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Abstract: Test methods and preferred values for metal-oxide varistor (MOV) surge protective
components are covered in this standard and have the following main parameter ranges: packaging
(leaded disc-type or surface mount), nominal varistor voltage (5 V to 1200 V), 8/20 surge current
rating (10 A to 70 kA), and 8/20 clamping voltage (10 V to 3 kV). With appropriate component
selection, these components could be used for the overvoltage protection of power and signal
systems having continuous ac voltages (2.5 V rms to 750 V rms), steady-state dc voltages (3.3 V
to 1000 V), and peak signal feed voltages (3.5 V to 850 V). Information is given on manufacturer
type testing used to determine environmental performance and rated values.

Keywords: clamping voltage, ESD, IEEE C62.33™, leaded, MCOV, metal-oxide varistor, MOV,
nominal voltage, surface mount, surge current rating, TOV, varistor
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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 Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be obtained on
request from IEEE or viewed at http://standards.ieee.org/[PR/disclaimers.html.

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. IEEE Standards
are documents developed through scientific, academic, and industry-based technical working groups.
Volunteers in IEEE working groups 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 Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. Implementers and users 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.

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.

Documents

3 Document Sharing Hub
Authorized licensed use limited to: Tsinghua UniverRRY 8L RA048 ¥r FE-AL NS 686@vASh7:55 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C62.33-2016


http://standards.ieee.org/IPR/disclaimers.html
http://www.avadocuments.com/doc/ieee-c62-33-2016
http://www.avadocuments.com/doc/ieee-c62-33-2016

Translations

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

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 US 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.
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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.

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 10 years. When a document is more than 10 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 Xplore at http://iceexplore.icee.org/
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.ieee.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 C62.33-2016, IEEE Standard for Test Methods and Performance Values for
Metal-Oxide Varistor Surge Protective Components.

This test method document has been developed for the purpose of testing and comparing metal-oxide varistor
(MOV) surge protective components.

An MOV is a surge diverter used for limiting transient overvoltages in power and communications circuits.

The interest in low-voltage varistors has grown with the trend to highly sophisticated electrical and electronic
devices that are exposed to surges from the environment. Initially, there were no standard terms or tests to
define or compare these devices. The IEEE Surge Protection Devices Committee formed its Low Voltage
Surge Protection Devices Working Group in 1970 to define these parameters.

Experts were drawn from many fields in communications and power utilities, electronic manufacturers and
users, test equipment manufacturers and laboratories, and producers of varistors themselves. The requirements,
experiences, and vocabularies of these representatives were melded to produce this document as a guide to
potential users of varistor surge protective devices.
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IEEE Standard for Test Methods and
Performance Values for Metal-Oxide
Varistor Surge Protective Components

1. Scope

This standard covers test methods and performance values for metal-oxide varistor (MOV) surge protective
components (SPCs) with the following main parameter ranges:

— Packaging: Leaded disc-type or surface mount
— Nominal varistor voltage: 5 V to 1200 V

—  8/20 surge current rating: 10 A to 70 kA

— 8/20 clamping voltage: 10 Vto 3 kV

With appropriate component selection, these components could be used for the overvoltage protection of
power and signal systems having the following:

— Continuous ac voltages: 2.5 Vrms to 750 V rms
— Steady-state dc voltages: 3.3 V to 1000 V
— Peak signal feed voltages: 3.5 Vto 850 V

Information is given on manufacturer type testing used to determine environmental performance and rated
values.

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.

IEC 60060-2:2010, High voltage test techniques — Part 2: Measuring systems. !

IEC 61000-4-2:2001, Electromagnetic compatibility (EMC) — Part 4-2: Testing and measurement techniques —
Electrostatic discharge immunity test.

'TEC publications are available from the International Electrotechnical Commission (http://www.iec.ch) and the American National
Standards Institute (http://www.ansi.org/).
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|IEEE Std C62.33-2016
|IEEE Standard for Test Methods and Performance Values for Metal-Oxide Varistor Surge Protective Components

3. Definitions, acronyms, and abbreviations

For the purposes of this document, the following terms and definitions apply. The /EEE Standards Dictionary
Online should be consulted for terms not defined in this clause.?

3.1 Definitions

This standard defines the following terms:

clamping voltage (V): Maximum peak voltage across the metal-oxide varistor (MOV) measured under
conditions of a specified waveform impulse with current peak /,. If there is both a front peak and rear peak on
the voltage waveform, the rear peak voltage is defined as the clamping voltage.

