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Abstract: Applications information on fixed-voltage and gated-thyristor surge protective
components (SPCs) is provided. Key device parameters and their sensitivities are explained.
Several worked telecommunication circuit design examples are given.
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Notice to users

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

This document is copyrighted by the IEEE. It is made available for a wide variety of both public and
private uses. These include both use, by reference, in laws and regulations, and use in private self-
regulation, standardization, and the promotion of engineering practices and methods. By making this
document available for use and adoption by public authorities and private users, the IEEE does not waive
any rights in copyright to this document.

Updating of IEEE documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time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. 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-SA Website at http://standards.ieee.org/index.html or
contact the IEEE at the address listed previously. For more information about the IEEE Standards
Association or the IEEE standards development process, visit IEEE-SA  Website at
http://standards.ieee.org/index.html.

Errata

Errata, if any, for this and all other standards can be accessed at the following URL:
http://standards.iece.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.
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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
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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 C62.37.1-2012, IEEE Guide for the Application of Thyristor Surge Protective
Device Components.

This application guide has been produced as the companion to the IEEE Std C62.37™-1996. The thyristor
surge protective component (SPC) parameters measured in IEEE Std C62.37-1996 are explained in terms
of their application relevance and any operating condition sensitivities are discussed. Several worked
telecommunication circuit design examples are given, together with overviews of system problems, such as
SPC coordination.

There are a very large number of thyristor SPC variants available. The two basic families of fixed-voltage
and gated-thyristor SPCs are further subdivided into bidirectional and unidirectional types. This guide
provides information on these different types and the applications that they are most suited to. Substantive
annexes provide information on design approaches, thyristor SPC technologies, device symbols, and
equipment standards.

# Information on references can be found in Clause 2.
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IEEE Guide for the Application of Thyristor Surge

Protective Device Components

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, health, or

environmental protection, or ensure against interference with or from other devices or networks.

Implementers 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.

This IEEE document is made available for use subject to important notices and legal

disclaimers. These notices and disclaimers appear in all publications containing this

document and may be found under the heading "Important Notice” or "Important

Notices and Disclaimers Concerning IEEE Documents.” They can also be obtained on request

from IEEE or viewed at http://standards.ieee.ors/IPR/disclaimers.html

Overview

1.1 Scope

This application guide applies to thyristor surge protective deviee—{thyristor-SPD)-components
(SPCs) used in systems with voltages up to 1000 V rams or 1200 V dc. These components are

designed to limit overvoltage’s and divert surge currents by limiting the voltage elamping-and
erewbarring-(switching to a low-impedance)state aetiens: Although telecommunication circuits

are the main application of thyristor SPCs, SPBs this guide will also provide useful information for

other protection applications. This guide is intended to complement and be the HEEE Standard
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When Used in conjunction with IEEE Std C62.37™-1996.1thisguide-will give-the-user guidaneein
. L ficati Lin selocting &1 Lt

1.2 Purpose.

This guide is intended to provide assistance in selecting the most appropriate type of thyristor SPC

for use in a surge protective device (SPD), equipment, or system application. IEEE Std C62.37-1996

defines thyristor SPC parameters and their measurement. This guide explains the basic functions,

component structures, surge environment, comparative thyristor technologies, and how parameters

are interpreted and selected for example applications.

iInformation on references can be found in Clause 2.
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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.

IEEE Std C62.37™-1996 (Reef 2010), IEEE Standard Test Specification for Thyristor Diode Surge

Protective Devices.2"3

3The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers,

Inc.
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3. Definitions

For the purposes of this documentguide, the terms and felewing-definitions given hasbeen
used—in—addition—to—these4n-IEEE Std C62.37-1996 and the following apply. The Awtheritative
Dietionary—of-IEEE Standards Dictionary Online should be consulted for terms not defined in this

clause.* Terms B8}

anti-parallel (connection): A parallel combination of two semiconductor elements, where the main
current entry electrode of one element connects to the main current exit electrode of the other
element, allowing one element to pass current in one voltage polarity and the other element to pass

current in the opposite voltage polarity. Syn: inverse-parallel connection-intEEE100{B8}).

