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Abstract: Terminology and test methods for describing the performance of waveform recorders
are presented.
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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of
the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus
development process, approved by the American National Standards Institute, which brings together volunteers
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the
Institute and serve without compensation. While the IEEE administers the process and establishes rules to promote
fairness in the consensus development process, the 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.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other
damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly
resulting from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly
disclaims any express or implied warranty, including any implied warranty of merchantability or fitness for a specific
purpose, or that the use of the material contained herein is free from patent infringement. IEEE Standards documents
are supplied “AS IS.”

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. Every IEEE Standard is subjected to review at least
every five years for revision or reaffirmation. When a document is more than five years old and has not been
reaffirmed, 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 publishing and making this document available, the IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other
person or entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon his or
her 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.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to
specific applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate
action to prepare appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is
important to ensure that any interpretation has also received 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 interpretation requests except in those cases where the matter has previously received formal consideration.
A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board Operations Manual
shall not be considered the official position of IEEE or any of its committees and shall not be considered to be, nor be
relied upon as, a formal interpretation of the 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, explanation, or interpretation of the IEEE.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation
with IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Comments on standards and requests for interpretations should be submitted to the
following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

Piscataway, NJ 08854

USA

Authorization to photocopy portions of any individual standard for internal or personal use is granted by The Institute
of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center.
To arrange for payment of licensing fee, 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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Introduction

| This introduction is not part of IEEE Std 1057-2007, IEEE Standard for Digitizing Waveform Recorders. |

This standard is a complete revision and modernization of the previous standard, IEEE Std 1057-1994. It
presents recommended methods for the test and evaluations of digitizing waveform recorders approved by
balloting committee.

Notice to users

Laws and regulations

Users of these documents should consult all applicable laws and regulations. Compliance with the
provisions of this standard 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

This document is copyrighted by the IEEE. It is made available 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 this
document available for use and adoption by public authorities and private users, the IEEE does not waive
any rights in copyright to this document.

Updating of IEEE documents

Users of IEEE standards 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. 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 Standards Association Web site at
http://ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously.

For more information about the IEEE Standards Association or the IEEE standards development process,
visit the IEEE-SA Web site at http://standards.ieee.org.

Errata

Errata, if any, for this and all other standards can be accessed at the following URL: http://
standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL for
errata periodically.

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/icee/interp/
index.html.
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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 with respect to the existence
or validity of any patent rights in connection therewith. 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 nondiscriminatory. 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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IEEE Standard for Digitizing
Waveform Recorders

IMPORTANT NOTICE: This standard is not intended to assure safety, security, health, or environmental
protection _in_all circumstances. Implementers of the standard are responsible for determining
appropriate safety, security, environmental, and health practices or regulatory requirements.

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
hittp://standards.ieee.org/IPR/disclaimers. html.

1. Overview

1.1 Scope

This standard defines specifications and describes test methods for measuring the performance of electronic
digitizing waveform recorders, waveform analyzers, and digitizing oscilloscopes with digital outputs. The
standard is directed toward, but not restricted to, general-purpose waveform recorders and analyzers.

Special applications can require additional manufacturer information and verification tests_not covered in
this standard.

IEEE Std 1057™ has many similarities to IEEE Std 1241™-2000 [B24 ,l which applies to analog-to-
digital converters (ADCs). However, IEEE Std 1057 shall be used for waveform recorders, and IEEE Std

1241-2000 shall be used for ADCs.

1.2 Purpose

The main purpose of this standard is to ensure that manufactures previde-cemmeon-terminelogy and users of
waveform recorders have a well-defined set of specifications and test methods so they can understand,
describe, and compare the performance of these recorders using a common language.
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2. Normative references

The following referenced documents are indispensable for the application of this standard. 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 1814977 ™-2003, IEEE Standard on Transitions, Measurement Pulses, and Objeetive
Related Waveforms. Anabysisby ieehﬂique&g

3. Definitions, symbols , and acronyms

For the purposes of this standard, the following terms and definitions apply. The Authoritative Dictionary
of IEEE Standards Terms [B23] shall be referenced for terms not defined in this clause.

3.1 Definitions

3.1.1 ac coupled: A recorder whose input circuitry does not pass dc. Such recorders use either a series
capacitance or a transformer at the input.

3.1.2 aliasing: The phenomenon in sampled data systems whereby signal components at input frequencies

greater than half the sampling frequency are converted to frequencies at less than half the sampling
frequency in the output data record.

3.1.3 analog bandwidth (BW): Unless otherwise specified, the difference between the upper and lower
frequency at which the amplitude response as seen in the data record is 0.707 (-3 dB) of the response as
seen in the data record at the specified reference frequency .

