete table from an
array:

seq.data#<array> This will program the entire sequence table
without programming individual links.

The sequence generator steps through the link list in descending
order. In Continuous Run mode, the sequence repeats automatically
after the last step has been completed. When the generator is in
Triggered mode, the output stops at the last point of the last
waveform in the sequence. In Gated mode, the sequence always
completes after the gate stop signal.

To remove a link from the sequence table, use the following
command:

seq:del <n> This deletes a link from a sequence table,
where <n> is the step number to be removed.

To delete the entire sequence table, use the following command:

seq:del:all This deletes the entire sequence table.
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& CAUTION

The seq:del:all command erases the entire sequence
table. There is no undo operation available for this

command.

Controlling the
Sequence

seq:adv auto
Advance Modes

seq:adv trig

seq:adv step

seq:adv mix

Use the following commands to control how the sequence advances
through the sequence links:

This specifies continuous advance, where the
generator steps continuously to the end of the
sequence table and then repeats the sequence
from the beginning. For example, if a sequence is
made of three segments, 1, 2, and 3, and AUTO
mode is used, the sequence will proceed: 1, 2, 3,
1, 2, 3,1, 2, 3..., with the duration of the loop
depending upon the loop counter specified in the
sequence table.

This specifies that the 3172-W6 idles between
links until it senses a valid trigger event. This
mode is available only when the 3172-W6 is in
Triggered Run mode. An attempt to select this
mode when the 3172-W6 is in Continuous Run
mode will generate a settings conflict error. After
a trigger, the generator output resumes until it is
once again between links. Then, the output level
idles at a DC level equal to the last point of the
last generated waveform. If loops (repeats) were
programmed, the segment is repeated n times
automatically before it begins idling. After
execution of all of the programmed loops, the
sequencer steps to the next segment in the
sequence upon receipt of the next valid trigger
event.

This Stepped Advance mode specifies that the
sequence advances to the next link only when a
valid trigger event has been received. In this
mode, the 3172-W6 generates the first segment
continuously until a trigger signal advances the
sequence to the next segment. If repeats are
specified in the sequence table, they are ignored
in Stepped Advance mode. Note that this mode
requires that the run mode be set to Continuous.

In this mode, advancing to the next link is
controlled by the Advance bit in the link definition.
“0” will cause the link to advance automatically to
the next link. “1” will cause the link to repeat itself
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continuously until a valid trigger event has been
received, and then the generator will begin
executing the next link. Note that this mode
requires that the run mode be set to Continuous.

The modulation generator is a separate instrument within the 3172-
W6. Based on DDS technology, it has a wide dynamic range and high
linearity throughout the modulation range.

The 3172-W6 can modulate in the frequency, amplitude, and phase
domains. When the modulation output is selected but modulation is
turned off, the instrument generates a continuous wave (CW) signal,
or steady-state sine wave. The following commands control the
modulation of the carrier wave:

mod:type off

mod:type am

mod:type fm

mod:type swe

mod:type fsk

mod:type ask

This disables modulation so that the output
generates a CW signal. CW is the sine waveform
that is being modulated. When placed in
Modulation Off, the sine waveform is continuously
generated from the main output. In this mode,
sine waveforms can be generated from 100 uHz
to 30 MHz. Modulation off operates in Continuous
Mode only. The CW settings do not automatically
change when you switch from one modulation
function to another.

This selects amplitude modulation (AM). The
modulating signal is internal, and the following
parameters control the AM scheme: modulation
shape, modulation frequency, and modulation
depth.

This selects frequency modulation (FM). The
modulating signal is internal, and the following
parameters control the FM scheme: modulation
shape, modulation frequency, and marker
placement.

This selects sweep modulation. The modulating
signal is internal, and the following parameters
control the sweep: start and stop frequency,
sweep time and direction, sweep spacing, and
marker placement.

This selects frequency shift keying (FSK). The
shift sequence is created in a data table that can
hold up to 4,000 frequency shift steps. The
following parameters control FSK modulation:
shifted frequency, baud, shift data array, and
marker placement.

This selects amplitude shift keying (ASK)
modulation. The shift sequence is created in a
data table that can hold up to 1,000 amplitude-
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mod:type psk

mod:type fhop

mod:type ahop

mod:type 3d

Modulation
Parameters

shift steps. The following parameters control ASK
modulation: shifted amplitude, baud, shift data
array, and marker placement.

This selects the phase shift keying (PSK). The
shift sequence is created in a data table that can
hold up to 4,000 shift steps. The following
parameters control PSK modulation: shifted
phase, baud, shift data array, and marker
placement.

This selects the frequency hop modulation. The
frequency hop sequence is created in a data table
that can hold up to 5,000 frequency hops. The
following parameters control frequency hop
modulation: dwell mode, dwell time, frequency
data list, and marker placement.

This selects the amplitude hop modulation. The
amplitude hop sequence is created in a data table
that can hold up to 5,000 amplitude hops. The
following parameters control amplitude hop
modulation: dwell mode, dwell time, amplitude
data list, and marker placement.

This selects 3D modulation. This is a special
mode that modulates frequency, amplitude, and
phase simultaneously. You may set the
modulation profile externally through applications
such as ArbConnection.

The previous section details the modulation schemes and lists the
parameters that control the modulating signals. A complete listing of
the modulation control parameters is given in the Programming

Reference in this manual.

To program the sweep parameters, use the following commands:

swe:star <value> Set the starting frequency for the sweep.

swe:stop <value> Set the ending frequency for the sweep.

swe:time <value> Set the amount of time that will elapse from the

swe:dir up
swe:dir down

swe:spac lin

swe:spac log

start to the end of the sweep.

Set the sweep direction to “up” (from the start
frequency to the stop frequency).

Set the sweep direction to “down” (from the
stop frequency to the start frequency).

Select linear sweep steps, where the generator
steps the frequency through the sweep range
in linear increments.