4. Basic function and component description

This clause covers the basic device structure, its equivalent circuit, characteristic values,

operational parameters, and structures with increased functions.

4.1 Basic device structure

Thyristor overvoltage protectors are manufactured by creating a series of N-type and P-type layers
in a silicon chip. The basic thyristor structure has three PN junctions which that requires four layers

(NPNP). As one layer can be the starting silicon isel~(N- or P-type-silicony-aType), further three

layers need have to be constructed to obtain the required four layers made.

- oss inbrackets rofiar o e biblioemspbeclicted E'

4IEEE Standards Dictionary Online subscription is available at: http://www.ieee.org/portal/innovate/products/standard/standards

dictionary.html.
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Figure 1 shows the simplified structure of a unidirectional thyristor SPCSPB-. The switching
quadrant (see Figure 3) occurs when the bottom contact is positive with respect to the top contact.
Also shown are the lumped equivalent circuit elements created by the semiconductor layers. This
example started manufacture with an N-slice of silicon. Layers of P material are then created at the
top and the-bottom. A further N* region is then made on the top surface. Finally the top and-the
bottom metallization are added to provide contacts. The upper right section of the contact metal is

not shown in order to illustrate the detail of the topside silicon surface.

« Cathode
Short Electrode
Nt
TR1 = R2 ‘ =
Anode
Electrode

Figure 1-Simplified unidirectional thyristor SPC SPD

4.2 Device equivalent circuit

In Figure 1, transistor Trill is formed by the N*PN- layers. Similarly transistor TR2 is formed by the
PNP layers. The device breakdown voltage is determined by the breakdown of the central N~_P
layers, which form a shared collector-base junction for transistors Trill and TR2. For clarity, the
breakdown function is shown as breakdown diode DI. Resistance Rill is the lateral resistance of the
P layer. Resistors R2 together with resistor R1 shunt the base-emitter junction of transistor Trill to

define the value of holding current, Is.
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Resistor R2 has a relatively low value of resistance and is considered as a localized short circuit
between base and emitter. During the manufacturing process, the emitter N* diffusion is perforated
with a series of dots to create these short circuits. In Figure 1 some of the top metallization has been

omitted to show the P-type shorting dots.

Figure 2 shows how the lumped circuit elements are equivalent to a thyristor . Transistors Trill and
TR2 are connected as a regenerative pair. In an unbiased condition; these transistors will be in an
off state and present high circuit impedance. If sufficient positive voltage is applied, diode DI will
break down and supply current to the transistor base regions. Initially; only transistor TR2 will
conduct as the base-emitter shunt resistance of transistor Trill will bypass the current. In this
condition, the device voltage-current characteristic will be determined by the collector-emitter
breakdown characteristic of transistor TR2. When sufficient current flows through the shunt
resistance to initiate conduction of transistor Trill, the transistor pair will regenerate and switch
(crowbar) to a low-voltage; on-state condition. The transistor pair will remain in this condition
until the conducted current is too small to maintain sufficient voltage across the shunt resistance to
activate transistor Trill. The current at which the transistor pair begins to switch off is called the

holding current.

A simplified model of the lumped equivalent circuit replaces transistors Trill and TR2 with a
thyristor. This thyristor has a breakdown diode connected between its N-type and P-type gates
and a resistive shunt between the P-type gate and cathode (see Figure 2). (An alternative version is

possible with the resistive shunt between the N-type gate and the anode.)

anode

n-type gate

p-type gate

— cathode

Figure 2—Lumped circuit and thyristor equivalent
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4.3 Switching characteristics

The switching characteristic of a thyristor SPC consists of the-fellewingfour regions: (1) off state,
(2) breakdown, (3) switching Negative resistance, and (4) on-state (see Figure 3).
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Figure 3—Thyristor SPC SPD switching characteristic

(Switch-on and switch-off trajectories not shown, see 4.3.3)

4.3.1 Off-state region

The off-state region is the high-resistance, low-current portion of the voltage-current characteristic.
This region extends from the origin to commencement of breakdown. The off-state current is the sum
of junction reverse current and any surface leakage current. Two measurements are typically made
in this region: off-state current (Ip), measured with the dc off-state voltage (Vb) applied; and repetitive

peak off-state current (Ibrv), measured with the rated repetitive peak off-state voltage (Voru) applied.
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4.3.2 Breakdown region

