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Abstract: Instrument Description templates, compliant with IEEE Std 1671.2-2012, that providers
of synthetic instruments should use to describe waveform generators, digitizers, external local
oscillators, and up and down converters are provided in this recommended practice. These
synthetic instruments may be integrated in an automatic test system (ATS) that is to be used to
test and diagnose a unit under test (UUT).

Keywords: ATML instance document, ATS, automatic test equipment (ATE), Automatic Test
Markup Language (ATML), automatic test system, IEEE 1671.2™, |IEEE 1871.1™, instrument,
instrumentation, synthetic instrument, XML schema
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Standards
Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a
consensus development process, approved by the American National Standards Institute (“ANSI”), which
brings together volunteers representing varied viewpoints and interests to achieve the final product.
Volunteers are not necessarily members of the Institute and participate without compensation from IEEE.
While IEEE administers the process and establishes rules to promote fairness in the consensus development
process, IEEE does not independently evaluate, test, or verify the accuracy of any of the information or the
soundness of any judgments contained in its standards.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness
of material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort.
IEEE standards documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related
to the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved
and issued is subject to change brought about through developments in the state of the art and comments
received from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity nor is [IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his
or her own independent judgment in the exercise of reasonable care in any given circumstances or, as
appropriate, seek the advice of a competent professional in determining the appropriateness of a given
IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE should be considered the
approved IEEE standard.
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Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, or be relied upon as, a formal position of IEEE. At lectures,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it clear that his or her views should be considered the personal views of that individual rather than the
formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a
consensus of concerned interests, it is important that any responses to comments and questions also receive
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and
Standards Coordinating Committees are not able to provide an instant response to comments or questions
except in those cases where the matter has previously been addressed. For the same reason, IEEE does not
respond to interpretation requests. Any person who would like to participate in revisions to an IEEE
standard is welcome to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not
in compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These
include both use, by reference, in laws and regulations, and use in private self-regulation, standardization,
and the promotion of engineering practices and methods. By making these documents available for use and
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the
documents.

Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual,
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission
to photocopy portions of any individual standard for educational classroom use can also be obtained
through the Copyright Clearance Center.
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Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten
years old and has not undergone a revision process, it is reasonable to conclude that its contents, although
still of some value, do not wholly reflect the present state of the art. Users are cautioned to check to
determine that they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit the IEEE-SA Website at
http://ieeexplore.ieee.org/xpl/standards.jsp or contact IEEE at the address listed previously. For more
information about the IEEE-SA or IEEE’s standards development process, visit the IEEE-SA Website at
http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL:
http://standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata
periodically.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE-SA Website at http://standards.iecee.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely
their own responsibility. Further information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std 1871.1™-2014, IEEE Recommended Practice for Using IEEE 1671.2™
Instrument Description Templates for Describing Synthetic Instrumentation for Classes of Instruments such as
Waveform Generators, Digitizers, External Oscillators, and Up and Down Converters.

The Synthetic Instrument Working Group (SIWG) was formed, at Department of Defense request, to define
synthetic instrumentation and its attributes. The SIWG also developed a framework that balances user and
supplier objectives, facilitates rapid technology advancements and adaption throughout the test life cycle,
and complements/supports other relevant test and measurement industry activities.

The goals or desired effects of the SIWG activities were to:

a)  Reduce the total cost of ownership of the automatic test system (ATS).
b) Reduce time to develop and field new or upgraded ATS’s.

c) Provide greater flexibility to the war fighter through the U.S. and coalition partner’s interoperable
ATS’s.

d) Reduce the ATS’s logistics footprint.
e) Reduce the ATS’s physical footprint.
f)  Improve the quality of test.

The SIWG addressed the reductions from the test and measurement perspective. The SIWG efforts resulted
in both the definition of synthetic instruments and the specifications of their respective attributes.

Synthetic instruments were originally part of IEEE Std 1671.2-2008, as both an example of
InstrumentDescription instances as well as to provide a definition of the necessary parameters/attributes to
document a synthetic instrument as defined by the SIWG.
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IEEE Recommended Practice for

Using IEEE 1671.2™ |nstrument
Description Templates for Describing
Synthetic Instrumentation for Classes of
Instruments such as Waveform
Generators, Digitizers, External
Oscillators, and Up and Down
Converters

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, security, health,
or environmental protection, or ensure against interference with or from other devices or networks.
Implementers of IEEE Standards documents are responsible for determining and complying with all
appropriate safety, security, environmental, health, and interference protection practices and all
applicable laws and regulations.

This IEEE document is made available for use subject to important notices and legal disclaimers.
These notices and disclaimers appear in all publications containing this document and may
be found under the heading “Important Notice” or “Important Notices and Disclaimers
Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at
http:/standards.ieee.org/IPR/disclaimers. html.

1. Overview

1.1 Scope

This recommended practice provides Instrument Description templates, compliant with IEEE 1671.2, that
providers of synthetic instruments should use to describe waveform generators, digitizers, external local
oscillators, and up and down converter.
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IEEE Std 1871.1-2014
IEEE Recommended Practice for Using IEEE 1671.2™ Instrument Description Templates for
Describing Synthetic Instrumentation for Classes of Instruments such as Waveform Generators, Digitizers,
External Oscillators, and Up and Down Converters

1.2 Purpose

The purpose of this recommended practice is to provide the definition of synthetic instruments as well as
identify the following requirements for each of the synthetic instruments:

a) Input

b) Output

c) Time base

d) Power

e) Physical

f)  Communications and control
g) Memory parameter

h)  High-speed data port

i)  Validation

1.3 General

Automatic test markup language (ATML) is a collection of IEEE standards and associated extensible
markup language (XML) schemas that allow automatic test system (ATS) and test information to be
exchanged in a common format adhering to the XML standard. '

The ATML framework and the ATML family of standards have been developed and are maintained under
the guidance of the Test Information Integration (TII) Subcommittee of IEEE Standards Coordinating
Committee 20 (SCC20) to serve as a comprehensive environment for integrating design data, test
strategies, test requirements, test procedures, test results management, and test system implementations,
while allowing test program (TP), test asset interoperability, and unit under test (UUT) data to be
interchanged between heterogeneous systems.

This recommended practice provides both the definition of synthetic instruments as well as the
requirements and XML template instance document element descriptions for instrument input/output (I/O),
communication ports, internal instrument requirements (time base, power, memory, etc.) and validation
requirements.

The synthetic instruments are defined in Clause 4 and consist of the following:

a)  Waveform generator (requirements and XML elements are identified in Clause 5)

b)  Digitizer (requirements and XML elements are identified in Clause 6)

c¢) Down converter (requirements and XML elements are identified in Clause 7)

d) Local oscillator (LO) (requirements and XML elements are identified in Clause 8)

e) Up converter (requirements and XML elements are identified in Clause 9)
The IEEE 1671.2 XML template instance documents (SyntheticWaveformGenerator.xml, Digitizer.xml,
DownConverter.xml, UpConverter.xml) provide for the specifications of their respective instrument 1/O,

communication ports, internal instrument requirements (time base, power, memory, etc.) and validation
requirements. These four XML template instance documents are available as described in Annex A.

! This information is given for the convenience of users of this standard and does not constitute an endorsement by the IEEE of this
consortium standard. Equivalent standards or products may be used if they can be shown to lead to the same results.
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IEEE Std 1871.1-2014
IEEE Recommended Practice for Using IEEE 1671.2™ Instrument Description Templates for
Describing Synthetic Instrumentation for Classes of Instruments such as Waveform Generators, Digitizers,
External Oscillators, and Up and Down Converters

1.4 Application of this document’s annexes

This document includes three annexes. Annex A, Annex B, and Annex C are informative, and thus are
provided strictly as information for users, implementers, and maintainers of this document.

