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Recommendation ITU-T K.77

Characteristics of metal oxide varistors for the protection
of telecommunication installations

Summary

Recommendation ITU-T K.77 gives the basic requirements to be met by metal oxide varistors
(MOVs) for the protection of power circuits and signal circuits of telecommunication installations
from surges.

The purpose of this Recommendation is to provide technical guidelines for purchasers and
manufacturers of MOVs to ensure their satisfactory operation in the applications for which they are
intended.

This Recommendation is intended to be used for the harmonization of existing or future
specifications issued by MOV manufactures, telecommunication equipment manufactures,
administrations or network operators.

Source

Recommendation ITU-T K.77 was approved on 13 January 2009 by ITU-T Study Group 5
(2009-2012) under Recommendation ITU-T A.8 procedures. This version includes the corrections
agreed upon by ITU-T Study Group 5 (2009-2012) on 29 May 2009.
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FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
telecommunications, information and communication technologies (ICTs). The ITU Telecommunication
Standardization Sector (ITU-T) is a permanent organ of ITU. ITU-T is responsible for studying technical,
operating and tariff questions and issuing Recommendations on them with a view to standardizing
telecommunications on a worldwide basis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years,
establishes the topics for study by the ITU-T study groups which, in turn, produce Recommendations on
these topics.

The approval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution 1.

In some areas of information technology which fall within ITU-T's purview, the necessary standards are
prepared on a collaborative basis with ISO and IEC.

NOTE

In this Recommendation, the expression "Administration" is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency.

Compliance with this Recommendation is voluntary. However, the Recommendation may contain certain
mandatory provisions (to ensure e.g. interoperability or applicability) and compliance with the
Recommendation is achieved when all of these mandatory provisions are met. The words "shall" or some
other obligatory language such as "must" and the negative equivalents are used to express requirements. The
use of such words does not suggest that compliance with the Recommendation is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the possibility that the practice or implementation of this Recommendation may
involve the use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence,
validity or applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others
outside of the Recommendation development process.

As of the date of approval of this Recommendation, ITU had not received notice of intellectual property,
protected by patents, which may be required to implement this Recommendation. However, implementers
are cautioned that this may not represent the latest information and are therefore strongly urged to consult the
TSB patent database at http://www.itu.int/ITU-T/ipr/.

© ITU 2010

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the
prior written permission of ITU.

Documents
Rec. ITU-T K.77 (01/2009) - - Document Sharing Hub

Copyright International Telecommunication Union/ITU Telcommunication Sector
Provided by IHS Markit under license with ITU-T Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ITU-T K.77 2009


http://www.itu.int/ITU-T/ipr/
http://www.avadocuments.com/doc/itu-t-k-77-2009
http://www.avadocuments.com/doc/itu-t-k-77-2009

CONTENTS

Page

1 N Tel0] oL USSP 1
2 RETRIEIICES. ...ttt ettt et ettt et e et e e snteens 1
3 DEFINITIONS ...ttt ettt sat e et e st ebeesareens 2
4 Abbreviations and ACTOMYINS .....cc..ieiuiiiiieiierieeiie et etee ettt et e st ee e eseeesbeesaeeenneeseeas 6
5 StOrage CONAILIONS .....ouieiieiiiitieiieie ettt sttt sttt et nteenseseeens 6
6 Electrical reqUITEMENTS ........cocuiiiiiieiieiie ettt sttt e eseee e 6
6.1 VariStOr VOITAZE ...ccvveeiieiiieiieeie ettt ettt ettt 6