NOTE—ITU-T K.77 (01/2009) [B24] recommends that each MOV has its peak voltage measured in both polarities and
the larger value of the two be taken as the MOV clamping voltage.* *

clamping voltage current (Ic): Crest value of the current through the varistor for clamping voltage
measurement having a current wave shape of 8/20.

combination wave generator: Generator with 1.2/50 open-circuit voltage waveform and 8/20 short-circuit
current waveform.

current peak de-rating curve: Curves expressing the relationship of the three variables of /,, n, 7, where [, is
the impulse current peak, 7 is the impulse width, and 7 is the average application number of the impulse that the

metal-oxide varistor (MOV) can withstand in terms of specified pass criterion.

NOTE 1—The current /,, the 7, value with increasing » or , can be represented by Equation (1) and Equation (2).

LOG I, = A—a LOG n (for a constant value of 7) )
LOG I, = B—b LOG 7 (for a constant value of ) 2)
where

A,a, B,b are four constants which depend on the type and manufacturing of the MOV
Aanda depend on 7 values and B and b depend on n values

NOTE 2—Equation (1) and Equation (2) agree well with the actual characteristics of an MOV when n > 10, but become
inaccurate for when n < 10.

endurance at maximum operating temperature: Property to operate at maximum operating temperature
and maximum continuous operating voltage for 1000 h.

NOTE—Unless otherwise specified, the maximum operating temperature can be taken as 85 °C.

front peak voltage (V;): Maximum voltage across the metal-oxide varistor occurring at the initial time of an
applied impulse current of specified waveform and peak value.

*The IEEE Standards Dictionary Online is available at: http://dictionary.ieee.org.

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

“Numbers in brackets correspond to those of the bibliography in Annex F.

Documents

10 Document Sharing Hub
Authorized licensed use limited to: Tsinghua UniveRRYSENR:2048 JrFEnARNSIS §868kvREn7:55 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C62.33-2016


http://dictionary.ieee.org
http://www.avadocuments.com/doc/ieee-c62-33-2016
http://www.avadocuments.com/doc/ieee-c62-33-2016

|IEEE Std C62.33-2016
|IEEE Standard for Test Methods and Performance Values for Metal-Oxide Varistor Surge Protective Components

impulse: Unidirectional wave of voltage or current that, without appreciable oscillations, rises rapidly to a
maximum value and falls, usually less rapidly, to zero with small, if any, excursions of opposite polarity, with
defining parameters being polarity, peak value, front time and time to half-value on the tail. (IEC 60099-9
[B16])

impulse current peak [IP (n, 7)]: Repetitive impulse current peak that can be applied for a specified number
of applications, n, with a specified impulse width z.

impulse width (7): Normalized impulse duration that is the ratio of the waveform area to the impulse peak, by
means of 7 any waveform of impulse can be converted into an equivalent rectangular wave.

leakage current dc (7, 4): Current passing through the metal oxide varistor with the maximum dc voltage V.
applied on it, and at a specified temperature.

maximum continuous operating voltage (MCOV) [V, (Vpo)]: Maximum ac rms voltage V), or maximum

dc voltage V. that can be applied continuously at a temperature of 25 °C. V. shall be a substantially sinusoidal
voltage (less than 5% total harmonic distortion).

multilayer varistor (MLV): Varistors made using multiple, fine grain ceramic layers that are connected in
parallel.

NOTE—MLVs are generally surface mount components used for electrostatic discharge protection of electronic circuits.

metal-oxide varistor (MOV): Component made of zinc oxide (ZnO) and a few additives whose conductance,
at a given temperature, increases rapidly with the voltage increasing over a certain voltage range.

NOTE—An MOV is also known as a voltage-dependent resistor (VDR) or a varistor.

nominal discharge current (Z,): Maximum value of the repetitive current through the varistor having a
current wave shape of 8/20.

NOTE—Unless otherwise specified, 15 pulses are used for qualification.

nominal varistor voltage (V): Voltage, at specified dc, used as a reference point in the component
characteristic.

NOTE—Unless otherwise specified, a dc of 1 mA is used.

rated impulse energy (W,,): Maximum single impulse energy that can be absorbed by the metal-oxide
varistor for a specified waveform.