Select logarithmic sweep steps, where the
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Controlling the
Carrier Frequency

Controlling the
Carrier Base Line

Generating Half
Cycle Waveforms

generator steps the frequency through the
sweep range in logarithmic increments.

swe:mark <value> Define marker position. The marker will
generate a pulse at the SYNC output when the
marker frequency setting is crossed.

In general, when you select a modulation scheme, the waveform
being modulated (the carrier) is always a sine wave. When you select
the modulation function but set the modulation type to “Off”, the
output generates an un-modulated, continuous waveform (CW)
signal. The frequency setting of the carrier in modulation mode is not
the same as for standard waveform mode and must be programmed
separately. Use the following command to program the carrier
frequency:

mod:carr <value> Setthe CW frequency in units of Hz. The same
value will be used for all modulation functions.

As explained above, the Advanced Trigger mode allows the 3172-
W6 output to “idle” when it has finished a waveform segment and is
waiting for the next trigger event. The output signal during this time
is called the baseline.

The 3172-W6 offers two options for the base line:

1) Carrier (un-modulated, CW carrier)
2) DC Level

Use the following command to control the carrier base line:

mod:carr:bas carr Selects continuous wave (CW) when the
modulated function idles between trigger
events.

mod:carr:bas dc  Selects continuous DC level when the
modulated function idles between trigger
events.

The Half-Cycle function is a special case of standard waveforms,
except that the waveforms are generated a half cycle at a time and
displaced by a programmable delay time. In continuous mode, the
half cycles are generated continuously. In triggered mode, one half
at a time is generated only after a valid trigger event is received.
There are three half-cycle waveforms that can be generated: Sine,
Triangle, and Square. Use the commands below to select the half-
cycle function and program the parameters.

func:mod half Selects the half-cycle function. If you have not
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Using the
Counter/Timer

changed parameters, then the output will
generate half-cycle sine waveforms where the
halves are separated by 1 us delay intervals.

From this point you can change one or more of the half cycle
parameters just as they would be programmed for the standard
waveform generator. Use the following commands to select one of
the half cycle waveforms:

half:shap sin Selects the sine waveform to be generated
using the half cycle function.

half:shap tri Selects the triangular waveform to be
generated using the half cycle function.

half:shap squ Selects the square waveform to be generated
using the half cycle function.

After you select the function and waveform, you may program other
parameters to adjust the waveform specifically for your application.
You may adjust the start phase for the sine and triangular waveforms,
or the duty cycle for the square waveform, and you may program the
amount of delay between the half cycles.

Chapter 5 contains programming references that will allow you to
program all of the half cycle parameters.

You may use the 3172-W6 as a counter/timer instrument. When
using this function, you may select the measurement function, gate
time, and trigger level, and then hold the measurement until you
require a reading. The reading is then taken and passed to the host
computer for processing.

The 3172-W6 cannot perform as a counter/timer and generate
waveforms at the same time. When placed in counter/timer mode, all
waveform patterns are purged from the waveform memory, and the
3172-W6 can be used only for measurements.

The counter/timer function provides a means of measuring frequency
and timing characteristics of external signals. Use the commands
given below to select the counter/timer mode and set up a
measurement function.

func:mod coun Selects the Counter/Timer allowing frequency
and time measurements on external signals.

Once you have selected the Counter/Timer mode, you may select
the specific measurement function. Available functions include:

e Frequency

e Period

e Period averaged
e Pulse Width
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e Totalize (counts the number of trigger events)

Use one of the following commands to select the measurement

function:

coun:func freq

coun:func per

coun:func aper

coun:func puls
coun:func tot

Selects the frequency measurement function.
The 3172-W6 takes readings continuously and
places them in the output queue, waiting for a
read operation to clear the queue for the next
reading.

Selects the period measurement function.

Selects the averaged period measurement
function.

Selects the pulse width measurement function.

Selects the totalize function. The counter will
detect and count all trigger events from the
trigger input.

You may adjust the gate time and display mode. If you want to take
continuous counter readings, use the default display mode as

follows:

coun:disp:mod norm Enables continuous measurements and

coun:disp:mod hold

coun:res

read cycles.

Stops the measurement cycle and
performs a single measurement when
triggered by a read operation. The next
measurement cycle may be performed
after you clear the counter buffer using the
following command:

Resets the counter, clears the output
gueue, and arms the counter for its next
measurement event.

Chapter 5 contains programming references that will allow you to
program all of the counter/timer parameters.
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Counter/Timer
Limitations

A summary of counter/timer limitations is given below.

1. Measurement speed

The rate at which the counter performs its measurements depends
upon the display mode setting. The Normal setting simulates the
display of a bench-top instrument, where the user sees the result of
each measurement as it completes. The display time is roughly
300 ms, allowing enough time to check the result after each gate time
cycle. The maximum rate is three measurements per second when
using low-period gate times. The Hold display mode allows one
reading at a time. The reading starts when the input senses a valid
trigger signal, and ends after the gate has closed. Processing time
for the reading and the display is roughly 100 ms. In this mode, the
counter can take a maximum of ten readings per second.

2. Gate time period must be higher than the signal period
The gate must open for an interval that allows enough transitions to
pass through the counter gate. If the gate time is too short to measure
a signal, the gate will open, but no results can be obtained.

3. Auxiliary functions disable waveform generation

When the Counter/Timer mode is selected, all operations of the
waveform generator are stopped, and the waveform memory is
purged.
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Synchronizing
through the
Local Bus

Use the following commands to set up and control synchronization
(phase locking) of two modules through the Local Bus:

inst:coup:path Ibus This sets the coupling (synchronization) path to
the Local Bus (LBUS). This command must be sent to the master
module and the slave module(s).

inst:coup:mode mast Send this command to the 3172 that will
be the master module to which other modules will be phase-locked.

inst:coup:mode slav Send this command to the slave module(s) that
will be phase locked to the master module.

inst:coup:stat on Send this command to the master module, and
then to the slave module. It enables coupling (phase locking).