6.2 Maximum a.c. (d.c.) continuous operating voltage ...........ccceceeevueervenerennenne. 7

6.3 Leakage current d.C. ...c.oocveeiiiiiieiiecie et 7

6.4 Leakage CUITENLE @.C...ccueiiiiiieiiieecieeeeiee et e et eeiee e saee e e e e e seaeeeeseeeaaeesnsaee e 7

6.5 CAPACITANCE. ... vveeeeeeeeeiie ettt e eiee e et e e eteeeseteeesabee e steeesaseeesseesssseeensseessseesnseeenns 7

6.6 Clamping VOITAZE. .....ccueeieriiiieiietee ettt 7

6.7 Maximum diSCharge CUITENt.........c.ccouieiiieiiieeiieiie ettt 10

6.8 ESD imMPUISE tESt ..c.evieniieiiieiieeiie ettt 11

6.9 Rated dissipation (ImpulSe [ife)........ccceeviieriiriieiiiiiiiieeie e 12

6.10 Rated iImpulsSe €NETZY .....ccvvieiuiiiiiiieciee ettt 12

6.11 IMpulse dUIability........eeeeiiieiie e 12

6.12 Endurance at maximum operating temperature............ceecveereeeeeeeneereeenneenne 12

6.13 TOV withstanding capability ...........cccoeeierieiiieiieiieeee e 12

6.14 Insulation resistance (for insulated MOV only) ......ccccccveviieniiniienieniieenne, 13

6.15 Voltage proof (for insulated MOV 0nly)......ccccoeviiiiiiiieniieiienieeeeee e 13

7 Test MEtROAS ...ttt 13
7.1 VariStOr VOITAZE ..oeovveeeiieiiieiieeie ettt ettt et e 13

7.2 Maximum continuous a.c. (d.c.) VOItage ........ccoevveriiinieniieieciceeeeee 13

7.3 Leakage current d.C. ...c.oocvieiieiiieiieieceee e 13

7.4 Leakage CUITENT @.C..uivviieeiieiieeiieeiieeiie ettt ettt eebeenee e 14

7.5 O o To 1 21 Lo USSR 15

7.6 Clamping VOITAZE. .....ccueeueriiriieiieieeteceeeeee et 15

7.7 Maximum diSCharge CUITENt...........cocuieiiieiiieiiieieeeee et 15

7.8 ESD impulse test (for SMD type MOV 0nly) ......cccoveevieniieniieniieieeieeieene 16

7.9 Rated dissipation (IimpulSe [ife)........cceeevuieriieiieiiiciieieeie e 16

7.10  Rated iMPUulSE €NETEY ....eecveieiieiieeiieiieeieeeee ettt eve e e sae e s e esbeenaaesnseens 17

7.11 IMpulse dUIability........eeeciiieiiiieiie e 17

7.12 Endurance at maximum operating temperature............ceecveereeeeeeeseeseeenneennes 18

7.13 TOV WithStanding ........c..cocveviiriiiiiiniieeee e 19

7.14  InSulation TESISANCE .......cceeviirieriieieeiierieeteete sttt 20

7.15 VOItage PrOOT.....ooeiieeiie e ettt 21

Documents
Rec. ITU-T K.77 (01/2009)7e1 ST ng e

Full document details: ITU-T K.77 2009


http://www.avadocuments.com/doc/itu-t-k-77-2009
http://www.avadocuments.com/doc/itu-t-k-77-2009