The breakdown region is the low-resistance, high-voltage portion of the voltage-current
characteristic. This region begins where the low-current portion of the voltage-current
characteristic changes from a high dynamic resistance to a region of substantially lower dynamic
resistance for an increasing magnitude of current. Finally, this region terminates when sufficient
thyristor regeneration occurs to initiate switching. Depending on the thyristor design and
temperature, the end of the breakdown region may be at a higher or lower voltage than at-the
start. The low resistance characteristic of this region is the result of junction breakdown
combined with transistor action. The maximum voltage that occurs in the breakdown region is
defined as the break over voltage [V(sos] Additional measurements may be made of the breakdown
voltage [Vera)] at a given breakdown current [Igra)]and the voltage and current at the switching

point(Vies)

4.3.3 Switching Negative-resistanee region

The switching negativeresistanee region represents the trajectory from the breakdown region

switching point to the on-state condition_during switch-on and from the on-state holding current

point to the off state or breakdown state during switch-off. Switch-on Fhis—+region is a dynamic

condition, where the thyristor regeneration (internal positive current feedback) increases with time,
causing an increased current demand which #hat pulls down the voltage across the thyristor until

the on-state condition is reached. During switch-off the thyristor on-state regeneration starts to

fail resulting in a voltage rise and finally results in the termination of on-state current flow, allowing

the voltage to rise to an off state or breakdown voltage condition.
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4.3.4 On-state region

The on-state region is the low-resistance, high-current portion of the voltage-current characteristic.
In the on-state condition, the thyristor is fully regenerated and develops the minimum voltage drop
for the current flowing. The minimum current that will just maintain the on-state condition is

defined as the holding current; In Currents below this value will cause the thyristor to switch off.

4.4 Performance criteria of thyristor SPCs SPDs

The performance of a thyristor SPC SPDcan be categorized as: system loading, in terms of current
drawn, holding current, and capacitance; equipment protection, defined as peak let-through voltage

and fault mode; and durability (reliability), assessed as surge and environmental life.

NOTE —the term “eliability” is context sensitive, see Annex A:B.>

4.4.1 System loading

Under normal system operation; the thyristor SPC SPBshould be effectively transparent. Examples

of thyristor SPC parameter values set by normal system operation are given in Table A.I by the

transmission parameters. The thyristor SPC SPB should not cause system loading by drawing

excessive current under standby or maximum signal conditions, failing to restore normal operation

after a surge or causing capacitance unbalance.

5Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to

implement this standard.
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Standby loading is covered by the off-state current, Ip, parameter. For most telephone applications
a test bias voltage, Vb, of -50 V is appropriate. Off-state current increases with temperature;
therefore a maximum value at the highest expected system ambient temperature needs to be

specified.

The maximum system voltage without major voltage clipping can be defined by one of two
parameters. To guarantee that the thyristor SPC SPD is still in the off- state at the highest signal
amplitude, the rated repetitive peak off-state voltage, Vorv, must be higher than this level. In many
systems a few milliamperes of current due to clipping of the ring signal will not interfere with the
system operation. In these cases; the low current [I r) < 20 mA] breakdown voltage, V @r) may be
specified as equal to the highest signal amplitude. The voltage value of both-ef these parameters will
be reduced at low temperatures and so the required values should be specified at the lowest

expected system ambient temperature.

When the signal wires are protected by the thyristor SPCs SPDsto ground, ac line unbalance can be
caused by the difference in protector capacitance. The off-state capacitance of a thyristor SPC
SPD increases with increasing junction temperature, Tj, and decreases with increasing bias voltage,
which is comprised of the dc voltage, Vb, and the ac signal voltage, Vedia When Vb >> Veda the
capacitance value is independent of the value of Veda Over the range of normal telecommunication
frequencies; the capacitance is essentially constant. To estimate accurately the capacitance

unbalance of the thyristor SPC SPP pair, the test conditions must reflect those of normal operation.