Example:

The following procedure sets up a 3172 module as the master, sets
up another 3172 module as the slave, and monitors the outputs of
both modules to observe that they are phase locked.

1. Install Local Bus jumpers on both 3172 modules (refer to Chapter
2, in the Local Bus Configuration section).

2. Install the two modules into adjacent slots in a VXI chassis. The
3172 on the left will be the master, and the 3172 on the right will
be the slave.

Turn on power to the VXI chassis.

Connect the output connector of the left module (master) to
channel 1 of the oscilloscope.

5. Connect the output connector of the right module (slave) to
channel 2 of the oscilloscope.

6. Send the following commands to the left module (the master):

inst:coup:mode mast
inst:coup:path lbus
inst:coup:stat on
outp on

This configures the module as a master, selects the Local Bus
(LBUS) as the coupling path, turns coupling on, and then turns on the
output. At this point, the oscilloscope (channel 1) will show that the
master module is generating a waveform. Since the frequency and
amplitude were not commanded, the waveform will have the default
amplitude (5VP-P) and the default frequency (1MHz). The master
module is also sending the synchronization signals onto the LBUS.

7. Send the following command sequence to the right module
(slave):

inst:coup:path Ibus
inst:coup:mode slav
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Controlling P2
Pulse Modes and
Parameters

Generating Pulse
Waveforms

inst:coup:stat on
outp on

This selects LBUS as the coupling path for phase locking, sets
up the module as a slave to be phase-locked to the master, turns
coupling on (enables phase locking), and then turns on the
output.

After the above steps have been performed, channel 2 on the
oscilloscope will show that the slave module is generating the default
waveform: a 5Vp-p sine wave. By comparing the displays of channels
1 and 2 on the oscilloscope, it is verified that the two 3172 units are
in-phase.

Description from this point pertains to the P2 module only. General
operation of the 3172, regardless of whether W6 or P2 modules are
installed in it, is given at the beginning of this chapter and separate
sections in this chapter describe the operation of either module. Note
that the P2 module consists of two independent pulse generators
and, therefore, make sure that the proper channel is selected for
programming before commands are sent to the module. Channel is
selected using the inst:sel command. This command is described in
detail in the programming section.

Upon reset, the default waveform type is set to normal pulse. The
pulse waveforms and parameters are generated in an analog fashion
but are digitally controlled to achieve maximum resolution, accuracy,
and stability.

The pulse generator command interface provides a means of
specifying pulse parameters in units of time, exactly as would be
specified with a bench-top analog pulse generator. Use the
instructions below to access and program the pulse parameters.

After a power-on reset, the pulse generator will have the following
default settings:

Pulse Mode = Normal
Period =1 ms

Pulse Width = 100 ns
Amplitude = 10 Vp-p
Offset=0V

Polarity = Normal
Transitions = Fast

Astronics Test Systems

3-35



3172 User Manual

Publication Number 980949 Rev. L

Selecting a Pulse

Mode

The pulse generator commands provide access to all pulse
parameters just as they would be programmed on an analog pulse
generator. Adjusting the pulse shape to the required characteristics
requires adjustment of one or more time and amplitude parameters.
The 3172-P2 command interface provides all the necessary controls
for making the adjustments. Some setting conflicts can occur in
situations where parameter ranges are dependent on the settings of
other parameters. These setting conflicts will be discussed later in
this chapter. Below is a list of all pulse parameters that are accessible
using the pulse command interface.

@ Note

Please be mindful of the possibility of settings conflicts
which can affect your ability to get the desired output.
For example, the specification of a pulse width that is
longer than the pulse period will cause a settings
conflict. Therefore, always program the period first and
enter other pulse parameters in a descending order. A
list of setting conflicts is given later in this chapter.

The 3172-P2 has five basic pulse modes: Normal, Delayed, Double,
Hold Duty Cycle and External Width Control. Use the following
commands to select the pulse modes:

puls:mod norm

puls:mod del

puls:mod doub

puls:mod hold

puls:mod ewid

The 3172-P2 outputs the normal pulse
waveform. The parameters that control the
pulse shape are period, width, polarity and
transitions.

The 3172-P2 outputs the normal pulse but
delayed from the sync output by a pre-
determined delay time. Use the puls:del
command to program the delay value.

The 3172-P2 outputs double pulses. The
second pulse is delayed from the first pulse
by a pre-programmed delay time. Use the
puls:doub:del command to program the
delay value.

The 3172-P2 generates a normal pulse
waveform with a fixed ratio of pulse width
to period, regardless of the period setting.
Use the puls:dcyc command to program
the duty cycle value.

The width control of the 3172-P2 output
pulse is referenced to an external input
where signals crossing a certain threshold
level determine the width of the pulse. This
function can also be used for amplitude to
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Single Pulse Mode

pulse width conversion.

The basic pulse mode is the Single Pulse. Single pulse defines the
shape of a single pulse only. In continuous operating mode it appears
as a string of pulses with constant period, width and amplitude. In
triggered single pulse mode, one pulse is initiated per trigger.

The parameters associated with the basic configuration of single
pulse mode are: Period, Width, High and low Levels. These are
discussed below. With more complex settings, you can modify pulse
polarity, select linear transitions, and define fixed duty cycles.

Figure 3-3 shows a typical real-life single pulse shape and highlights
all of its relevant parameters. While most of the parameters shown in
Figure 3-3 can be programmed and adjusted for a specific
application, some characteristics of the pulse are derived from the
guality of the generator and its output stage. These are discussed in
the specifications which can be found in Appendix A.