8 ENVITONMENT tESS ....vviiiiiiieciiie ettt ettt e et e et e e e e e e aa e e etaeeereeeenaeesnreeas 21
8.1 Robustness of termMINations...........c.eeruierieeriieeiiienieeie et esiee e see e 21
8.2 SOIACTADIIILY ..evvveiiieiieeie ettt ettt e e et e enseeneeas 22
8.3 Resistance to soldering heat ...........coceeviieiiieiiienieiiiceceeee e 23
8.4 Vo) ¢ 1510 ) DO OO SRR PR 23
8.5 BUMDP ot 23
8.6 Rapid changes of temperature .............cccceeveeiiieiiiniiieiese e 24
8.7 ClIMALIC SEQUEIICE. ....cuvieerieeieetieniieeteeeeieeteeeeteeteesebeeseesebeenseesnseenseeeseenseeenne 24
8.8 Damp heat, Steady STate .........ceoveeviierieiiieieeie e 24
8.9 Fire hazard ..........ooooiiiiiieeeee e 25
8.10 Solvent resistance of Marking ...........cocceevieeiiiiiiiiiiinieee e 25
8.11 Component SOIVENt TESISTANCE .......eevuvieruieriiiiieeieerie et 25
9 INfOrmative CharaCteriSTICS. ......uiruieeiieriieeiieciie ettt ettt et ee b e seeeenreens 25
9.1 V=] CharaCteriStIC c.veuveeieiieiieieieie ettt 25
9.2 Current peak de-rating CUIVE ..........cocuiiiiiiiiiiiieeieeee e 26
9.3 Volt-ampere characteristics of low field region ............ccocceiiniiininiinnnn 28
10 TA@NETICALION ...ttt sttt et 28
10.1 IMATKINE oottt ettt ettt e st e e e saeeeneseeensseeennneeenseeenns 28
10.2 DOCUMENTATION ...ttt sttt 29
11 Ordering INFOTMALION ......c.eiiiieiieeiieie ettt ettt e e e saeeens 29
Annex A — Impulses used in this Recommendation ..............ccceevvieriiiiieniieenieniecieecie e 30
A.l Definition of 77/7% IMPUISE ......oeeeviiieiiieeiieeciee e 30
A2 Tolerances for 7/T, impulse (Figures A.1 and A.2).....ccccoeviiviiiiiiniiecnne 30
A3 Tolerances for rectangular impulse (Figure A.3) ....cccoovvveviieniieiiienieeiieee, 31
A4 ESD discharge current impulse (Figure A.4) ......cccoceeviieiiiiniieiieieeieee 31
Appendix [ — Mounting method for measurement of SMD type.......cccceeeviieecieercieeeieeenen. 33
L1 Recommended mounting method............coccoiiiiiiiiiinii 33
1.2 Wave soldering method............coooiiiiiiiiiiie e 33
L3 Reflow soldering method ...........cccoeviiiiiiiiiiiiiceeeee e 33
Appendix II — Response of MOV to 8/20 impulse current and clamping voltage test............ 35
1.1 Double peaks on the voltage waveform ...........cocceevieiiiiiienieiiceeeeeeee, 35
1.2 Instantaneous volt-ampere characteristic .........oeovereeereenieeniienieeee e 36
I1.3 Voltage limiting charaCteriStiCs........ccueevuieriieriienieeiierie ettt 38
1.4 Methods for avoiding interference during clamping voltage measurement... 40
L33 10) B0 a210] 1| 2SS 43
Documents
e oo RES AT K77 (01/2009) pocument Sharing fub

Full document details: ITU-T K.77 2009


http://www.avadocuments.com/doc/itu-t-k-77-2009
http://www.avadocuments.com/doc/itu-t-k-77-2009

Introduction

Two types of metal oxide varistor (MOV) may be differentiated by their constructions: leadless
surface mounting device (SMD)-type MOVs and leaded disc-type MOVs (including wire-
terminations and strap terminations), while by their application fields the MOV may be divided into
MOVs for power circuit use and MOVs for signal circuit use. Table 1 gives the applicable test items
for various type MOVs.
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Recommendation ITU-T K.77

Characteristics of metal oxide varistors for the protection
of telecommunication installations

1 Scope

This Recommendation:

— gives the characteristics of metal oxide varistors (MOVs) used in accordance with
[b-ITU-T K.11] for the protection of power supply circuits and signal circuits of
telecommunication installations against overvoltages;

- does not deal with combinations of several MOVs connected in series and/or in parallel, nor
combinations of MOV with other components;

— does not deal with mountings and their effect on MOV characteristics, the characteristics
apply to MOV as a component, mounted only in the ways described for the tests;

- does not deal with mechanical dimensions;

— does not deal with quality assurance requirements.

2 References

The following ITU-T Recommendations and other references contain provisions which, through
reference in this text, constitute provisions of this Recommendation. At the time of publication, the
editions indicated were valid. All Recommendations and other references are subject to revision;
users of this Recommendation are therefore encouraged to investigate the possibility of applying the
most recent edition of the Recommendations and other references listed below. A list of the
currently valid ITU-T Recommendations is regularly published. The reference to a document within
this Recommendation does not give it, as a stand-alone document, the status of a Recommendation.

[IEC 60060-1] IEC 60060-1 (1989), High-voltage test techniques — Part 1: General definitions
and test requirements.