After the thyristor SPC SPD has switched to the on-state to divert a surge current, it must switch off
to restore normal operation after the surge has ended. The thyristor SPC SPPholding current, Iu is
the current value at which it switches off. The holding current value decreases as the junction
temperature or the circuit impedance increases. The holding current should be greater than the

maximum available dc current under the worst case conditions.
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4.4.2 Equipment protection

To protect, the thyristor SPC SPD peak let-through voltage must shalt not exceed the equipment
voltage capability under all surge conditions. In some applications, the maximum surge level is

unknown, and the desirable fault mode will be specified.

An overvoltage can be due to an impulse or a relatively long ac stress. The peak impulse let-though
voltage will increase as the impulse rate-of-rise increases. Under ac surge conditions, heating and
the resultant junction temperature rise increases the break over voltage [V ®0)] at low currents

heating is due to breakdown region losses. At high currents, heating is due to on-state losses.

In telecommunication applications, there are two classes of protector: primary and secondary.
Primary protection is applied at the system location where it may prevent most of the stressful
energy from propagating beyond the designated interface. Secondary protection is applied
subsequently to the primary protection and is subject to lower and better defined stress levels.
When a surge greatly exceeds the capability of a thyristor SPC, SPP it fails catastrophically; it may
be desirable that the primary protector fails short circuit and so prevents the surge from
propagating further. Primary protectors are normally tested to ensure their failure mode is

appropriate to their application.
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4.4.3 Durability

The thyristor SPC SPDshould have an adequate service life, and a design life in excess of 20 years is
typical. Most of this period would be under normal operating conditions, and the product would
have to pass a series of aggressive environmental tests to verify life expectancy. Surge conditions
are a small, but significant, proportion of the service life. Surge durability is typically evaluated by

repetitively surging the protector at various current levels. Thyristor SPC ratings are absolute

maximum ratings, which are either a limiting capability or a limiting condition beyond which

damage to the component may occur. These ratings can be used to assess the thyristor SPC

durability under the expected service conditions or verification requirements, see 7.3 and IEEE Std

C62.37-1996, 4.4.

4.5 Additional thyristor SPC SPP structures-

4.5.1 Gated-thyristor SPC SPD

These devices have a gate (G, g) terminal that controls the switching region characteristics, and
two principal terminals provide the protective function. Three gate types are possible, as this
additional terminal may be connected to either an intermediate P or N layer (Figure 4) of the
thyristor SPC SPB or a combined NP region (Figure 7). Some gated-thyristor SPCs SPDsare
designed to also allow operation without gate control. Without gate control the device operation and

characteristics are the same as a fixed-voltage thyristor SPC SPD (see 4.2).
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In all gated-thyristor SPCs SPDs;there will be the equivalent of a PNP transistor and an NPN

transistor connected as a regenerative pair (Figure 4). In an unbiased condition, this transistor pair
will be in an off state and present high circuit impedance. The gate terminal layer and its adjacent
principal terminal layer form a PN junction. When current is conducted by this PN junction, charge
carriers are injected into the transistor pair. If sufficient gate current flows, the transistor pair will
regenerate and switch (crowbar) to a low-voltage, on-state condition. The transistor pair will
remain in this condition until the principal current is too low to maintain the conduction of the

transistor pair.

There are two possible current loops for the gate current. One exists when the circuit producing the
gate current is connected to the gate and its adjacent principal terminal. The other exists when the
circuit providing the gate current is connected between the principal terminals. When the thyristor
SPC SPD is in the off state, there will not be any substantial current flow directly between the
principal terminals. In this condition, the current flow loop is completed by the circuit connected
between the gate and its non-adjacent principal terminal. The current flow path is adjacent principal

terminal, gate terminal, and through the gate network to the non-adjacent principal terminal.

The most common circuit use for these devices is in the common gate configuration. By biasing the
gate with an external reference voltage, such as the protected integrated circuit (IC) supply
voltage, the protection voltage will track the value of the-reference voltage. A P-gate device,
with the gate biased negatively with respect to the anode, will provide negative transient voltage
protection with respect to the anode. Similarly, an N-gate device, with the gate biased positively with

respect to the cathode, will provide positive transient voltage protection with respect to the cathode.