1.5 Usage

This recommended practice (as well as the four XML template instance documents that accompany
IEEE Std 1671.2-2012) are intended to be used in documenting synthetic instrument I/O and
communication ports, internal instrument requirements (time base, power, memory, etc.) and validation
requirements.

1.6 XML template documents

XML templates are well formed XML instance documents. XML templates provide for a consistent overall
look and layout by providing an organized and structured set of contents. The XML templates guide and
direct information input by defining which fields are required, which are optional, and what cannot be
entered; along with the permissible value sets that may populate each field.

Utilization of XML templates enables faster software development at a reduced cost. Developers can
simply insert their data into a copy of the XML template; and do not have to spend time defining the
parameters and identifying how they should be specified.

1.7 IEEE 1671.2 XML template documents

IEEE 1671.2 XML template documents’ (SyntheticWaveformGenerator.xml,  Digitizer.xml,
DownConverter.xml, UpConverter.xml) contents have been generated by domain experts in the
instrumentation field. These templates represent the domain expert’s mutual agreement on what parameters
need to be defined and how they should be specified.

These XML template instance documents should be used by vendor’s either developing or providing
synthetic instruments; as the basis for documenting the synthetic instrument’s I/O and communication
ports, internal instrument requirements (time base, power, memory, etc.) and validation requirements.
When the vendor’s actual values are incorporated into their XML instance document (which use the XML
template instance document as a basis) for a particular synthetic instrument, that XML instance document
will be valid against the IEEE 1671.2 XML schemas.

1.8 Application

Synthetic instruments link a series of hardware (HW) and software (SW) components with standardized
interfaces, to generate signals or make measurements using algorithmic numeric processing techniques.
The goal is to decrease the total cost of ownership of an ATS, to lessen the time to develop and field new or
upgraded an ATS, to reduce the test system logistics footprint, and finally, to improve the quality of test.

The information contained in a XML instance document that utilizes a synthetic instrument XML template
instance document(s) will be useful to the following:

2 Information on references can be found in Clause 2.
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a)  Instrument developers
b) Instrument maintainers
c) ATE system developers
d) ATE system maintainers

e) Developers of ATML-based tools and systems

1.9 Conventions used within this document

1.9.1 General

This recommended practice uses the vocabulary and definitions of relevant IEEE standards. In case of
conflict of definitions, except for those portions quoted from standards, the following precedence shall be
observed: (1) Clause 3, and (2) The IEEE Standards Dictionary Online [B1].?

1.9.2 Precedence
IEEE 1671.2 InstrumentDescription schema (InstrumentDescription.xsd) element, child element, and
annotation information shall take precedence over the descriptive information contained in Clause 4

through Clause 9.

IEEE Std 1671" Common schema (Common.xsd) element, child element, and annotation information shall
take precedence over the descriptive information contained in Clause 4 through Clause 9.

IEEE Std 1671 HardwareCommon schema (HardwareCommon.xsd) element, child element, and annotation
information shall take precedence over the descriptive information contained in Clause 4 through Clause 9.

1.9.3 Word usage

In accordance with the IEEE Standards Style Manual [B2], the word shall is used to indicate mandatory
requirements strictly to be followed in order to conform to the standard and from which no deviation is
permitted (shall equals is required to). The use of the word must is used only to describe unavoidable
situations. The use of the word will is only used in statements of fact.

The word should is used to indicate that among several possibilities one is recommended as particularly
suitable, without mentioning or excluding others (should equals is recommended that).

The word may is used to indicate a course of action permissible within the limits of the standard (may
equals is permitted to).

The word can is used for statements of possibility and capability (can equals is able to).

? The numbers in brackets correspond to those of the bibliography in Annex C.
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1.9.4 Units of measure/description

For the purpose of this recommended practice, the term ‘units of measure/description’ should be
understood to mean any standard unit(s), system of units for which a quantity can be expressed (for
example the dollar is the United States unit of currency), or a textual description.

2. Normative references

The following referenced documents are indispensable for the application of this document (i.e., they must
be understood and used, so each referenced document is cited in text and its relationship to this document is
explained). For dated references, only the edition cited applies. For undated references, the latest edition of
the referenced document (including any amendments or corrigenda) applies.

IEEE Std 1671™-2010, IEEE Standard for Automatic Test Equipment Markup Language (ATML) for
Exchanging Automatic Test Equipment and Test Information via XML.*’

IEEE Std 1671.2™-2012, IEEE Standard for Automatic Test Equipment Markup Language (ATML)
Instrument Description.

3. Definitions, acronyms, and abbreviations

3.1 Definitions

For the purposes of this document, the following terms and definitions apply. The [EEE Standards
Dictionary Online [B1] should be consulted for terms not defined in this clause.® In the event a term is
explicitly redefined, or defined in more detail, in an ATML component standard, the component standard’s
definition shall be normative for that ATML component standard.

element: A bounded component of the logical structure of an eXtensible Markup Language (XML)
document that has a type and that may have XML attributes and content. [adapted from eXtensible Markup
Language (XML) 1.0 (Fourth Edition)]

entity: Something that has a distinct separate existence.

eXtensible Markup Language (XML) attribute: Name-value pair associated with an XML element.
eXtensible Markup Language (XML) document: A data object that conforms to the XML requirements
for being well formed. In addition, the data object is valid if it additionally conforms to semantic rules of
the XML schema.

eXtensible Markup Language (XML) schema: The definition of a class of XML document, typically

expressed in terms of constraints on the structure and the content of documents of that class, above and
beyond the basic syntax constraints imposed by XML itself.

* IEEE publications are available from The Institute of Electrical and Electronics Engineers (http://standards.ieee.org/).

® The standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc.
SIEEE Standards Dictionary Online subscription is available at:
http://www.ieee.org/portal/innovate/products/standard/standards_dictionary.html.
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instance document: An eXtensible Markup Language (XML) document that conforms to a particular

XML schema.

instrument: Devices (chemical, electrical, hydraulic, magnetic, mechanical, optical, pneumatic) that may
be utilized to test, observe, measure, monitor, alter, generate, record, calibrate, manage, or control physical

properties, movements, or other characteristics. (adapted from MIL-STD-1309D)

synthetic instrument (SI): A series of hardware and software components, with standardized interfaces, to

generate signals or make measurements using algorithmic/numeric processing techniques.

virtual instrument: A computer or workstation equipped with application software, instrumentation

hardware, and driver software, that together perform the functions of traditional instrument.