3.1.4 aperture duration: The period of time over which the input signal is averaged or weighted for an
output value produced by a waveform recorder.

3.1.5 aperture uncertainty: The standard deviation of the sample instant in time. Syn: short-term timing
instability; timing jitter; timing phase noise.

3.1.6 code bin £: A digital output that is designed to correspond to a particular set of input values.

NOTE—See Figure 1.2

3.1.7 code bin width W]k]: The difference of the code transition levels that delimit the bin.

Wik]=Tk+1]-T[k] for1<k<2¥-2 (1)
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3.1.8 code transition level: The boundary between two adjacent code bins.

3.1.9 code transition level T[k]: The value of the recorder input parameter at the transition point between
two given, adjacent code bins. The transition point is defined as the input value that causes 50% of the
output codes to be greater than or equal to the upper code of the transition, and 50% to be less than the
upper code of the transition. The transition level 7Tk] lies between code bin k—1 and code bin k. See_also:
transition point.

Notes in text, tables, and figures are given for information only, and do not contain requirements needed to implement the standard.

Trfﬁ;ﬁm Gode Code 3in
Ll Bin Width
P
M2"1] y
gh.2 W2 -2
m2"-2) 3
Tlk+2]
e+ Wk+1]
Tk+1] .
k WK
ut| :
k-1 WIk-1]
k1] ‘
21 7
1 W11]
mj .
0

Figure 1—Definitions pertaining to input quantization
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3.1.10 coherent sampling: Sampling of a periodic waveform in which there is an integer number of cycles in
the data record.

3.1.11 common-mode maximum operating signal: The largest common-mode signal for which a

waveform recorder with differential inputs will meet its recording specifications while recording a normal-
mode signal.

3.1.12 common-mode maximum signal level: For recorders with differential inputs, the maximum level
of the common-mode signal at which the common-mode rejection ratio (CMRR) is still valid.

3.1.13 common-mode out-of-range: A signal level whose magnitude is less than the specified maximum
safe common-mode signal but greater than the maximum operating common-mode signal.

3.1.14 common-mode out-of-range recovery time: The time required for the recorder to return to its
specified characteristics after the end of a common-mode overvoltage signal.

3.1.15 common-mode rejection ratio (CMRR): The ratio of the input common-mode signal to the effect
produced at the output of the recorder in units of the input.

3.1.16 common-mode signal: The average value of the signals at the positive and negative inputs of a
differential input waveform recorder.

3.1.17 crosstalk (multichannel): The ratio (usually expressed in decibels) of the signal induced in one
channel to a common signal applied to all other channels.

3.1.18 cumulative distribution function (cdf): For a continuous random variable, the function Fi(x),
which is the probability that the random variable, X, is less than or equal to x. This function is positive and
nondecreasing monotonic.

3.1.19 cycle time: The real time elapsed (with a recorder continually taking records of data) between the
beginning of two successive records.
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3.1.20 data window: A set of coefficients by which corresponding samples in the data record are multiplied
to more accurately estimate certain properties of the signal, particularly frequency domain properties.
Generally, the coefficient values increase smoothly and symmetrically towards a maximum at the center
of the record.

3.1.21 dc coupled: A recorder whose input circuitry passes dc.

3.1.22 decibels full scale (dBFS): The root-mean-square (rms) amplitude of any signal in decibels relative
to a sinewave that spans the entire input range of the recorder.

3.1.23 differential input impedance: For a differential-input waveform recorder, the impedance between
the positive input and the negative input with grounds and shields terminated as specified.

3.1.24 differential input recorder: A waveform recorder with differential inputs, which produces output
codes that are a function of the difference between two input signals. The two input signals are typically
called positive (or plus) and negative (or minus).

3.1.25 differential nonlinearity (DNL): The difference between a specified code bin width and the average
code bin width, divided by the average code bin width.

3.1.26 discrete Fourier transform (DFT): A mathematical operation that converts sampled data from the

time domain to the frequency domain. Contrast: inverse discrete Fourier transform (IDFT).

3.1.27 distortion: Aberrations in the output of the waveform recorder caused by nonlinearities other than
quantization. Distortion effects appear as harmonics and intermodulation products of the input signal
frequencies in the frequency domain of the output signal.

3.1.28 dynamic range: See. effective number of bits (ENOB), ratio of signal to noise and distortion
(SINAD), signal-to-noise ratio (S/VR), and spurious free dynamic range.

NOTE— The term dynamic range has a number of meanings depending on the application. It is not used by itself in
this standard.

3.1.29 effective number of bits (ENOB): For an input sinewave of specified frequency and amplitude, the
number of bits of an ideal waveform recorder for which the root-mean-square (rms) quantization error is
equal to the rms noise and distortion of the waveform recorder under test.

