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Introduction

(This introduction is not part of IEEE Std C62.37-1996, |EEE Standard Test Specification for Thyristor Diode Surge
Protective Devices.)

This test specification has been developed to enable the unified definition, test, and evaluation of thyristor
type surge protective device parameters. A thyristor surge protective device limits overvoltages by switching
on and providing a low impedance path to divert the current resulting from the overvoltage. Fixed voltage
thyristor surge protective devices have their limiting voltage determined by the manufacturing process.
Gated thyristor surge protective devices may have their limiting voltage determined by the reference poten-
tial applied to the gate. By connecting the gate in series with the circuit conductors, overcurrent conditions
can also initiate device switch on and current diversion.

Thyristor devices have been used since the early 70s to protect telecommunications equipment against
induced and conducted overvoltages caused by lightning and ac systems. These devices were specialy engi-
neered to provide the required protection function. The device main features were an extended breakdown
region and an abnormally high value of holding current. Asaresult, many of the conventional thyristor terms
and test methods were inadequate for these thyristor surge protective devices. Being a new device variant,
many existing surge protective device manufacturers and users applied terms and tests used for gas-dis-
charge tubes or avalanche junction semiconductor surge protective devices. Compared to these established
devices, the thyristor surge protective device has different circuit sensitivities and this resulted in poor
parameter correlation between users and suppliers.

There was a need for a comprehensive thyristor surge protective device test standard that defined terms,
detailed appropriate test circuits, and measurement conditions. The Low-Voltage Solid-State Surge Protec-
tive Devices Working Group 3.6.2 of the IEEE Surge Protection Devices Committee under took the task of
preparing such a standard. The Working Group was formed from experts and interested parties drawn from
producers, users, service providers, standards authorities, equipment manufacturers, test equipment manu-
facturers, and laboratories.
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IEEE Standard Test Specification for
Thyristor Diode Surge Protective
Devices

1. Overview

1.1 Scope

This standard applies to two or three terminal, four or five layer, thyristor surge protection devices (SPDs)
for application on systems with voltages equal to or less than 1000 V rms or 1200 V dc. These protective
devices are designed to limit voltage surges on communication circuits and on power circuits operating from
direct current (dc) to 420 Hz. The thyristor SPD can be manufactured with unidirectional or bidirectional,
symmetrical, or asymmetrical V-1 characteristics. This standard contains definitions, service conditions, and
aseries of test criteriafor determining the characteristics of athyristor SPD. If the characteristics differ with
the direction of conduction, each polarity shall be separately specified.

1.2 Tests

Thetestsin this standard are intended as design tests as defined in [B3]* and provide a means of comparison
among various thyristor SPDs.

NOTE—Three terminal devices may consist of multiple thyristor elements, or thyristor and diode elements, in one pack-
age; or the third may connect to the gate of athyristor.

1.3 Applicability and device function

Thyristor SPDs are designed to conduct the surge currents necessary to provide overvoltage protection in
electrical circuits. The purpose of this document is to provide definitions and test methods for thyristor SPD
that are used for the protection of telecommunications systems. Overvoltage threats originate from lightning
and ac power lines. These threats appear in the system through induction or direct contact. The waveforms
that are used in the tests are chosen to allow confirmation of manufacturer’s data.

1The numbers in brackets correspond to those publications listed in the bibliography, Annex B.
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Other types of thyristors may exhibit similar characteristics. If they are used as thyristor SPDs, their surge
suppression capabilities may be characterized according to this specification.

The thyristor SPDs exhibit arelatively high impedance in the off-state condition at normal system operating
voltages before and after the surge. During the surge of sufficient voltage and current, the device will switch
to a low-impedance (on-state) condition. After the surge has passed, the device is expected to recover to a
high-impedance (off-state) condition. Consideration should be given to service conditions, temperatures, and
device mounting when applying these parameters as variations may occur.

2. Definitions of rated and other parameters

2.1 Rated parameter values

For the purpose of this standard, the values of rated parameters are established by the manufacturer,
according to statistical acceptance criteriaasindicated in 4.2.

2.2 Definitions

The following apply specifically to thyristor SPDs and do not necessarily cover other devices. If the voltam-
pere characteristics are asymmetrical, then the parameters shall be defined for each polarity.

The relation between some common terms on some typical device V-I graphs areillustrated in Figures 1-7.
The characteristics of devices in the breakdown region can be complex and difficult to measure. All the
points shown on the graphs may not be apparent on the actua device characteristic, and there may
be additional inflection points not shown. Conceptually, all of the points will exist for every device, athough
points such as switching (Vs 1) and breakover Vo), Ileo) mMay be nearly coincidental.
Device specifications should only describe the relevant characteristics. For the method of defining impulse
waveforms, see Figure 7 of [B2]. The minimum data that a manufacturer shall supply are those parameters
listed in 2.2.1 through 2.2.13.

2.2.1 breakover current (I gp)): Theinstantaneous current flowing at the breakover voltage. (See 4.5.4 and
Figures1-7.)

2.2.2 breakover voltage (V(gp)): The maximum voltage across the device in or at the breakdown region
measured under specified voltage rate of rise and current rate of rise. (See 4.5.4 and Figures 1-7).

2.2.3 holding current (I): The minimum current required to maintain the device in the on-state. (See 4.5.6
and Figures 1-7.)

2.2.4 non-repetitive peak on-state current (I1gy): Rated maximum (peak) value of ac power frequency
on-state surge current of specified wave shape and frequency which may be applied for a specified time or
number of ac cycles. (See 4.4.3 and Figures 1-7.)

2.2.5 non-repetitive peak pulse current (Ippg): Rated maximum value of peak impulse pulse current of
specified amplitude and wave shape that may be applied. (See 4.4.4 and Figures 1-7.)

2.2.6 off-state capacitance (Cp): The capacitance in the off-state measured at specified frequency, f,
amplitude, Vy, and dc bias, Vp. (See 4.5.7.)

2.2.7 off-state current (I p): Thedc value of current that results from the application of the off-state voltage.
(See 4.5.1 and Figures 1-7.)
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2.2.8 off-state voltage (Vp): The dc voltage when the device isin the off-state. (See 4.5.1 and Figures 1-7.)

2.2.9 on-state current (I): The current through the device in the on-state condition. (See 4.5.5 and
Figures1-7.)

2.2.10 on-state voltage (V1): The voltage across the device in the on-state condition at a specified current.
(See 4.5.5 and Figures 1-7.)

2.2.11 repetitive peak off-state current (I prp): The maximum (peak) value of off-state current that results
from the application of the repetitive peak off-state voltage. (See 4.5.2 and Figures 1-6.)

2.2.12 repetitive peak off-state voltage (Vpry): Rated maximum (peak) continuous voltage that may be
applied in the off-state conditions including all dc and repetitive alternating voltage components. (See 4.4.1
and Figures 1-6.)

2.2.13 repetitive peak on-state current (Itry): Rated maximum (peak) value of ac power frequency on-
state current of specified wave shape and frequency which may be applied continuously. (See 4.4.2 and
Figures1-7.)

2.3 Additional definitions

For certain applications some of the following terms may be necessary or useful. Listed also are those
parameters specific to certain thyristor SPD technologies.

2.3.1 breakdown current (I(gr)): The current through the device in the breakdown region. (See 4.5.8 and
Figures 1-3.)

2.3.2 breakdown voltage (V(gr)): The voltage across the device in the breakdown region (prior to the
switching point) at a specified breakdown current, | gg). (See 4.5.8 and Figures 1-3.)

2.3.3 critical rate of rise of off-state voltage (dv/dt): The maximum rate of rise of voltage (below Vprym)
that will not cause switching from the off-state to the on-state. (See 4.5.12.)

2.3.4 critical rate of rise of on-state current (di/dt): Rated value of the rate of rise of current which the
device can withstand without damage. (See 4.4.8.)

2.3.5forward current (Ig): The current through the device in the forward conducting state. (See 4.5.10 and
Figures3and 6.)

2.3.6 forward voltage (Vg): The voltage across the device in the forward conducting state at a specified
current Ig. (See 4.5.10 and Figures 3 and 6.)

2.3.7 impulse reset time (freser)):  The time taken for a device to switch back into the off-state, in the
presence of a specified value of dc short-circuit current, after being switched into the on state by a specified
impulse. (See 4.5.13.)
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2.3.8insulation resistance: The equivaent insulation resistance of the device, computed by
VD
T (See4.5.1)
D

2.3.9 lifetime rated pulse currents: Rated values of the peak impulse current, Ipp, as a function of the
number of pulses and wave shape, which may be applied over the device rated lifetime. (See 4.4.3 and
44.4.)

2.3.10 non-repetitive peak forward current (Iggy): Rated maximum (peak) value of ac power frequency
forward surge current of specified wave shape and frequency which may be applied for a specified time or
number of ac cycles. (See 4.4.6 and Figures 3 and 6.)

2.3.11 peak pulse impulse current (Ippy): Rated maximum value of peak impulse pulse current (Ipp)
applied for 10 pulses with 10 x 1000 ps waveform and maximum duty factor of 0.01% without causing
failure. Refer to [B6]. (See4.4.4.)

2.3.12 peak forward recovery voltage (Vegy): The maximum value of forward conduction voltage across
the device upon the application of a specified voltage rate of rise and current rate of rise following a zero or
specified reverse-voltage condition. (See 4.5.11.)

2.3.13 repetitive peak forward current (Iggyv): Rated maximum (peak) value of ac power frequency for-
ward current of specified wave shape and frequency which may be applied continuously. (See 4.4.7 and
Figures3and 6.)

2.3.14 repetitive peak reverse current (Iggm):  The maximum (peak) value of reverse current that results
from the application of the repetitive peak reverse voltage, Vrry- (See 4.5.3 and Figures 1 and 4.)

2.3.15 repetitive peak reverse voltage (Vgrry): Rated maximum (pesk) continuous voltage that may be
applied in the reverse blocking direction including all dc and repetitive alternating voltage components. (See
4.4.5 and Figures1 and 4.)

2.3.16 switching current (l5): The instantaneous current flowing through the device at the switching volt-
age, Vs. (See 4.5.9 and Figures 1-7.)