3.2 Acronyms and abbreviations

ac
ADC
ALC
AM
API
ARB
ATE
ATML
ATS
BER
BW
CG
CMOS
COTS
CPU
CcwW
D/A
DA
DAC
dB
dBc
dBm
dc
DDS
DNL

alternating current
analog-to-digital converter
automatic level control

amplitude modulation

application programming interface
arbitrary waveform generator
automatic test equipment
Automatic Test Markup Language
automatic test system

bit error rate

bandwidth

conversion gain

complimentary metal-oxide semiconductor
commercial-off-the-shelf

central processing unit

continuous wave

digital-to-analog

direct analog

digital-to-analog converter

decibel

decibels relative to the carrier
decibels referenced to one milliwatt (mW)
direct current

direct digital synthesis

differential nonlinearity
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DOM
DSP
ECL
ENOB
EXT

FGEN
FH
FL
FM
FPGA
FR
FSR
GHz
GPIB
HSD
HW

/O
IBW
IF
IMD
INL
INT
IP3
Ivi™
kHz
LAN
b

LO
LSB
LVDS
LXI™

IEEE Std 1871.1-2014
IEEE Recommended Practice for Using IEEE 1671.2™ Instrument Description Templates for

Describing Synthetic Instrumentation for Classes of Instruments such as Waveform Generators, Digitizers,

External Oscillators, and Up and Down Converters

depth of modulation

digital signal processing
emitter coupled logic
effective number of bits
external

noise factor, frequency
function generator
frequency-high
frequency-low

frequency modulation

field programmable gate array
frequency resolution
full-scale range

gigahertz

general purpose interface bus
high-speed data

hardware

hertz

in-phase

input/output

instantaneous bandwidth
intermediate frequency
inter-modulation distortion
integrated nonlinearity
internal

third-order intercept
Interchangeable Virtual Instruments’
kilohertz

local area network

pound(s)

local oscillator

lower sideband, least significant bit
low-voltage differential signal

LAN-based eXtensions for Instrumentation®

"IVl is a registered trademark of the IVI Foundation.
8 LX1 is a registered trademark of the LXI Consortium.
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MAC
MHz
MPW
N/A
NF

ns

OsI

Pl

P2

PC
PCI™
PCle”
PCI-SIG"®
PCS
PD
PECL
PLL
PM
ppm
PRF
PRT
PWRRES
PXI™
PXlIe"
Q
QPSK
RF
RF/UW
RFI
RFO
RL

rms

External Oscillators, and Up and Down Converters

Media Access Control
megahertz

minimum pulse width

not applicable

noise figure

nanosecond

open system interconnection
low power level

upper power level

personal computer

Peripheral Component Interconnect’
PCI Express®

PCI Special Interest Group
physical coding sublayer
pulse duration

positive emitter coupled logic
phase lock loop

pulse modulation

parts per million

pulse repetition time

pulse repetition time, pulse recurrence time

power resolution

PCI eXtensions for Instrumentation'®

PCI eXtensions for Instrumentation Express

quadrature

quadrature phase shift keying
radio frequency

radio frequency/microwave
reference frequency input
reference frequency output
return loss

root mean square

? PCI, PCI Express, PCle, and PCI-SIG are registered trademarks and/or service marks of PCI-SIG. This information is given for the
convenience of users of this standard and does not constitute an endorsement by the IEEE of these products. Equivalent products may
be used if they can be shown to lead to the same results.
1 PXT and PXIe are trademarks of the PXI Systems Alliance. This information is given for the convenience of users of this standard
and does not constitute an endorsement by the IEEE of these products. Equivalent products may be used if they can be shown to lead

to the same results.
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SCC20
SCPI
SFDR
SHE

SI
SiNAD
SIWG
SNDR
SNR
SwW
TDMA
thd

T

TP
TPS
TTL
Ul
UPCONSYN
USB
UUT
Uw
VSWR
VXI
WFM
XML

4. Synthetic

External Oscillators, and Up and Down Converters

Standards Coordinating Committee 20

standard commands for programmable instrumentation

spurious free dynamic range
stimulus hardware emulator
synthetic instrument

signal to noise and distortion
Synthetic Instrument Working Group
signal-to-noise and distortion ratio
signal-to-noise ratio

software

Time Division Multiple Access
total harmonic distortion

Test Information Integration

test program

test program set

transistor transistor logic

unit interval

up converter/synthesizer

upper sideband

unit under test

microwave

voltage standing wave ratio

VME eXtensions for Instrumentation
waveform memory

eXtensible Markup Language

instrumentation

A synthetic instrument (SI) is defined as a reconfigurable system that links a series of “elemental”
hardware (HW) and software (SW) components, with standardized interfaces, to generate signals or make
measurements using numeric processing techniques. In the context of this definition, a component is
defined as a functional HW module (digital-to-analog conversion, radio frequency (RF) Upconversion, RF
Downconversion, or analog-to-digital conversion) or SW module (signal generation or analysis algorithm,
resource controller, etc.). The term elemental pertains to the lowest level building block with standardized

1/O definitions.

Within Figure 1, the elemental building blocks (those shaded the darker grey) are the SI targets of interest.

The SI architecture is predicated upon being synthesized utilizing readily available commercial-off-the-
shelf (COTS) HW/SW modules and data busses such as VXI, PXI/PXIe, LXI/LAN, and IVI, to name a
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few. The architecture is flexible and may be synthesized as a “hybrid” system employing a combination of
HW/SW technology standards.

Due to the modularity of the architecture and its compatibility with existing mainstream HW/SW
module/standards, technological innovation and upgrade is assured by a broad industrial base of products
and processes in both the instrumentation and information technology industries.

Digital to Analog ;
Conversion n RZU?;D::‘::;:,“ | RF Signal |
(Waveform v (FECoE g Conditioning g
Generator) Synthesizer)
A
| Analog Signal |
7 Conditioning 7
f=;]
£ .
-~ Digital Signal | 5 d Unit
= Conditionin = > n
> cry, ¢ 0 g Under
| > FPDGS:’or g e rest
; T
Sotware » Memory | Digital Signal | £
gofms Conditioning = 5
7y =
Analog Signal ‘
Conditioning -
A"gfﬁvt;’m?;%'ta' _ v | RF Downconversion | RF Signal ~
(Digitizen) N (Down-Converter) | Conditioning -
ST T T T T ~a

Figure 1—High-level synthetic instrument model

4.1 Digital-to-analog conversion
A critical SI component is the waveform generator.
By definition, the primary function of a SI waveform generator is “digital-to-analog conversion.”

Waveform generators come in many different types of instantiations that may employ similar or different
circuit topologies/interconnection schemes, form factors, and specification behaviors; Clause 5 focuses
only on the essential and therefore common attributes of all SI waveform generators regardless of
implementation as well as those attributes unique to function generators (FGEN) and arbitrary waveform
generators (ARB). When contemplating the replacement of a waveform generator in a SI context, it is
important for the SI user to consider the selection/design of a replacement unit based on satisfying the triad
of requirements of the existing waveform generator.

The intent of Clause 5 is to provide “best specification practices” and guidance to the user in
specifying/characterizing waveform generator parameters, for use in a SI context, for new development
and/or replacement purposes.

Each specification parameter or group of specification parameters specified in Clause 5 may or may not be
applicable in support of a particular application. Also, different waveform generators available in the
marketplace may or may not possess all of the features or functionalities specified and described in
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Clause 5. The defined ports and associated functionality may or may not be required based on the use case
or application for which a waveform generator is intended.

4.2 Analog-to-digital conversion
A critical SI component is the digitizer.

By definition, the primary function of an SI digitizer is “analog-to-digital conversion by means of
sampling.”

Digitizers come in many different types of instantiations that may employ similar or different circuit
topologies/interconnection schemes, form factors, and specification behaviors; Clause 6 focuses only on the
essential and therefore common attributes of all SI digitizers regardless of implementation. When
contemplating the replacement of a digitizer in a SI context, it is important for the SI user to consider the
selection/design of a replacement unit based on satisfying the triad of requirements of the existing digitizer.

The intent of Clause 6 is to provide “best specification practices” and guidance to the user in
specifying/characterizing digitizer parameters, for use in a SI context, for new development, and/or
replacement purposes. Each specification parameter or group of specification parameters specified in
Clause 6 may or may not be applicable in support of a particular application. Also, different digitizers
available in the marketplace may or may not possess all of the features or functionalities specified and
described in Clause 6. The defined ports and associated functionality may or may not be required based on
the use case or application for which a digitizer is intended.