These devices can also be current triggered in a conventional manner. In some cases, this is done

by connecting the gate and adjacent electrode in series with the protected line wire.
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4.5.2 Unidirectional blocking thyristor SPC SPDB

The switching quadrant performance of this device structure (Figure 4) is covered in 4.3. The
inherent (fixed) voltage breakdown can be lowered by gate control; either by use of a single gate or
both together. In the non-switching quadrant, current flow will be blocked by the reverse-biased N~

P anode junction.

Anode electrode +

MN-type gate
electrode

P-type gate
electrode

-V +WV

Cathode electrode |

Figure 4— Unidirectional blocking thyristor SPC SPD

4.5.3 Unidirectional conducting thyristor SPC SPD

The switching quadrant performance of this device structure (Figure 5) is covered in 4.3. The
inherent (fixed) voltage breakdown can be lowered by gate control; either by use of a single gate or
both together. In the non-switching quadrant, current will be conducted by the forward-biased PN
diode.
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Thyristor anode electrode

N-type gate
electrode

P-type gate
electrode

Thyristor cathode electrode

-V

+i

v

Figure 5—Unidirectional conducting thyristor SPC SPD

4.5.4 Bidirectional thyristor SPC SPD

This thyristor SPC SPPhas two unidirectional blocking thyristor SPC SPD sections-that-are, anti-

parallel connected, to give switching in quadrants 1 and-guadrant 3 (see Figure 6). The inherent

(fixed) voltage breakdown in each quadrant can be lowered by controlling the appropriate gate or

gates.
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Main terminal 2 electrode

P-type gate
electrode

electrode

P-type gate
electrode

Main terminal 1 electrode

+i

v +v

Figure 6 —Bidirectional thyristor SPC SPD

4.5.5 Bidirectional TRIAC thyristor SPC SPD

This bidirectional thyristor SPC SPP has a special gate structure (see Figure 7) which that permits
control in both quadrants with a single gate terminal. This is the standard TRIAC (Triode for AC

control) structure.
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Main terminal 2 electrode

TR2
D1
TR1
o )
TRS
R1
N N

Main terminal 1 electrode Gate  Main terminal 1 electrode
electrode

+i

Figure 7—Bidirectional TRIAC thyristor SPC SPD

5. General terms and definitions

For the purposes of this standard, guide the following definitionstisted-in-5-+ apply.
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5.1 Types of thyristor SPC SPD

The thyristor SPC SPBis classified by the type of characteristic in quadrants 1 and in-quadrant3,

and the number of terminals. At least one quadrant will have a switching characteristic (see Figure

8). The other quadrant may have a switching, blocking, or diode conduction characteristic (see

Figure 8 and Figure 9). Devices with only one switching quadrant are called unidirectional and may

have two (diode), three (triode), or four (tetrad) terminals. In addition, devices with two switching

quadrants are called bidirectional and may have up to five (pentode) terminals (see Table 1).

QUADRANT 2

+i

QUADRANT 1
(FORWARD)

(REVERSE)
QUADRANT 3

+v

QUADRANT 4

Figure 8 —Switching characteristics in quadrant 1 and guadrant3
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Table 1 —Types of thyristor SPC SPD

Number Other quadrant characteristic
of terminals Blocking Conducting Switching
Reverse blocking or Reverse conducting or
2 Bidirectional diode
forward blocking diode forward conducting
(diode) thyristor SPC SPB
thyristor SPC SPB diode thyristor SPC
Bidirectional triode
Reverse blocking or Reverse conducting or
thyristor SPC SPDP-
3 forward blocking triode forward conducting
gate or n-gate or
(triode) thyristor SPC SPB triode thyristor SPC
combined P-gate and
P-gate or N-gate P-gate or N-gate
N-gate (TRIAC)
Reverse conducting or
Reverse blocking or
forward conducting Bidirectional tetrad
4 forward blocking tetrad
tetrad thyristor SPC | thyristor SPC SPP two
(tetrad) thyristor SPC SPB
SPD P-gate and gates
P-gate and N-gate
N-gate
Bidirectional pentode
5
_ — thyristor SPC SPB
(pentode)
three gates

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 23:19:58 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C62.37.1-2012



http://www.avadocuments.com/doc/ieee-c62-37-1-2012
http://www.avadocuments.com/doc/ieee-c62-37-1-2012

+v

+i

Figure 9—Examples of non-switching characteristics, reverse blocking in

quadrant 3 and forward conducting in quadrant 1
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6. Electrical environment

Electrical and electronic systems and networks are subject to disturbances from external sources
of electrical energy. These sources include electrical power circuits and natural phenomena, such as
lightning. The effects of such disturbances may be confined to interference with normal use or
operation, as in the case of noise or interference with signaling, or-they may be capable of
creating hazards to users and maintenance personnel or even damage to equipment.