3.1.30 equivalent-time sampling: A process by which consecutive samples of a repetitive waveform are
acquired and assembled from multiple repetitions of the waveform, to produce a record of samples
representing a single repetition of the waveform sampled at a higher rate.

3.1.31 fixed error in sample time: A nonrandom error in the instant of sampling. A fixed error in sample
time can be fixed with respect to the data samples acquired or correlated with an event that is detected by
the sampling process. Unless otherwise specified, the term is usually taken to mean the maximum
systematic fixed error that can be observed.

3.1.32 frequency response: The complex gain (magnitude and phase) as a function of input frequency, or

the Fourier transform of the impulse response.
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3.1.33 full-scale [input] range (FSR): The difference between the maximum and the minimum recordable
input values as specified by the manufacturer exclusive of quantization limitations.

3.1.34 full-scale signal: A signal that spans the entire manufacturer’s specified amplitude range of the
instrument.

3.1.35 gain and offset: (A) (independently based). The values by which the transition levels are multiplied
and then to which the transition levels are added, respectively, to minimize the mean squared deviation
from the ideal transition levels. (B) (terminal-based). The values by which the transition levels are
multiplied and then to which the transition levels are added, respectively, to cause the deviations from the
ideal transition levels to be zero at the terminal points, that is, at the first and last code transitions.

3.1.36 gain _error: (A) (dynamic). The difference between the dynamic gain, G(f). of the waveform
recorder at a given frequency and its gain at a specified reference frequency divided by its gain at the

reference frequency. (B) (static) The difference between the actual gain and the nominal gain.

3.1.37 gain flatness: Variation of gain over a specified frequency range, usually expressed in decibels.

3.1.38 harmonic distortion: For a pure sinewave input, output components at frequencies that are an
integer multiple of the applied sinewave frequency.

3.1.39 hysteresis: The maximum systematic difference in values for a digitizer code transition level when
the transition level is approached from either side of the transition with a specified limit on the slew rate of

the input signal.

3.1.40 ideal code bin width (Q): The full-scale input range divided by the total number of code
states: bins.

3.1.41 input impedance: The impedance between a signal input ef-the—-waveformrecorder—andground

terminal and a specified reference terminal.

3.1.42 integral nonlinearity (/NL): The maximum systematic difference between the ideal and actual
code transition levels after correcting for gain and offset.

3.1.43 intermodulation distortion (/MD): When there is an input signal with multiple frequencies at the

input to the recorder, the generation of distortion signals at the sum and difference frequencies of the inputs
due to nonlinearities in the waveform recorder response.

3.1.44 inverse discrete Fourier transform (IDFT): A mathematical operation that converts sampled data
from the frequency domain to the time domain. Contrast: discrete Fourier transform (DFT).
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3.1.45 k™ code transition level T[k]: The input value corresponding to the transition between codes k-1
and k.

NOTE—See Figure 1.

3.1.46 large signal: A signal whose peak-to-peak amplitude (including noise) is as large as can be
practically recorded by the instrument within, but not including, the maximum and minimum amplitude
data codes. As a minimum, the signal shall span at least —1 dBFS (~ 89%) of the waveform recorder range.

3.1.47 least significant bit (LSB): One integer count in the digitized output of the waveform recorder. (If
the recorder outputs data in a floating point format, e.g., input units, the data can be converted to LSBs
using the manufacturer’s instructions.) The nominal value associated with an LSB is the ideal code bin

width, Q.
NOTE—See Figure 1.

3.1.48 linear time invariant (LTI) system: A system in which the output can be computed from the
following convolution integral:

Y(8) = [x(x)h(t - )dr @)
where
x() is the input signal as a function of time
y(t) is the output signal as a function of time
h@) is the impulse response of the system or the inverse Fourier transform of the complex frequency

response of the system. The impulse response is not a function of the amplitude of the input
x(t) (linearity); nor is it a function of the time at which the input occurs (time invariance).

NOTE—See Oppenheim and Willsky [B35] for more information on LTI systems.

3.1.49 long-term settling error: The absolute difference between the final value specified for short-term
transition settling duration, and the value 1 s after the beginning of the step, expressed as a percentage of
the step amplitude.

3.1.50 long-term time base stability: The change in time base frequency (usually given in parts in 10°)
over a specified period of time at a specified sampling rate.

3.1.51 maximum static error: The maximum difference between any code transition level and its ideal

value.

3.1.52 mod(x, m): A function that gives the remainder when x is divided by m. e.g.., mod(8.1, 2.5) = 0.6.
The sign of the result is the same as the sign of m.
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3.1.53 monotonic recorder: A recorder that has output codes that do not disregardingrandomneise:

systematically decrease(increase) for a uniformly increasing (decreasing) input signal.