2.3.17 switching resistance (Ry): The equivalent slope resistance of the breakdown region, Rs, computed by

(Vgo)—Vs)
(Is—1gg)

(See 4.5.9, 4.5.4, and Figures 4 —6.)

2.3.18 switching voltage (Vg): The instantaneous voltage across the device at the final point in the
breakdown region prior to switching into the on-state. (See 4.5.9 and Figures 1-7.)

2.4 Temperature dependence of parameters

2.4.1 maximum junction temperature (T j): The maximum value of permissible junction temperature,
dueto self heating, which athyristor SPD can withstand without degradation. (See 4.5.17-4.5.18.)
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2.4.2 temper ature coefficient of breakdown voltage (0oygRy); (dV(gr)/dT;): The ratio of the change in
breakdown voltage, V(gr), to changes in temperature. Expressed as either millivolts per degree
Celsius(mV/°C), or percent per degree Celsius (%/°C) with reference to the 25 °C value of breakdown
voltage (mV/°C or %/°C). (See 4.5.14.)

2.4.3 temperature derating: Derating with temperature above a specified base temperature, expressed as a
percentage, such as may be applied to peak pulse current (See 4.5.16.)

2.4.4 thermal resistance (RgyL - Rgycy Rgja) @ The effective temperature rise per unit power dissipation
of adesignated junction, above the temperature of a stated external reference point (lead, case, or ambient)
under conditions of thermal equilibrium. (See 4.5.17.)

2.4.5 transent thermal impedance (Zgj_ 1y Zeycr) ZeJaw): The change in the difference between the
virtual junction temperature and the temperature of a specified reference point or region (lead, case, or
ambient) at the end of a time interval divided by the step function change in power dissipation at the
beginning of the same time interval that causes the change of temperature-difference. (See 4.5.18.)

NOTE— It is the thermal impedance of the junction under conditions of change and is generally given in the form of a
curve as afunction of the duration of an applied pulse.

2.4.6 variation of holding current with temperature: The change in holding current, I, with changesin
temperature. It is shown asagraph. (See 4.5.15.)

2.4.7 virtual junction temperature (T;): A theoretical temperature representing the temperature of
the junction(s) calculated on the basis of a simplified model of the thermal and electrical behavior of the
device. (See 4.5.17-4.5.18))

2.5 Gated thyristor surge protection device (SPD)

These devices have a gate (G, g) terminal that controls the switching region characteristics and the
main terminals provide the SPD function. Two gate types are possible, as this additiona termina may be
connected to either an intermediate p or n layer of the thyristor. The first is a p-gate device, which has the
gate biased negatively with respect to the anode. The p-gate device provides negative transient voltage pro-
tection with respect to the anode. The second is an n-gate device, which has the gate biased positively with
respect to the cathode. The n-gate device provides positive transient voltage protection with respect to the
cathode.

The gated thyristor SPD has many forms. Options are single or dual switching quadrant, n-gate and/or p-
gate, forward or reverse conducting or blocking quadrants. The following definitions give the terms and
parameters in general form with specific devices detailed, including the symbol and references in
parentheses.

2.5.1 gate reverse current, adjacent terminal open (Igao; | gko): The current through the gate terminal
when a specified gate bias voltage, Vg, is applied and the cathode terminal for a p-gate device or anode
terminal for an n-gate deviceis open circuited. (See 4.5.20, common-gate configuration.)

2.5.2 gate reverse current, main terminals short-circuited (Igas; Igkg): The current through the gate
terminal when a specified gate bias voltage, Vg, is applied and the cathode terminal for a p-gate device or
anode terminal for an n-gate device is short circuited to the third terminal. (See 4.5.2.)

2.5.3 gate reverse current, on-state (I gar: | gx7): The current through the gate terminal when a specified
gate bias voltage, Vg, is applied and a specified on-state current, 1+, is flowing. (See 4.5.22 and Figure 7b).
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2.5.4 gatereverse current, forward conducting state (I gar; | ckg): The current through the gate terminal

when a specified gate bias voltage, Vg, is applied and a specified forward conduction current, I, is flowing.
(See4.5.23)

2.5.5 gate switching charge (Qgg): The charge through the gate terminal, under impulse conditions, during
the transition from the off-state to the switching point, when a specified gate bias voltage, Vg, is applied.
(See4.5.24.)

2.5.6 gate-to-adjacent terminal breakover voltage (Vek o) Veago)): The gate to cathode voltage for a
p-type device or gate to anode voltage for an n-gate device at the breakover point. This is equivalent to the
voltage difference between the breakover voltage, V(gp), and the specified gate voltage, Vg, (See 4.5.26.)

2.5.7 gate-to-adjacent terminal peak off-state voltage (Vgpm): The maximum gate to cathode voltage for
a p-gate device or gate to anode voltage for an n-gate device that may be applied such that a specified off-
state current, |, at arated off-state voltage, Vp, iS not exceeded. (See 4.5.19.)

2.5.8 peak off-state gate current (Igpy): The maximum gate current that results from the application of
the peak off-state gate voltage, Vgpy - (See 4.5.19.)

2.5.9 peak gate switching current (I ggy): The maximum value of current through the gate terminal during
the transition from the off-state to the switching point, when a specified gate bias voltage, Vg, is applied.
(See 4.5.25 and Figure 7b).
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Figure 1—Graph illustrating symbols of terms for a reverse blocking positive
breakdown slope thyristor SPD
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3. Service condition

3.1 Normal service conditions

Thyristor SPDs conforming to this standard shall be rated for climatic ranges of temperature, humidity, and
pressure. In the absence of special requirements, it is recommended that the listed values should be used.
Some service conditions relate to the mandatory parameters of 2.2. Thisrelationship is shown in parenthesis.
Any other service condition should be specified by the manufacturer or requested by the user, as appropriate.

3.1.1 Climatic conditions

a)  Operating temperature range
1) normal: 0 °Cto 70 °C
2) extended: —40 °Cto 85 °C
b) Storage temperature range
1) normal: —40 °C to 150 °C
2) extended: —65 °C to 150 °C
¢) Humidity range
1) normal: 20% to 75%
2) extended: 10% to 100%
d) Air pressurerange
1) normal: 86 kPato 106 kPa
2) extended: 70 kPato 106 kPa

3.1.2 Other environmental conditions

a) Mechanical shock
b) Mechanica vibration

3.1.3 Physical properties

a)  Solvent resistance

b) Solderability

¢) Fammability

d) Package rupture during overload

e) Electrical connection to metal case

3.1.4 System conditions

a) Nomina systems frequencies (off-state capacitance)

b) Maximum continuous system voltage and current (repetitive peak off-state voltage, off-state current
and holding current)

c) Peak impulse currents (non-repetitive peak pulse current)
d) Peak power frequency ac currents (non-repetitive peak on-state current)
€) Surgerepetition rate

3.1.5 Surge rating of the thyristor SPD under system conditions
a) Rated non-repetitive peak current

b) Rated non-repetitive peak pulse current temperature derating
c) Lifetimerated pulse currents

10
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3.2 Unusual service conditions

The following service conditions may require special consideration in the design or application of thyristor
diodes and should be called to the attention of the manufacturer.

3.2.1 Environmental conditions

a) Climatic conditions
1) Temperature, humidity and pressure values exceeding normal service conditions
2) Precipitation (rain, snow and hail)
3) Other water sources (dipping, splashing, steam, submersion, condensation, ice, and frost

formation)
b) Biological conditions
1) Hora
2) Fauna

¢) Chemically active substances
1) Damaging fumesor vapors
2) Sdtspray
3) Flammable or explosive atmosphere
d) Mechanicaly or electrically active substances
1) Dust
2) Soot
€) Contaminating fluids
f)  Mechanical conditions
1) Vibration (stationary or shock)
2) Drop (stationary or shock)

g) Impact
h) Staticload
i) ESD

3.2.2 Physical conditions
Limitation on weight or dimension, including clearance to nearby conducting objects.
3.2.3 System conditions

a) Electrical system conditions. Sustained overvoltages, temporary overvoltage (TOV), current
conductive rates, or frequency operating conditions whereby the ratings of the devices are exceeded
(see Clause 5, Failure modes).

b)  Systemimpulse currents not within the rating of the device (see Clause 5, Failure modes).

c) Exposureto direct lightning strike (see Clause 5, Failure modes).

d) Electromagnetic field effects (see Clause 5, Failure modes).

€) Unusual ground potential situations (see Clause 5, Failure modes).

f)  Any other unusual condition known to the user.

4. Standard design test procedure

4.1 Standard design test criteria
The design test described in 4.4.1 through 4.5.26 provide standardized methods for making

single observations of a specified property of a thyristor SPD. These properties may vary from device to
device making it necessary to provide statistical descriptions of the property in order to compare products.

11
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4.2 Statistical analysis

The following procedure shall be used to describe any characteristics that have been determined to have
important statistical aspects. A product sample shall be chosen in a manner consistent with the definition of
design tests as provided by [B3]. A sufficient number of devices shall be tested and the characteristics in
guestion measured or ratings verified as described in the applicable design test until the parameters of the
underlying statistical distribution are determined within confidence limits specified by the manufacturer.
Values relating to the product sample such as, but not limited to, mean, maximum, and standard deviation
may then be stated.

Certain device parameters, particularly current ratings, will be dependent on several equally dominant
mechanisms, and the resulting parameter distribution will be multi-modal. Applying normal distribution
statistics to multi-modal distributions can give serious errors in the prediction of distribution tail limits. In
these cases, aternative statistical procedures should be used to enable accurate prediction of the distribution
tails (e.g., Weibull plots).

4.3 Thyristor surge protection device (SPD) test conditions

The tests of 4.4.1 through 4.5.26 should be performed on the thyristor SPD either as required by the
application or as detailed in the device specification. The thyristor SPD shall be tested with the specified
environmental conditions, such as temperature range, and mounting configuration. Unless otherwise
specified, the reference ambient test conditions should be as follows:

a) Temperature: 25 5 °C;
b) Relative humidity: less than 85%.

