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Abstract: Surge-protective components (SPCs) used in power and telecom surge-protective
devices (SPDs) and equipment ports are covered in the C62.42 guide series. This Overview part
covers protective functions, both non-linear and linear; component technologies and
characteristics; common circuit designs used in SPDs and equipment ports; and information on
the impulse (surge) generators used to test SPCs. Additional parts of C62.42 on specific SPC
technologies provide details on component construction, characteristics and ratings, and
application examples.
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overcurrent, overvoltage, power, surge, surge-protective devices, telecommunication

The Institute of Electrical and Electronics Engineers, Inc.
3 Park Avenue, New York, NY 10016-5997, USA

Copyright © 2017 by The Institute of Electrical and Electronics Engineers, Inc.
All rights reserved. Published 29 September 2017. Printed in the United States of America.

IEEE is a registered trademark in the U.S. Patent & Trademark Office, owned by The Institute of Electrical and Electronics
Engineers, Incorporated.

Annex B reprinted with permission from Michael John Maytum, Impulse generators used for testing low-voltage equipment, ©2012.

Material in Clause 3, Clause 4, and Clause 5 reprinted with permission from Michael John Maytum, Introduction to Surge Mitigation
Techniques, ©2013.

PDF:  ISBN 978-1-5044-3685-4 STD22388
Print:  ISBN 978-1-5044-3686-1 STDPD22388

IEEE prohibits discrimination, harassment, and bullying.

For more information, visit http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html.

No part of this publication may be reproduced in any form, in an electronic retrieval system or otherwise, without the prior written permission
of the publisher.

. Documents
Copyright © 2017 IEEE. All rights reserved. Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 23:30:54 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C62.42.0-2016


http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html
http://www.avadocuments.com/doc/ieee-c62-42-0-2016
http://www.avadocuments.com/doc/ieee-c62-42-0-2016

IEEE Std C62.42.0-2016
IEEE Guide for the Application of Surge-Protective Components
in Surge-Protective Devices and Equipment Ports—Overview

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.
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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.

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.

o Documents
Copyright © 2017 IEEE. All rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 23:30:54 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C62.42.0-2016


http://www.avadocuments.com/doc/ieee-c62-42-0-2016
http://www.avadocuments.com/doc/ieee-c62-42-0-2016

IEEE Std C62.42.0-2016
IEEE Guide for the Application of Surge-Protective Components
in Surge-Protective Devices and Equipment Ports—Overview

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 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 Xplore at
http://iecexplore.ieee.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.iece.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 C62.42.0™-2016, IEEE Guide for the Application of Surge-Protective
Components in Surge-Protective Devices and Equipment Ports—Overview.

External electrical events, such as lightning, can couple into a system by the mechanisms of direct
coupling, electric fields, magnetic fields, and electromagnetic fields. Depending on the coupling
mechanism, the coupling level can be reduced by the use of equipotential bonding, isolation, and shielding.
Once the surge is in the system it can be further mitigated by the use of surge-protective components in
surge-protective devices and the equipment ports.

The surge appearing in the system may be a voltage wave or a current wave or both. At a given location the
surge may be common-mode or differential-mode or a combination of both. The choice of protection
configuration and components will depend on the type of expected surge and the system parameters. Surge-
protection component functions are either non-linear limiting or linear attenuating. Both types of protective
functions can be used together to achieve the optimum surge mitigation. For example, an isolation
transformer could be used to provide a galvanic break and common-mode voltage surge mitigation together
with non-linear voltage limiters connected across the transformer windings to provide differential-mode
voltage surge mitigation.

Clause 3 of this document describes the different terms used in protection engineering. Clause 4 describes
the mitigation function types. Clause 5 outlines available protection component technologies and
characteristics. Clause 6 provides some examples of protection configurations and their protection
components.