3.1.54 noise: Any deviation between the output signal (converted to input units) and the input signal
except deviations caused by linear time invariant system response (gain and phase shift), a dc level shift,

NOTE—Noise has historically been an ambiguous term. In this standard, noise is defined as indicated above.

3.1.55 noise and distortion (NAD): The sum of the effects of noise and total harmonic distortion (THD).

3.1.56 noise floor: Maximum power level over a given frequency band in the frequency domain of

components that are not due to the applied signal, harmonics, or spurious signals. The level could be
absolute (expressed in decibels with respect to a milliwatt per unit of bandwidth) or relative to the

waveform recorder input full scale (expressed in decibels with respect to full scale per unit of bandwidth).

3.1.57 noise power ratio (NPR): The ratio of the average out-of-notch to the average in-notch power
spectral density magnitudes for the discrete Fourier transform (DFT) spectrum of the waveform recorder
output sample set measured using a notch-filtered broadband white-noise generator as the input to the
waveform recorder under test.

3.1.58 noncoherent sampling: Sampling of a periodic waveform where there is no integer number of
cycles in the data.

3.1.59 normalized noise power gain (NNPG): Sum of squares of the values of a data window function
divided by the number of samples.

3.1.60 normalized signal-to-noise (SNR1Hz): Signal-to-noise ratio (SNR) normalized to a reference
bandwidth of 1 Hz. Syn: noise spectral density.

3.1.61 normal-mode signal (or differential signal): The difference between the signal at the positive
input and the negative input of a differential input waveform recorder

]H thf signel a]t Ehefesm f. ;;HF m.isl desig ]Ha;_, W dF.-and-the-signal-at-the negative-input-is-designated

¥ym=F DHy (4

3.1.62 Nyquist frequency: Frequency equal to one-half the sampling frequency.

3.1.63 offset: See: gain and offset.
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3.1.64 out of range (overvoltage): Any voltage whose magnitude is less than the maximum safe input
voltage of the recorder but greater than the full-scale value for the selected range.

3.1.65 overshoot: The maximum amount by which the step response is above the high state for a positive-
going transition or is below the low state for a negative-going transition, specified as a percentage of

(recorded) pulse pereentage-of{recorded)pulse-exceedsthetopline,speeifiedasa amplitude.

NOTE—See IEEE Std 181-2003° for more information on low and high states.

3.1.66 Parseval relationship: The relationship where the sum (or integral) of the square of a function is
equal to the sum (or integral) of the square of its Fourier transform.

3.1.67 passband: The band of input signal frequencies that the waveform recorder is intended to digitize
with nominally constant gain.

3.1.68 phase nonlinearity: The deviation in phase response from a perfectly linear-phase response as a
function of frequency.

3 . .
Information on references can be found in Clause 2.

3.1.69 precursor: Any deviations from the low baseline prior—te—the—pulse state for a positive-going
transition or from the high state for a negative-going transition prior to the step transition.

NOTE—See IEEE Std 181-2003 for more information on low and high states.

3.1.70 probability density function (pdf): For a continuous random variable, the function fy(x), which
has the interpretation that fi(x)dx is the probability that the random variable, X, lies in the interval (x,

x + dx).

3.1.71 quantization: A process in which the continuous range of values of an input signal is divided into
subranges, and to each subrange a discrete value of the output is uniquely assigned. In the ideal case, these

subranges are nonoverlapping and equal in size. Whenever the signal value falls within a given subrange,
the ideal output has the corresponding discrete value.

3.1.72 quantization error: The error caused by conversion of a variable having a continuous range of
values to a quantized form having only discrete values, as in analog-to-digital conversion. The error is the
difference between the original (analog) value and its quantized (digital) representation translated into input
units.

3.1.73 quantization noise: Equivalent noise produced during the quantization of a continuous range
variable. A quantization process of step size O produces a root-mean-square (rms) quantization noise of
Q/ 12 when the continuous variable range is much larger than Q.

3.174 random noise: A nondeterministic fluctuation in the output of a waveform recorder, usually
described by its frequency spectrum and its amplitude statistical properties.

3.1.75 ratio of signal to noise and distortion (SINAD): For a pure sinewave input of specified amplitude

and frequency, the ratio of root-mean-square (rms) signal to rms noise and distortion (NAD).

3.1.76 record of data: A sequential collection of samples acquired by the waveform recorder.
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3.1.77 relatively prime: A descriptor of two integers when their greatest common divisor is 1.

3.1.78 residuals: For least squares curve fitting of data to a mathematically defined function, the differences
between the recorded data and the fitted function. The mathematically defined function is often a sinewave.

3.1.79 reverse coupling: The ratio of the spurious signal generated by a signal at some other input to the
recorder and the signal recorded at the specified input of the recorder.