Measurement errors can be caused by ground loops, common impedances, magnetic induction, electric
induction, and electromagnetic radiation. The voltage error caused by a circulating ground-loop current can
be reduced by increasing the loop impedance. Normally this would be done by clipping ferrite cores on to
the probe cables. Common impedances can be avoided by using kelvin contacts to the device under test
(DUT) for power and sense connections. Magnetic induction and inductive effects can be reduced by short
lead lengths and minimizing the wiring loop area, possibly by using twisted wires. Electric
induction (capacitive pickup) can be removed by interposing a Faraday shield connected to a non-signal
ground. Electromagnetic pickup can be reduced by shielding and the techniques used for
magnetic induction.

Analog oscilloscopes should have rise times five times faster than the signal rise time. This will ensure less
than a 2% error in the displayed rise time. Digital oscilloscopes should have sample times at least five and
preferably 20 times faster than the signal rise time. Eight-bit digital oscilloscopes may not have sufficient
measurement resolution, unless enhanced by sample averaging or use of a calibrated offset voltage to
window the signal. Ten bit digital oscilloscopes will usually have sufficient resolution without the aid of
these techniques.

Because of the voltage and energy levels used in most of the tests, all tests should be considered hazardous.
Appropriate caution should be taken in their performance. Non-electrical hazards may be produced, such as
fire, heat, fragmentation, and fumes.

4.3.1 Wave shape and values
The wave shape of an impulse is designated by a combination of two numbers. The first, an index of the
wavefront, isthe virtual duration of the wavefront in microseconds. The second, an index of the wave tail, is

the time in microseconds from the virtual zero to the instant at which one-half the crest (peak) value is
reached on the wave tail (see [B4]).

12
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The quoted thyristor SPD current ratings are the short-circuit test generator values. Under test conditions the
actual device current will be different, due to the interaction of the generator with the device characteristic.

4.3.2 Multiple thyristor SPDs

Where multiple thyristor SPDs are packaged together and the application simultaneously operates them, if
the individual SPD parameters are significantly affected by the operation of the other SPDs, the testing shall
emulate this condition as well as single SPD operation.

4.3.3 Gated thyristor SPD test conditions

All fixed voltage thyristor SPD tests shall be performed on a gated thyristor SPD to verify and determine the
protection terminal performance. Gated thyristor SPDs shall be tested with the appropriate values of gate
bias voltage, Vg, and network. Unless otherwise specified, the gate bias voltages used for testing shall be
the maximum and minimum values of the intended application. For any tests where the gated thyristor SPD
limits the voltage, the gate supply should be low impedance (decoupled) and a thyristor SPD without inter-
nal gate blocking shall have an appropriately poled blocking diode connected directly in series with the gate
terminal. When a gated thyristor SPD has been designed to give gate controlled and fixed voltage protection,
the fixed voltage thyristor SPD tests shall also be performed with the gate open circuit (i.e., g = 0).

4.4 Rating test procedures
4.4.1 Repetitive peak off-state voltage— Vpry

The purpose of this test is to verify that the thyristor SPD maintains a high-impedance off-state condition
when continuously subjected to the rated repetitive peak off-state voltage. The rated value of repetitive peak
off-state voltage, Vpry, shall be impressed across the device and the value of repetitive peak off-state
current, Ipgry, Measured during the test conducted with a circuit functionally equivalent to Figure 8. The
measured current shall not exceed the maximum specified value of Ipgy. After the Vpgy test, the device
shall not fail any of its specified characteristics. The test duration shall be long enough to establish the
desired confidence in device reliability. Each switching quadrant of the thyristor SPD shall be separately
tested and measured. (Large changes between pre- and post-test characteristics are a possible indication of
device degradation.) Test failures shall be classified according to the criteria of Clause 5.

4.4.2 Repetitive peak on-state current— gy

The purpose of this test is to verify that the thyristor SPD can continuously conduct its rated repetitive peak
(quasi-sinusoidal) on-state current without failure or exceeding the maximum rated junction temperature
(see Figure 10). The test circuit used shall be functionally equivalent to Figure 9. The ac test generator shall
be specified for the open-circuit voltage and short-circuit current values, or equivalents, of wave shape and
wave shape peak value. The capability of the generator shall ensure that the thyristor SPD will always switch
into the on-state. Unidirectional thyristor SPDs, which are not rated for bidirectional current operation, will
require a bridge or half-wave rectifier to be added to the ac voltage source for full or half wave testing. Dur-
ing the Ity test, atemperature sensitive device parameter, such as I, can be monitored by means of an
oscilloscope whose current and voltage probes are connected to the DUT in the manner shown in Figure 13.
The average working junction temperature can be calculated from the measured parameter values, the
parameter temperature coefficient and the DUT initial temperature. After the gy test, the device shall not
fail any of its specified characteristics. The test duration shal be long enough to establish the
desired confidence in device reliability. (Large changes between pre- and post-test characteristics are
apossible indication of device degradation.) Test failures shall be classified according to the criteria of
Clause 5.
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n
&)

6/) DUT

PS2 REC

PS1 |t

DUT = Device under test

A = Ammeter, peak reading

V = Voltmeter, mean, peak and ac reading

PS1 =DC power supply set to the dc component of Vg,
PS2 = AC power supply set to the ac component of Vg,

REC = Full or half-wave rectifier circuit, used for unidirectional
testing when the ac component of V,, reverses the
polarity

Figure 8—Test circuit for verifying repetitive peak off-state voltage (Vpgrp)

R1 S1
REC

PS @ DUT
D

DUT = Device under test

A = Ammeter, peak reading current monitor

PS = AC power supply, set at specified voltage

R1 = Resistor, defines peak short circuit current

S1 = Switch, close to perform test

REC = Full or half-wave rectifier circuit, connected for

unidirectional testing

Figure 9—Test circuit for verifying repetitive peak on-state current (/7gp)
4.4.3 Non-repetitive peak on-state current— hqy

The purpose of thistest is to verify that the thyristor SPD can survive a specified duration of (quasi-sinusoi-
dal) ac surge current without failure. The test circuit used shall be functionally equivalent to Figure 11.
Switch S1 only opens or closes at the zero voltage crossings of the ac voltage source. This ensures that the
device will be tested with complete half or full ac cycles. The ac test generator shall be specified for the
open-circuit voltage and short-circuit current values, or equivalents, of wave shape, wave shape peak value,
and duration for which switch S1 closes. The capability of the generator shall ensure that the thyristor SPD
will always switch into the on-state. Unidirectional thyristor SPDs, which are not rated for bidirectional cur-
rent operation, will require a bridge or half-wave rectifier to be added to the ac voltage source for full or half
wave testing. After switch S1 has operated for the specified test duration and the device has returned to
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Figure 10—Repetitive peak on-state current waveforms

thermal equilibrium conditions, the device shall not fail any of its specified characteristics. (Large changes
between pre- and post-test characteristics are a possible indication of device degradation.) Test failures shall
be classified according to the criteria of Clause 5.

The test duration may be specified as a time or number of ac cycles at a specified power frequency. A non-
repetitive current rating test shall not be repeated until the device has returned to thermal
equilibrium conditions. In the absence of special requirements, it is recommended that the device shall be
capable of withstanding up to 100 such tests without failure during its lifetime. The I+ rating will vary
with test duration time and several values may be needed to fulfill an application need; recommended time
durationsareonecycle, 0.1s,1s,and 10 s.

4.4.4 Non-repetitive peak pulse current— I ppg

The purpose of thistest isto verify that athyristor SPD can survive a specified impul se wave shape of short-
circuit current amplitude |ppg without failure. The test circuit used shall be functionally equivalent to
Figure 12. The impulse test generator shall be specified for the open-circuit voltage and short-circuit current
values, or equivaents, of wave shape and wave shape peak value. The capability of the generator shall
ensure that the thyristor SPD will always switch into the on-state. After the impulse and the device has
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R1 S1

@ PS DUT
.

DUT = Device under test

A = Ammeter, peak reading current monitor

PS = AC power supply, set at specified voltage

R1 = Resistor, defines peak short circuit current

S1 = Switch, closes for specified duration, operation
synchronised to ac voltage zero crossings

REC = Full or half-wave rectifier circuit, connected for

unidirectional testing

Figure 11—Test circuit for verifying non-repetitive peak on-state current (/rsy)

returned to thermal equilibrium conditions, the device shall not fail any of its specified characteristics.
(Large changes between pre and post test characteristics are a possible indication of device degradation.)
Test failures shall be classified according to the criteria of Clause 5.

Each switching quadrant of the thyristor SPD shall be separately tested and measured. A non-repetitive
current rating test shall not be repeated until the device has returned to thermal equilibrium conditions. In the
absence of specia requirements, it is recommended that the device shall be capable of withstanding up to
100 such tests without failure during its lifetime. For the purpose of verification a smaller number of tests
may be preferred. The Ippg rating will vary with wave shape and several wave shape values may be needed
to fulfill an application need. Table 1 shows some wave shapes commonly used to test thyristor SPDs for
telecommunication applications.

4.4.5 Repetitive peak reverse voltage—Vgyrm

The purpose of this test is to verify that the thyristor SPD maintains a high-impedance blocking state
condition when continuously subjected to the rated repetitive peak reverse voltage. The rated value of
repetitive pesk reverse voltage, Vg, shall be impressed across the device in its blocking direction and the
value of repetitive peak reverse current, Iggy, Measured during the test using a circuit functionally
equivalent to Figure 8. The measured current shall not exceed the maximum specified value of 1ggy. After
the Vrgr\ test the device shall not fail any of its specified characteristics. The test duration shall be long
enough to establish the desired confidence in device reliability. (Large changes between pre- and post-test
characteristics are a possible indication of device degradation.) Test failures shall be classified according to
the criteria of Clause 5.

