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3)

4)

5)

6)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -

Part 6: Thyristors

FOREWORD

The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of the IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, the IEC publishes International Standards. Their preparation is
entrusted to technical committees; any IEC National Committee interested in the subject dealt with may
participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. The IEC collaborates closely with the International
Organization for Standardization (ISO) in accordance with conditions determined by agreement between the
two organizations.

The formal decisions or agreements of the IEC on technical matters express, as nearly as possible, an
international consensus of opinion on the relevant subjects since each technical committee has representation
from all interested National Committees.

The documents produced have the form of recommendations for international use and are published in the
form of standards, technical specifications, technical reports or guides and they are accepted by the National
Committees in that sense.

In order to promote international unification, IEC National Committees undertake to apply IEC International
Standards transparently to the maximum extent possible in their national and regional standards. Any
divergence between the IEC Standard and the corresponding national or regional standard shall be clearly
indicated in the latter.

The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with one of its standards.

Attention is drawn to the possibility that some of the elements of this International Standard may be the subject
of patent rights. The IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60747-6 has been prepared by subcommittee 47E: Discrete
semiconductor devices, of IEC technical committee 47: Semiconductor devices.

This second edition cancels and replaces the first edition, published in 1983, and its amend-
ments 1 and 2 and constitutes a technical revision.

The text of this standard is based on the following documents:

FDIS Report on voting
47E/155/FDIS 47E/168/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.

Annex A is for information only.

The committee has decided that the contents of this publication will remain unchanged until
2006. At this date, the publication will be

x reconfirmed;

x withdrawn;

x replaced by a revised edition, or

x amended.
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INTRODUCTION

This part of IEC 60747 should be read in conjunction with IEC 60747-1. It provides basic
information on semiconductor

— terminology,

— letter symbols,

— essential ratings and characteristics,

— measuring methods,

— acceptance and reliability.
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SEMICONDUCTOR DEVICES -

Part 6: Thyristors

1 Scope

This part of IEC 60747 provides standards for the following categories of discrete semi-
conductor devices:

— (reverse-blocking) (triode) thyristors,

— asymmetrical (reverse-blocking) (triode) thyristors,
— reverse-conducting (triode) thyristors,

— bidirectional triode thyristors (triacs),

— gate turn-off thyristors (GTO thyristors).

It does not apply to thyristor surge suppressors nor to diacs.

2 Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this part of IEC 60747. For dated references, subsequent
amendments to, or revisions of, any of these publications do not apply. However, parties to
agreements based on this part of IEC 60747 are encouraged to investigate the possibility of
applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of IEC
and ISO maintain registers of currently valid International Standards.

IEC 60747-1:1983, Semiconductor devices — Discrete devices and integrated circuits — Part
1: General

3 Terms and definitions

For the purpose of this part of IEC 60747, the following definitions, together with definitions
from IEC 60747-1 and IEC 60050(521), apply.

NOTE 1 For unidirectional thyristors terms and definitions can be written in terms of either “node” and “cathode”
or “principal” and “main”. In this standard, the first alternative has been chosen because the second is less
suitable for GTO thyristors. In contrast, the second alternative had to be chosen for bidirectional triode thyristors
as the first does not apply to them.

NOTE 2 Current and voltage terms and definitions for bidirectional diode thyristors use the adjective “thyristor”
because reference to principal current or voltage would imply there is other current or voltage. For the same
reason, the adjective “main” is not used with the terminal designations for these devices.

Table 1 summarizes the qualifiers that could be chosen for voltages/currents and terminals.
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Table 1 — Qualifiers used for the different kinds of thyristors

Type of thyristor Triode thyristors Diode thyristors
Anode/cathode voltage/current Anode/cathode voltage/current
or or
principal voltage/current thyristor voltage/current
Unidirectional thyristors
Anode/cathode terminal Anode/cathode terminal
or or
main terminal 1/2 terminal 1/2
o ) ) Principal voltage/current Thyristor voltage/current
Bidirectional thyristors
Main terminal 1/2 Terminal 1/2

3.1 Types of thyristors

3.1.1
Classification criteria
Thyristors are classified into subcategories using one or more of the following criteria

a) number of terminals:
— triode thyristor,

— diode thyristor;
b) way of acting in the third quadrant of the voltage-current characteristic:

— unidirectional,
— Dbidirectional,
¢) physical kind of control:
— electrically controlled (this usual way of control is not indicated in the term),
— light-controlled;
d) control capabilities at the gate:
— only turn on (this restriction is usually not indicated in the term),
— gate turn-off capability (GTO thyristor);
e) controlled layer:
— P-gate thyristor (usual technology, not indicated in the term),
— N-gate thyristor.