3.1.80 root-mean-square (rms): For a given set of data, the square root of the arithmetic mean of the
squared values of each of the data.

3.1.81 sampling: The process of extracting values at discrete time instants from a continuous input signal.

3.1.82 short-term settling error: The maximum absolute difference between the waveform and the final

value at all times between a specified time: measured from the 50% reference level instant of the waveform
and the end of the data record expressed as a percentage of step amplitude. The final value is defined to
occurs (unless otherwise specified 1) after the beginning of the step.

3.1.83 short-term timing instability: See: aperture uncertainty.

3.1.52 sicnal . t0s The ratio-of a sicnal tothe noi

3.1.84 short-term transition settling duration: Measured from the 50% reference level of the output, the
time at which the step response enters and subsequently remains within a specified error band around the
final value. The final value is defined to occur at 1 s after the beginning of the step unless otherwise
specified.

3.1.87 single-ended recorder : A recorder that measures the voltage difference between a single input
connection and ground. i i e signals-at

T

3.1.85 signal-to-noise ratio (SNVR): The ratio of a signal to the noise where noise is any deviation between
the output signal (converted to input units) and the input signal except deviations caused by linear time
invariant system response (gain and phase shift), a dc level shift, total harmonic distortion (7HD), or an
error in the sample rate.

3.1.86 sinewave histogram: A histogram where each bin contains the total number of occurrences of each
digitized level of an input sinewave signal.

3.1.88 slew rate limit: The value of rate of change of output transition—rate-of-changecodes (referenced to
the input) for which an increased amplitude input step causes no change.

3.1.89 spectral leakage: Spectral lines adjacent to the input line produced by the discrete Fourier transform
(DFT) when the input is a pure sinewave whose frequency does not satisfy the coherent sampling condition
and thus is not at the center of a DFT frequency bin.

3.1.90 spurious components: Persistent sin waves at any frequencies other than the input or harmonic
frequencies.

3.1.91 spurious free dynamic range: The frequency domain difference in decibels between the full-scale
signal level and the largest spurious component (including harmonics) for a large, pure sinewave signal
input.
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3.1.92 step response: The recorded output response for an ideal input step with designated baseline—and
topline low state and high state.

3157 timingjitter:-See3-1-2; NOTE—Sce IEEE Std 181-2003 for more information on low and high states.
3.1.93 timing jitter: See. aperture uncertainty.
3.1.94 timing phase noise: See: aperture uncertainty.

3.1.95 total harmonic distortion_(THD): The scaled square root of the sum of squares of a specified set
of harmonic distortion components including their aliases_for a pure sinewave input of specified amplitude

and frequency.

3.1.96 transition duration of the step response: The duration between the instants corresponding to two
reference levels. Unless otherwise specified, the two reference levels are the 10% and 90% reference levels.

3.1.97 transition level: The input value that causes 50% of the output codes to be greater than or equal to
the upper code of the transition, and 50% to be less than the upper code of the transition.

3.1.98 transition settling duration: The time at which the step response enters and subsequently remains

within a specified error band around the final value, measured from the 50% point of the response.

3.1.99 trigger delay: The elapsed time from the occurrence of a trigger pulse at the trigger input connector,
to the time at which the first or a specified data sample is recorded.

3.1.100 trigger jitter: The standard deviation in the trigger delay time over multiple records.

3.1.101 trigger minimum rate of change: The slowest rate of change of the transition duration leading
edge of a pulse of a specified level that will consistently trigger the recorder.

3.1.102 trigger signal coupling: The ratio of the spurious signal level (that is recorded by an input to the
recorder) to the trigger signal level.

3.1.103 waveform: A manifestation or representation (e.g., graph, plot, oscilloscope presentation, discrete
time series, equations, table of coordinates or statistical data) or a visualization of a signal.

3.1.104 waveform epoch: An interval to which consideration of a waveform is restricted for a particular
calculation, procedure, or discussion. Except when otherwise specified, the waveform epoch is assumed to
be the span over which the waveform is measured or defined.

3.1.105 window: See: data window.
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3.2 Symbols_and acronyms
Below are the acronyms used in this standard and the symbols that are used in more than one subclause in
this standard. Other symbols are declared and defined locally as needed.