It should be noted that the following four variants of SI digitizer are addressed within the context of
Clause 6:

a) Base digitizers

b) Digitizer with on board signal processing

c) Digitizers with high-speed streaming data port(s)

d) Digitizers with both high-speed ports and on board processing

4.3 RF downconversion
A critical SI component is the downconverter.

The primary function of a downconverter is to translate a frequency or group of frequencies from a higher
frequency, usually in the GHz range, to a lower or intermediate frequency (IF) where the signal may be
more readily digitized and processed.

Downconverter’s come in many different types of instantiations that may employ similar or different circuit
topologies/interconnection schemes, form factors, and specification behaviors. When contemplating the
replacement of a downconverter in a SI context, it is important for the SI user to consider the
selection/design of a replacement unit based on satisfying the triad of requirements of the existing Down-
Converter.

The intent of Clause 7 is to provide “best specification practices” and guidance to the user in
specifying/characterizing down-converter parameters, for use in a SI context, for new development and/or
replacement purposes. Each specification parameter or group of specification parameters specified in
Clause 7 may or may not be applicable in support of a particular application. Also, different Down-
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Converter’s available in the marketplace may or may not possess all of the features or functionalities
specified and described in Clause 7.

Clause 8 provides “best specification practices” and guidance to the user in specifying/characterizing the
down converter’s external local oscillator (LO) parameters, for use in a SI context, where the down
converter is to utilize an external LO.

It should be noted that two distinct flavors or variants of a down converter are addressed within the context
of Clause 7, as follows:

a) A down converter employing an embedded LO

b) A down converter employing an external LO

4.4 RF upconversion
A critical SI component is the up converter/synthesizer (UPCONSYN).

The stimulus or digital to radio frequency/microwave (RF/UW) path/functionality (see Figure 1) of an SI is
often referred to as a stimulus hardware emulator (SHE) and is comprised of digital-to-analog converter
(DAC) or arbitrary waveform generator (ARB), frequency UPCONSYN, and signal conditioning functional
blocks. In many instances, the UPCONSYN may incorporate signal conditioning circuitry within its
functionality. In a SI context, the primary function of this SI component is to either generate a continuous
wave (CW) or modulated (RF/UW) signal or translate a frequency or group of frequencies from a lower
frequency, usually in the MHz range, to a higher frequency CW or modulated signal to support the testing
of communications systems. Minimal or no spurious stimuli should be generated along with the
desired/programmed CW or modulated output signal.

UPCONSYN designs employ similar but different circuit topologies/interconnection schemes, form factors,
and specification behaviors. When contemplating the replacement of an UPCONSYN in an SI context, it is
important for the SI user to consider the selection/design of a replacement unit based on satisfying the triad
of requirements of the existing up converter.

The intent of Clause 9 is to provide “best specification practices” and guidance to the user in
specifying/characterizing UPCONSYN parameters, for use in an SI context, for new development and/or
replacement purposes. Each specification parameter or group of specification parameters specified in
Clause 9 may or may not be applicable in support of a particular application. Also, different UPCONSYNs
available in the marketplace may or may not possess all of the features or functionalities specified and
described in Clause 9.

The core UPCONSYN (ARB/EXT IF input and an RF/UW output) with auxiliary/extension I/O
functionality may or may not be required based on the use case or application for which an UPCONSYN is
intended. It is the responsibility and purview of the user to determine which extensions to employ in a new
development or replacement situation based on a particular use case/application.

4.5 CPU, DSP, FPGA, memory

The lighter grey shaded building blocks within Figure 1 are the purview of the user and are highly
dependent on both the SW and HW architectures of the implementation.
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4.6 Signal conditioning and switching

The building blocks within Figure 1 that are not shaded are the purview of the user and are highly
dependent on the architecture and signal characteristics of the UUT.

5. Waveform generator requirements and XML template instance

5.1 Synthetic instrument waveform generator requirements

This clause covers the SI waveform generator I/O ports in detail. There are subclauses for each I/O port
illustrated in Figure 2. In each case the controls/settings are outlined, followed by a listing of the applicable
performance parameters. Where necessary additional information is provided, including parameter
specification definitions, conventions, recommendations on test/validation conditions and reporting.

Host
Power Communications Inter-Module

Data Input/Qutput (%) Output Ch 1

Waveform Generator

Y

Y

Qutput Ch 1 - Bar (*)

L J

Modulation In 1-N (*) - Valtage Generation (Waveform)

o Extensions: Output Ch (N)
- Differential signal outputs >
Tsync_in 1 - Waveform pattern depths & compression Output Ch (N} - Bar (*)
- Sample clock out >
- Application specific digital data In/Out
- Functions accessible through the high level
VI driver to produce a signal type Marker_Out 1
-Function Generation
(DDS) configuration to play a Marker_Out (N)
standard pre-defined
) waveform type
Fref_in -ARB wavesl:gnn and Fref_out
sequencer configuration to
Sample Clk_in (*) play a unigue waveform type Sample Clk_out (*)

-
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(M) = Number of independent channels, markers, and Tsync (trigger inputs)
(*) = Optional
Figure 2—Waveform generator baseline model

The ports defined in Figure 2 are representative of the accepted minimum functional interface. The specific
behavior and performance associated with the ports is application driven. With this in mind, the following
conventions have been established:

a) SI waveform generators with common functionality operate in the same manner
b) The settings/controls associated with a particular functionality are common
c¢) Performance is described by measured parameters with common definitions

d) The measurement of performance parameters shall be according to “best specification practices”
as described within this clause
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This clause outlines the functional attributes, parameters, and figures of merit associated with a waveform
generator intended for use in SI systems.
5.1.1 Input requirements

None.
5.1.2 Output requirements

5.1.2.1 Programmable settings (Channel 1-N)
Identification of the settings/controls associated with the SI waveform generator. These are broken down
into those functions common to both the FGEN and the ARB.

5.1.2.1.1 Common programmable settings (Channel 1-N)

5.1.2.1.1.1 Operating mode

This shall control the “play mode” of the SI waveform generator. Operating mode specifies how the
instrument will produce output waveforms on a specified channel, either “continuous” or “burst.” It does
not define whether the unit is acting as a FGEN or ARB. In “continuous” mode the unit will produce an
output indefinitely until stopped by operator intervention regardless of the manner in which the output is
produced internally. In “burst” mode the unit will produce an output in accordance with the appropriate
settings and then terminate without operator intervention.

5.1.2.1.1.1.1 Units of measure/description

None.

5.1.2.1.1.1.2 Notes

None.

5.1.2.1.1.2 Output enable

This shall be a global control. It shall control whether the output signal is connected to the specified output
port. It is independent of all other settings that control the output.

5.1.2.1.1.2.1 Units of measure/description

None.
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5.1.2.1.1.2.2 Notes
a) An output will be present at the specified output port if it is enabled and triggered.
b) The value of this setting is binary; it is either “on” (1) or “off” (0).
5.1.2.1.1.3 Output mode
This shall define the mechanism through which the unit produces an output signal on the specified port. It
can be thought of as the operating mode because it defines how the unit will operate.
5.1.2.1.1.3.1 Units of measure/description

None.

5.1.2.1.1.3.2 Notes

LEINT3

a) This setting has three possible values: “standard function,
sequence.”

arbitrary waveform,” and “arbitrary

b) The FGEN functions only apply when the output mode is set to “standard function.”

c¢) The ARB functions only apply when the output mode is set to either “arbitrary waveform” or
“arbitrary sequence.”

d) This setting enables and disables large portions of the application programming interface (API).

5.1.2.1.1.4 Output impedance

This shall define the output impedance of the specified channel.

5.1.2.1.1.4.1 Units of measure/description

Ohms or equivalent (to define the mode).