Pk-Pk Aberrations
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Power-Bandwidth L
Limitation

Undershoot 3"
\

_,Jl t~— Settling Time
I Reflections/Ringing
+Power Dissipation

High Level
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| |

| |
Rise Time — = —= t=— Fall Time
(Slew Rate V/s)

Figure 3-3, Single Pulse Parameters Summary

Period

The period parameter specifies the repetition rate of the pulse in
continuous run mode. The period parameter has no meaning if the
3172-P2 is set up to operate in triggered or counted burst run modes.
Use the following command to program the period:

puls:per <value>

The period is programmable from 20 ns to 10 seconds. The default
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value is 1 ms.

Width

The Width parameter specifies the width of the pulse at the 50% point
between its high and low level settings. The pulse width interval is
not affected by the setting of other parameters such as rise and fall
time.

Use the following command to program the pulse width:
puls:wid <value>

The pulse width is programmable from 7 ns to 10 seconds. The
default value is 100 ns.

High Level

The high level parameter defines the top amplitude level of the pulse.
Any value is acceptable as long as it is larger than the low level
setting, does not exceed +20 V and does not fall short of the 5 mV
minimum high to low level setting. Use the following command to
program the pulse high level:

Volt:hil <value>

The high level is range dependable; it can be programmable from -
19.995 V to 20 V. The default value is 2.5 V.

Low Level

The low level parameter defines the lowest amplitude level of the
pulse. Any value is acceptable as long as it is smaller than the high
level setting, does not exceed -16 V, and does meets the 5 mV
minimum high to low level setting requirement. Use the following
command to program the pulse high level:

Volt:lol <value>

The high level is range dependable; it can be programmable from
-16 V t0 19.995 V. The default value is -2.5 V.
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Delayed Pulse Mode

Delayed Pulse mode is a special mode that delays the pulse output
after a trigger is issued. To select delayed pulse mode, refer to the
Selecting a Pulse Mode section above.

The parameters associated with the basic delayed pulse mode are:
Period, Width, High and Low Levels, and Pulse Delay. The pulse
delay is measured from the trigger edge to the 50% amplitude point
of the pulse leading edge, as shown in Figure 3-4.

High Level
0%

Trigger |-|

Figure 3-4, Delayed Pulse Mode

Period

The period defines the repetition rate of the pulse in continuous run
mode. The period parameter has no meaning if the 3172-P2 is in
triggered or counted burst run mode.

Use the following command to program the period:
puls:per <value>

The period is programmable from 20 ns to 5 seconds. The default
value is 1 ms.

Width

The Width parameter defines the width of the pulse at the 50% point
between its high and low level setting. The pulse width interval is not
affected by settings of other parameters such as rise and fall times.

Use the following command to program the pulse width:
puls:wid <value>

Pulse width is programmable from 7 ns to 5 seconds. The default
value is 100 ns.

High Level
The high level parameter defines the top amplitude level of the pulse.
Any value is acceptable as long as it is larger than the low level

Astronics Test Systems

3-39



3172 User Manual

Publication Number 980949 Rev. L

setting, does not exceed +20 V, and exceeds the 5 mV minimum high
to low level setting.

Use the following command to program the pulse high level:
volt:hil <value>

The high level is range independent; therefore, it can be programmed
from -19.995 V to 20 V. The default value is 2.5 V.

Low Level

The low level parameter defines the lowest amplitude level of the
pulse. Any value is acceptable as long as it is smaller than the high
level setting, does not exceed -16 V, and exceeds the 5 mV minimum
high to low level setting.

Use the following command to program the pulse high level:
volt:lol <value>

The high level is range independent; it can be programmable from
-16 V to 19.995 V. The default value is -2.5 V.

Delay

The delay parameter specifies the time between the SYNC output
and the first pulse transition. Any value is acceptable as long as it is
smaller than the period setting plus the pulse width setting. For longer
delays, use the trigger delay function either alone or combined with
the pulse delay function for maximum delay resolution.

Use the following command to program the delay value:
puls:del <value>

Pulse delay is programmable from 0to 5 s.
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Double Pulse Mode

Double Pulse mode is a special mode that outputs a pair of pulses at
a time. In continuous run mode, the output appears as a series of
pulse pairs separated by a time interval set by the double delay time
parameter. If you place the instrument in triggered run mode, a pair
of pulses is initiated with every trigger. To modify the pulse mode to
double pulse mode, refer to the Selecting a Pulse Mode section
above.

The parameters associated with the basic double pulse mode are:
Period, Width, High and Low Levels and Double Pulse Delay, which
sets the delay between the pairs of pulses. Double pulse delay is
measured at the 50% amplitude points of the leading edges, as
shown in Figure 3-5.

High Lewel

Fulse Width — — — 50%

Lo Lewel

|
i |
i |
Rise Time —-1: == —= t—FallTime
|
|
|

Daouble Pulse Delay

Figure 3-5, Double Pulse Mode

Period
The period parameter specifies the repetition rate of the pulse in
continuous run mode. The period parameter has no effect if the 3172-
P2 is set up to operate in either the triggered or counted burst run
mode.

Use the following command to program the period:
puls:per <value>

The period is programmable from 20 ns to 5 seconds. The default
value is 1 ms.

Width

The Width parameter specifies the width of the pulse at the 50% point
between its high and low level settings. The pulse width time is not
affected by settings of other parameters such as rise and fall times.

Use the following command to program the pulse width:

puls:wid <value>
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Hold DCycle Mode

Pulse width is programmable from 7 ns to 5 seconds. The default
value is 100 ns.

High Level

The high level parameter defines the top amplitude level of the pulse.
Any value is acceptable as long as it is larger than the low level
setting, does not exceed +20 V and does not fall short of the 5 mV
minimum high to low level setting. Use the following command to
program the pulse high level:

volt:hil <value>

The high level is range independent and can be programmed from -
19.995 V to 20 V. The default value is 2.5 V.

Low Level

The low level parameter specifies the lowest amplitude level of the
pulse. Any value is acceptable as long as it is smaller than the high
level setting, is not below -16 V, and exceeds the 5 mV minimum high
to low level setting.