[IEC 60060-2] IEC 60060-2 (1994), High voltage test techniques — Part 2: Measuring systems.
[IEC 60068-1] IEC 60068-1 (1988), Environmental testing — Part 1: General and guidance.
[IEC 60068-2-11 IEC 60068-2-1 (2007), Environmental testing — Part 2-1: Tests — Test A: Cold.

[IEC 60068-2-2]  IEC 60068-2-2 (2007), Environmental testing — Part 2-2: Tests — Test B: Dry
heat.

[IEC 60068-2-6]  IEC 60068-2-6 (1995), Environmental testing — Part 2-6: Tests — Test Fc and
guidance: Vibration (sinusoidal).

[IEC 60068-2-13] 1EC 60068-2-13 (1983), Environmental testing — Part 2: Tests — Test M: Low
air pressure.

[IEC 60068-2-14] 1EC 60068-2-14 (1984), Environmental testing — Part 2: Tests — Test N:
Change of temperature.

[IEC 60068-2-20] IEC 60068-2-20 (1979), Environmental testing — Part 2: Tests — Test T:
Soldering.

[IEC 60068-2-21] IEC 60068-2-21 (2006), Environmental testing — Part 2-21: Tests — Test U:
Robustness of terminations and integral mounting devices.

[IEC 60068-2-27] 1EC 60068-2-27 (1987), Environmental testing — Part 2: Tests — Test Ea and

guidance: Shock.
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[IEC 60068-2-29]
[TEC 60068-2-30]
[IEC 60068-2-45]
[IEC 60068-2-54]

[TEC 60068-2-58]
[IEC 60068-2-69]

[IEC 60068-2-78]
[IEC 60099-4]

[IEC 60695-11-5]

[TEC 61000-4-2]
[IEC 61000-4-5]

[IEC 61051-1]

[IEC 61643-1]
[IEC 61643-21]

[IEC 61643-331]

IEC 60068-2-29 (1987), Environmental testing — Part 2. Tests — Test Eb and
guidance: Bump.

IEC 60068-2-30 (2005), Environmental testing — Part 2-30. Tests — Test Db:
Damp heat, cyclic (12 h + 12 h cycle).

IEC 60068-2-45 (1980), Environmental testing — Part 2: Tests — Test XA and
guidance: Immersion in cleaning solvents.

IEC 60068-2-54 (2006), Environmental testing — Part 2-54. Tests — Test Ta:
Solderability testing of electronic components by the wetting balance method.

IEC 60068-2-58 (2004), Environmental testing — Part 2-58: Tests — Test Td.:
Test methods for solderability, resistance to dissolution of metallization and to
soldering heat of surface mounting devices (SMD).

IEC 60068-2-69 (2007), Environmental testing — Part 2-69: Tests — Test Te:
Solderability testing of electronic components for surface mounting devices
(SMD) by the wetting balance method.

IEC 60068-2-78 (2001), Environmental testing — Part 2-78. Tests — Test Cab:
Damp heat, stead state.

IEC 60099-4 (2006), Surge arresters — Part 4: Metal-oxide surge arresters
without gaps for a.c. systems.
IEC 60695-11-5 (2004), Fire hazard testing — Part 11-5: Test flames —

Needle-flame test method — Apparatus, confirmatory test arrangement and
guidance.

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

IEC 61000-4-5 (2005), Electromagnetic compatibility (EMC) Part 4-5: Testing
and measurement techniques —Surge immunity test.

IEC 61051-1 (2007), Varistors for use in electronic equipment —Part 1: Generic
specification.

IEC 61643-1 (2005), Low-voltage surge protective devices — Part 1: Surge
protective devices connected to low-voltage power distribution systems —
Requirements and tests.

IEC 61643-21 (2000), Low voltage surge protective devices — Part 21: Surge
protective devices connected to telecommunications and signalling networks —
Performance requirements and testing methods.

IEC 61643-331 (2003), Components for low-voltage surge protective devices —
Part 331: Specification for metal oxide varistors (MOV).

3 Definitions

This Recommendation defines the following terms:

3.1 applied voltage ratio (R,;): Ratio of d.c. voltage or peak of a.c. voltage applied on the
MOV to the varistor voltage Ul.