€ general symbol for error, uncertainty, or tolerance
g error in frequency
£ error in sampling rate

£ gain error
elk residual error in the least squares fit method of computing gain and offset
Em upper bound on aliasing error magnitude spectrum

€0 quantization error
Ems mean square error

Ew measured word error rate
&wmax  Upper bound on word error rate
n root-mean-square (rms) amplitude noise

1) noise power per hertz relative to the carrier

/" phase noise

T constant, ratio of the circumference of a circle to the diameter

L reflection coefficient

o standard deviation

o variance

o, aperture uncertainty

T time constant

D[s] cumulative density function for a Gaussian distribution (the fraction of the total distribution
covered from negative infinity to s

Dlo] confidence level as a function of standard deviations for a Gaussian distribution, expressed as a

fraction

o phase, expressed in radians

Apins root-mean-square (rms) value of a fitted sinewave, rms signal ac_alternating current

ADC analog-to-digital converter

BW bandwidth
CMRR  common-mode rejection ratio

DAC digital-to-analog converter dc¢ direct current
DFT discrete Fourier transform
DNL differential nonlinearity (When given as one number without a code bin specification, it is

the maximum differential nonlinearity of the entire range.)

DNL,,s root-mean-square (rms) value of DNL[k]
DNL[k] differential nonlinearity of code &

Eavm residual spectrum after the bins at dc and test frequencies have all been set to zero (deleted
from the spectrum)

ENOB  effective number of bits
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f frequency, expressed in hertz

feq equivalent sampling rate
" subset of harmonics used in computing total harmonic energy f; input signal reference frequency or
input signal repetition rate f,, discrete Fourier transform (DFT) basis frequency

Lrer _reference frequency

L sampling frequency

Af separation between two frequencies

Alyms root-mean-square (rms) frequency deviation over one record length
FDHM  full duration at half of maximum
FM frequency modulation

FSR full-scale range of the recorder

gain of waveform recorder, ideally = 1

G
G(H dynamic gain of waveform recorder as a function of input frequency f°
H(f) frequency response of the waveform recorder

h(2) impulse response
IDFT inverse discrete Fourier transform

IMD intermodulation distortion
INL integral nonlinearity
K number of data records

LSB least significant bit

LTI linear time invariant

M number of sequential samples in a data record
MSE maximum static error

N number of bits digitized by the waveform recorder

Ncugli]  cumulative number of samples up to bin i in sinewave histogram code transition level test Ny
number of the highest order harmonic used for computing total harmonic distortion (7HD) Nygli]

average number of histogram samples received in each of the code bins that share the given transition level

Ns _total number of samples processed over several records
NAD noise and distortion
NPR noise power ratio

NPR,,« Mmaximum noise power ratio

NNPG  normalized noise power gain P probability

pdf probability density function

PSD power spectral distribution

[0} ideal code bin width, expressed in input units
o’ actual average code bin width

SFDR  spurious free dynamic range
SINAD  ratio of signal to noise and distortion

SNR signal-to-noise ratio

T time between digitized data samples or sample period
Iz record length of the recorder in seconds

I, interval between equivalent-time samples
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time, in seconds unless otherwise specified

4
t transition duration

I
Tk code transition level between code k and code A1
ITki,]  measured level used to fine tune location of a code transition level

TDR time domain reflectometer

THD total harmonic distortion

THE total harmonic energy

u(?) unit step function
u'(t non-ideal step-like function

u'lh Fourier transform of u/(¢)
Vi, amplitude of the input signal to the waveform recorder

Vi rms root-mean-square (rms) of the input signal to the waveform recorder

Vs input offset of waveform recorder, ideally = 0

Vou peak-to-peak amplitude of the signal in the digitized data

VSWR  voltage standing wave ratio
Wik] code bin width of code bin &

Wln] Fourier transform of the data window function w[k]

wlk] window function [for a discrete Fourier transform (DFT)]

X[k]  frequency domain samples of the input sequence x[i] computed via the discrete Fourier transform
(DET)

Xaglm] averaged spectral magnitude of the discrete Fourier transforms (DFTs) of multiple data records
KXot ~averaged discrete Fourier transform (DFT) spectrum, X,,,,, with the components (bins) at dc, the

test frequencies f; and (f£—£,). and the specified harmonic frequencies £,,;. all set to zero (deleted)

KXuavelm] averaged spectral magnitude of the discrete Fourier transforms (DFTs) of multiple windowed
data records

X lil Fourier transform of a windowed input sequence w[7] x[7]
Xoalil windowed Fourier transform of the k™ record when multiple records are taken
x[i] sequence of digitized input time domain samples

x’[] best fit points to a data record

x(8) continuous input signal as a function of time

X average value of the input signal over the record

yli] filtered input sequence of digitized time domain samples
Zy transmission line impedance

Z waveform recorder input impedance

&H' = H__‘__e)

e—average-of e, -overM-samples

Bﬁ;s-i-n_éw_tﬁ__'__e)

B—=-average-of f,overM-samples

&=-crror; fortotal-errorand-error-band

€.e— FOOt-mean-square-value-of e
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4. Test parameters and methods

4.1 Manufacturer supplied information

4.1.1. General methods information

Manufacturers shall supply the following general information:

— Model number

—Dimensions and weight

— Power requirements

— Environmental conditions: Safe operating, nonoperating, and specified performance temperature
range; altitude limitations; humidity limits, operating and storage; vibration tolerance; and
compliance with applicable electromagnetic interference specifications

— Any special or peculiar characteristics

— Compliance with military and other specifications

— Available options and accessories, including their impact on equipment performance

— Exceptions to the above parameters where applicable

— Calibration interval, if required

4.1.2 Performance specifications

The manufacturer shall provide the minimum specifications defined in 4.1.2.1. Additional potentially
useful specifications are given in 4.1.2.2. See Clause 3 for definitions.

