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lobal trade relies on the ability to reproducibly

and accurately communicate the performance of

products and to support these attestations. This
standardization is essential for accurate, reproducible, reli-
able, and communicable characterization of the performance
of these devices, to support technology and product advance-
ment, product comparison and performance tracking, and
device calibration and traceability. Standard terms and defini-
tions, reproducible test methods, and accurate computational
procedures are necessary for this communication and facili-
tate economic growth and technology evolution through the
common understanding of technology. The IEEE Technical
Committee 10 (TC-10), the Waveform Generation, Measure-
ment, and Analysis Committee of the IEEE Instrumentation
and Measurement Society (IMS), fulfills the global need for
standardized terms and test and computational methods for
describing and/or measuring the parameters that describe
the performance of signal generators and waveform record-
ers and analyzers. The TC-10 has developed and maintains the
following documentary standards: IEEE Std 181-2011, “Stan-
dard on Transitions, Pulses, and Related Waveforms” [1];
IEEE Std 1057-2017, “Standard for Digitizing Waveform Re-
corders” [2]; IEEE Std 1241-2010, “Standard for Terminology
and Test Methods for Analog-to-Digital Converters” [3]; IEEE
Std 1658-2011, “Standard for Terminology and Test Methods
for Digital-to-Analog Converters” [4]; and the IEEE Std 1696-
2013, “Standard for Terminology and Test Methods for Circuit
Probes” [5]. In development is the IEEE Draft Std P2414 “Draft
Standard for Jitter and Phase Noise.” The TC-10 comprises
an international group of electronics engineers, mathema-
ticians, professors and physicists with representatives from
national metrology laboratories, national science laboratories,
component manufacturers, the test instrumentation industry,
academia, and end users. The status of the TC-10 standards is
described herein.

The TC-10’s progress has been reported periodically at
IEEE and IMEKO conferences [6]-[10]. This paper empha-
sizes activity since around 2011 through the third quarter
of 2020. The title and scope of each of the TC-10’s projects
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and the current activities of the associated subcommittees
is presented.

TC-10 Documentary Standards
Activities

TC-10 is currently engaged in six projects, one for each of the
documentary standards promulgated by the IEEE TC-10.

IEEE Std 181-2011: “Standard on Transitions,
Pulses, and Related Waveforms” [1] and the
Subcommittee on Pulse Technology (SCOPT)
The IEEE Std 181 defines the parameters that describe the ba-
sic characteristics of transitions, pulses, and related signals
and defines the computational procedures for estimating the
value of these parameters. Because of the broad applicability of
electrical pulse technology in the electronics industries (such
as computer, telecommunication, entertainment, and test in-
strumentation industries), the development of unambiguous
definitions and computation methods for these parameters
is important for communication between manufacturers and
consumers and promotes product comparison and improve-
ment and technology advancement.

The SCOPT published the latest revision to the IEEE Std 181
in January 2011 [1], a discussion of which can be found in [11].
The largest single change to the IEEE Std 181 was the intro-
duction of the shorth method [12] for computing state levels,
where the states are shown as s; and s, in Fig. 1. The state level,
level(s;), is the value associated with s;. The primary method
for computing level(s;) has historically been, and still is, the
histogram mode method [13]. The shorth method is more
computationally intensive than the histogram-mode method.
Comparative studies on the performance of the shorth method
and the histogram-mode method for estimating level(s;) has
shown that the shorth method typically provides smaller
estimation errors and measurement uncertainties than the his-
togram-mode method [14], [15]. However, these estimation
errors and measurement uncertainties are typically much less
than the signal noise and, consequently, have minimal influ-
ence on the measurement uncertainties of level(s;).
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Fig. 1. Two figures displaying various parameters used to describe the characteristics of a waveform. (a) The fundamental
waveform parameters on which all other parameters are derived. (b) The parameters that are used to describe aberrations

of a waveform.
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SCOPT members par-
ticipated in the revision
of the IEC 60469: Transi-
tions, pulses and related
waveforms—Terms, def-
initions and algorithms
[16]. The SCOPT is now
soliciting inputs, and in-
terested participants, for a
new revision or a reaffir-
mation of the Std 181.

IEEE Std 1057-

2017: “Standard for
Digitizing Waveform
Recorders” [2] and
the Subcommittee
on Digital Waveform
Recorders (Std 1057)
The IEEE Std 1057 de-
fines specifications and
describes test methods
for measuring the per-
formance of electronic
digitizing waveform
recorders, waveform an-
alyzers, and digitizing
oscilloscopes with digi-
tal outputs. The standard
is directed toward, but not
restricted to, general-pur-
pose waveform recorders
and analyzers.