Component surge performance is evaluated by testing with a specified impulse generator. Informative
Annex B, Annex C, and Annex D describe the various types of impulse generators, their interaction with
surge-protective components, and the resultant component electrical stress levels.
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IEEE Guide for the Application
of Surge-Protective Components
in Surge-Protective Devices and
Equipment Ports—Overview

1. Scope

The IEEE C62.42™ guide series covers surge-protective components (SPCs) used in power and telecom
surge-protective devices (SPDs) and equipment ports. This overview covers the following:

—  Protective functions both non-linear and linear
—  Component technologies and characteristics
— Common circuit designs used in SPDs and equipment ports

— Information on the impulse (surge) generators used to test SPCs

Additional parts of IEEE C62.42™ on specific SPC technologies provide details on the following:

— Component construction
—  Characteristics and ratings

— Application examples
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2. Definitions, acronyms, and abbreviations

2.1 Definitions

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.!

avalanche breakdown (of a PN junction): Breakdown that is caused by the cumulative multiplication of
charge carriers in a semiconductor under the action of a strong electric field, which causes some carriers to
gain enough energy to liberate new hole-electron pairs by ionization (IEC 60050-521 [B7]).

band-pass filter: Filter that allows passage of a desired range of frequencies and attenuates frequencies
outside the desired range (adapted from IEEE Std 802.7™ [B23]).

bidirectional transistor: Transistor that has substantially the same electrical characteristics when the
terminals normally designated as emitter and collector are interchanged (IEC 60050-521 [B7]).

bipolar junction transistor: Transistor having at least two junctions and whose functioning depends on
both majority carriers and minority carriers (IEC 60050-521 [B7]).

breakdown (of a reverse-biased PN junction): Phenomenon, the initiation of which is observed as a
transition from a state of high dynamic resistance to a state of substantially lower dynamic resistance for
increasing magnitude of reverse current (IEC 60050-521 [B7]).

charge (impulse): Time integral of the impulse current.

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

common-mode choke filter: Series in-line transformer used to mitigate common-mode current flow
without affecting differential current flow.

common-mode conversion: Process by which a differential-mode electrical signal is produced in response
to a common-mode electrical signal (adapted from IEC 60050-161 [B5]).

common-mode rejection filter: Filter type, usually a balanced filter that attenuates the signal common to
both input lines; that signal is called the common-mode signal (adapted from IEEE Std 1549™ [B25]).

common-mode surge: Surge appearing equally on all conductors of a group at a given location.

NOTE 1—The reference point for common-mode surge voltage measurement can be a common terminal or a local
earth/ground point.?

NOTE 2—Also known as longitudinal surge or asymmetrical surge.

IEEE Standards Dictionary Online subscription is available at: http://dictionary.ieee.org.
% Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard.
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designation of an impulse shape: Combination of two numbers, the first representing the virtual front
time (7;) and the second representing the virtual time to half-value on the tail (7, ) (IEC 60099-4 [B10]).

NOTE 1—1t is written as 7, / 7, , both in microseconds, the sign “/” having no mathematical meaning.

NOTE 2—Some standards use alternative designations suchas A/ B or T, xT, .

NOTE 3—Combination wave generators have both voltage and current impulse designations given separated by a
hyphen, e.g., 1.2/50-8/20.

NOTE 4—Waveshapes defined as maximum front time and minimum time to half-value are expressed as <7,/ >T,.

differential-mode surge: Surge occurring between any two conductors or two groups of conductors at a
given location.

NOTE 1—The surge source may be balanced about a reference point or unbalanced by one surge source terminal being
connected to a reference point, such as a common terminal or a local earth/ground point.

NOTE 2—Also known as metallic surge or transverse surge or symmetrical surge or normal surge.

diode (semiconductor): Two-terminal semiconductor device having an asymmetrical voltage-current
characteristic (IEC 60050-521 [B7]).

NOTE—Unless otherwise qualified, this term usually means a device with the voltage-current characteristic typical of
a single PN junction.

disruptive discharge: Passage of an electric arc following electric breakdown (IEC 60050-212 [B6]).

disturbance suppression: Action that reduces or eliminates electromagnetic disturbance (IEC 60050-161
[B3)).

effective impedance (impulse generator): Quotient of the generator open-circuit peak voltage value and
the generator short-circuit peak current value.