IEEE Std C62. 45™-2002 [B8] 421987 and IEEE Std 62.42™-2005 [B7] ©6241-1991 contain

further information on this environmental disturbances.t

7. Parameter interpretation and application

This clause covers the relevance of thyristor SPC SPBparameters to the system needs and details
factors that affect those parameters. These parameters are grouped into the—foeHowing three

areas: normal system operation, equipment protection, and durability. Parameter measurement or

verification and test circuits are given in IEEE Std C62.37-1996.

7.1 Normal system operation parameters

These are parameters that have an effect on affeet the normal system operation. The thyristor SPC

SPD should not substantially interfere with the normal system operation; it should be
transparent in normal system operation. Major performance areas are dc standby current; (7.1.1),
capacitive shunt impedance effects; (7.1.6), distortion through signal clipping (7.1.2), and

restoration of service after an overvoltage- (7.1.5).

6The numbers in brackets correspond to those of the bibliography in Annex E.
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7.1.1 Off-state current—Ip

Off-state current is the dc standby current that flows through the thyristor SPC SPBwhen a dc
voltage, Vb, is applied. The value of the applied test voltage, Vb should be the same as the mean dc
voltage level of the system. In many telecommunication systems, this would be the battery voltage

level, which is typically -50 V.

Figure 10 shows the typical temperature variation of off-state current. The off-state current has
two components; a leakage current across the chip surface and an internal reverse current that flows
through the chip's blocking junction. Surface leakage increases slowly with increasing temperature.
Reverse junction current increases rapidly with temperature; more than doubling with every 10 °C

rise.

Figure 10 shows that surface leakage current predominates at low temperatures and reverse junction
current dominates at high temperatures. The crossover temperature of these two components

depends on the chip size and surface quality.

The test conditions for this parameter should specify the mean system dc voltage (Vp) and the
highest system ambient temperature (Ta) In some systems, the mean system dc voltage may vary
considerably from its nominal value, e.g., during battery charging, and this will affect the choice of

The Vb value. Gated devices will need to have the gate terminal bias condition specified for this test.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 23:19:58 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C62.37.1-2012


http://www.avadocuments.com/doc/ieee-c62-37-1-2012
http://www.avadocuments.com/doc/ieee-c62-37-1-2012

1000

t

g 100

=

L&

=1

5

W

5 10

3

R

5,
JUNCTION ___ * SURFACE LEAKAGE
CURRENT CURRENT

0-1

T, - Junction Temperature - °C

Figure 10—Normalized off-state current versus temperature

Gated devices will also need the gate terminal dc standby current specified. Normally; a gate
terminal junction will be reverse biased and have a characteristic similar to Figure 10.
Measurement conditions should be specified similar to Vb Current will be measured between the
gate and one principal terminal. The measurement conditions should also include the condition of

the other principal terminal (Icas, Icao, Icks, Icxo).See IEEE Std C62.37-1996
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7.1.2 Repetitive peak off-state voltage — Vorm

The repetitive peak off-state voltage is the maximum system voltage that can be applied to the
thyristor SPC SPD over a specified temperature range without the onset of clipping. Clipping causes

system current to be diverted through the device.

Repetitive peak off-state voltage is a rating and is tested by applying Vorm to the protector and
measuring the resultant current that flows through the thyristor SPC SPPB . This voltage rating
should be equal to or greater than the peak system operating voltage. In most analog telephone
systems; the maximum voltage will occur during ringing, but occasionally maintenance test voltages

may be higher.