3.2 clamping voltage (U.,): Maximum peak voltage across the MOV measured under
conditions of a specified waveform impulse with current peak Ip. If there is both a front peak and
rear peak on the voltage waveform, the rear peak voltage is defined as the clamping voltage.

Documents

Rec. ITU-T K.77 (01/2009) Document Sharing Hub

Copyright International Telecommunication Union/ITU Telcommunication Sector

Provided by IHS Markit under license with ITU-T

Licensee=/, User=,

No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ITU-T K.77 2009


http://www.avadocuments.com/doc/itu-t-k-77-2009
http://www.avadocuments.com/doc/itu-t-k-77-2009

NOTE - For an individual MOV, peak voltages shall be measured in two directions, and the larger value of
the two is referred to as the clamping voltage of this MOV.

33 clamping voltage ratio (R.,): Ratio of the clamping voltage U, to the varistor voltage Uy
(Reta = Uetd/Up).

3.4 combination impulse (1.2/50-8/20): Impulse with open-circuit voltage of 1.2/50 us (71/T3)
and short-circuit current of 8/20 us (71/T>), which is expressed by "voltage peak/current peak".
NOTE — Unless otherwise specified, the effective impedance shall be 2 Q, which is the quotient of the
open-circuit voltage peak Up and the short-circuit current peak /5.

3.5 current peak de-rating curve: Curves expressing the relationship of the three variables of
Ip, n, T, where Ip is impulse current peak, T is the impulse width, and »n is average application
numbers of the impulse that the MOV can withstand in terms of specified pass criterion. The
current /p shall be de-rated with the increasing of T and/or n, that may be represented by
equations 3-1 and 3-2.

lg I, = A —algn (T = constant) (3-1)

lg I, = B— b 1g T (n = constant) (3-2)
Where 4, a, B and b are four constants which depend on the type and manufacturing of the MOV,
also 4 and a depend on 7 values, B and b depend on n values.

NOTE — Equations 3-1 and 3-2 agree well with the actual characteristics of MOV when n>10, while for »
less than 10, /, deviated from these equations.

3.6 current de-rating fraction (Fj): Ratio of impulse current peak /p (n, T) to the maximum
discharge current /j,x.

max

3.7 effective resistance: Ratio of the rear peak voltage to the applied impulse current peak of
the specified waveform, unless otherwise specified, 8/20 impulse current shall be used.

3.8 effective linear resistance (Ry): Linear component of the effective resistance determined
by the high-impulse-current method.

:NOTE - The linear resistance of the MOV may be determined by the high-frequency-signal method, infrared
‘method and high-impulse-current method, but they may give different results.

39 effective non-linear resistance (Rz): Non-linear component of the effective resistance
~which can be expressed by equation 3-3

R, =4 -1, (3-3)
Where: A, 1is the virtual clamping voltage at 1 A of specified impulse;

B is the non-linearity current index.

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

NOTE — Unless otherwise specified, the maximum operating temperature shall be 85°C.

3.11 front peak voltage (Ur): Maximum voltage across the MOV occurring at the initial time of
an applied impulse current of specified waveform and peak value. The front peak voltage represents
a time-dependent modification of the highly non-linear conduction process responsible for varistor
action.

3.12  high (low) voltage varistors: The varistors of varistor voltage U, > 82 V are called high

voltage varistors, and those of varistor voltage smaller than 82 V are named low voltage varistors.
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3.13  impulse: Unidirectional wave of voltage or current without appreciable oscillation.

Six impulses are used in this Recommendation: current impulse 8/20, 10/350, 10/1000, 2-ms
rectangular wave, electrostatic discharge, and 1.2/50-8/20 combination impulse.

3.14  impulse current peak ((Ir (n,7)): Repetitive impulse current peak which can be applied for
application numbers (n) with impulse widtht.

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

3.16 informative characteristics: Characteristics of a metal oxide varistor (MOV) which are of
significance for applications and should be provided by manufactures, but they are not covered by
an acceptance inspection programme, for example: V-I characteristics, V-I characteristics of low
field region, current peak de-rating curve, temperature de-rating curve.