An updated version of
IEEE Std 1057 on waveform
recorders was published in
2018. The 1057 Subcommit-
tee spent approximately
five years modifying the
previous version, which
was published in 2007. The
latest revision of the Std
1057 reflects a few new
general information
clauses that were added
to match those in IEEE Std
1241. Also, a number of
new and revised test meth-
ods were added based on
information in 1241: to-
tal harmonic distortion,
monotonicity, hysteresis,
static and dynamic gain,
frequency response and
dynamic gain, and ap-
erture duration. Several



parameter definitions were also changed to match those in the
IEEE Std 1241: aperture, aperture duration, common-mode
signal, differential input recorder, dynamic range, full-scale
signal, harmonic distortion, and transfer curve.

IEEE Std 1241-2010: “Standard for Terminology
andTest Methods for Analog-to-Digital
Converters” [3] and the Subcommittee on
Analog-to-Digital Converters (ADCs) (Std 1241)
The IEEE Std 1241 provides common terminology and test
methods for the testing and evaluation of analog-to-digital
converters (ADCs). It considers only those ADCs whose out-
put values have discrete values at discrete times, i.e., they
are quantized and sampled. In general, this quantization is
assumed to be nominally uniform (the input-output trans-
fer curve is approximately a straight line), and the sampling
is assumed to be at a nominally uniform rate. Some, but not
all, of the test methods presented in the IEEE Std 1241 can be
used for ADCs that are designed for non-uniform quantiza-
tion. The current revision of the IEEE Std 1241 was published
in 2010 and reflects revisions and improvements in compari-
son to the previous 2000 revision. The Subcommittee on ADCs
also led the development of a complementary IEC standard,
the IEC 60748-4-3: Semiconductor devices-Integrated cir-
cuits—Part 4-3; Interface integrated circuits—-Dynamic criteria
for analogue-digital converters (ADC) that was published in
2006 [17].

The next challenge that was identified by the Sub-
committee on ADCs was regarding standardization for
embedded ADCs. The challenge here is in measuring and
verifying the advertised performance of embedded circuits
in which the ADC is surrounded by hostile system-on-
a-chip (SOC) environments, which makes accurate and
reliable measurements difficult due to interference. This

task has not been advanced because of the lack of sufficient
stakeholder interest.

A work effort to revise and update the content of the IEEE
Std 1241 was started in 2018 and is planned to complete by the
end of 2021.

IEEE Std 1658-2011: “Standard for Terminology
andTest Methods for Digital-to-Analog
Converters” [4] and the Subcommittee on
Digital-to-Analog Converters (DACs) (1658)

The IEEE Std 1658 defines the terminology to clearly document
the prevalent world-wide terms used to describe digital-to-an-
alog converters (DACs) and the methods that are used to test
the performance of DACs. Itis restricted to monolithic, hybrid,
and modular DACs and does not cover systems that incor-
porate DACs. DACs serve an important and ever-increasing
role in signal processing today. The Subcommittee on DACs
set about to resolve the disparities among DAC terms and
definitions with a body of international experts from universi-
ties, government agencies, test laboratories and industry with
extensive and diverse experience in data converter design,
modelling and test.

DACs and ADCs perform complementary functions. How-
ever, there are subtle but important differences in the behavior
of ADCs and DACs. As an example, consider the difference in
their transfer functions illustrated in Fig. 2. For a DAC, each
digital input corresponds to single average analog output am-
plitude. For an ADC, each digital output corresponds to an
interval of analog input values.

ADCs and DACs also differ in their quantization processes,
in their time-domain and frequency-domain responses, and
in aliasing and image frequency generation. Aliasing is a phe-
nomenon usually associated with ADCs, while the generation
of image frequencies is usually associated with DACs.
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Fig. 2. Transfer functions of ideal 3-bit unipolar DAC and ADC.
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The 1658 Subcommittee is currently involved in the revi-
sion of the Standard, after 10 years from the first publication.

IEEE Std 1696-2013: “Standard for Terminology
andTest Methods for Circuit Probes” [5] and the
Subcommittee on Probe Standards (SCOPS)
(Std 1696)

The IEEE Std 1696 describes test methods and transfer (arti-
fact) standards for characterizing electrical circuit probes and
probes systems. The systems may include waveform acqui-
sition hardware and software and signal/waveform analysis
software. The probe will include the mechanism by which the
circuit is contacted. This method and standard will be applica-
ble to all individual probes having one signal conductor and
one ground conductor, or two signal conductors, and having
input impedance greater than the impedance of the circuit un-
der test.