3.1.2

thyristor (general)

semiconductor device that is capable, due to internal feedback, of assuming either of two
stable states and maintaining the assumed state either with no sustained control current or
voltage or at least with considerably less than that necessary to initially establish that state,
and that is designed to operate as a switch for the principal or on-state current

NOTE 1 A thyristor is a switch that can be switched on either for only one direction of the principal current (a
unidirectional thyristor), or for both directions (a bidirectional thyristor).

NOTE 2 The usual configuration is a PNPN configuration to which can be added other elements needed for
additional functions.

NOTE 3 The term “thyristor” may be used for any member of the PNPN family when such use does not result in
ambiguity or misunderstanding. In particular, the abbreviated term “thyristor” is widely used for the reverse-
blocking triode thyristor, formerly called “semiconductor controlled rectifier”.
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3.1.3
unidirectional thyristor
see figure 1

3.1.4
unidirectional triode thyristor
three-terminal thyristor that can switch only when the anode voltage is positive

NOTE In this definition, a second cathode or anode terminal for connecting to the control circuit is not counted.

3.1.5
unidirectional diode thyristor
two-terminal thyristor that can switch only when the anode voltage is positive

3.1.6
bidirectional thyristor
see figure 2

3.1.7

bidirectional triode thyristor (triac)

three-terminal thyristor having substantially the same switching behaviour in the first and
third quadrants of the principal characteristic (see curve B of figure 2)

3.1.8

bidirectional diode thyristor

two-terminal thyristor having substantially the same switching behaviour in the first and third
guadrants of the thyristor voltage-current characteristic (see curve A of figure 2)

3.1.9

reverse-blocking triode thyristor

unidirectional triode thyristor that exhibits a blocking state in the reverse direction (see
curves a) and b) of figure 1)

NOTE If no ambiguity is likely to occur, the term may be abbreviated to “thyristor”.

3.1.10

(symmetrical) reverse-blocking triode thyristor

reverse-blocking triode thyristor whose rated reverse voltage and rated off-state voltage are
equal or insignificantly different

3.1.11

asymmetrical reverse-blocking triode thyristor

reverse-blocking triode thyristor whose rated reverse voltage is significantly lower than its
rated off-state voltage (see curve b) of figure 1)

3.1.12

reverse-conducting triode thyristor

unidirectional triode thyristor that conducts large currents in the reverse direction at reverse
voltages comparable in magnitude to the forward on-state voltage (see curve c) of figure 1)

3.1.13

reverse-blocking diode thyristor

unidirectional diode thyristor that exhibits a blocking state in the reverse direction (see curves
a) and b) of figure 1)
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3.1.14

(reverse-blocking) gate-turn-off thyristor GTO thyristor

reverse-blocking triode thyristor that can be switched from the on state to the off state as well
as from the off state to the on state by applying control signals of appropriate polarity to the
gate terminal

3.1.15

reverse-conducting gate-turn-off thyristor

reverse-conducting triode thyristor that can be switched from the on state to the off state as
well as from the off state to the on state by applying control signals of appropriate polarity to
the gate terminal

3.1.16

symmetrical gate-turn-off thyristor

gate-turn-off thyristor whose rated reverse voltage and rated off-state voltage are equal or
insignificantly different

3.1.17

asymmetrical gate-turn-off thyristor

gate-turn-off thyristor whose rated reverse voltage is significantly lower than its rated off-
state voltage

3.1.18

P-gate thyristor

unidirectional triode thyristor whose gate terminal is connected to the P region nearest the
cathode and that is normally switched to the on state by applying a positive signal to the gate
terminal with respect to the cathode terminal

3.1.19

N-gate thyristor

unidirectional triode thyristor whose gate terminal is connected to the N region nearest the
anode and that is normally switched to the on state by applying a negative signal to the gate
terminal with respect to the anode terminal

NOTE Any practical realization of an N-gate thyristor was not known when this publication was issued.

3.2 Basic terms defining the static voltage-current characteristics of triode thyristors

3.2.1
gate terminal
terminal unique to the control circuit

3.2.2
gate current
(control) current into the gate terminal

3.2.3
principal current
current that is switched (controlled) by the thyristor

3.2.4
main terminals
two terminals through which the principal current flows
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3.2.5

anode terminal (of a unidirectional triode thyristor)

main terminal to which the principal current flows from the circuit being controlled when the
thyristor is in the on state

NOTE A second anode terminal may be provided for connecting to the control circuit of an N-gate thyristor.

3.2.6

cathode terminal (of a unidirectional triode thyristor)

main terminal from which the principal current flows to the circuit being controlled when the
thyristor is in the on state

NOTE A second cathode terminal may be provided for connecting to the control circuit of a P-gate thyristor.