3.17 leakage current a.c. (Ir,): Current passing through the metal oxide varistor (MOV) with
the maximum a.c. voltage Uc applied on it, and at a specified temperature, it may be r.m.s value or
peak value.

3.18 leakage current d.c. (Irs): Current passing through the metal oxide varistor (MOV) with
the maximum d.c. voltage Upc applied on it, and at a specified temperature.

3.19 long (short) duration impulse: An impulse with an impulse widthz > 100 us is called a
long duration impulse, in contrast, an impulse of T<100 us is called a short duration impulse.

NOTE — In this Recommendation, a long (short) duration impulse is denoted by the letter "L" ( "S")

3.20 maximum continuous operating voltage (MCOV) (Uc (Upc)): Maximum a.c. r.m.s.
voltage Uc or maximum d.c. voltage Upc which can be applied continuously at a temperature of
25°C. Uc shall be a substantially sinusoidal voltage (less than 5% total harmonic distortion).

3.21 maximum discharge current (/.y): The maximum allowable crest value of impulse
current with 8/20 waveform for two applications.

3.22 metal oxide varistor (MOV): Component made of ZnO and a few additives whose
conductance, at a given temperature, increases rapidly with the voltage increasing over a certain
voltage range. It is also known as a voltage-dependent resistor (VDR).

3.23 nominal discharge current (I,): The crest value of impulse current with 8/20 waveform
that is intended for clamping voltage measurement of the metal oxide varistors (MOVs) for power
circuit use.

3.24  non-linearity current index (B): Slope of the volt-ampere characteristic when the effective
linear resistance is much smaller than the effective non-linear resistance. It is always less than 1.
For the convenience of calculation, equation 3-4 may be used.

18U 0101/ U 10
lg(Ipy/1py)

NOTE - For most commercially available metal oxide varistors (MOVs), it is considered that the effective
linear resistance is much smaller than the effective non-linear resistance when the 8/20 current density Jp is
less than 320 A/cm’.

3.25 rated dissipation power (P,): Maximum allowable average power dissipation when
subjected to the stress of successive impulses and at the temperature of 25°C.

3.26 rated impulse energy (W,,): Maximum single impulse energy which can be absorbed by
the metal oxide varistor (MOV) for a specified waveform. Unless otherwise specified, a 2 ms
rectangular current impulse or 10/1000 current impulse shall be used.
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3.27 rear peak voltage (Ug): Maximum voltage across the metal oxide varistor (MOV)
occurring at the time behind the front peak with an application of impulse current of specified
waveform and sufficient peak values.

3.28 temperature de-rating curve: Graphical representation of parameters de-rating against
temperature.
NOTE — Typical parameters are maximum continuous operating voltage Uc (Upc), maximum discharge

current Iy, nominal discharge current 7,, impulse current peak /p(7n,7T), rated dissipation P, , and rated

impulse energy W,

tm*

3.29 temporary overvoltage (TOV) (Ur): a.c. voltage (r.m.s) or d.c. voltage that the metal
oxide varistor (MOV) can withstand; U, exceeds the maximum continuous operating voltage U .

or Up..

3.30 temporary overvoltage (TOV) withstanding capability: The specified TOV stress that a
metal oxide varistor (MOV) should be capable of withstanding, and evaluated by the energy
absorbed by the MOV and element temperature of the MOV under this stress.

NOTE — This property of the MOV is intended to match the operation of thermal disconnectors of the surge
protective devices (SPDs) that use the MOV.

3.31 unit thickness voltage: Ratio of varistor voltage U, to the thickness of the metal oxide
varistor MOV element, expressed in "V/mm".

NOTE — The peak values of long duration impulse and impulse energy that the MOV is able to withstand
depend strongly on the unit thickness voltage of the MOV.

3.32  varistor voltage (Uy): Voltage, at specified d.c. current, used as a reference point in the
component characteristic, unless otherwise specified, 1 mA d.c. current shall be used.

3.33  virtual clamping voltage at 1 A (A4;): A constant in the V-I characteristic equation which
is a deduced clamping voltage at current peak of 1 A.