4.4.6 Non-repetitive peak forward current— lzgy

The purpose of this test is to verify that the diode section of aforward or reverse conducting thyristor SPD
can survive a specified duration of ac surge current without failure. The test method for non-repetitive peak
on-state current, I+qy (see 4.4.3 and Figure 11), shall be used for verifying the non-repetitive peak forward
current, =gy If the conduction period used is onefull cycle or longer, then I+ (see 4.4.3) rather than | gy,
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Table 1—Wave shapes used to test SPDs

Open-circuit voltage wave shape | Short-circuit current wave shape
2/10 2/10
1.2/50 8/20
10/160 10/160
10/560 10/560
10/700 5/310
10/1000 10/1000

NOTE— For the 1.2/50 generator, [B1] specifies the use of an external se-
ries resistance of 40 Q minimum, when testing telecommunication lines.
The available short-circuit current wave shape will then not be 8/20, but
more like the 1.2/50 voltage wave shape.

is applicable. (Itg, includes both diode and thyristor conduction.) After the gy test and the device have
returned to thermal equilibrium conditions, the device shall not fail any of its specified characteristics.
(Large changes between pre- and post-test characteristics are a possible indication of device degradation.)
Test failures shall be classified according to the criteria of Clause 5.

w O]

SURGE DUT
(IMPULSE)
GENERATOR

DUT = Device under test

A = Peak reading current monitor

SG = Impulse generator with
specified characteristics

Figure 12—Test circuit for verifying non-repetitive peak pulse current (/ppg)

4.4.7 Repetitive peak forward current— Iggy

The purpose of thistest is to verify that the diode section of aforward or reverse conducting thyristor SPD
can continuously conduct the rated repetitive peak forward current without failure or exceeding the
maximum rated junction temperature. The test method for repetitive peak on-state current, gy (See 4.4.2
and Figure 9), shall be used for verifying the repetitive peak forward current, |ggy. In the absence of special
requirements, it is recommended that Itgy shall be specified instead of 1ggy, Where Ity includes both
diode and thyristor conduction.
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4.4.8 Critical rate of rise of on-state current— di/dt

The purpose of thistest isto verify that athyristor SPD device can survive afast rising current, as may occur
on the wavefront of an impulse. The test circuit used shall be functionally equivalent to Figure 13. Voltage,
V, and current, |, monitors (typically a digital or storage oscilloscope with voltage and current probes) are
used to record the circuit conditions. After applying the di/dt impul se to the device, and when it has returned
to thermal equilibrium conditions, the device shall not fail any of its specified characteristics. (Large changes
between pre- and post-test characteristics are a possible indication of device degradation.) Test failures shall
be classified according to the criteria of Clause 5.

0
CT
RG I
CURRENT DUT CRO
RAMP v
GENERATOR

DUT = Device under test
CT = Current transformer or equivalent
RG = Ramp generator with specified di/dt

CRO = Dual Channel Oscilloscope or equivalent

Figure 13—Test circuit for verifying critical rate of rise of on-state current (di/dt)

The di/dt test generator shall be specified for wavefront di/dt and peak (crest) current and wave
shape (normally the wave tail will be relatively short). It is essential that the correct waveform is used for
this test, and the device manufacturer should be contacted for the test circuit and waveform details. In the
absence of special requirements, it is recommended that a generator based on the standard thyristor di/dt test
circuit be used. The basic circuit diagram and its waveforms are shown in Figure 14.

Each switching quadrant of the thyristor SPD shall be separately tested and measured. A non-repetitive
current rating test shall not be repeated until the device has returned to thermal equilibrium conditions. In the
absence of specia requirements, it is recommended that the device shall be capable of withstanding up to
100 such tests, in each test polarity, without failure, during its lifetime. For the purpose of verification a
smaller number of tests may be preferred.

4.5 Characteristic test procedures
4.5.1 Off-state current— Ip

The purpose of thistest isto determine the off-state current of athyristor SPD when biased at a specified dc
off-state voltage. Thetest circuit used shall be functionally equivalent to Figure 15. The voltage output of the
dc supply shall be ramped from zero to the specified value of dc off-state voltage, Vp, at a rate below the
minimum value of the critical rate of rise of off-state voltage. The dc voltage is applied until the value of off-
state current, Ip, stabilizes. The final value of Iy shall be measured. Unless specified otherwise, each
switching quadrant of the thyristor SPD shall be separately tested and measured.
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R1 L S1 CT I
PS =_—C A REC DUT CRO
v
DUT = Device under test di/dt!
CT = Current transformer or equivalent [ I,
PS = DC power supply, set to Vg "
R1 = Resistor, limits charging current Vs » Vigo,
S1 = Switch, closes to start test; opens at current  Ji/dt = V/L
Zero crossing I =V (C/L)s
REC = Rectifier circuit, conducts negative current tp ‘_ T[(SLC)O-S
C = Capacitor, energy storage and timing W
L = Inductor, sets di/dt
CRO = Dual Channel Oscilloscope or equivalent —ty, —

Figure 14—Half sine wave di/dt test circuit

()
&)

PS1 <V> DUT

DUT = Device under test

A = Microammeter

A\ = DC voltmeter

PS1 = DC power supply ramped to V,

Figure 15—Test circuit for off-state current (Ip at Vp)

4.5.2 Repetitive peak off-state current— Ipgy

The purpose of this test is to determine the peak off-state current of a thyristor SPD when biased at the
specified repetitive peak off-state voltage. The rated value of the repetitive peak off-state voltage, Vpru:
shall be impressed across the device and the value of device repetitive peak off-state current, Ipgwm.
measured during the test using a circuit functionally equivalent to Figure 8. Unless specified otherwise, each
switching quadrant of the thyristor SPD shall be separately tested and measured.
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4.5.3 Repetitive peak reverse current—Iggpy,

The purpose of this test is to determine the peak reverse current of a reverse blocking thyristor SPD when
biased at the specified repetitive peak reverse voltage. The rated value of repetitive peak reverse voltage,
Vrrv, Shall be impressed across the device in its blocking quadrant and the peak value of device repetitive
peak reverse current, |gry, Measured during atest using a circuit functionally equivalent to Figure 8.

4.5.4 Breakover voltage— V(gp)and current— /g,

The purpose of this test is to determine the breakover of a thyristor SPD at a specified ramp rate. The test
circuit used shall be functionally equivalent to Figure 16. The test generator shall be specified for the open-
circuit voltage and short-circuit current values, or equivalents, of rate-of-rise, wave shape; wave shape peak
value; and, for ac testing duration. Alternatively, the test generator circuit diagram shall be given. The peak
voltage, V(go), that occurs across the DUT in switching from the off-state to the on-state shall be measured
(see Figures 17-19). For multiple cycle ac testing, the measured value shall be the highest value of al indi-
vidual cycle Vg values. The corresponding instantaneous device current, | gp), a V(o) shall also be mea-
sured for a power frequency voltage ramp rate (see Figures 17-19).

0

CT l— [
TG DUT CRO
\Y%
DUT = Device under test
CT = DC current probe or equivalent
TG = Test generator with specified characteristics

switching DUT from off state to on state
CRO = Dual Channel Oscilloscope or equivalent

Figure 16—Test circuit for breakover (V(gp) and /gp)) and on-state voltage (V)
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Figure 17—Switching and on-state waveforms for a positive

breakdown slope thyristor SPD
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Figure 18—Switching and on-state waveforms of a gated thyristor SPD
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Figure 19—Switching and on-state waveforms for a negative
breakdown slope thyristor SPD
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Figures 17-19 show the switching quadrant voltage and current waveforms of the three thyristor SPD
types—positive breakdown slope, negative breakdown slope, and gated. The bottom two waveforms
separately show the overall thyristor SPD voltage and current. The top two rows of waveforms show
expanded sections of the overall waveform to detail the clamping, on-state, and switch-off conditions.
(Figures 1-7 showed the three device types in terms of the principal voltage-current characteristic.) The test
generator consisted of a current source and a shunt 300 W resistor. Starting from zero the current source
ramped to 3 A at 3.33 A/ms (1000 V/ms open-circuit voltage); the current then stepped to 5 A for 200 s
before dropping down to 2 A, after which the current ramped to zero at a rate of 0.2 A/ms. This sequence
test exercises the device around its characteristic, enabling measurement of V(go), |(go), Vs Is V1, and Iy
values, as appropriate, for the device. The waveforms shown illustrate the device type generic wave shapes
and these should not be taken astypical values.

Each switching quadrant of the thyristor SPD shall be separately tested and measured. Multiple cycle ac
testing of unidirectional thyristor SPDs shall be done with either full-wave or half-wave rectified ac as
required by the application. The V(go) and |go) values will vary with rate-of-rise and several ramp rates
may be needed to fulfill an application need. In the absence of special requirements, it is recommended that
the rates of rise shown in Table 2 be used for testing.

Table 2—Recommended breakover test ramps

Application dv/dt di/dt
ac 250V/ms 1A/ms
slow-wavefront impulse 100V/us 1A/us
fast-wavefront impulse 1000 V/us 10A/us

4.5.5 On-state voltage— V¢

The purpose of this test is to determine the on-state voltage of a thyristor SPD at a specified current; this
voltage value is used to calculate the on-state power loss. The test circuit used shall be functionally
equivalent to Figure 16. The test generator shall be specified for the open-circuit voltage and short-circuit
current values, or equivalents, of wave shape and wave shape peak value. Alternatively, the test generator
circuit diagram shall be given. The generator shall switch the DUT into the on-state condition, and the value
of on-state voltage, VT, shall be measured at a specified time or value of on-state current, I1. (See V1 wave-
formsin Figures 17-19 and 4.5.4.) In the absence of specia requirements, it is recommended that a time of
200 ps and arectangular current impulse of 5 A be used for testing.

Each switching polarity of the thyristor SPD shall be separately tested and measured. The value of V1 will

vary with the value of I+ and time. A low- and high-current value of V+ may be required to cover ac and
impulse operation.
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4.5.6 Holding current— Iy

The purpose of thistest is to determine the holding current of athyristor SPD. The test circuit used shall be
functionally equivalent to Figure 20. The test generator shall be specified for the open circuit voltage and
short-circuit current values, or equivalents, of wave shape, and wave shape peak value. The generator shall
switch the DUT into a specified on-state condition and then ramp down the on-state current until the device
switches off (see Iy waveforms of Figures 17 to 19, and 4.5.4). Switch off is determined when the device
voltage value exceeds a specified threshold level. The instantaneous value of the extrapolated ramp of when
this occurs is measured as the holding current. This established approach measures the current at which the
device is switching off, rather than the current at which the device is just maintaining its on state. In most
applications, the need is for a switching value rather than a holding value.