NOTE—Some standards use the alternative term fictive impedance (IEC TR 62066 ed. 1.0 [B18]).

electromagnetic disturbance: Any electromagnetic phenomenon that may degrade the performance of a
device, equipment, or system or adversely affect living or inert matter.

NOTE—An electromagnetic disturbance may be an electromagnetic noise, an unwanted signal or a change in the
propagation medium itself (IEC 60050-161 [B5]).

filter: Circuit that selects or rejects one or more components of a signal related to frequency (adapted from
IEEE Std 802.7 [B23]).

fold-back breakdown (of a bidirectional transistor): Re-entrant breakdown characteristic caused by
transistor action producing a region of negative dynamic resistance before reverting back to a low positive
dynamic resistance condition.

NOTE—In transistor terms, the initial breakdown is in the BVcpo mode, which changes to the lower voltage BVcro
mode as the breakdown current increases.

forward direction (of a PN junction): Direction of current that results when the P-type semiconductor
region is at a positive voltage relative to the N-type region (IEC 60050-521 [B7]).
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high-pass filter: Electrical network that passes higher frequencies, attenuates lower frequencies, and
blocks DC levels (adapted from IEEE Std 1149.6™ [B24]).

I’t (impulse): Time integral of the square of the impulse current.

NOTE 1— I*t is called the action integral for atmospheric lightning, joule integral for fuses, and specific energy
(W/R) for ac surge protectors.

NOTE 2—The units for I°¢ are A%, but assuming the current flows in a virtual 1-Q resistor, may be expressed in
energy units J (fuses) or W/Q (AC surge protectors).

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.
Defining parameters are polarity, peak value, front time, and time to half-value on the tail (IEC 60099-4
[B10]).

impulse withstand voltage: Highest peak value of impulse voltage of prescribed form and polarity applied
to a circuit or equipment that does not cause degradation or result in breakdown or flashover (IEC TR
60664-2-1 [B17]).

insulation: The part of an electrotechnical product that separates the conducting parts at different electrical
potentials (IEC TR 60664-2-1 [B17]).

insulation coordination: Mutual correlation of insulation characteristics of electrical equipment taking
into account the expected micro-environment and other influencing stresses (IEC TR 60664-2-1 [B17]).

isolating transformer: Transformer with protective separation between the input and output windings
(IEC 60065 [B9]).

NOTE—Isolating transformers can be divided into three groups: low frequency power, high frequency power
(switching mode power supplies), and signal (e.g., Ethernet data).

low-pass filter: Electrical network that passes lower frequencies, including dc levels, and attenuates higher
frequencies (adapted from IEEE Std 1149.6 [B24]).

neutralizing transformers: Transformers that, through a sensing winding connected to local and remote
grounds, introduce a series voltage into a signal circuit pair to oppose differences in local and remote
ground potentials and induced common-mode voltages.

overcurrent: Any current having a peak value exceeding the corresponding peak value of maximum
steady-state current at normal operating conditions.

overvoltage: Any voltage having a peak value exceeding the corresponding peak value of maximum
steady-state voltage at normal operating conditions (IEC TR 60664-2-1 [B17]).

PN junction: Junction between P and N type semiconductor materials (IEC 60050-521 [B7]).

power fault: Abnormal fault condition when the local ac power service is in electrical contact (Power
Contact) or is magnetically coupled (Power Induction) to another service.

punch-through (between two PN junctions): Contact between the space charge regions of two PN
junctions as a result of widening of one or both of them (IEC 60050-521 [B7]).

sparkover: Disruptive discharge in a gaseous or liquid insulating material (IEC 60050-212 [B6]).
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suppression component: A component specially designed for disturbance suppression (adapted from IEC
60050-161 [B5]).

surge: Overvoltage, overcurrent, or both events occurring on the system conductor(s).