3.2.7

main terminal 1 (of a bidirectional triode thyristor (triac)) (MT1)

main terminal intended by the triac manufacturer to conduct the control current in addition to
the principal current

NOTE Some bidirectional triode thyristors are completely symmetrical, e.g. Silicon Bilateral Switch (SBS)

thyristors. For these, the choice for the manufacturer is arbitrary, and the user can return the control circuit to
whichever main terminal will provide the required polarity of gate current.

3.2.8
main terminal 2 (of a bidirectional triode thyristor (triac)) (MT2)
other main terminal after main terminal 1 has been designated by the triac manufacturer

3.2.9

anode-cathode voltage

anode voltage (of an unidirectional triode thyristor)

voltage (potential difference) between anode and cathode terminals

3.2.10

principal voltage

voltage (potential difference) between the main terminals

NOTE 1 In the case of unidirectional triode thyristors, the principal voltage is called positive when the anode
potential is more positive than the cathode potential and called negative when the anode potential is less positive

than the cathode potential. Thus, for these thyristors, “principal voltage” and “anode-cathode voltage” are
synonymous.

NOTE 2 In the case of bidirectional triode thyristors, the polarity of the principal voltage (with regard to main
terminals 1 and 2) is to be specified.

3.2.11

(static) voltage-current characteristic

(static) principal characteristic (of a unidirectional triode thyristor (see figure 1))
function, usually represented graphically, relating the anode voltage to the anode current for
a specified virtual junction temperature, under conditions of internal electrical and thermal
equilibrium

NOTE 1 Where applicable, the characteristic may be given with the gate current as a parameter.

NOTE 2 The word “static” is usually omitted except when a distinction between static and dynamic characteristics
is necessary.

3.2.12

(static) principal characteristic (of a bidirectional triode thyristor (see figure 2))
function, usually represented graphically, relating the principal voltage to the principal current
for a specified virtual junction temperature, under conditions of internal electrical and thermal
equilibrium
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NOTE 1 Where applicable, the characteristic may be given with the gate current as a parameter.

NOTE 2 The word “static” is usually omitted except when a distinction between static and dynamic characteristics
is necessary.

3.3 Basic terms defining the static voltage-current characteristics of diode thyristors

3.3.1

anode terminal (of a unidirectional diode thyristor)

terminal to which the current flows from the external circuit when the thyristor is in the on
state

3.3.2

cathode terminal (of a unidirectional diode thyristor)

terminal from which the current flows to the external circuit when the thyristor is in the on
state

3.3.3
terminal 1 (of a bidirectional diode thyristor)
terminal that is designated “1” by the manufacturer

3.34
terminal 2 (of a bidirectional diode thyristor)
terminal that is designated “2” by the manufacturer

3.3.5

anode-cathode voltage

anode voltage(of a unidirectional diode thyristor)
voltage between the anode and cathode terminals

NOTE The anode-cathode voltage is called positive when the anode potential is higher than the cathode
potential, and called negative when the anode potential is lower than the cathode potential.

3.3.6
thyristor voltage (of a bidirectional diode thyristor)
voltage between the two terminals

NOTE The polarity of the thyristor voltage (with regard to terminals 1 and 2) is to be specified.

3.3.7

(static) characteristic (of a unidirectional diode thyristor)

function, usually represented graphically, relating the anode voltage to the anode current for
a specified virtual junction temperature, under conditions of internal electrical and thermal
equilibrium

NOTE The word “static” is usually omitted, except when a distinction between static and dynamic characteristics
IS necessary.

3.3.8

(static) characteristic (of a bidirectional diode thyristor)

function, usually represented graphically, relating the thyristor voltage to the thyristor current
for a specified virtual junction temperature, under conditions of internal electrical and thermal
equilibrium

NOTE The word “static” is usually omitted, except when a distinction between static and dynamic characteristics
IS necessary.

3.4 Particulars of the static voltage-current characteristics of triode and diode
thyristors (see figures 1 and 2)

NOTE The states referred to in 3.4.2 through 3.4.7 concern portions of the static characteristic, i.e. static states,

although in the more general terms, this restriction is not indicated. If necessary, distinction will be made between
static and dynamic states.
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state of a thyristor, in a quadrant in which switching may occur, that corresponds to the low-

resistance portion of the characteristic

Anode current y
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—_—

Holding current

1* Quadrant
On state

Negative differential
resistance region
Breakover point

, ) A Y yBreakover current
Reverse blocking state % * /‘
Off state A Anode voltage
v
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Reverse conducting state
breakdown
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IEC 2020/2000
Curve A zero gate current
Curve B gate current greater than zero
Curve a) reverse-blocking thyristor
Curve b) asymmetrical thyristor
Curve c) reverse-conducting thyristor

Figure 1 — Particulars of the static characteristic of unidirectional thyristors
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Curve A bidirectional diode thyristors or bidirectional triode thyristors with zero gate current
Curve B bidirectional triode thyristors with gate current greater than zero