4.1.2.1 Minimum specifications

— Number of digitized bits

— Sample rates

—  Memory lengths

— Input impedances

— Analog bandwidths

— Input signal ranges

— Power supply voltage ranges
— Power dissipation

4.1.2.2 Additional specifications

— QGain

—  Offset

— Differential nonlinearity (DNL)

— Integral nonlinearity (INL)

— Maximum static error

— Monotonicity

— Hysteresis

— Total harmonic distortion (7HD) and spurious response
— Intermodulation distortion (/MD)

— Noise power ratio, (NPR)

— Ratio of signal to noise and distortion (SINAD)
— Signal-to-noise ratio (SNR)

— Effective number of bits (ENOB)
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— Random noise

— Gain error versus frequency

— Frequency response

— Transition settling duration

— Transition duration of step response (rise time)
— Qvershoot and precursor

— Slew limit

— Crosstalk

— Aperture uncertainty (short-term time base stability)
— Long-term time base stability

— Fixed error in sample time

— Trigger delay and jitter

— Trigger sensitivity

— Trigger hysteresis band

— Trigger minimum rate of change

— Trigger coupling to signal
— Overvoltage recovery

—  Word error rate

— Cycle time

— Common-mode rejection ratio (CMRR)
—  Maximum common-mode signal level
— Differential input impedance

— Maximum operating common-mode signal level

M
%{_yﬁ—Mgees{e}Q{-ﬁ)_B_BQ&iﬂ{wgfﬁ)_B_Gg}%n%—%
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Where

g isthe & ied to.d : o

To-find the values-for- Ay Byand Cyfirst ercate the following matrices:

Dy = . . . (13)
cos(wply)  sin{wgly) 1
M
Y2
y=1 . (14)
Yu
Ay
Iu = BU
Co
(15)
DDy DDy a6)
R
1%} designates the transpose of' (%)
: he | Jution i . s
Fgr=D D) Dy ) &7
The fitted function is.d .
ya—Ageostent y+Bysitegt+€,  (8)
Fomeopeepbin e e s b e e Doy
Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on March 06,2026 at 04:23:36 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1057-2007


http://www.avadocuments.com/doc/ieee-1057-2007
http://www.avadocuments.com/doc/ieee-1057-2007

vy = Acos(wgt,+8)+C (19)

use

1] 2 2

A= Ji4B ©0)
_ an-1|"B0 -

6 = tan {_} if Ag=0 1)

Ap

B0
8 =tanr!|B|in  ifAyg<0 @2)

0

A

] dualsr,-of the £ o]

Fn—__yn—g%gees_eﬁ)@;ﬁ)_g_gg-mgfﬁ)_g_éé—%

Define
o, = cos{ert)———(25)
Bw;%wﬁ)—%_
Thesenlonlags
M M M
E}n Ean EBH
n=1 n=1 n=1
M M M
Eqnﬁn Eqn B
n=1 n=1 n=1
M M M ,
E}nan E}‘"‘S" 21‘1—:
n=1 n=1 n=1
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=g @n
Where
M M M M
E Vplty =7 E Oy E Vabr =7 E Ba
O i e
Eunﬁn_BEqm EB;‘E’EBR
n=1 n=1 n=1 n=1
M .1 M M M
Eq;—ﬁzun Eunﬁn—uzﬁn
PR R B SR )
Eqnﬁn BEU‘N Eﬁi_ﬁzﬁn
H= = = n=1
B, =§—';' G0
it
M M M M
Z}ER‘IN_FE Oty E}’nﬁn_pzﬁn
BN - R=Ml' - ﬁ{:l _n‘El nifl 31
Ecr;—c_xz a, Eanﬁn—azﬁn
n=1 n=1 n=1 n=1
M _ M M Lo M
Eanﬁn -BEO:H EB;_ﬁEB“
B, ==l n=1 _ _n=1 n=1
D M i M M M
Ea;_azan Eanﬁn_azﬁn
n=1 n=1 n=1 n=1 (32)
e
1 M
v= 530 34)
1 M
o = h—{”}:‘{lan (35)
_ 1 M
B = En21ﬁ" (36)
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¥ eostot, ) +B, sintot j+6——6F

where
¥, —is-fitted-points
Elesipe s o eap Lo comptead oo Lol o
—
e = |37 38)
where
M M JM ,
£ = 2 }'i+Ai E ai+BI 2 L+ MCT
n=1 n=1 n=1