Use the following command to program the pulse high level:
volt:lol <value>

The high level is range independent and can be programmed from
-16 V to 19.995 V. The default value is -2.5 V.

Double Pulse Delay

The double pulse delay parameter defines the time that will lapse
from the first pulse transition to the paired pulse transition. Any value
is acceptable as long as it is smaller than the period plus 2 x pulse
width setting. Use the following command to program the double
pulse delay value:

puls:doub:del <value>

The delay can be programmable from O to 5 s.

When single, double, or delayed pulse modes are selected, the
programmed pulse width does not normally change when you
change the period of the pulse. On the other hand, some applications
require that the ratio between the period and the pulse width remain
constant regardless of the period setting. In a case like this, use fixed
duty cycle mode.

Hold Duty Cycle mode is programmed in units of percent (%) defining
the ratio between the pulse width to the period x 100. An example is
shown in Figure 3-6. If you program the duty cycle parameter to be
10% and the period to be 50 ms, after you modify the period to 25
ms, the width is adjusted automatically to 2.5 ms so that the duty
cycle remains 10%.

To modify the pulse mode to hold duty cycle mode, refer to the
Selecting a Pulse Mode section above.
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Use the following command to program the duty cycle value:

puls:dcyc <value>

The duty cycle is programmable from 1% to 95% with a resolution of
0.001%. The default value is 50%.

Period = 50 ms
Widiniims. | — Duty Cycle = 10%
S |
— —
Period = 25 ms
Width 2.5 ms Duty Cycle = 10%
— | | L

Figure 3-6, Hold Duty Cycle Mode Example

External Pulse Width
Mode

External pulse width mode shapes the trigger input and uses it to
define the width of the pulses at the pulse output connector. As
shown in Figure 3-7, as long as the signal remains below the trigger
threshold, the pulse idles at its low level setting. When the signal
crosses the trigger level threshold, the output generates the high
level with the width of the pulse determined by the time that the signal
remains above the trigger level threshold.

To select external pulse width mode, refer to the Selecting a Pulse
Mode section above. Note that both the period and width settings are
ignored in this mode because both are being set by the external
signal. Period and width can be impacted by the trigger threshold and
trigger slope settings, as shown in Figures 3-7 and 3-8.

The trigger slope determines if the external pulse width signal’'s level
is above or below the threshold to generate the pulse width. When
the trigger slope is set to positive (default), the output will behave as
shown in Figure 3-7. Using the same input signal but a negative
trigger slope results in an inverted pulse sequence as shown in
Figure 3-8.
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Figure 3-7, External Pulse Width Mode, Positive Slope Example
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Figure 3-8, External Pulse Width Mode, Negative Slope Example

@ TIPS

1. While using external pulse width mode, bear in mind that
the period and the width are controlled by a signal that is
applied to the trigger input. The trigger input is limited to
a width of 10 ns and a frequency of 5 MHz.

>

2. The external pulse width mode does not impose any
restrictions on linear transitions, the high and low level
settings, or the polarity of the output.

The external pulse width parameters affect the output only after you
select the external pulse width mode.

Use the following command to program the trigger slope:
trig:slop <positive/negative>
The default option is positive.
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Programming
Pulse Polarity

The pulse polarity parameter determines if the pulse is generated in
the Normal, Complemented, or Inverted shape. Pulse polarity can be
selected in conjunction with any of the pulse modes except with
external pulse width mode. The three polarity modes are available
for the symmetrical amplitude range only; for positive and negative
amplitude ranges only Normal and Complemented polarity options
are available. The various polarity options are shown in Figure 3-9.
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Figure 3-9, Pulse Polarity Options

As shown in this figure, the complemented shape is mirrored around
the horizontal axis in a way that the high level becomes low and
likewise, the low level becomes high. In complemented mode, the
inversion process is symmetrical about the 50% value of the pulse
amplitude.

In Inverted mode, the normal pulse is mirrored about the 0 V
horizontal axis, positive values are converted to negative and
negative values are converted to positive. This mode is not available
for negative and positive amplitude ranges because inverting the
pulse shape would mean crossing over to other ranges, an operation
that will generate setting conflict errors.

The normal pulse and the pulse complement are specifically valuable
for applications requiring differential signals and hence a dual
channel module like the P2 that has this feature can easily be
programmed to generate differential signals. Simply couple both
channels and set one channel to Normal and the second channel to
Complemented and both signals will be generated differentially,
perfectly synchronized, and without phase offset or jitter.

Note that the pulse polarity can be programmed separately for each
channel and, therefore, before you modify this parameter, make sure
that you program the correct channel.

Use the following command to program the pulse polarity:
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Applying Linear

Transitions

puls:pol <normal/complemented/inverted>
The default option is normal.

Most of the applications that use pulse generation require that the
transitions from low to high and from high to low be done at the fastest
possible speed. Such transitions are normally created as a by-
product of the output amplifier. General purpose amplifiers that can
drive 50 Q loads with high amplitudes are rare and the products that
you can usually buy off the shelf either have poor drive capabilities
or uncontrolled aberration capability.

For a pulse generator that generates pulses with fast transitions only,
the design problem is simpler because the designer can use a
switching amplifier at the output amplifier stage. It takes a very
different approach to design an output stage that slows the transitions
of the leading and trailing edges. To this extent, the P2 module has
a unique output amplifier stage that allows full control over pulse
transitions over a very high dynamic range of amplitudes and offsets
without degradation of the signal. A comparison between pulses with
fast and linear transitions is shown in Figure 3-10. As you can see,
the top train has fast transitions; these are normally in the range of
<8 ns and are expected to be very fast and without aberrations. The
bottom pulse has linear transitions that are expected to have good
linearity and slew-rate accuracy. Observe that the pulse width on the
pulses that have linear transitions is measured at the 50% amplitude
level. Also note that the leading and the trailing edges can be
programmed to have different transition times.