3.34  volt-ampere characteristic (V-1 characteristic): A description of the voltage limiting
property of the metal oxide varistor (MOV) which is described by the relationship between
clamping voltage U, and 8/20 current peak /, over a specified range of /. Unless otherwise

specified, the 8/20 current peak /, shall cover the range from the current peak density Jp of about

32 A/em® to the maximum discharge current. For this range of the 8/20 current, the
V-I characteristic is expressed by equations 3-5 or 3-6.

Uyy =A - IpP +Ry - Ip=Ip(R, +Ry) (3-5)

cla

Where: 4, is the virtual clamping voltage at 1 A, B is the non-linearity current index, R, is the
effective non-linear resistance, and R, is the effective linear resistance.

Uga =a1-Uy - IpP +Ry - Ip (3-6)

Where: U, is the varistor voltage, a; =4, /Uy .

NOTE - For a production lot of the MOV, the varistor voltage of the individual product may vary within an
allowable tolerance, but the a;and the R, do not depend on the varistor voltage.

3.35 volt-ampere characteristic of low field region: Relationship between d.c. currents
through the metal oxide varistor (MOV) and the voltages across the MOV over a specified
operating temperature range, usually the test current is below 1 mA/cm” d.c.

NOTE — The volt-ampere characteristic of the low field region is expressed as equation 3-7, by means of
which the leakage current is easily obtained at a given applied voltage and temperature.
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=1, exp{—%] (3-7)

Where:

I (nA) s the d.c. current through the MOV with the d.c. voltage U (V) applied on it,
and at the temperature T (K).

k= 138 x 10 % J/K, Boltzmann constant.
Iy, E;and B are three constants that depend on the part number of the MOV, and being
determined by laboratory test.

4 Abbreviations and acronyms

This Recommendation uses the following abbreviations and acronyms:

ESD Electrostatic Discharge

LPF Low Pass Filter

MCOV Maximum Continuous Operating Voltage
MOV Metal Oxide Varistor

PS Power Source

SMD Surface Mounting Device

SPD Surge Protective Device

TOV Temporary Overvoltage

VDR Voltage-Dependent Resistor

5 Storage conditions

MOVs of encapsulated types shall be capable of withstanding the following storage conditions
without damage:

— Temperature: —40°C to +115°C

— Relative humidity: up to 95%

MOVs which are to be soldered after shipment from the manufacturer should be left in the original
packing and kept in the following conditions during the storage period:

— Temperature: —25°C to +45°C

— Relative humidity (without condensation): less than 70% annual average, and less than 90%
on a maximum of 30 days per annum.

6 Electrical requirements

MOVs of various types should have the characteristics listed in Table 1 when tested in accordance
with clause 7.

6.1 Varistor voltage

When tested according to clause 7.1, varistor voltage should be within the specified limits.
Tables 2a and 2b show the nominal varistor voltages of high voltage and low voltage disc types that
are commonly used; their allowable tolerances are +10%.

The nominal varistor voltages and tolerances listed in Table 2c¢ are typical for SMD types.
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6.2 Maximum a.c. (d.c.) continuous operating voltage

Unless otherwise specified, MOVs shall have a maximum a.c. (d.c.) continuous operating voltage
U. (Up-) as given in Tables 2a, 2b and 2c, the conformity shall be evaluated according to

clause 7.2.

6.3 Leakage current d.c.

When tested according to clause 7.3, the leakage current, d.c., under maximum continuous d.c.
voltage U ., shall be less than the maximum value specified by the manufacturer and there shall be

no upward drifting during the application of the test voltage U, .

6.4 Leakage current a.c.

When tested according to clause 7.4, the leakage current, a.c., under maximum continuous a.c.
voltage U ., shall be less than the maximum value specified by the manufacturer.

6.5 Capacitance

When tested according to clause 7.5, the measured value of capacitance shall not exceed the value
specified by the manufacturer.