M M M
—2A, Y Ay —2B1 Y Bpya—2C Y ¥y

n=1 n=1 n=1

M M M
+2A,B, E o, B, + 24,C E a,+28,C E B
n=1

n=1 n=1

(39)

¥, =Aeostet, +8)+C—40}

A= J(Aj+B) (41)

6 = tan™! (_?} ifA1=0
1

B
6 = tan™! (UTI) +x ifA;<0 (42)
1

Documents
Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on March 06,2026 at 04:23:36 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1057-2007


http://www.avadocuments.com/doc/ieee-1057-2007
http://www.avadocuments.com/doc/ieee-1057-2007

Assuming-the-datarecord-contains-the sequence-of samples o> Art-akeﬁ—&t—ﬂmes—t Jr,—t;_z,—t '\ this

n=1

where

B € —and-e—that-minimize—the—following

-
&

M
S [ Acos(ayt,) - Bysin(a,) - C] (43)

y=1 .

cos(aw;ty) smfwgd)

cos(aw;t;) smfwgd,)
Di = ] -

(45)
=A;_fysin(ewsty) + B;_jrcos(w;f)
=A;_tysin(wty) + B;_jfhcos(w;th)
. (46)
—A;_qtysin(wgty) + B, 1y cos(e,l)
47
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. -1
& = (DiD,) (DY) (48)
y . =Aeostor, +O)+C €49)
—Hsig
A= JA]+B; (50)
and
8 = tan ~|_Bi| ifam0 (51)
| Al
4| B _
B = tan _.-Tl +m A<D (52)
| A4

Ihe ieSld&a'lss P

Fn—;yn—g%i—eesf@?ﬁ)_g_g#%ﬁﬁ%; (539

Documents
Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on March 06,2026 at 04:23:36 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1057-2007


http://www.avadocuments.com/doc/ieee-1057-2007
http://www.avadocuments.com/doc/ieee-1057-2007

where

sigh-(pp)—Hory,=yser BHery, <y,
¥ 4_+s—the—ﬁ1ﬁst—sample—m—feeefd—w4re1=e—t—9

M %‘: 5 M
n n Y
ngl “ n=1 n=1
M M
S B S by Bx
n=1 n=1
Mo M M
n‘gl Y; 321 ﬁﬂ!ﬁyﬁ' 321 o ﬁ"r"
Mo M M
P lﬁnfi ,.Zl ﬁn'frr 521 Oyly

aykR - a;S

Ay —aydy

ayS—ayR
Ay —dapdn

(58)

(59
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M M _
E Batylay—a) E ayty( By = B)

n=1 n=1
M

E ayl oy — )

n=1

ap =

2

M M , _
E Oylo,—a) E Bafu(By—B)
=1 n=1

M

E oty cr, — )

n=1

n

2

(60)
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M M B
E Bty —) E o, (B —B)
n=1

a;, == -

2 y 7
E ooy —a)

M M B
E [[?T[:CIN—C_‘.() E ﬁm?n(ﬁn_ﬁl
= n=1

1

=

p 2
|:E an(u”—6:|
n=1

= i=

M M _
E ﬁn{qx_a} E C'-m!n(ﬁn_ BJ
1 n=1

=

an 3
M
|:E aploy,— E:J

=1

n=1

M
E O.‘"(C."n— aJ E ﬁmrn{.lsn - B)
n=1

Y 2
E oty o — @)

=1

M M _
E ﬁn(un_a) E un(ﬁn_gl
Ay = n=1 =1
22 .LI' 2
Z ay(a, — &)
n=1
M M _
E ooy —a) 2 Bn(By—B)
n=1 n=1
u 2
E o, la, —d)
n=1
M M
E (Vp—F)15By E (ay—a@)t, By,
R = n=1 _n=1
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M M
E D"n_.?)ﬁn 2 (qu_ﬁ]ﬁ:ll
5 = ?r:fl _u;l (65)
E (}’H—F}C(n E [:G'n—(_!]a"
n=1 n=1
1 M
1 M
&= 21 a, (67)
— ]_ M
B = H,El By (68)
a, = cos(wl,+8) (69)
Bn = Si_ll(u:-fl+ 8) (70)

where
i< the fitted litud
Clis-the fitted-offset
and-may-he-computed-from
M
E (}In_j"}(un"'ﬁn_" ﬁnf"}
A=221 (72)
E (o, — @)ty + By + Byty)
n=1
C=7-Aa (73)
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DATA SAMPLES

Figure 2—Equivalent time sampling extraction method
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