5.1.2.1.1.4.2 Notes

a) This can be thought of as output impedance mode.

b) If the unit has more than one output impedance (a variable output impedance), then this setting
will have a value that defines the output impedance. Examples are 600 Q, 50 Q, 1 kQ, etc.

5.1.2.1.1.5 Burst count

This shall specify the number of waveform cycles that the generator produces.

5.1.2.1.1.5.1 Units of measure/description

None.
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5.1.2.1.1.5.2 Notes

None.

5.1.2.1.1.6 AM enabled

This shall specify whether the generator applies AM to the signal the generator is producing (if there is an
AM function). AM enabled shall be either “on” or “off.”

5.1.2.1.1.6.1 Units of measure/description

None.

5.1.2.1.1.6.2 Notes

None.

5.1.2.1.1.7 AM internal depth

This shall specify the extent of the modulation that the generator applies to the carrier waveform when the
AM source is set to “AM internal” (if there is an internal AM function).

5.1.2.1.1.7.1 Units of measure/description

Percent.

5.1.2.1.1.7.2 Notes

None.

5.1.2.1.1.8 AM internal frequency

This shall specify the frequency of the internal modulating waveform source (if there is an internal AM
function).

5.1.2.1.1.8.1 Units of measure/description

Hertz.

5.1.2.1.1.8.2 Notes

None.
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5.1.2.1.1.9 AM internal waveform

This shall specify the waveform of the internal modulating waveform (if there is a choice). The waveform

99 < 99 <

shall be specified as either: “sine,” “square,” “triangle,” or “ramp.”

5.1.2.1.1.9.1 Units of measure/description

None.

5.1.2.1.1.9.2 Notes

None.

5.1.2.1.1.10 AM source

This shall specify the source of the modulating waveform (if applicable). AM source shall be specified as
either “internal” or “external.”

5.1.2.1.1.10.1 Units of measure/description

None.

5.1.2.1.1.10.2 Notes

None.

5.1.2.1.1.11 FM enabled

This shall specify whether the generator applies FM to the signal the generator is producing (if there is an
FM function). FM enabled shall be either “on” or “off.”

5.1.2.1.1.11.1 Units of measure/description

None.

5.1.2.1.1.11.2 Notes

None.

5.1.2.1.1.12 FM internal deviation

This shall specify the maximum frequency deviation that the generator applies to the carrier waveform
when the FM source is set to “FM internal” (if there is an internal FM function).
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5.1.2.1.1.12.1 Units of measure/description

Hertz.

5.1.2.1.1.12.2 Notes

None.

5.1.2.1.1.13 FM internal frequency

This shall specify the frequency of the internal modulating waveform source (if there is an internal FM
function).

5.1.2.1.1.13.1 Units of measure/description

Hertz.

5.1.2.1.1.13.2 Notes

None.

5.1.2.1.1.14 FM internal waveform

This shall specify the waveform of the internal modulating waveform (if there is a choice). The waveform

99 ¢ 9 <

shall be specified as either: “sine,” “square,” “triangle,” or “ramp.”

5.1.2.1.1.14.1 Units of measure/description

None.

5.1.2.1.1.14.2 Notes

None.

5.1.2.1.1.15 FM source

This shall specify the source of the modulating waveform (if applicable). FM source shall be specified as
either “internal” or “external.”

5.1.2.1.1.15.1 Units of measure/description

None.
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5.1.2.1.1.15.2 Notes

None.
5.1.2.1.2 Unique ARB programmable settings (Channel 1-N)

5.1.2.1.2.1 Arbitrary gain

This channel-based attribute shall specify the factor by which the signal generator scales the arbitrary
waveform data. When you create arbitrary waveforms, you must first normalize the data points to the range
—1.0 to +1.0. Use this attribute to scale the arbitrary waveform to other ranges.

5.1.2.1.2.1.1 Units of measure/description

Unitless or decibel (dB).

5.1.2.1.2.1.2 Notes

None.

5.1.2.1.2.2 Arbitrary dc offset

This channel-based attribute shall specify the value that the signal generator adds to the arbitrary waveform
data. When you create arbitrary waveforms, you must first normalize the data points to the range —1.0 to
+1.0. Use this attribute to shift the arbitrary waveform range.

5.1.2.1.2.2.1 Units of measure/description

Volts.

5.1.2.1.2.2.2 Notes

None.

5.1.2.1.2.3 Arbitrary sample rate

This channel-based attribute shall specify the rate at which the signal generator outputs the points in
arbitrary waveforms.

5.1.2.1.2.3.1 Units of measure/description

Samples per second.
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5.1.2.1.2.3.2 Notes

None.
5.1.2.1.3 Unique FGEN programmable settings (Channel 1-N)

5.1.2.1.3.1 Amplitude

This channel-based attribute shall control the amplitude of the standard waveform that the signal generator
produces. This value is the amplitude at the output terminal.

5.1.2.1.3.1.1 Units of measure/description

Volts peak-to-peak.

5.1.2.1.3.1.2 Notes

a) The voltage swing should be specified into characteristic impedance.

b) This attribute applies to standard waveforms (e.g., sine wave, square wave, triangular wave)
within the frequency range of the FGEN.

5.1.2.1.3.2 Offset

This channel-based attribute shall specify the dc offset applied to the waveform being generated.

5.1.2.1.3.2.1 Units of measure/description

Volts.

5.1.2.1.3.2.2 Notes

None.

5.1.2.1.3.3 Duty cycle high

This channel-based attribute shall control the duty cycle of the square wave the signal generator produces.
Specify this attribute as a percentage of the time the square wave is high in a cycle.

5.1.2.1.3.3.1 Units of measure/description

Percent.
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5.1.2.1.3.3.2 Notes

None.

5.1.2.1.3.4 Frequency

This channel-based attribute shall control the frequency of the standard waveform that the signal generator
produces.

5.1.2.1.3.4.1 Units of measure/description

Hertz.

5.1.2.1.3.4.2 Notes

None.

5.1.2.1.3.5 Start phase

This channel-based attribute shall control the horizontal offset of the standard waveform the signal
generator produces. Specify this attribute in degrees of one waveform cycle.

5.1.2.1.3.5.1 Units of measure/description

Degrees.

5.1.2.1.3.5.2 Notes

None.

5.1.2.1.3.6 Waveform

This channel-based attribute shall specify which standard waveform the signal generator produces. The

2 < 2 <

ramp-up,” “ramp-down,” or “dc.”

99 ¢ 9 ¢

waveform shall be specified as either: “sine,” “square,” “triangle,

5.1.2.1.3.6.1 Units of measure/description

None.

5.1.2.1.3.6.2 Notes

None.
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5.1.2.2 Output parameters (Channel 1-N)

This shall be the identification of the input related measurement parameters. They collectively define the
operation and performance of the SI waveform generator.

5.1.2.2.1 Bandwidth (-3 dB)

This shall be the guaranteed minimum —3 dB BW of the output channel(s).

5.1.2.2.1.1 Units of measure/description

Hertz.

5.1.2.2.1.2 Notes

a) This shall be defined for each reconstruction filter setting.
b) The type of filter utilized (Bessel, Chebyshev, etc.) shall be indicated.
¢) The test/validation conditions should be provided by the supplier.

5.1.2.2.2 Bandwidth (-3 dB) without reconstruction filter

This shall be the maximum DAC BW of the output channel(s) without a reconstruction filter.

5.1.2.2.2.1 Units of measure/description

Hertz.

5.1.2.2.2.2 Notes

This represents the frequency sample clock max divided by 2.