0
CT
I
TG R § DUT CRO
\%

DUT =Device Under Test
CT  =DC probe or equivalent
TG  =Test generator with specified charactenstlcs
switching DUT to a specified on-state
current, I, and then reducing the current at
a specified di/dt to cause switch-off.
R = Resistor to define source resistance (if required)
CRO = Dual Channel Oscilloscope or equivalent

Figure 20—Test circuit for holding current (/)

When an impulse generator is used as the test generator, its output voltage may be too low at the
holding current level for adequate discrimination of the switch off point. To increase the switch off voltage
level, the generator and a current (< minimum specified value of I1) from a dc voltage supply (<Vprw)
should be diode ORed on to the DUT (see Figure 21). Each switching quadrant of the thyristor SPD shall be
separately tested and measured.
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DI \\ R
s¢ | D2 CT :

1 +
SURGE DUT CRO PS
(IMPULSE)
GENERATOR| v

DUT =Device Under Test

CT  =DC probe or equivalent

SG  =Impulse generator with specified characteristics
PS = DC voltage power supply, set to specified voltage
R = Resistor to define dc

D1 = Isolating diode for PS

D2 = Isolating diode for SG

CRO =Dual Channel Oscilloscope or equivalent

Figure 21—Test circuit for holding current with additional dc bias (impulse reset)

4.5.7 Off-state capacitance— Cp

The purpose of this test is to determine the off-state capacitance of a thyristor SPD under specified
conditions. The test circuit used shall be functionally equivalent to Figure 22. The DUT off-state
capacitance, Cq, shall be measured at specified dc (Vp) and ac (Vq4 and f) bias levels. In the absence of
special requirements, it is recommended that an ac biaslevel of V4= 0.1Vrmsat afrequency of 100 kHz <f,
< 1 MHz be used. The dc biaslevel should be 0V and any other levelsthat are representative of the intended
application.
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DUT = Device Under Test
C1, C2 =DC blocking capacitors, C1 =C2>>C,
R1, R2 =DC feed resistors, R1 =R2 <<V, /I,

PS1  =Variable voltage dc power supply set to V,,
H, = Hi voltage sense

H, =Hi current feed

L, = Lo voltage sense

L = Lo current return

GUARD= Guard-ground terminal (Nulls components
connected to the terminal from the
measurement)

a) Test circuit for capacitance measuring equipment providing required dc bias

CAPACITANCE 11— }
MEASURING  [f Cl
EQUIPMENT v
WITHOUT DC DUT
BIAS (Vp) L,
£V :| }_
_— L 2
GUARD § RI
R2
PSI
(Vp)

]

b) Test circuit for capacitance measuring equipment without dc bias capability

Figure 22—Test circuits a) and b) for capacitance (Cg)

Where a thyristor SPD has three terminals, the

unmeasured terminal shall be nulled from the capacitance

measurement and dc biased at levels that are representative of the intended application (see Figure 23). The

same measurement technique may be used for

multiple thyristor SPDs, which are packaged together and

have four or more terminals, provided the nulled elements are directly between the measured and nulled
terminals (see Figure 23); this measurement technique will not work if more than one of the nulled elements
connect to an interna (non-terminal) node of the measured terminal pair.
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P
CAPACITANCE [H,
MEASURING [
EQUIPMENT LN I — TEORIVIINTHEELS
£V, | Lv
—
L
GUARD = B
R2 - CN RN RI
PS2 PSN PS1
VDZ VDN VDI
DUT = Device Under Test

C1, C2....CN =DC blocking capacitors, C1 = C2......CN >>C,
R1,R2...RN =DC feedresistors, Rl =R2....RN <<V, /I,
PS1, PS2.....PSN= Variable voltage dc power supply for Vp,, Vp,.....Vpy

H, = Hi voltage sense

H, = Hi current feed

Ly = Lo voltage sense

L; = Lo current return

GUARD = Guard-ground terminal. (Nulls components connected to

the terminal from the measurement)

Figure 23—Test circuit for capacitance of a multi-device thyristor SPD

4.5.8 Breakdown voltage— V(gR)

The purpose of thistest is to determine the breakdown voltage of athyristor SPD at a specified current level.
A pulse of specified width and breakdown current, |ggr), amplitude shall be applied to the DUT and the
stabilized value of breakdown voltage, V(gr), measured near the pulse end using a circuit functionally
equivalent to Figure 24. In the absence of specia requirements, it is recommended that the pulse width be
less than 400 ms with a test current, | (gg), of 1 mA. Each switching polarity of the thyristor SPD shall be
tested and measured separately. The value of Vgg is junction temperature (initial and that due to testing)
and test current dependent.

A positive breakdown slope thyristor SPD, Figures 1, 2, and 3, may have a low current portion of the
breakdown characteristic where the breakdown voltage decreases for increasing current. By ramping the
current from zero to the specified test current, |(gg), and measuring the DUT voltage with a peak-reading
meter, the peak value of breakdown voltage, V(gr)M, can be determined for the current range of zero to | gr).
TheV(gr)M value can be used to determine the Vpry rating if 1 gr) is set to Ipry. For anegative breakdown
slope thyristor SPD (see Figures 4, 5, and 6) as this measurement approach can be used to determine Vg

28



IEEE
THYRISTOR DIODE SURGE PROTECTIVE DEVICES Std C62.37-1996

0

CT l— I
PGl| ZD1 &K DUT CRO
A%
DUT = Device under test
CT = DC current probe or equivalent
PGl = Constant current pulse generator, I g,

ZD1 = Voltage clamp >V
CRO = Dual Channel Oscilloscope or equivalent

Figure 24—Test circuit for breakdown voltage (V(gR) at /gr))

4.5.9 Switching voltage— Vg and current— /g

The purpose of thistest is to determine the switching point of athyristor SPD at a specified ramp rate. The
test circuit used shall be functionally equivalent to Figure 16. The test generator shall be specified for the
open-circuit voltage and short-circuit current values, or equivalents, of rate-of-rise, wave shape, and wave
shape peak value. The effective source impedance shall be greater than the maximum device switching
resistance, Rg. The voltage and current waveforms as the DUT switches from off-state to on-state shall be
recorded (see Figures 17-19). A V, characteristic can be produced by plotting the recorded current against
the recorded voltage. From this characteristic a visual estimate can be made of the switching point.
Mathematically, a switching point occurs when the characteristic incremental slope impedance is the
negative value of the source impedance. Finite source impedance values, heating, and switching time effects
produce errors in determining the switching point, and switching voltage and current values should be used
with caution. For gated thyristor SPDs, the switching voltage, Vs, may be approximated to the value of gate

supply voltage, V.
Each switching polarity of the thyristor SPD shall be separately tested and measured.
4.5.10 Forward voltage— V¢

The purpose of this test is to determine the forward voltage of a forward conducting thyristor SPD at a
specified current; this voltage value is used to calculate the forward power loss. The test circuit and
waveforms used shall be consistent with those used for the determination of on-state voltage, V1 (see Figure
16). The generator shall switch the DUT into forward conduction and the value of forward voltage, Vi, mea-
sured at a specified time or value of forward current, 1. In the absence of special requirements, it is recom-
mended that a time of 200 ps and a rectangular current impulse of 5 A be used for testing. Rapidly rising
current waveforms may generate an additional forward recovery voltage; this should not be included in the
Ve measurement (see Figure 25).

A low- and high-current value of Vg may be required to cover ac and impul se operation.
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4.5.11 Peak forward recovery voltage— Virpm

The purpose of this test is to determine the peak forward voltage of a forward conducting thyristor SPD
under the condition of afast rising current wavefront; this voltage value is the maximum stress on the pro-
tected circuitry. The test circuit and levels used shall be consistent with those used for the determination of
fast impulse breakover voltage, V(go) (see Figure 16). The generator shall switch the diode section on at a
specified rate of forward current rise, dIF/dt, and the value of peak forward recovery voltage, Vgry, shall be
measured (see Figure 25). In the absence of specia requirements, it is recommended that the fast impulse
rate of rise shown in Table 2, 1000 V/us and 10 A/ps, shall be used for testing.
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Figure 25—Diode peak forward recovery waveforms
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4.5.12 Critical rate of rise of off-state voltage—dv/dt
The purpose of this test is to verify that the thyristor SPD will not turn on as a result of fast rising system
voltages with peak amplitudes less than the Vpry rating. A specified voltage ramp equal to the minimum
value of critical dv/dt and of amplitude Vpry shall be applied to the unenergized DUT. The peak ramp
voltage shall be maintained for aperiod of at least 50 us. The DUT shall not switch on, even partialy, during
the test. The voltage ramp can be of exponential or linear (see Figures 26 and 27). For an exponential ramp,
the dv/dt valueis calculated as 0.632Vpr/t
where
t isthe time from the ramp start until the voltage rises to 0.632Vpry-
For alinear ramp, the dv/dt valueis calculated as

0.8Vprw/(too —t10)
where

tipandtgy  arethetimesat which the voltage hasrisen to 0.1Vpgy and 0.9VpRry, , respectively.

Each switching polarity of the thyristor SPD shall be separately tested and measured.

S1 R1 R2 l—
PS R32> Cl == DUT CRO

A%

DUT = Device under test

PS = DC voltage power supply

S1 = Start test switch

R1 = Charging Resistor

R2 = Current limit resistor if DUT switches

R3 = Discharge resistor after S1 opens

Cl1 = Charging capacitor

CRO = Oscilloscope or equivalent

Figure 26—Test circuit for exponential critical rate of off-state voltage rise (dv/dt)

4.5.13 Impulse reset time— treseT)

The purpose of this test is to verify that the thyristor SPD, having been switched into the on-state by a
specified impulse, switches back to the off-state in the presence of a specified impulse reset current and
within a specified duration. The thyristor SPD shall be tested in a circuit functionally equivalent to Figure
21. The value of direct current that flows when the device is replaced by a short circuit is called the impulse
reset current. For a specified dc voltage, the value of resistor, R is adjusted to set the specified impulse rest
current. The applied impulse shall be of the same polarity as the impulse reset current and specified for volt-
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age and current wave shape and amplitude. It is recommended that the impul se reset time be measured from
the virtual zero of the impulse to the time that the device switch-off voltage is 90% of the dc supply voltage.

In the absence of specia requirements, each switching polarity of the thyristor SPD shall be separately
tested and measured. In practice, the requirements of this test may be guaranteed by a correlated value of
holding current.