Figure 11 shows how the single temperature value of Vbrm varies with temperature. The 25 °C value
is normalized to unity. Vbrw is typically made up of an ace voltage with a dc voltage component. As
the peak; repetitive off-state current is typically of the microampere order, the resultant power loss
with Vorv applied is very small. Practically, this makes the device junction temperature, Tj, rise
above the local ambient temperature; Ta is very small. Under these circumstances, Tj and Ta can be
regarded as equal in value. Figure 11 shows that Vbrv decreases with decreasing temperature and
the lowest value will be at low temperatures. The critical value for Vorwm is at the lowest device

(ambient) temperature; and it should be equal to or greater than the maximum system voltage.
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Figure 11 —Normalized off-state voltage versus temperature

If the lowest temperature was 0 the Vorm would have fallen to 0.975 of the 25 °C value. If the
maximum system voltage was 200 V, Vbrm should be 200 V at 0 and the 25 °C verification check
would sheuld be at 200/0.975 = 205 V (measured at 25 °C). If the lowest device temperature was -40
°C; the values become 0.94 and 213 V.

The test conditions for repetitive peak off-state current should specify the maximum system peak

voltage (=Vbrum rating) and the system ambient temperature range (TamiN to Tamax).

For gated devices, this parameter may be covered by the Vb specification. Alternatively, these devices
may be verified for Vorm with the gate terminal open (Ic = 0) or connected to the appropriate

principal terminal.
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7.1.3 Critical rate-of-rise of off-state voltage —dv/ds

The critical rate-of-rise of off-state voltage Fhis is the maximum rate-of-rise of voltage that can be
applied to the thyristor SPC SPD over a specified temperature range without causing the device to
switch on. The thyristor SPC SPP should not switch on as a result of large dv/ds transitions that occur
during normal system operation. In many telephone systems; these transitions do not exceed 50
V/us. In such cases; a device dv/ds value of above 50 V/us would give satisfactory performance. In
addition, transition excursion would need to be in excess of at least 5 V to cause internal junction
conduction. High dv/ds values of 1 kV/us or more only reflect the inherent thyristor SPC SPB

technology, rather than a system need.
The device dv/dt rating should be based on the maximum system dv/ds applied as a ramp having

amplitude limited to the Vbrm value. In addition, gated devices will need to have the gate terminal

bias condition specified.

7.1.4 Breakdown voltage —V @r)

The breakdown voltage Fhis is a—measure—of-the thyristor SPC SPPvoltage-limiting value at

breakdown currents of a few milliamperes. It is comparable to the breakdown voltage of Zenger
and avalanche diodes. If normal system operation causes device breakdown,_then system voltages
will be clipped (limited), resulting in distortion and causing current diversion through the thyristor
SPC. SPD:- In the telephone system; this action may cause equipment malfunction (e.g., false off-hook

detectiony})

The preferred parameter for ensuring that the system voltages are not clipped is Vbrm However, there
has been an a historical use of V @r) (often called Vzin older specifications) and the purpose of this
sub clause elause is to provide background information. The breakdown voltage parameter is only

used for fixed-voltage, positive breakdown slope thyristor SPCs SPBs: It is inappropriate for fixed-

voltage; negative breakdown slope and gated- thyristor SPCs. SPPs: these devices are specified by a

Vbrm value and not V @r)
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Breakdown voltage is a characteristic and is determined by applying a defined current to the device
and measuring the resultant voltage. Test current levels in the range of 1 mA to 20 mA are typical. If
V @r) is specified, the minimum breakdown voltage value should be greater than the normal peak

system operating voltage over the device temperature range.

Figure 12 shows how an avalanche breakdown voltage varies with temperature. The 25 °C value
is normalized to unity. Figure 12 shows that V @r) reduces with decreasing temperature and that the
lowest value will be at low temperatures. The critical value for V @r) is at the lowest device

temperature, and it should be greater than the maximum system voltage by a few percent.

The test conditions for breakdown voltage should specify the test current to be applied and the
test temperature. If the test temperature is higher than the lowest system ambient temperature,
then the breakdown voltage temperature coefficient is required [avr)] as shown in Figure 12]. The
breakdown temperature coefficient will enable the calculation of the breakdown voltage at the

lowest expected system ambient.

In most cases; the Visr) parameter can be replaced by the same value Vorwm rating.
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