6.6 Clamping voltage

When tested according to clause 7.6, the measured clamping voltage at a specified impulse current
shall be no more than the specified values or the values indicated in Tables 2a, 2b and 2c. Unless
otherwise specified, 8/20 impulse current having the peak as specified in Tables 2a.1, 2b.1 and 2c

shall be used.
Table 1 — MOV characteristics summary
Clause number MOY types
Test item Requirement Test For power circuits Fo.r signal
method a.c. d.c. circuits
Electrical characteristics
Varistor voltage 6.1 7.1 O O O
Max. continuous voltage 6.2 7.2 O O O
Leakage current, d.c. 6.3 7.3 O O
Leakage current, a.c. 6.4 7.4 O
Capacitance 6.5 7.5 O O O
Clamping voltage 6.6 7.6 O O O
Max. discharge current 6.7 7.7 O O O
ESD impulse test 6.8 7.8
Rated dissipation 6.9 7.9 O O O
Rated impulse energy 6.10 7.10 O O O
Impulse durability 6.11 7.11 O O O
Endurance at maximum operation 6.12 7.12 O O
temperature
TOV withstanding capability 6.13 7.13 O
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Table 1 — MOV characteristics summary

Clause number MOY types
Test item Requirement Test For power circuits Fo.r signal
method a.c. d.c. circuits
Insulation resistance (Note) 6.14 7.14 O O O
Voltage proof (Note) 6.15 7.15 O O O
Environmental tests
Robustness of terminations 8.1 O O O
Solderability 8.2 O O O
Resistance to soldering heat 8.3 O O O
Vibration 8.4 O O O
Bump 8.5 O O O
Rapid changes of temperature 8.6 O O O
Climatic sequence 8.7 O O O
Damp heat, steady state 8.8 O O O
Fire hazard 8.9 O O O
Solvent resistance of marking 8.10 O O O
Component solvent resistance 8.11 O O O
Informative characteristics
Voltage vs. current peak curve 9.1 O O O
Peak current de-rating curve 9.2 O O O
Volt-ampere characteristic of low 9.3 O O O
field region
NOTE — For insulated MOV only.

Table 2a — Voltage ratings of high voltage disc types
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Nominal varistor Max. continuous voltage (V) Clamping voltage (Note), U, (V)
voltage Uy (V) a.c. (r.m.s) U d.c. Upc 8/20, I 8/20, I,
82 50 65 135
100 60 85 165
120 75 100 200
150 95 125 250
180 115 150 300
200 130 170 340 520
220 140 180 360 550
240 150 200 395 605
275 175 225 455 695
Documents

Document Sharing Hub


http://www.avadocuments.com/doc/itu-t-k-77-2009
http://www.avadocuments.com/doc/itu-t-k-77-2009

Table 2a — Voltage ratings of high voltage disc types

Nominal varistor Max. continuous voltage (V) Clamping voltage (Note), U, (V)
voltage Uv (V)| ¢, (rom.s) U d.c. Upc 8/20, I 8/20, 1,
300 195 250 505 770
330 210 270 545 835
360 230 300 595 910
390 250 320 650 985
430 275 350 710 1090
470 300 385 775 1190
510 320 410 845 1290
560 350 450 930 1420
620 385 505 1025 1570
680 420 560 1120 1720
750 460 615 1240 1900
820 510 670 1355 2070
910 550 745 1500 2300
1000 625 825 1650 2530
1100 680 895 1815 2780
1200 750 1060 2000 3040
NOTE — The clamping voltages listed represent the clamping voltages of the MOVs having varistor
voltages of 10% higher than the nominal values. The test currents shall be 8/20 impulse with the peaks
listed in Table 2a.1. The /, is used for MOVs for power distribution system applications, while the Ip is
used for MOVs for other applications.

Table 2a.1 — Test current peaks for clamping voltages of high voltage disc types

MOYV diameter (mm) 5 7 10 14 20 25 32 40 53
Current peak /p;, A 5 10 25 50 100 150 200 300 450
Current peak 7, A 8k 12.5k 20k 30k

Table 2b — Voltage ratings of low voltage disc types

Nominal varistor Maximum continuous voltage (V) Clamping voltage (Note)
voltage Uy (V) a.c. (r.m.s) Uc d.c. Upc Ueta (V)
18 11 14 36
22 14 18 43
27 17 22 53
33 20 26 65
39 25 31 77
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