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.

surge-protective device (SPD): Device that mitigates the onward propagation of overvoltages or
overcurrents or both.

undershoot: The peak value of an impulse voltage or current that passes through zero in the opposite
polarity of the initial peak (IEEE Std 4™ [B19]).

virtual front time; 7, (current impulse): 1.25 times the interval in microseconds between the instants
when the impulse is 10% and 90% of the peak value.

virtual front time; 7,, (voltage impulse): 1/0.6 times the interval in microseconds between the instants
when the impulse is 30% and 90% of the peak value.

NOTE—Some standards use the 10% and 90% front time measurement for the voltage impulse.

virtual origin; O, (current impulse): Instant at which a straight line drawn through the 10% and 90%
amplitude values crosses the time axis.

virtual origin; O, (voltage impulse): Instant at which a straight line drawn through the 30% and 90%
amplitude values crosses the time axis.

NOTE—Some standards use the 10% and 90% points for the voltage impulse.

virtual time to half-value; 7, : Interval of time between the instant of virtual origin O; and the instant
when the voltage or current has decreased to half the peak value (IEC 60060-1 [B8] and IEC 62475 [B16]).

Zener breakdown (of a PN junction): Breakdown caused by the transition of electrons from the valence
band to the conduction band due to tunnel action under the influence of a strong electric field in a PN
junction (IEC 60050-521 [B7]).

2.2 Acronyms and abbreviations

BVeso open-emitter, base-collector voltage breakdown
BVceo open-base, emitter-collector voltage breakdown
ECL electronic current limiters
EMC electromagnetic compatibility
FFT Fast Fourier Transform
GDT gas discharge tube
GPR ground potential rise
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IC integrated circuit

LCR inductance capacitance resistance
MOV metal-oxide varistor

NEBS network equipment building system
PHY physical layer device or entity
PLC power line communication

PTC positive temperature coefficient
RC resistance capacitance

SLIC subscriber line interface circuit
SPC surge-protective component

SPD surge-protective device

3. Protection or mitigation or suppression?

The terms “protection” and “protective” are part of the surge-protection engineering discipline vocabulary.
It should be remembered that these terms imply that, under specified conditions, the surge is reduced to a
level below the withstand capability of the following circuit or equipment. However, in the field the
incoming surge parameters are the result of many factors, rather than conforming to the standardized
impulses from the generators specified in various standards. Likewise, the following circuit or equipment
withstand can be unknown.

The inclusion of a surge-protective component (SPC) should reduce the onward level of the incoming
surge, but not necessarily to the withstand level of the “protected” item and that withstand level may be
unknown. For these reasons the ITU-T prefers to use the term “surge mitigation” [make (something bad)
less severe, serious, or painful] instead of “surge protection”. If surge protection is achieved, then it is a
successful case of surge mitigation.

The surge capability of the surge-protective device (SPD) protecting the equipment port must be greater
than the port capability, otherwise the SPD function is redundant. The IEEE Std C62.50™ [B35] has
developed a protection design technique for telecom equipment ports that conform to the surge withstand
levels of a specific standard. Under the SPD rated surge conditions, the SPD open-circuit surge output
voltage must not exceed the equipment port test standard surge generator open-circuit voltage. Similarly,
under the SPD rated surge conditions, the SPD short-circuit surge current must not exceed the equipment
port test standard surge generator short-circuit current. This is an approach that forces a defined level of
coordination between the mitigation level and the following equipment withstand.

The electromagnetic compatibility (EMC) area has its own vocabulary as all types of electromagnetic
disturbances are considered, not just lightning and power fault, and the protective function is termed
“suppression” (see 4.2).
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4. Surge mitigation functions

4.1 Non-linear protective functions

These functions have a predetermined threshold level beyond which their characteristic changes to limit the
surge level (see 5.2). To avoid interfering with normal system operation, the threshold level is set to be
higher than the maximum expected system voltage and current. Overvoltages and overcurrents are
classified as surge levels that exceed the threshold value of the limiter.

4.2 Linear suppression functions

These functions selectively attenuate electromagnetic disturbances, such as surge, by use of transformer

action or frequency selective filtering. These approaches can only be used in specific circumstances (see
5.3).