)

- S —

50%_ ‘ \ Linear Transitions
3 .
) N

Fast Transitions

Figure 3-10, Fast and Linear Transitions, Compared

Linear transitions can be used in conjunction with each of the pulse
modes, including external pulse width and pulse modulation. Use the
following commands to select one of the transition modes:

puls:tran norm The P2 outputs pulses with the fastest
transition times. Normal transitions are
specified in Appendix A of this manual and
are normally measured at less than 8 ns.
Normal is the default option for this switch.
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puls:tran lin The P2 outputs pulses with linear transition
times. Linear transitions can be
programmed separately for the leading and
trailing edges within the range of 5 nsto 5
ms. The default value is 10 ps.

puls:tran symm The P2 outputs pulses with the linear
transition times. Linear transitions are
programmed simultaneously for the leading
and trailing edges within the range of 5 ns
to 5 ms. The default value is 10 us

After you select the linear transition option, you'll probably want to
program the transition times for the leading and trailing edges. There
are some considerations to observe before you program the
transitions. First, note the limits, as specified in Appendix A. These
tell you that you can set transition times within the range of 5 ns to 5
ms. Then you have to make sure that the transition settings do not
conflict with the pulse width settings. For example, if you set the pulse
width to 100 ns and the leading edge transition time to 120 ns, the
instrument will not allow you to do the change. A list of settings
conflicts is given later in this chapter.

Finally, bear in mind that the transition times are programmed in six
ranges and, further, both the leading and the trailing edges must be
programmed within the same range.

¥

Setting conflict may occur if the leading and trailing
edges are not programmed within the same range. To
avoid such an error, the leading edge value ALWAYS
sets the range for the trailing edge and, therefore,
always program the leading edge first and then program
the trailing edge.

Use the following command to program the transition time for the
leading edge:

puls:tran <value>
and use the following command to program the transition time for the
trailing edge:

puls:tran:tra <value>
The available transition time rages are shown in Figure 3-11. Note
that there are six overlapping ranges that you may use. In-range ratio
between minimum to maximum values is 20:1, except the first range

that has a 10:1 ratio only. Both values for the leading and trailing
edges must be placed inside one range only. For example, you may
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program 37 ns for the leading edge and 480 ns for the trailing edge
because both are values within range 2 but if you program 37 ns for
the leading edge and 501 ns for the trailing edge, the instrument will
issue a setting conflict message and will ignore the setting of the
trailing edge.

The trailing and leading edges parameters affect the pulse output
only after you select the linear transitions mode.
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Pulse Design
Limitations

Figure 3-11, Linear Transition Ranges

There are a number of limitations that must be observed before you
program pulse parameters. These limitations are grouped into two
groups: Timing limitations and amplitude limitations. The limitations
arise from fact that the instrument has a finite frequency range and a
finite amplitude span. These limitations are summarized in Appendix
A of this manual. For example, the maximum peak to peak amplitude
span for a given pulse design is 22 V (20 V in POS and NEG modes)
and a further limitation is that the positive and negative settings
cannot exceed the output amplifier rails of +11 V and -11 V (SYMM
mode). Another example is the leading and trailing edge transition
times. This is limited by design to 5 ns thus faster transitions cannot
be programmed.

Besides design limitations, one may enter into a conflicting situation
where one parameter exceeds its limits when programmed in
conjunction with another parameter. For example, programming a
period of 10 ms and pulse width of 100 ms is not possible because, by
definition, the pulse width must be smaller than the period. The
paragraphs below summarize possible settings conflicts and suggests
options to resolve the settings conflict. If you try to program a
parameter that will cause a setting conflict, the instrument will
automatically detect the problem and issue an error message. In this
case, the output may appear distorted and generate uncontrolled
signals.
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Pulse Setting
Errors

Pulse settings errors may involve one or more parameters and there
is also a chance that more than one error is embedded in the settings.
For simplicity, the P2 generates an error code but its output shape
remains unchanged. Each error is indicated by a number and short
description that provide clues which of the parameters conflict.
Detailed description for each of the conflicting settings is given below.

Settings conflict errors may occur when you program parameters that
collide with each other or, when programming a certain parameter,
throws the entire pulse shape out of its legal and specified
boundaries. The error codes are returned individually when you use
the syst:err? query. The error codes returned have three digits and
these are described below including the explanation of how to remove
the error(s) by correcting conflicting or out of range parameters.

@ Note

The following abbreviations were used throughout the
following settings conflict descriptions:
PER — Period setting
HIL — High level setting
LOL — Low level setting
WID — Pulse width setting
DEL - Single pulse delay setting
DDEL - Double pulse delay setting
LEE — Leading edge setting
TRE — Trailing edge setting
BUR — Burst count setting
DUTY — Duty cycle setting
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-222," Data out of Error -222,”Data out of range” occurs when attempting to program an

” amplitude which is smaller or larger than the specified limit. This error
range . , . . o
will occur in all run mode options and under the following conditions:

HIL —LOL <2.5mV; HIL —LOL 222 V (20 V for POS/NEG ranges)

This error will be detected on all pulse modes and options. The
minimum level is an absolute value that the P2 can accept. The same
will occur if you reverse the high and low levels because the
instrument will sense it as a negative voltage which is less than the
minimum 2.5 mV limit.

The low and high limit errors are detected by a mechanism that is
common to all of the operating modes of the instrument and is not just
unique to the operation of the pulse generator.

Corrective Actions
1. Modify the high level value
2. Modify the low level value

-500,” Transitions Error -500, " Transitions Larger than Width” occurs when attempting to
: " program leading or trailing edge values that are larger than the
Exceed Width programmed pulse width. This error may occur in all pulse and run
modes except in external pulse width pulse mode, under the following
conditions:

0.625(LEE + TRE) > WID

When such an error occurs, the resultant output would have looked as
illustrated in Figure 3-12 (red line). To correct the problem and to
restore the pulse generator to normal operation, use one or more of
the corrective action options listed.