5.1.2.2.3 Frequency response (plot)

This shall be a typical plot of the output channels frequency response.

5.1.2.2.3.1 Units of measure/description

Decibel as a function of frequency in hertz.

5.1.2.2.3.2 Notes
a) Plots are the recommended means of reporting the influence that different settings, or operating
modes have on the frequency response, of the SI waveform generator.
b) Frequency response plots are normally reported as typical.

¢) The test/validation conditions should be provided by the supplier.
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5.1.2.2.4 Output impedance

This shall be the channel output impedance.

5.1.2.2.4.1 Units of measure/description

Ohms.

5.1.2.2.4.2 Notes

a)  Report the value type typical or worst case.

b)  The test/validation conditions should be supplied by the supplier.

5.1.2.2.5 Pulsed transition time

This shall be a measurement of the 10% to 90% points of the FGEN output.

5.1.2.2.5.1 Units of measure/description

Seconds.

5.1.2.2.5.2 Notes

a) Typically used for generating digital signals, specified with the reconstruction filter in or out.

b)  The test/validation conditions should be provided by the supplier.

5.1.2.2.6 Absolute maximum output or short circuit protection

This shall be the damage current (short circuit) of each output channel setting and coupling range (ac or
dc). An overload of an output channel could automatically disable the main output.

5.1.2.2.6.1 Units of measure/description

Amperes peak or amperes rms.

5.1.2.2.6.2 Notes

The calculated value shall be provided by the supplier.

5.1.2.2.7 Maximum reverse power

This shall be the maximum reverse power reflecting back into the ARB or FGEN for each output channel.
An overload of an output channel could automatically disable the main output.
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5.1.2.2.7.1 Units of measure/description

Decibel referenced to one milliwatt (dBm) or volts.

5.1.2.2.7.2 Notes

a) Not commonly specified for an ARB.
b) May be typical or characteristic to the design.
¢) The calculated value shall be provided by the supplier.

5.1.2.2.8 DC offset resolution (ability to be set)

This shall be a specification of the offset resolution within the settable range.

5.1.2.2.8.1 Units of measure/description

Volts.

5.1.2.2.8.2 Notes

None.

5.1.2.2.9 DC offset accuracy

This shall be the accuracy of dc signals.

5.1.2.2.9.1 Units of measure/description

Percent of full scale.

5.1.2.2.9.2 Notes

a) DC accuracy shall be specified with the offset set to zero.

b) Specify the applicable temperature range, with and/or without self-calibration.
5.1.2.2.10 DC offset accuracy temperature coefficient

This shall be the amount of dc accuracy change due to changes in temperature.

5.1.2.2.10.1 Units of measure/description

Percent of full scale (drift) per degrees centigrade.
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5.1.2.2.10.2 Notes

a) This is a change in dc gain accuracy without recalibration over the applicable temperature range.

b) The test/validation conditions should be provided by the supplier.

5.1.2.2.11 Output (ac) resolution (ability to be set)

This shall be the resolution of the ac component of the output waveform.

5.1.2.2.11.1 Units of measure/description

Bits or volts.

5.1.2.2.11.2 Notes

If a DAC resolution varies over sample clock range then it shall specified.

5.1.2.2.12 Output (ac) accuracy

This shall be the accuracy of ac signals.

5.1.2.2.12.1 Units of measure/description

Percent of full scale.

5.1.2.2.12.2 Notes

a) Specify the applicable temperature range, with and/or without self-calibration.
b) Recommend 10 kHz and 50 kHz be used for low-frequency converters.
¢) The test/validation conditions should be provided by the supplier.

5.1.2.2.13 Output (ac) accuracy temperature coefficient

This shall be the amount of ac accuracy change due to changes in temperature.

5.1.2.2.13.1 Units of measure/description

Percent of full scale (drift) per degrees centigrade.

5.1.2.2.13.2 Notes

a) This is a change in ac accuracy without recalibration over the applicable temperature range.

b)  The test/validation conditions should be provided by the supplier.
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5.1.2.2.14 Signal-to-noise ratio

This shall be the measured SNR over all applicable input settings. More precisely, the SNR is as shown in

Equation (1):
SNR = 10log (power of the signal / power of the noise) (1)
where
power of the signal is the input power root mean square (rms) value
power of the noise is the noise power rms value (excluding harmonic distortion)

The noise measured in an SNR calculation does not include harmonic distortion but does include
quantization noise (an artifact of quantization error of the DAC) and all other sources of noise (for
example, thermal noise or the broadband noise floor of the sample clock). For a given DAC resolution, the
DAC quantization noise or effective number of bits (ENOB) is what limits DAC to its theoretical best SNR
because quantization error is the only error in an ideal DAC.

5.1.2.2.14.1 Units of measure/description

Decibels.

5.1.2.2.14.2 Notes

The test/validation conditions should be provided by the supplier.

5.1.2.2.15 Noise floor

This shall be the broadband noise floor of the waveform generator. The waveform generator noise floor
shall be the composite of the thermal noise generated plus the noise figure (NF) artifacts of the signal
generation path, which include the combination of the DAC quantization noise, sample clock noise floor,
plus the signal amplification NF, and the reconstruction filter characteristics of the output signal path.

5.1.2.2.15.1 Units of measure/description

dBc per hertz.

5.1.2.2.15.2 Notes

The noise floor measurement is typically accomplished by a measurement receiver device with a low noise
amplifier on the RF front end if required to maintain a 20 dB signal to noise margin between the UUT and
the measurement device. The measurement device is typically a spectrum analyzer with a pre-amp utilizing
a noise marker function measurement that compensates for the resolution BWs filter response and
normalizes the measurement to a 1 Hz BW.

5.1.2.2.16 Harmonics

This shall be the signal impurities that occur at integer multiples of a generated signal’s fundamental
frequency (e.g., 2, 3, 4, N). Harmonics are residual frequency artifacts that result from the nonlinear

26 Documents
Copyright © 2015 IEEE. All rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 02:05:57 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1871.1-2014


http://www.avadocuments.com/doc/ieee-1871-1-2014
http://www.avadocuments.com/doc/ieee-1871-1-2014

IEEE Std 1871.1-2014
IEEE Recommended Practice for Using IEEE 1671.2™ Instrument Description Templates for
Describing Synthetic Instrumentation for Classes of Instruments such as Waveform Generators, Digitizers,
External Oscillators, and Up and Down Converters

properties of internal components in the digital-to-analog signal generation path while generating a sinusoid
waveform in the ARB. This specification parameter is usually specified at a prescribed signal frequency
and voltage output level (harmonics at the carrier frequency at a specified output level).

5.1.2.2.16.1 Units of measure/description

dBc.

5.1.2.2.16.2 Notes

a)  The maximum level should be specified.

b)  The test/validation conditions should be provided by the supplier.

5.1.2.2.17 Spurious free dynamic range

This shall provide the SFDR over the operating frequency ranges and settings. SFDR is the difference
between the magnitude of the measured signal and its highest spur peak within the output frequency range.
The nonharmonic related spurs are typically related to the intermixing of the data as a function of
submultiples per Equation (2):

(1/n) x (sample clock) (2)

where
n is an integer between 2 and 10
5.1.2.2.17.1 Units of measure/description

dBc.