NOTE—ITU-T K.77 (01/2009) [B24] recommends that either a 2 ms rectangular current impulse or a 10/1000 current
impulse be used as the characterization waveform.

rated peak single pulse transient current (varistor), /;,,,: Maximum peak current that may be applied for a
single 8/20 impulse, with rated line voltage also applied, without causing device failure.

surge protective component (SPC): Component specifically included in a device or equipment for the
mitigation of the onward propagation of overvoltages or overcurrents, or both. (ITU-T K.96 (02/2014) [B25])
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surge protective device (SPD): Device that restricts the voltage of a designated port or ports, caused by a
surge, when it exceeds a predetermined level. (IEC 61643-21:2009-04 [B20])

NOTE 1—Secondary functions may be incorporated, such as a current-limiting device to restrict a terminal current.
NOTE 2—Typically, the protective circuit has at least one non-linear voltage-limiting surge protective component.
NOTE 3—An SPD is a combination of a protection circuit and any holder.

temperature de-rating curve: Graphical representation of parameters de-rating against temperature.

NOTE—Typical parameters are maximum continuous operating voltage V. (¥), nominal discharge current /,, impulse
current peak /;, (n, 7), and rated impulse energy, 7,,.
temporary overvoltage (TOV) (V;): AC voltage rms or dc voltage that the metal-oxide varistor can withstand;
V; exceeds the maximum continuous operating voltage V. or Vpc

thermal equilibrium: State reached when the temperature of the parts of a component or equipment operating
in a given environment no longer varies faster than a specified limit. (IEC 60050-151 [B2])

varistor: Resistor the resistance of which is strongly varying with the applied voltage. (IEC 60050-151 [B2])

wave shape designation (of an impulse): (A) The wave shape of an impulse (other than rectangular) of a
current or voltage is designated by a combination of two numbers. The first, an index of the wave front, is
the virtual duration of the wave front in microseconds. The second, an index of the wave tail, is the time in
microseconds from virtual zero to the instant at which one-half of the crest value is reached on the wave tail.
Examples are 1.2/50 and 8/20 waves. (B) The wave shape of a rectangular impulse of current or voltage is
designated by two numbers. The first designates the minimum value of current or voltage that is sustained for
the time in microseconds designated by the second number. An example is the 75 A 1000 ps wave. (IEEE Std
C62.11-2012 [B23])

3.2 Acronyms and abbreviations

This standard uses the following abbreviations and acronyms:

AQL acceptable quality level
ESD electrostatic discharge
HMM human metal model
MCOV maximum continuous operating voltage
MLV multilayer varistor

MOV metal-oxide varistor

PS power source

SMD surface mount device

SPC surge protective component
SPD surge protective device
TOV temporary overvoltage
VDR voltage-dependent resistor
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4. Environments
4.1 Test conditions

In the absence of specified environmental standards, the following test conditions are to be used for these tests:

Temperature: 25°C+10K
Relative humidity: 25%to 75%
Air pressure: 86 kPato 106 kPa

The waveform of the impulses used in this standard shall meet the requirements of Annex D.

When tests are conducted, the MOVs of leaded disc type shall be mounted as for normal use, while the MOVs
of surface mount device (SMD) types shall be mounted on the substrate. Unless otherwise specified, the
substrate shall be as described in Annex A.

5. Electrical characteristics
5.1 General

MOVs of various types should have the characteristics listed in Table 1 when tested as specified.

For the tests for electrical characteristics, a statistically significant number of samples should be chosen.
Generally, “statistically significant” is 30 samples, but guidance such as acceptable quality level (AQL) tables
or customer requests may apply.

5.2 Varistor voltage
5.2.1 Preferred voltage values

When tested according to 5.2.2, varistor voltage should be within the specified limits. Table 2 and Table 3
show the nominal varistor voltages of high voltage and low voltage disc types that are commonly used; their
allowable tolerances are +£10%. Components with voltages higher than Table 2 are less commonly used and
individual suppliers should be contacted to find the voltages available.

The nominal varistor voltages and tolerances listed in Table 4 are typical for SMD types.

5.2.2 Test method

A power supply of constant current source of 1 mA dc + 10% shall be used. The voltage across the tested
MOV should rise from a lower value than that of the varistor voltage measured, rather than declining from the
maximum voltage of the current source. The ripple of dc voltage shall be no more than 1%. The time of applied
test current 1 mA shall be within 20 ms to 100 ms prior to taking the voltage reading. The accuracy of the
voltmeter shall be £0.5%. The voltage shall be measured for positive and negative polarities of the test current.

NOTE—Two successive measurements may give slightly different outcomes, usually the first is less than the second.
Unless otherwise specified, the first is taken.
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