R1 R2 l—

PS ZDIK S1\ ClI T: DUT CRO

DUT = Device under test

PS = Constant current supply, I

S1 = NC switch, opens to start test

R1 = Discharge resistor after S1 closes

R2 = Current limit resistor if DUT switches
Cl = Charging capacitor

ZD1 = Voltage Clamp at V;,

CRO = Oscilloscope or equivalent

Figure 27—Test circuit for linear critical rate of off-state voltage rise (dv/dt)

4.5.14 Temperature coefficient of breakdown voltage

The purpose of this test is to determine how the low current breakdown voltage, V(gg) of athyristor SPD,
varies with temperature as this represents a clipping level for circuit voltages. The value of V(gg, shall be
measured over the specified operating temperature range. If the variation of V(gg) with temperature is non-
linear it shall be expressed as agraph of voltage vs. temperature. If the variation of Vgg) with temperature is
essentially linear it shall be expressed as either the average %/°C or mV/°C change over the specified
temperature range.

ayer) = (V@r) TMax = V@r) TMIN/(Tmax — Tmin) mV/°C

or

=100 (Vigr) Tmax — Ver) TMin/[(Tmax — Tmin)(V(gr) T29)] %0/°C
where

Tmax isthe maximum operating temperature
Tvin 1S the minimum operating temperature
Tos  isthe 25 °C reference temperature
Ver)TMAX = V(BR) & Tmax

VieryT™MIN = V(BR) & TMIN

VieryT25 = V(BR) & T25
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4.5.15 Variation of holding current with temperature

The purpose of this test is to determine how the holding current, Iy of a thyristor SPD, varies with
temperature to ensure that the device will always switch off. The value of | (see 4.5.6) shall be measured
over the specified operating temperature range and expressed as a graph of current vs. temperature.

4.5.16 Temperature derating

The purpose of this test is to verify the derating curve of a thyristor SPD to ensure reliable protector
operation over the specified temperature range. Thyristor SPD ratings may derate at low as well as high
temperatures. For Vprm, Vems 'erv TEsws Ipps | TRy 17w, @0d di/dt, the relevant rating test procedures
shall be used with the appropriate adjustment of stress level for the test temperature. Power derating can be
verified by using the determined value of Rg to calculate the maximum power for maximum junction
temperature and a specified reference point temperature (ambient, case, or lead).

4.5.17 Thermal resistance— Ry

The purpose of thistest is to determine the continuous power capability of athyristor SPD. The test circuit
used shall be functionally equivalent to Figure 28. Immediately prior to the power being applied, the value of
a temperature dependent characteristic shall be measured at the reference temperature. A constant value of
power is then applied to the device. For short periods (<2% duty cycle) the power is interrupted to allow
measurement of the temperature dependent characteristic. When these measurements stabilize, a steady-state
condition has been reached. From a previous temperature characterization, the first and stabilized
measurements can be converted to junction temperature values. If the stabilized junction temperature is not
within +0% —20% of the device maximum junction temperature, Ty, the test shall be continued with an
appropriately adjusted power level until this is achieved. Expressing the measured values as a thermal
resistance, Ry, permits the calculation of the power capability at different reference and junction
temperatures. The value of Ry is calculated as

Thermal resistance, junction to ambient:
Roa = (Tapk-Ta)/Pror °C/W

Thermal resistance, junction to case:
Raic = (Typk-Te)/Pror °C/W

Thermal resistance, junction to lead:

Reap= (Tapk-TL)/Pror °C/W

where
Ta is the ambient temperature reference
Te is the case temperature reference, maintained at a constant value by cooling
T isthe lead temperature reference, maintained at a constant value by cooling
Tk is the peak junction temperature, 0.8T 3 < Typx <Tym
Prot is the power pulse amplitude

Each switching and forward conducting polarity of the thyristor SPD shall be separately tested and
measured. In the measurement period, it takes time to establish the measurement condition and read avalue.
During this time the junction temperature will be cooling and so the calculated temperature will be low. This
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temperature error can be corrected by taking successive measurements after the power interruption and
extrapol ating the temperature decay back to the beginning of the interruption time.

g
CT 1:
| S1 I
~FG1
A%
DUT = Device under test
CT = DC current probe or equivalent
FGl = Function generator for temperature sensitive
characteristic measurement
FG2 = Constant power function generator
S1 = DUT switching between FG1 and FG2

ZD1 = Voltage clamp >V 3,
CRO = Dual Channel Oscilloscope or equivalent
----- = FGI and S1 synchronisation

Figure 28—Test circuit for thermal resistance and impedance

4.5.18Transient thermal impedance— Zy

The purpose of thistest is to determine the power capability of athyristor SPD, for a specified power pulse
duration, t. Thetest circuit used shall be functionally equivalent to Figure 28. Immediately prior to the power
pulse, the value of a temperature dependent characteristic shall be measured at the reference temperature.
The pulse of constant power isthen applied for the specified duration. Immediately after the power pulse, the
temperature dependent characteristic shall be remeasured. From a previous temperature characterization,
these two measurements can be converted to junction temperature values. If the temperature after the power
pulse is not within +0% -20% of the device maximum junction temperature, T, the test shall be repeated
with an appropriately adjusted power level until this is achieved. Adequate time shall be allowed between
tests for the device to regain thermal equilibrium. Expressing the measured values as a thermal impedance,
Zg(y), permits the calculation of the power capability at different reference and junction temperatures. The
value of Zgy is calculated as:

Transient thermal impedance, junction to ambient for specified time interval (t)
Zosnwy = (Tak-Ta)/Pror °CIW

Transient thermal impedance, junction to case for specified time interval (t)
Zoscry = (Topk-Tc)/Pror °C/W

Transient thermal impedance, junction to lead for specified time interval (t)

Zoswy = (Typk-To)/Pror °CIW
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where

Ta is the ambient temperature reference

Te is the case temperature reference, maintained at a constant value by cooling

T isthe lead temperature reference, maintained at a constant value by cooling

Tipk is the peak junction temperature, 0.8T 5y < T3pk <T3m

Pror is the power pulse amplitude

t is the pulse width of power pulse

Each switching and forward conducting polarity of the thyristor SPD shall be separately tested and
measured. After the power pulse, it takes time to establish the measurement condition and read a value.
During this time, the junction temperature will be cooling and so the calculated temperature will be low.
This temperature error can be corrected by taking successive measurements after the power pulse and
extrapolating the temperature decay back to the time the pulse finished. In the absence of special
requirements, it is recommended that the value of Zg) be determined over the range of 100 pis to atime
duration approximating steady-state operation and expressed as a graph (see Figure 29).
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Figure 29—Thermal impedance vs. time

4.5.19 Gate-to-adjacent terminal peak off-state voltage and peak off-state gate current—
Vebwm: lebwm

The purpose of this test is to determine the maximum value of gate-to-adjacent terminal voltage of
athyristor SPD, that will maintain the protection terminals in a high impedance off-state condition at a
specified voltage. Using the appropriate circuit of Figure 30, the specified value of Vp shall be impressed
across the device protection terminals and the value of gate-to-adjacent terminal voltage increased from zero
until the protection terminal current, 1, reaches its specified value. The measured value of gate-to-adjacent
terminal voltage is Vgpy and the measured gate current is lgppy.
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Each gated switching polarity of the thyristor SPD shall be separately tested and measured. The repetitive
pesk off-state voltage of a gated thyristor SPD isVgg + Vgpw: thisis equivalent to a fixed voltage thyristor
SPD Vprw-

(A7)
¥ \A82)
P-TYPE
GATE ! —~
DUT
PS2 (A1) +
Cv) PS1
+ +

GATE
DUT

PS21 N-TYPE v @ -

] (A2)
&

DUT = Device under test

Al = Ammeter, measures gate current

A2 = Ammeter, I;, monitor

A\ = Voltmeter, measures gate to
adjacent terminal voltage

PS1 = Variable dc voltage supply, set for a
specified value of I

PS2  =DC voltage power supply, set to V

Figure 30—Test circuit for gate-to-adjacent terminal peak off-state voltage and current
(Vepm and Igpw)

4.5.20 Gate reverse current, adjacent terminal open—Igao, Igko

The purpose of this test is to determine the current drain on the gate termina voltage supply when
the adjacent terminal is open circuit. Using the appropriate circuit of Figure 31, the specified value of gate
bias, Vg, shall be applied to the gate and the current through the gate measured. This test determines the
reverse gate to anode off-state current, | ga 0, Of ap-gate device with the cathode terminal open or the reverse
gate to cathode off-state current, | g o, Of an n-gate device with the anode open.

Each gated switching polarity of the thyristor SPD shall be separately tested and measured.
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P-TYPE +
GATE +
DUT PS
V N-TYPE PS

N §_< : — - GATE
DUT

DUT = Device under test
A = Ammeter, for reverse gate current
PS = DC power supply, set at specified gate voltage, V

Figure 31—Test circuit for gate reverse current, adjacent terminal open (Igao. ko)

4.5.21 Gate reverse current, main terminals short circuited— Igas, Igks

The purpose of this test is to determine the current drain on the gate terminal voltage supply when the
adjacent terminal is shorted to the other protection terminal. Using the appropriate circuit of Figure 32,
the specified value of gate bias, Vg, shall be applied to the gate and the current through the gate measured.
Thistest determines the reverse gate off-state current, I pg, Of ap-gate device with the cathode shorted to the
anode or the reverse gate off-state current, | g, of an n-gate device with the anode shorted to the cathode.

Each gated switching polarity of the thyristor SPD shall be separately tested and measured. This test is spe-
cific to devices with integrated gate blocking diodes.

+
P-TYPE
GATE DUT
PS
PS
- N-TYPE
GATEDUT |

DUT = Device under test
A = Ammeter, for reverse gate current
PS = DC power supply, set at specified gate voltage, V

Figure 32—Test circuit for gate reverse current, main terminals short circuited
(leas: Ioks)

4.5.22 Gate reverse current, on-state—Igat, lokT

The purpose of this test is to determine the current drain on the gate termina voltage supply when
the thyristor SPD is in the on-state. Using the appropriate circuit of Figure 33, the specified value of gate
bias voltage, Vg, shall be applied to the gate and the device switched into the on-state by the generator
connected across the protection terminals. The gate current shall be measured at the specified on-state
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current, I The generator and the value of I+ shall be the same as those used for the determination of the ac
or dc value of V1. This test determines the reverse gate current in the on-state, |, of a p-gate device or the
reverse gate current in the on-state, | gk, of an n-gate device.