5.1.2.2.17.2 Notes

a)  To insure that spurs are not masked, test SFDR using a single tone sine wave.
b) Discrete spurs should be observed as indicated in Table 1.
¢) The clock rate should be set to the minimum and maximum value expected to be used.

d)  Spurious signals are typically measured with a spectrum analyzer.
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Table 1—Discrete spurs

Signal frequency

Spur frequency

Approximately Fclk/4 Fclk + 3 Fsig, Felk + 5 Fsig,
2 Fclk + 7 Frsig, etc.
Approximately Fclk/3 Fclk -2 Fsig
Approximately Fclk/5 Fclk + 4 Fsig
Approximately Fclk/4 Fclk /2 — Fsig
Approximately Fclk/10 Fclk | 4 — Fsig

5.1.2.2.18 System phase noise

This shall be the short-term frequency stability containing all the elements causing frequency changes
about the nominal frequency of less than a few seconds of duration. Mathematically, an ideal sine wave can
be described by Equation (3):

() = Vo sin (2 TI Fot)

where

Vo
211 Fot
Fo

is the nominal amplitude
is the linearly accumulation phase component
is the nominal frequency

But an actual signal is better described by Equation (4):

V(é) = [V0 + X(¢)] sin [2 TI Fot + A®(f)]

where

(1)
AO(?)
Fo

is the amplitude fluctuations
is the randomly fluctuating phase term or phase noise
is the nominal frequency

3)

4)

This randomly fluctuating phase term A®(¢) could be observed on an ideal spectrum analyzer (one which
had no sideband noise of its own). There are two types of fluctuating phase terms. The first, deterministic,
are discrete signals appearing as distinct components in the spectral density plot. These signals, commonly
called spurious, can be related to known phenomena in the signal output such as power line frequency,
power supply frequency, vibration frequency, or mixing products. The second type of phase instabilities are
random in nature due to the sample clock oscillator noise components, which include the composite of the

thermal noise, shot noise, and flicker noise being induced onto the output of the DAC.

Many terms exist to quantify the characteristic randomness of phase noise. Essentially, all methods
measure frequency or phase deviations of the source under test in either the frequency or time domain.
Since frequency and phase are related to each other, all terms that characterize phase noise are also related.

One of the fundamental descriptions of phase instability, or phase noise is the spectral density of the phase
fluctuations on a per hertz basis. The term spectral density describes the energy distribution as a continuous

function, expressed in phase variance per unit BW. Thus S ® (Fm) is represented by Equation (5):

S © (Fm) = A®*rms(Fm) / BW used to measure A® rms

where

)

BW is negligible with respect to changes in S ® versus the Fourier frequency or offset frequency Fm
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Another useful measure of noise energy is L(fim), which is directly related to S ® (Fm) by a simple
approximation that has generally negligible error if the modulation sidebands are such that the total phase
deviations are much less than 1 radian (A®pk << 1 radian). Thus L(fin) is represented by Equation (6):

L(fm) =% S © (Fm) (©6)

L(fin) is an indirect measure of the noise energy easily related to the RF power spectrum observed on a
spectrum analyzer. L(fin) is the ratio of power in one phase modulation sideband to the total signal power at
an offset fin hertz away from the carrier. The phase modulation sideband is based on per hertz of BW
spectral density and fin equals the Fourier frequency or offset frequency. Thus L(fin) is represented by
Equation (7), Equation (8), and Equation (9):

L(fm) = Power density (in one-phase modulation sideband) / total signal power (7

L(fm) = Pssb / Ps ()

L(fm) = Single sideband (SSB) phase noise to carrier ratio per hertz 9
where

Pssb s one phase modulation sidebands power density
Ps is the signal power

L(fn) is usually presented logarithmically as a spectral density of the phase modulation sidebands in the
plot of the frequency domain, expressed in dB relative to the carrier per hertz (dBc/Hz).

5.1.2.2.18.1 Units of measure/description

None.

5.1.2.2.18.2 Notes

The test/validation conditions should be provided by the supplier.

5.1.2.2.19 System jitter

This shall be defined as the random statistical time variance of a signal relative to the ideal period of the
output signal of the DAC. Both jitter and phase noise can be related mathematically since jitter is measured
in the time domain and phase noise is measured in the frequency domain.

There are a few different ways to look at phase noise. However, each way of looking at phase noise is
derived from a common spectral density distribution plot Sphi(f). This is due to the random nature of
instabilities that does not allow discrete measurement. The term spectral density describes the power
distribution (mean square deviation) as a continuous function, expressed in units of energy within a given
BW. Phase jitter is just another way of interpreting the information from a spectral density plot.

By integrating the plot of Sphi(f) from fl to f2 and then taking the square root, one is able to obtain the
total rms phase deviation within a specified BW in radians. This then can be converted to phase jitter in dB
with respect to 1 radian or phase jitter in degrees by Equation (10):
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L({f) = Sphi(f) / 2 (10)
The jitter measurements can be derived from the single sideband spectral density phase noise measurement
described in 5.1.2.2.18. The L(f) plot gives the sideband noise distribution in the form of a power spectral
density function in units of dBc. The power level of the carrier is not important, since jitter reflects only the
relative levels of phase noise (modulation) when compared to the “pure” carrier. The total noise power of

the sidebands can be determined by integrating the L(f) function over the band of interest f7 to f2 per
Equation (11). This is the total area under the phase noise plot from f7 to f2.

11
N =] L(fin) df (11)
2

where
N is noise power

These calculations yield the power level of the phase modulating (jitter producing) noise in this band. From
this, we can determine the rms jitter. The definite integral used is per Equation (12):

Phase jitter = SQRT (10 N/ (10 x 2) (12)
Equation (13) can be used to determine the rms jitter caused by this noise power:

Jitter rms = Jitter (radians) / 2 IT F, (13)

This can be expressed in other units, such as unit interval (UI) or time. To convert to time, divide
Equation (13) by the frequency of the carrier in radians, per Equation (14):

Output carrier frequency F/ — Fn and Integration BW F/ — F2 determined by vendor (14)

5.1.2.2.19.1 Units of measure/description

None.

5.1.2.2.19.2 Notes

The test/validation conditions should be provided by the supplier.

5.1.2.2.20 Frequency switching time

This shall be defined as the time it takes for the ARB to change from one frequency (e.g., /) to another
frequency (e.g., F2) within the operating frequency and settle to within a specific frequency from the
desired final frequency (e.g., F2) or within 1 dB of the final amplitude. This time shall be defined under the
worst-case conditions where two preloaded waveforms are switched within one sample of each other.

5.1.2.2.20.1 Units of measure/description

Seconds.
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5.1.2.2.20.2 Notes

a) Example ARB
— 1 giga sample per second 1 ns clock rate
—  Using the spectrally useable Nyquist divisor of 2.5 (40% of Fmax) 400 MHz output
— Maximum RF frequency out of 400 MHz 2.5 ns time period
1) From trigger, ¢, measure 5 time periods, or 2.5 full cycles
2)  Frequency switching time equals 2.5 times the time period, 6.25 ns

Thus, frequency switching time is specified at the maximum frequency or the maximum sample
rate using Equation (15) and Equation (16):

Switching time = 2.5 | Maximum output frequency (15)

Switching time = 6.25 / Sample rate (16)
where

Maximum output frequency is in hertz (Hz)

Sample rate is in samples per second

b) The test/validation conditions should be provided by the supplier.

5.1.2.2.21 AM input sensitivity

This shall be the gain of the external AM circuit.

5.1.2.2.21.1 Units of measure/description

Volts per volt, percent per volt, volt per percent, or percent per percent.

5.1.2.2.21.2 Notes

The test/validation conditions should be provided by the supplier.

5.1.2.3 Output related parameters (data input/output)

These shall be the parameters related to the data I/O port found on some ARBs. This port provides a digital
output of the data being sent to the D/A in the ARB. This port is optional. If provided these are the
parameters required.