Corrective Actions
1. Increase the pulse width value
2. Decrease the leading edge value
3. Decrease the trailing edge value
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Figure 3-12, Output Waveform with Error -500 Example

-501,” PW Plus
Transitions Exceed
Width”

-502,” Transitions
Outside of Range”

Error -500,"PW plus Transitions Exceed Width” occurs when
attempting to program a pulse width value that is larger than the
programmed pulse period. This error may occur in single pulse mode
only and in continuous run mode and under the following conditions:

WID + 0.625(LEE + TRE) > PER

When such an error occurs, the resultant output would have looked as
shown in Figure 3-12 (red line). To correct the problem and to restore
the pulse generator to normal operation, use one or more of the
corrective action options listed.

Corrective Actions
1. Decrease the pulse width value
2. Increase the pulse period value, or
3. Decrease the leading edge value
4. Decrease the trailing edge value

Error -502,"Transitions Outside of Range” occurs when attempting to
program the trailing edge value outside of the leading edge range.
This error may occur in all pulse modes except external pulse width
and in all run modes under the following conditions:

LEE & TRE # In Range

To correct the problem and to restore the pulse generator to normal
operation, use one or more of the corrective action options listed.

Corrective Actions
1. Re-program the leading and trailing edge values to be within the
same range as shown in Figure 3-11.
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-503,” Double Delay
Conflict”

Error -503,"Double Delay Conflict” occurs when attempting to program
leading or trailing edge values that are larger than the programmed
double pulse delay. This error may occur in double pulse mode only
and in conjunction of all run modes under the following conditions:

WID + 0.625(LEE + TRE) > DDEL

When such an error occurs, the resultant output would have looked as
illustrated in Figure 3-13 (red line). To correct the problem and to
restore the pulse generator to normal operation, use one or more of
the corrective action options listed.

Corrective Actions
1. Decrease the pulse width value
2. Increase the double delay value
3. Decrease the leading edge value
4. Decrease the trailing edge value

TRE

Figure 3-13, Output Waveform with Error -503 Example

-504,” Double Delay
and Width Conflict”

Error -504,"Double Delay and Width Conflict” occurs when attempting
to program a double delay to a pulse width value that is larger than
the programmed pulse period. This error may occur in double pulse
mode and in continuous run mode under the following conditions::

DDEL + WID + 0.625(LEE + TRE) + 4 ns > PER

When such an error occurs, the output would have looked as
illustrated in Figure 3-13 (red line). To correct the problem and to
restore the pulse generator to normal operation, use one or more of
the corrective action options listed.

Corrective Actions
1. Increase the double delay value

2. Decrease the pulse width value
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-505,” Delay and
Width Conflict”

-506,” Duty Cycle
not in Range”

-507,” Delay Conflict”

3. Increase the pulse period value, or
4. Decrease the leading edge value
5. Decrease the trailing edge value

Error -505,"Delay and Width Conflict” occurs when attempting to
program a delay to the pulse width value that is larger than the
programmed pulse period. This error may occur in delayed pulse
mode and in continuous run mode under the following conditions:

DEL + WID + 0.625(LEE + TRE) + 4 ns > PER

When such an error occurs, the resultant output would have looked as
illustrated in Figure 3-12 (red line). To correct the problem and to
restore the pulse generator to normal operation, use one or more of
the corrective action options listed.

Corrective Actions
1. Decrease the delay value

Decrease the pulse width value
Increase the pulse period value, or
Decrease the leading edge value
Decrease the trailing edge value

a s owb

Error -506,"Duty Cycle not in Range” occurs when attempting to
program duty cycle value below the minimum pulse width range. This
error may occur in half duty cycle pulse mode only and in conjunction
with any of the run modes under the following conditions:

DUTY CYCLE < WID Range

To correct the problem and to restore the pulse generator to normal
operation, use one or more of the corrective action options listed.

Corrective Actions
1. Increase the duty cycle value

2. Increase the period value

Error -507,"Delay Conflict” occurs when attempting to program a
leading or trailing edge transition that is larger than the programmed
pulse delay. This error may occur in delayed pulse mode only and in
conjunction with all run modes under the following conditions:

WID + 0.625(LEE + TRE) > DEL

When such an error occurs, the resultant output could look as
illustrated in Figure 3-13 (red line). To correct the problem and to
restore the pulse generator to normal operation, use one or more of
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the corrective action options listed.
Corrective Actions
1. Decrease the pulse width value
2. Decrease the delay value
3. Decrease the leading edge value
4. Decrease the trailing edge value

: The A3 module is a single-channel, high-voltage amplifier. It does
Controllin g A3 not generate waveforms itself, but simply amplifies low-voltage
Output signals from a W6P2 module. To use it with the W6 waveform

generator module, use a coaxial cable to connect the W6 output to
the A3 input. You can then command the A3 module to either
amplify the W6 signal or simply pass it through to its output
connector, bypassing the amplifier.

When the A3 module is set to bypass the W6 output signal, the
signal still retains its full bandwidth. However, when the output
amplifier is engaged, the amplifier limits the bandwidth to 100 kHz.

Upon reset, the A3 defaults to the OFF condition, in which it bypasses
the amplifier and routes the W6 signal routed directly to the output
connector.

The amplifier is the ON condition using the following command:
outp:ampl 1

This activates the amplifier circuits. However, the toggle switch on
the A3 front panel must be set to the ON position to apply the
amplified signal to the output connector. For safety purposes, a
protective cover prevents inadvertent activation of the toggle switch.

The A3 has two operating modes:
e High: The output swing can reach 122Vp-p
e Low: The output is limited to 61Vp-p.

A built-in mechanism limits the voltage of the power supply rails on
the amplifier circuit when low-amplitude signals are generated. This
prevents the amplifier from overheating. If your output swings from
low to very high voltages, you may allow the A3 to select the rail
voltages automatically. However, if you are operating in a specific
range, it is recommended that you set up the supply voltages
correctly.