Each gated switching polarity of the thyristor SPD shall be separately tested and measured. This test shall
only be used for devices with integrated gate blocking.

+ +
P-TYPE
PG GATE
DUT PS
HV PULSE
GENERATOR

+
PG
HV PULSE
GENERATOR
GATE
DUT

DUT = Device under test

Al = Peak Current Meter, strobed to L;

A2 = Peak Current Meter

PG = HV pulse generator with specified
characteristics

PS = DC power supply, set at specified gate
voltage, V4,

R1 = Resistor, defines I

Figure 33—Test circuit for gate reverse current, on-state (Igat: lokT)

4.5.23 Gate reverse current, forward conducting state—Igar, lokr

The purpose of this test is to determine the current drain on the gate termina voltage supply when
the forward conducting thyristor SPD isin diode conduction. Using the appropriate circuit of Figure 34, the
specified value of gate bias voltage, Vg, shall be applied to the gate and the device placed into the forward
conducting state by the generator connected across the protection terminals. The gate current shall be
measured at the specified forward conduction current, | . The generator and the value of | shall be the same
as those used for the determination of the ac or dc value of V. This test determines the reverse gate current
in the forward conducting state, | gar Of & p-gate device or the reverse gate current in the forward conducting
state, | gk Of an n-gate device.

Thistest shall only be used for forward conducting thyristor SPDs with integrated gate blocking.
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- +
P-TYPE
PG GATE
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DUT = Device under test

Al = Peak Current Meter, strobed to I

A2 = Peak Current Meter

PG = HV pulse generator with specified
characteristics

PS = DC power supply, set at specified gate
voltage, V;

R1 = Resistor, defines I

Figure 34—Test circuit for gate reverse current, forward conducting state (Igag, Igkg)

4.5.24 Gate switching charge—Qgg

The purpose of this test is to determine the charge demand on the gate termina supply, when the thyristor
SPD is voltage limiting, to alow the dimensioning of the gate decoupling capacitor. Using the appropriate
circuit of Figure 35 or 36, the specified value of gate bias voltage, Vg, shall be applied to the gate and the
device switched into the on-state by the generator connected across the protection terminals. The gate charge
shall be measured by recording the gate current during the limiting period and integrating it (see examplein
Figure 37). The generator shall be the same as that used for the determination of the fast ramp rate Vo).

Each gated switching polarity of the thyristor SPD shall be separately tested and measured.
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DUT = Device Under Test
VA = Adjacent terminal voltage
\"2! = Monitored gate voltage
D = Series gate diode
RG = Ramp generator with specified di/dt and dv/dt characteristics
PS = DC power supply, set at specified gate voltage, V,
CT = Current transformer or equivalent
CRO = Dual channel oscilloscpe or equivalent

Figure 35—Test circuit for gate switching current, gate switching charge, and gate-to-

adjacent terminal breakover voltage (Igsv, Qas VekBo) Vea®B0)
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VA (Vi)
DUT = Device Under Test
V., = Adjacent terminal voltage
Vi = Monitored gate voltage
RG = Ramp generator with specified di/dt and dv/dt characteristics
PS = DC power supply, set at specified gate voltage
CT = Current transformer or equivalent
CRO = Dual channel oscilloscpe or equivalent

Figure 36—Test circuit of integrated gate diode DUT for gate switching current, gate
switching charge and gate-to-adjacent terminal breakover voltage

(Issm: Qas Vekeo) Vearo)
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Figure 37—Overall and expanded clamping waveforms for a p-type gate DUT to illustrate
Vek@o) and Qgsmeasurement (dix/dt=10 Alus)

4.5.25 Peak gate switching current— Iggy

The purpose of this test is to determine the peak current demand on the gate terminal supply, when
the thyristor SPD is voltage limiting, to provide design information for the gate supply so that excessive
voltage rise does not occur. Using the appropriate circuit of either Figure 35 or 36, the specified value of gate
bias voltage, Vg, shall be applied to the gate and the device switched into the on-state by the generator
connected across the protection terminals. The pesk gate current, 15gy, during the limiting period shall be
measured. The generator shall be the same as that used for the determination of the slow ramp rate Vgg).

Each gated switching polarity of the thyristor SPD shall be separately tested and measured.

42



IEEE
THYRISTOR DIODE SURGE PROTECTIVE DEVICES Std C62.37-1996

4.5.26 Gate-to-adjacent terminal breakover voltage—Vg@o) Vearo)

The purpose of this test is to determine the voltage difference between the gate supply and the breakover
voltage of the thyristor SPD to allow calculation of the breakover voltage value over a range of supply
voltages and ramp rates. Using the appropriate circuit of either Figure 35 or 36, the specified value of gate
bias voltage, Vg, shall be applied to the gate and the device switched into the on-state by the generator con-
nected across the protection terminals. The peak value of gate-to-adjacent terminal voltage, at breakover,
shall be measured (see example in Figure 37.) The generators shall be the same as those used for the
determination of V(gp). This test determines the gate-to-cathode voltage at breakover, Vekgo), of a p-gate
device or the gate-to-anode voltage at breakover, Vgago), Of an n-gate device.

Each gated switching polarity of the thyristor SPD shall be separately tested and measured.

5. Failure modes

In the absence of specia requirements, the following criteria in subclauses 5.1 through 5.2 are suggested.
Tests for determining failure shall be performed after the device temperature has returned to 25 +5 °C.

5.1 Degradation failure mode

In this mode, a previously acceptable thyristor SPD exhibits a failure, which is gradual, partial, or both. The
thyristor SPD exhibits a defined change in some characteristic. The device may still function satisfactorily in
the application circuit.

NOTE— Such a failure does not cease all functions, but compromises a function. In time, such a failure may develop
into a catastrophic failure. The characteristics most vulnerable to degradation are the reverse blocking and off-state
voltage characteristics.

5.1.1 High off-state current failure mode
In this mode, the thyristor SPD has an off-state current of greater than a specified value.

NOTE—In the absence of requirements relating to special applications, the off-state current should be measured with the
peak repetitive off-state voltage value applied.

5.1.2 High reverse current failure mode

In this mode, the thyristor SPD has a repetitive peak reverse current of greater than a specified value.
5.1.3 High breakover voltage failure mode

In this mode, the thyristor SPD has a breakover voltage of greater than a specified value.

5.1.4 Low holding current failure mode

In this mode, the thyristor SPD has a holding current lower than a specified value.

5.2 Catastrophic failure mode

In this mode, the thyristor SPD exhibits a sudden and complete change in characteristic that renders it
inoperable. Catastrophic failure causes cessation of one or more fundamental functions of the thyristor SPD.
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NOTE—This failure generally resultsin an electrical short between the main terminals. However, if the resulting short-
circuit current is high enough, device internal parts may melt, and thus render the device open circuit.

5.2.1 Short-circuit failure mode
In this mode, the thyristor SPD has become permanently short-circuited.

NOTE—In the absence of requirements relating to special applications, the maximum value of impedance for a
short circuit is determined as that value that will just prevent the protected equipment from normally functioning.

5.2.2 Open-circuit failure mode
In this mode, the thyristor SPD has become permanently open-circuit.

NOTE— In the absence of requirements relating to specia applications, it is suggested, that in this mode, afailed device
should not conduct more than the peak repetitive off-state current value when 150% of the maximum breakover voltage
valueis applied.

5.3"Fail-safe” operation

The use of “fail-safe”’ to describe a failure mode of a thyristor SPD is to be discouraged for the following
reason—failure of adevice can occur in any of the modes described above. Some users may consider that the
most desirable failure mode for the device is to maintain the protective function; for example, failure in the
short-circuit failure mode. However, system objectives of other users can require that a particular device
should fail in an open-circuit failure mode in order to achieve the desired performance of the system.

Thus, failure in the short mode, while considered “fail-safe” by many users, may in fact be opposite the
desired “safe” mode of other users. Therefore, the recommended practice is to describe the failure by one of
the failure modes defined in 5.1 through 5.2.
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Thyristor terms

A.1l Definitions

The symbol (@) following a definition indicates that the definition isidentical to that which appearsin IEEE
Std 100-1996 [B3]:

A.1.1 anode: The electrode by which current enters the thyristor, when the thyristor is in the on-state with
the gate open-circuited.2

NOTE—This term does not apply to bi-directional thyristors.

A.1.2 bidirectional thyristor: A thyristor having substantially the same switching behavior in the first and
third quadrants of the principal voltage-current characteristic.2

A.1.3 blocking: A term describing the state of a semiconductor device or junction that imposes high resis-
tance to the passage of current.2

A.1.4 breakdown: A phenomena occurring in a reverse biased semiconductor junction, the initiation of
which is observed as atransition from aregion of high dynamic resistance to aregion of substantially lower
dynamic resistance for increasing magnitude of reverse current.

A.15 breakdown region: The portion of the characteristic that starts with the transition from the high
dynamic resistance off-state to a substantially lower dynamic resistance and extending to the switching
point.

A.1.6 breakover point: Any point on the principal voltage-current characteristic for which the differential
resistance is zero and where the principal voltage reaches a maximum value.2

NOTE—For a thyristor SPD, the breakover point occurs in the breakdown region. If more than one breakover point
exists in the breakdown region, the one with the highest voltage value shall be characterized.

A.1.7 cathode: The electrode by which current leaves the thyristor, when the thyristor isin the on-state with
the gate open-circuited.?

NOTE—This term does not apply to bi-directional thyristors.

A.1.8 characteristic: An inherent and measurable property of a device. Such a property may be electrical,
mechanical, thermal, hydraulic, electromagnetic, or nuclear, and can be expressed as a value for stated or
recognized conditions. A characteristic may also be aset of related values, usually shown in graphical form.2

A.1.9 diode: A semiconductor device having two terminals and exhibiting a nonlinear voltage-current
characteristic; in more-restricted usage, a semiconductor device that has the asymmetrical voltage-current
characteristic exemplified by asingle p-n junction.?