The IEEE Std 1696-2013 describes methods to measure 20
different performance parameters of a circuit probe, such as
input resistance, output resistance, gain, frequency response,
step response, and many others. These measurements are
based on the use of a probe-characterization test fixture (ar-
tifact standard). Furthermore, the standard describes test
methods to perform these measurements for single-ended
or differential probes as well as probe-only and probe-sys-
tem techniques. Fig. 3 shows an example from the standard of
the test setup for measuring the input impedance of a single-
ended stand-alone probe.

The ability to accurately characterize circuit probes enables
probe users to fully understand a circuit probe’s effect on their
circuits. Circuit probe characterization can support the sys-
tematic removal of the probe effects from the measured data,
resulting in a more accurate and complete representation of a
measurement system’s electrical performance than if the probe
effects were not removed.
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Fig. 3. Test setup for measuring the input impedance of single-ended stand-
alone probe.
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Fig. 4. Example fixture (differential fixture shown) and block diagram for
probe measurement.

Circuit probe characterization starts with a carefully de-
signed and accurately characterized probe-characterization
test fixture. Fig. 4 shows an example of a probe-characteriza-
tion test fixture and its electrical block diagram.

Once an accurate probe-characterization test fixture is ob-
tained, the probe plus the test fixture must be accurately
measured to get their joint electrical characteristics. The block
diagram shows the S21-through-measurement approach. These
joint electrical response characteristics can subsequently be con-
verted to a probe-only response using data available on the
probe-characterization test fixture. Once the probe’s frequency-
response characteristics are known, the probe’s effects on the
circuit can then be accurately quantified and /or removed from
subsequent electrical measurements of the response of a mea-
surement instrument, such as a waveform recorder.

IEEE Draft Std P2414: “Draft Standard for Jitter
and Phase Noise” and the Subcommittee on
Jitter (P2414)

The IEEE Std 2414 is being written to define specifications,
models and terminology that describe the dispersion of speci-
fied instants of repetitive and / or periodic signals in electronics,
telecommunications and measurement, which are referred to
asjitter and phase noise. Jitter occurs in many different parts of
digital systems such as the jitter of data with respect to clock in
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synchronous protocols or the jitter of the clock signal in clock
data recovery applications. Every circuit element generating,
conveying and receiving signals can introduce jitter.

There are many misconceptions about what exactly jitter
is, and its definition is often strictly dependent on the specific
application. This situation is not the best possible pre-requi-
site for a correct measurement. An unambiguous definition of
a quantity is also the first step to design reference standards to
create a calibration chain to the main measurement units. The
purpose of the standard is to facilitate accurate and precise
communication concerning jitter and phase noise.

When considering jitter, it is quite clear that there is not a
single, comprehensive, universally accepted definition for all
applications. Most often, the term jitter expresses the deviation
from the ideal timing of an event. The exact meaning of ideal
timing, as well as the meaning of actual timing, and the type of
event may change depending on the application.

Because of the ubiquity of jitter, a number of application-
specific documentary standards have been developed by the
IEEE and other standardizing bodies [18]-[27]. The Subcom-
mittee on Jitter addresses the need for a harmonized, unitary
approach to terminology and models for jitter. This effort was
started in 2011, and after a long study phase to analyze the ex-
isting world-wide literature, including standards, a Project
Authorization Request was submitted to and approved by the
IEEE in 2013. Several draft documents have been discussed
and continuously improved during recent years. The draft has
been completed and a first ballot has conducted in 2019. The
first ballot resulted in amendments to the draft standard and
reballoting in July 2020. The final approval is expected in the
last quarter of 2020 and publication in early 2021.

The current version of the draft includes definitions and
models for the most common types of jitter that are classified
as random or deterministic ones. The deterministic jitter class
is further divided into data-dependentjitter, periodicjitter and
bounded-uncorrelated jitter. A general model for jitter is also
provided, considering it as a random variable and modeling
it with its probability density function. A model is also pro-
vided, for each type of jitter, to facilitate the construction of a
complete jitter model from the contributions of all the differ-
ent types of jitter.

Conclusion

The IEEE’s TC-10 continually updates and improves its ex-
isting standards and develops new ones as needed by its
stakeholders. The TC-10 encourages fresh ideas and new per-
spectives. If you are interested in the TC-10’s work and would
like to join one or more of its subcommittees, please visit our
home page at http:/ /tc10.ieee-ims.org/tc10-home. Contact
information for the Subcommittee Chairs can be found at this
home page. We welcome your interest and participation.
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