Use the following command to generate signal swings up to 122Vp-
p:

outp:ampl:pow high
For low output levels use the following command:

outp:ampl:pow low

Finally, to let the A3 automatically select the best power supply
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voltages, use the following command:

outp:ampl:pow auto

-{fﬁ & Warning

The A3 module is equipped with a hazard-protection
toggle switch on the front panel. High voltages are not
present at the output connector when the switch is in the
OFF position. You may use this switch to disable high-
voltage at the output in case of emergency.

Never touch the center pin of the output connector with
bare hands or with a metallic object as lethal voltages
may exist on this pin.

Always exercise caution when connecting a cable to the
A3 output. Make sure the high power switch is in the
OFF position while connecting a cable to the A3 output
connector.
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Chapter 4
ArbConnection

What'’s in this
Chapter?

What is
ArbConnection?

System
Requirements

Installing
ArbConnection

This chapter explains how to install, invoke, and use the
ArbConnection application. It provides instructions for programming
instrument controls and parameters, creating waveforms, and
downloading waveforms to the 3172.

ArbConnection (part number 922336-001) is a utility program
included with the 3172 CD that aids in controlling the 3172 from a
remote computer. It provides three types of functions:

Front panel control. Through a simulated front panel, you can
control the 3172 in much the same manner as a bench-top
instrument.

Waveform generation and editing. Using drawing tools and
equations, you may define and edit arbitrary waveforms.

Downloading. After you define a waveform, you may download
it to the waveform memory on the 3172.

To use ArbConnection, you need the following:

1. Computer, Pentium Ill or better

2. Windows® 2000, Windows XP®, Windows Vista, or Windows 7
3. Screen resolution of at least 1024 x 768 pixels

4. Pointing device, mouse, or trackball

5. National Instruments VISA, version 2.6 or higher, or equivalent

Before you install ArbConnection, make sure that there is at least 10
megabytes of available space on your hard disk.

Installation of ArbConnection requires the visa32.dll runtime engine.
You may download the latest version of this file from National
Instruments’ web site, www.ni.com.

After downloading this file, move it to your Windows system folder.
Then run the “setup.exe” file on the ArbConnection installation CD.
The installation program installs ArbConnection on a logical drive of
your choice (the default is drive C:). It automatically creates a new
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Startup &

folder and copies the files that are required to run the program. Then
it creates a workgroup and icons to start ArbConnection.

Invoke ArbConnection by double-clicking the icon on the desktop. If
you cannot find the icon on your desktop, click on Start -> Programs

Communication -> ArbConnection. The “Startup & Communication Options” dialog

Options

box displays as shown in Figure 4-1.

Startup & Communication Opktions i 5[
—

Startup Options

— Commurications 5etup- Interface

" Specify an Address " Communicate Only
% Rezet Instrument & Panels

 Wark Offline

i Previous Session Setup

" Detect Automatically

I odel List

Interfacs. | Addess [ [z172w2 EC e

Add Address I Bemove ﬁ.rjdlessl

Cancel | Lommunicate I

Figure 4-1, Startup & Communication Options Dialog Box

If desired, you may check the “Store mode and don’t show...” box to
prevent this dialog box from displaying every time you invoke
ArbConnection.

The purpose of this dialog box is to configure the program to
communicate properly with the 3172. For example, if you are using a
GPIB device that has address 4, you may click “Specify an Address”
and then enter the required address. Then, ArbConnection will
automatically use the specified address each time it starts up.

If you choose not to have this dialog box displayed automatically at
startup, you may still access and change the options from the System
command, at the top of the ArbConnection window.

Make your selection and then click “Communicate.” The “Startup &
Communication Options” dialog box will close, and the main window
displays.
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ArbConnection
Features

Main Window

ArbConnection provides complete control over all features of the
3172. Using ArbConnection, you may set up the 3172 to generate
waveforms from sources such as the built-in library of standard
waveforms, arbitrary waveforms from user-downloaded coordinates,
modulated waveforms, and digital patterns. You may also access
these features through software utilities such as VXIPlug&Play
drivers and soft front panels.

The main window includes a standard Windows menu bar at the top
(Figure 4-2). It provides access to operations such as loading and
saving files, setting viewing options, and configuring the 3172.

The Link bar is immediately below the menu bar. The Link bar
provides direct access to instruments that are active on the interface
bus. ArbConnection can control a number of instruments, such as the
Model 3172, simultaneously. If you connect an instrument while
ArbConnection is running, ArbConnection automatically detects the
instrument and adds its name and associated address to the drop-
down list in the Link bar. If you run ArbConnection in offline mode,
the Link bar will show “3172, Offline.”

The Panels toolbar is shown in Figure 4-3. By clicking the buttons on
the Panels toolbar, you may access the corresponding virtual control
panels (detailed later in this chapter). When you launch
ArbConnection, the Output panel is initially open.

E ArbConnection << Tabor Electronics > 3172 Demo.cad = =] x|

File Wiew Syskem Help

|tin3172:2, Offine, e ad¥] || O &

Figure 4-2, ArbConnection Menu and Link Bar

Control Panels

Figure 4-3, Main Panels Toolbar

Each control panel replicates the look and feel of a bench-top
instrument’s front panel. Refer to the Output panel in Figure 4-5.
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Other panels are similar, so the following description of the Output
panel serves as guide for controlling the rest of the panels.

Looking at Figure 4-5, identify the following controls and indicators:
Pushbuttons
LEDs
Radio buttons
Dial
Digital display
The functions of these are as follows:

Pushbuttons — Clicking the mouse on a pushbutton toggles an
option on and off. For example, clicking the State button in the Output
section turns the 3172 output on. To help indicate this, the button
then appears as though pushed in, and a red bar at the center of the
button appears to be illuminated. Clicking the Output button a second
time turns off the output, and then the button no longer appears
push