5. Component technologies and characteristics

5.1 Surge mitigation functions

Figure 1 shows the various types of surge mitigation functions. The left side of the figure shows non-linear
functions and the right side shows linear attenuating functions. Some functions can be used to mitigate
common-mode and differential-mode surges, while others are limited to differential-mode or common-
mode surges.
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Surge Mitigation Functions
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Figure 1—Common surge mitigation functions

5.2 Non-linear limiting

This form of surge mitigation operates by limiting (clipping) surge amplitudes that exceed a predetermined
threshold value to values either close to that of the threshold or much lower than the threshold.

Gated thyristors, as standardized in IEEE Std C62.37™-1996 [B30] and IEEE Std C62.37.1™-2012 [B31],
are used to provide a combined overcurrent and overvoltage protection component.

More detailed information on the various technologies mentioned here are being considered for inclusion in
the forthcoming IEEE C62.42 series of SPC application principles.

5.2.1 Overvoltage limiting

Voltage limiting components draw little current until the voltage exceeds the predetermined threshold
voltage of the component.

5.2.1.1 Continuous characteristic

These components use solid-state materials. Metal-oxide varistors (MOVs) use the properties of sintered
material and silicon semiconductor components use the properties of single or multiple PN junctions. All of
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these components have a clamping VI characteristic, but the clamping characteristic varies with technology.
See Figure 2 for two examples.
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Figure 2—Overvoltage limiting—continuous (clamping) characteristics

Technologies with these characteristics are:

—  Metal-oxide varistors (MOVs) (IEEE Std C62.33™.-1982 [B28])

— Forward direction semiconductor diodes
—  Zener breakdown semiconductor diodes (IEEE Std C62.35™-2010 [B29])
— Avalanche breakdown semiconductor diodes (IEEE Std C62.35-2010 [B29])

—  Punch-through semiconductor bipolar junction transistor diodes

— Fold-back semiconductor bidirectional transistor diodes

5.2.1.2 Discontinuous characteristic

These components use solid-state materials or gases. Figure 3 shows the VI characteristics for a solid-state
thyristor and a gas discharge tube (GDT). The VI characteristic is not continuous but has a break or breaks
where switching transitions occur.
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Figure 3—Overvoltage limiting—discontinuous (switching) characteristics
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Technologies with these characteristics are:

—  Spark gaps (IEEE Std C62.32™-2004 [B27])
—  Gas discharge tubes (GDTs) (IEEE Std C62.31™-2006 [B26])
— Fixed voltage and gated thyristors (IEEE Std C62.37-1996 [B30])

5.2.2 Overcurrent limiting

Current limiting components develop comparatively little voltage until the current exceeds the
predetermined threshold current of the component (see IEEE Std C62.39™-2012 [B32]).

5.2.2.1 Continuous characteristic

These components can be electronic circuits or materials whose resistance increases with temperature rise
caused by self heating. Electronic circuits, electronic current limiters (ECLs), can be made with constant
current or re-entrant characteristics (see Figure 4).

Thermally operated components, positive temperature coefficient (PTC) thermistors, have a re-entrant
characteristic under dc conditions. During overcurrent conditions, longer than the component thermal time
constant, the PTC thermistor temperature rise causes an increase in resistance, gradually decreasing the
current flow. Thermal equilibrium is reached when the PTC thermistor voltage and the circuit current flow
result in the appropriate component dissipation to maintain the temperature.
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Figure 4—Overcurrent limiting—Continuous (clamping) characteristic

Technologies with these characteristics are:

—  Electronic current limiters (ECLs) (IEEE Std C62.39-2012 [B32] and Sanchez [B42])
—  Polymer PTC thermistors (IEEE Std C62.39-2012 [B32])
—  Ceramic PTC thermistors (IEEE Std C62.39-2012 [B32])

5.2.2.2 Discontinuous characteristic

These components can be electronic circuits, called ECLs, or one operation components, such as fuses. The
1V characteristic is not continuous but has a break where switching occurs, as seen in the current-voltage
characteristic of Figure 5. Fuses can operate under impulse conditions, but often continue to pass the
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