5.1.2.3.1 Signal type

This shall be the type of logic of the signal, specified as either: “TTL,” “ECL,” “PECL,” or “LVDS.”
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5.1.2.3.1.1 Units of measure/description

None.

5.1.2.3.1.2 Notes

a)  The output related parameters should include the output voltage swing for each logic family. For
example: 3.3 V for the complementary metal-oxide semiconductor (CMOS) logic family.

b)  The test/validation conditions should be provided by the supplier.

5.1.2.3.2 Synchronization type

This shall be the synchronization for data input, specified as either: “TTL,” “ECL,” “PECL,” or “LVDS.”

5.1.2.3.2.1 Units of measure/description

None.

5.1.2.3.2.2 Notes

The test/validation conditions should be provided by the supplier.

5.1.2.3.3 Number of channels

This shall be the number of channels.

5.1.2.3.3.1 Units of measure/description

None.

5.1.2.3.3.2 Notes

The test/validation conditions should be provided by the supplier.

5.1.2.3.4 Number of bits

This shall be the bits per channel.

5.1.2.3.4.1 Units of measure/description

None.
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5.1.2.3.4.2 Notes

The test/validation conditions should be provided by the supplier.

5.1.2.3.5 Output modes

This shall be the possible output combinations, specified as either: “digital only,” “digital and analog,” or
4‘0f£9’

5.1.2.3.5.1 Units of measure/description

None.

5.1.2.3.5.2 Notes

The test/validation conditions should be provided by the supplier.

5.1.2.3.6 Output termination requirements

This shall be the termination required for logic type.

5.1.2.3.6.1 Units of measure/description

None.

5.1.2.3.6.2 Notes

The test/validation conditions should be provided by the supplier.

5.1.2.3.7 Max sample rate

This shall be the maximum sustainable data rate.

5.1.2.3.7.1 Units of measure/description

Hertz.

5.1.2.3.7.2 Notes

The test/validation conditions should be provided by the supplier.

5.1.2.3.8 Min sample rate

This shall be the minimum sustainable data rate.
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5.1.2.3.8.1 Units of measure/description

Hertz.

5.1.2.3.8.2 Notes

The test/validation conditions should be provided by the supplier.

5.1.3 Time base requirements

5.1.3.1 Time base programmable settings

The programmable settings facilitate the following time base configurations or cases.

Case Frequency reference | Sample clock
1 INT INT
2 EXT INT
3 X EXT

5.1.3.1.1 Reference selection

This shall allow an “internal” or “external” time base reference to be selected. This external reference is
applied exclusively to the Fref in port on the SI waveform generator.

5.1.3.1.1.1 Units of measure/description

None.

5.1.3.1.1.2 Notes

None.

5.1.3.1.2 Time base selection

This shall allow an “internal” or “external” time base reference to be selected. This external reference

would be input to Clk_in.

5.1.3.1.2.1 Units of measure/description

None.

5.1.3.1.2.2 Notes

None.
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5.1.3.2 General time base parameters

The parameters related to the sampling clock including the frequency reference. These shall be required for
the definition and characterization of the time base associated with a SI waveform generator.

5.1.3.2.1 Sample clock range

This shall provide the sample clock or time base range.

5.1.3.2.1.1 Units of measure/description

Hertz.

5.1.3.2.1.2 Notes

a) This applies to ARBs only.

b) Specify the minimum and maximum for each time base case

5.1.3.2.2 Sample clock resolution

This shall provide the sample clock or time base setting resolution for each applicable time base case.

5.1.3.2.2.1 Units of measure/description

Hertz or steps.

5.1.3.2.2.2 Notes

This applies to ARBs only.

5.1.3.2.3 Sample clock frequency accuracy

This shall provide the absolute sample clock accuracy for each applicable time base case.

5.1.3.2.3.1 Units of measure/description

Parts per million (ppm).

5.1.3.2.3.2 Notes

a) If using a test method that relies on captured signal analysis, the time record has to be as long as
possible with enough resolution to reduce the effects of sample jitter and quantization.

b)  The test/validation conditions should be provided by the supplier.
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5.1.3.2.4 Reference long-term drift

This shall be the change in time base frequency (usually given in ppm) over a specified period of time at a
specified sampling rate.

5.1.3.2.4.1 Units of measure/description

Parts per million, per unit time.

5.1.3.2.4.2 Notes
a) The drift shall be specified over a period of one year minimum.
b) The manufacturer shall describe the measurement method used to establish the drift specification.
¢) The test/validation conditions should be provided by the supplier.
5.1.3.2.5 Sample clock phase noise
This shall provide the single sideband phase noise of the internal sample clock at a range of offsets from
100 Hz to 1 MHz.
5.1.3.2.5.1 Units of measure/description

dBc per hertz.

5.1.3.2.5.2 Notes

See 5.1.2.2.18.

5.1.3.2.6 Sampling jitter

This shall provide the uncertainty or jitter for a sample. This parameter is directly related to the sample
clock phase noise.

5.1.3.2.6.1 Units of measure/description

Seconds.

5.1.3.2.6.2 Notes
a) The low-end test should be made at 100 Hz and the high-end test should be made at the Nyquest
frequency.
b)  Specify the sample clock frequency being tested.
¢) Referto5.1.2.2.19.
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5.1.3.3 Time base input port parameters

5.1.3.3.1 Port type (Fref_in)

The frequency reference input signal port shall have its type defined.

5.1.3.3.1.1 Units of measure/description

None.

5.1.3.3.1.2 Notes

None.

5.1.3.3.2 Signal type (Fref-in)

This shall be the type of logic the signal requires, specified as either: “TTL,” “ECL,” “PECL,” or “LVDS.”

5.1.3.3.2.1 Units of measure/description

None.

5.1.3.3.2.2 Notes

The test/validation conditions should be provided by the supplier.

5.1.3.3.3 Signal type (Clk-in)

This shall be the type of logic the signal requires, specified as either: “TTL,” “ECL,” “PECL,” or “LVDS.”

5.1.3.3.3.1 Units of measure/description

None.

5.1.3.3.3.2 Notes

The test/validation conditions should be provided by the supplier.

5.1.3.3.4 Duty cycle tolerance

This shall be the tolerable deviation from a 50% duty cycle. Within this tolerance, the Clk in or Fref in
circuitry shall operate properly.
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5.1.3.3.4.1 Units of measure/description

Percent.

5.1.3.3.4.2 Notes

a) This shall be reported as worst-case deviation from ideal clock symmetry.

b) Fref in and Clk in are assumed to have different duty cycle tolerances. Duty cycle tolerance shall
be identified for both the Fref in and Clk in circuits.

¢) Vary the duty cycle of the input and measure the performance of the waveform generator. SINAD,
SFDR, and long-time interval sampled signal frequency are the most relevant parameters. Assume
that performance will degrade before catastrophic failure when clocks with non-ideal clock duty
cycle are applied to the UUT.

5.1.3.3.5 Input frequency range

This shall provide the frequency range of the Clk in or Fref in signals. Identify the minimum and
maximum allowable input frequencies. For example, Fref in is typically specified as 10 MHz + 5%. Clk_in
typically has a range that is equal or representative of the sample clock range provided by the internal time
base.

5.1.3.3.5.1 Units of measure/description

Hertz.

5.1.3.3.5.2 Notes

None.

5.1.3.3.6 Input frequency lock BW (Fref_in)

This shall provide the frequency tolerance to maintain frequency lock.

5.1.3.3.6.1 Units of measure/description

Hertz.

5.1.3.3.6.2 Notes

The test/validation conditions should be provided by the supplier.

5.1.3.3.7 Input impedance

This shall include resistance and capacitance, if applicable, measured between the input port and ground.
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