A.1.10 forward/rever se conducting quadrant: A quadrant of the principal voltage-current characteristicin

which the device exhibits a forward direction conduction state. This will be quadrant 1 for a forward
conducting thyristor SPD and quadrant 3 for a reverse conducting thyristor SPD.
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A.1.11 forward-conducting diode thyristor surge protection device (SPD): A two-terminal internally
triggered thyristor SPD that switches only for negative terminal-2 (cathode) voltage and conducts large
currents at positive terminal-2 voltages comparable in magnitude to the on-state voltage.

NOTES

1—In conventional thyristor applications where the cathode is the common terminal, this device would be called a
reverse-conducting diode thyristor.

2—When terminal 2 (cathode) is positive, the device characteristics are similar to those of aforward biased diode.
3—When terminal 2 (cathode) is negative, the device characteristics are similar to those of a breakover-triggered SCR.
A.1.12 forward-conducting triode thyristor surge protection device (SPD): A three-terminal thyristor
SPD that switches only for negative main terminal-2 (cathode) voltage and conducts large currents at
positive main terminal-2 voltages comparable in magnitude to the on-state voltage.

NOTES

1—In conventional thyristor applications where the cathode is the common terminal, this device would be called a
reverse-conducting triode thyristor.

2—Application of an appropriate fixed gate voltage allows switching to take place at voltages well below the intrinsic
breakover value.

3—When main terminal 2 (cathode) is positive, the device characteristics are similar to those of aforward biased diode.
A.1.13 forward direction: (1) The direction of current in a p-n junction that results when the p-type
semiconductor region is at a positive potential relative to the n-type region. (2) The direction of current in a
semiconductor device that results when the p-type semiconductor region connected to one terminal is at a

positive potential relative to the n-type region connected to the other terminal.

NOTE—This definition does not apply if one or more junctions are connected in series with at least one other junction
whose p and n regions are reversed.

A.1.14 gate: An electrode connected to one of the semiconductor regions to introduce a control current.
A.1.15 main terminals: The two terminals through which the principal current flows.

NOTE—The main terminals may be named by application usage. In telecommunications, terminals may be named after
the line connections of R(ing), T(ip), and G(round) or A, B, and C(ommon).

A.1.16 main terminal 1: The main terminal that is named 1 by the device manufacturer.?
A.1.17 main terminal 2: The main terminal that is named 2 by the device manufacturer.2

A.1.18 maximum rating (absolute maximum rating): A rating that establishes either alimiting capability
or alimiting condition beyond which damage to the device may occur.

NOTE—A limiting condition may be either a maximum or a minimum.

A.1.19 negative-breakdown resistance thyristor surge protection device (SPD): A thyristor SPD, whose
static breakdown characteristic has a net negative-resistance slope prior to switching.
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A.1.20 negative differential-resistance (region): The region of the principal voltage-current characteristic
in the switching quadrant where the differential resistance is negative and the thyristor is switching between
the breakdown and on-state regions.

A.1.21 n-gate thyristor: A three-terminal thyristor in which the gate terminal is connected to the n-region
adjacent to the region to which the anode is connected and that is normally switched to the on state by
applying a negative signal between the gate and anode terminals.

A.1.22 non-repetitive current rating: A maximum rating that may be applied to the device for aminimum
of 100 times over the life of the device without failure. During the rated condition, the device is permitted to
exceed its maximum rated junction temperature for short periods of time. The deviceis not required to block
voltage or retain any gate control during or immediately following this rated condition until the device
returned to the original thermal equilibrium conditions. This rated condition may be repeated after the device
has returned to the original thermal equilibrium conditions.

A.1.23 off-state of athyristor surge protection device (SPD): The state of athyristor SPD, in aquadrant in
which switching can occur, that corresponds to the high dynamic-resistance portion of the characteristic
between the origin and the beginning of the breakdown region.

A.1.24 on-state (region): The condition of the thyristor corresponding to the low-resistance low-voltage
portion of the principal voltage-current characteristic in the switching quadrant(s).

A.1.25 parameter: A device descriptor that is measurable or quantifiable, such as a characteristic or rating.

A.1.26 p-gate thyristor: A three-terminal thyristor in which the gate terminal is connected to the p-region
adjacent to the region to which the cathode is connected and that is normally switched to the on state by
applying a positive signal between the gate and cathode terminals.

A.1.27 positive-breakdown-resistance thyristor surge protection device (SPD): A thyristor SPD, whose
static breakdown characteristic has a net positive-resistance slope prior to switching.

A.1.28 principal current: A generic term for the current through the device excluding any gate current.
NOTE—It is the current through both main terminals.

A.1.29 principal voltage: The voltage between the main terminals.

NOTES

1—In the case of reverse blocking and reverse conducting thyristors, the principal voltage is called positive when the
anode potentia is higher than the cathode potential, and called negative when the anode potential is lower than the cath-
ode potential.

2—For bidirectiona thyristors, the principal voltage is called positive when the potential of main terminal 2 is higher
than the potential of main terminal 1.2

3—For forward-conducting thyristors the principal voltage is called positive when the cathode potential is higher than
the anode potential, and called negative when the cathode potential is lower than the anode potential.

A.1.30 principal voltage-current characteristic: The function, usually represented graphically, relating the
principal voltage to the principal current. Syn: principal characteristic.?

A.1.31 quadrant: When the principal voltage-current characteristic is expressed graphically, the voltage, v,

and current, |, axes create four areas called quadrants. These quadrants are numbered counter clockwise as 1
through 4. The characteristic occursin quadrant 1, +v and +i, and quadrant 3, -v and -i.
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A.1.32rating: The nomina value of any electrical, thermal, mechanical, or environmental quantity assigned
to define the operating conditions under which a component, machine, apparatus, electronic device, etc., is
expected to give satisfactory service.

NOTE—Rating is a generic term, but also see maximum rating.
A.1.33 repetitiverating: A maximum rating that may be continuously applied to the thyristor.

A.1.34 reverse-blocking diode thyristor surge protection device (SPD): A two-terminal thyristor SPD
that exhibits a blocking state for positive cathode voltage.

A.1.35 rever se-blocking quadrant: Quadrant 3 of the principa voltage-current characteristic in which the
device exhibits a reverse blocking state.

A.1.36 reverse-blocking triode thyristor surge protection device (SPD): A three-terminal thyristor SPD
that exhibits a blocking state for positive cathode voltage.

A.1.37 reverse direction: (1) The direction of current in a p-n junction that results when the n-type
semiconductor region is at a positive potential relative to the p-type region. (2) The direction of current in a
semiconductor device that results when the n-type semiconductor region connected to one terminal is at a
positive potential relative to the p-type region connected to the other terminal.

NOTE—This definition may not apply if one or more junctions are connected in series with at least one other junction
whose p and n regions are reversed.

A.1.38 switching point: The point in the principal voltage-current characteristic which the thyristor
regenerates and initiates switching into the on-state. This point occurs at the termination of the breakdown
region and the start of the negative differential-resistance region.

A.1.39 switching quadrant: A quadrant of the principal voltage-current characteristic in which the deviceis
intended to switch between the off-state and the on-state. For a bi-directional thyristor the switching
quadrants will be 1 and 3. For areverse blocking or reverse conducting thyristor the switching quadrant will
be quadrant 1. For aforward conducting thyristor the switching quadrant will be quadrant 3.

A.1.40 thyristor: A bistable semiconductor device comprising three or more junctions that can be switched
from the off-state to the on-state or vise versa, such switching occurring within at least one quadrant of the
principal voltage-current characteristic.?

A.1.41 unidirectional thyristor surge protection device (SPD): A thyristor SPD that has switching
characteristicsin only quadrant.

NOTE—The main unidirectional thyristor SPDs are the reverse-blocking, reverse conducting and forward conducting
thyristor SPDs.

A.2 General terms

A.2.1 clamping voltage: Peak voltage across the SPD measured under conditions of a specified peak pulse
current and specified waveform.

NOTE—Peak voltage and peak current are not necessarily coincident in time.

A.2.2 crest (peak) value (of a wave, surge, or impulse): The maximum value that it attains.
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A.2.3impulse: A surge of unidirectional polarity.

A.2.4 impulse wave: A unidirectional wave of current or voltage of very short duration containing no
appreciable oscillatory components.

NOTE—In the case of the 8/20 wave an opposite polarity wave tail underswing of up to 30% is allowed.
A.2.5 surge: A transient wave of current, potential or power in an electric circuit.

A.2.6 virtual duration of wavefront (of an impulse): The virtual value for the duration of the wavefront is
asfollows: (1) For voltage waves with wavefront duration less than 30 ps, either full or chopped on the front,
crest, or tail, 1.67 times the time for the voltage to increase for 30% to 90% of its crest value. (2) For voltage
waves with wavefront duration of 30 ps or more, the time taken by the voltage to increase from actual zero to
maximum crest value. (3) For current waves, 1.25 times the time for the current to increase from 10% to
90% of crest value.

A.2.7 virtual zero point (of an impulse): The intersection with the zero axis of a straight line drawn
through points on the front of the current wave at 10% and 90% crest value, or through points on the front of
the voltage wave at 30% and 90% crest value.

A.2.8 wave: The variation with time of current, potential, or power at any point in an electric circuit.

A.2.9 waveform: A manifestation or representation (that is, graph, plot, oscilloscope presentation,
equation(s), table of co-ordinate or statistical data, etcetera) or a visualization of awave, pulse or transition.

A.2.10 wavefront (of a surgeor impulse): That part which occurs prior to the crest value.
A.2.11 wave shape: The graph of the wave as a function of time.

A.2.12 wave shape designation (of an impulse): (1) The wave shape of an impulse (other than rectangular)
of acurrent or voltage is designated by a combination of two numbers. The first, an index of the wavefront,
isthevirtua duration of the wavefront in microseconds. The second, an index of the wave tail, isthetimein
microseconds from virtual zero to the instant at which one-half of the crest value is reached on the wave tail.
Examples are 1.2/50 and 8/20 waves. (2) The wave shape of a rectangular impulse of current or voltage is
designated by two numbers. The first designates the minimum value of current or voltage that is sustained
for the time in microseconds designated by the second number. An example isthe 75 A 1000 us wave.

A.2.13 wavetail (of an impulse): That part between the crest value and the end of the impulse.
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