Figure 2 — Particulars of the static characteristic of bidirectional thyristors
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3.4.2

off state

state of a thyristor, in a quadrant in which switching may occur, that corresponds to the
portion of the characteristic between the origin and the breakover point

3.4.3

reverse-blocking state

state of a reverse-blocking or asymmetrical thyristor that corresponds to a reverse voltage
between the origin and the beginning of the reverse breakdown region

3.4.4

reverse breakdown region

portion of the characteristic in which reverse breakdown occurs (the term “reverse
breakdown” is defined in IEC 60747-1)

3.4.5

reverse-conducting state

state of a reverse-conducting triode thyristor that corresponds to the third quadrant of the
characteristic

3.4.6
negative differential resistance region
any portion of the characteristic within which the differential resistance is negative

3.4.7

breakover point

in a quadrant in which switching may occur, the point for which the differential resistance is
zero and the off-state voltage reaches a maximum value

3.5 Terms related to ratings and characteristics; principal voltages

NOTE 1 In this subclause, similar definitions for more than one kind of thyristor are combined in a single wording
in which reference is made to all relevant qualifiers. For example, in 3.5.8, the wording “anode, principal, or
thyristor voltage” indicates that the term “on-state voltage” applies to unidirectional thyristors, bidirectional triode
thyristors and bidirectional diode thyristors (see table 1).

NOTE 2 When several distinctive forms of letter symbols exist, the most commonly used form(s) is (are) given.

3.5.1
breakover voltage (V(BO))
voltage at the breakover point

3.5.2
reverse voltage (of a unidirectional thyristor) (Vg)
negative anode voltage

3.5.3

direct reverse voltage (of a unidirectional thyristor) (Vgpy)

reverse voltage that is independent of time or in which the changes are so small that they can
be neglected

3.5.4
reverse breakdown voltage (of a unidirectional thyristor) (V(gg))
voltage in the reverse breakdown region
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3.5.5
crest working reverse voltage
peak working reverse voltage (of a unidirectional thyristor) (Vgwm)

highest instantaneous value of the reverse voltage, excluding all repetitive and non-repetitive
transient voltages (see figure 3)

NOTE The repetitive voltage is usually a function of the circuit and increases the power loss of the device. A non-
repetitive transient voltage is usually due to an external cause, and it is assumed that its effect has completely
disappeared before the next transient arrives.

A VD

VDSM
VDRM

IANAY

VRWM

<

RRM

VRSM

Yy
R IEC 2022/2000

Figure 3 — Peak reverse and peak off-state voltages of a thyristor

3.5.6

repetitive peak reverse voltage (of a unidirectional thyristor) (Vgrm)

highest instantaneous value of the reverse voltage, including all repetitive transient voltages,
but excluding all non-repetitive transient voltages (see figure 3)

NOTE The repetitive voltage is usually a function of the circuit and increases the power loss of the device. A non-

repetitive transient voltage is usually due to an external cause, and it is assumed that its effect has completely
disappeared before the next transient arrives.

3.5.7
non-repetitive peak reverse voltage;
peak transient reverse voltage (of a unidirectional thyristor) (Vggm)

highest instantaneous value of any non-repetitive transient reverse voltage (see figure 3)

NOTE See note to 3.5.5. (The repetitive voltage is usually a function of the circuit and increases the power loss
of the device. A non-repetitive transient voltage is usually due to an external cause, and it is assumed that its
effect has completely disappeared before the next transient arrives.)

NOTE 2 Preference should be given to the term “non-repetitive peak reverse voltage”.

3.5.8
on-state voltage (V)
anode, principal, or thyristor voltage when the thyristor is in the on state

3.5.9
off-state voltage (Vp)
anode, principal, or thyristor voltage when the thyristor is in the off state

3.5.10

direct off-state voltage (VD(D))

off-state voltage that is independent of time or in which the changes are so small that they
can be neglected
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3.5.11

crest working off-state voltage

peak working off-state voltage (Vpwm)

highest instantaneous value of the off-state voltage, excluding all repetitive and non-
repetitive transient voltages (see figure 3)

NOTE The repetitive voltage is usually a function of the circuit and increases the power loss of the device. A non-

repetitive transient voltage is usually due to an external cause, and it is assumed that its effect has completely
disappeared before the next transient arrives.

3.5.12

repetitive peak off-state voltage (Vpgru)

highest instantaneous value of the off-state voltage, including all repetitive transient voltages,
but excluding all non-repetitive transient voltages (see figure 3)

NOTE The repetitive voltage is usually a function of the circuit and increases the power loss of the device. A non-

repetitive transient voltage is usually due to an external cause, and it is assumed that its effect has completely
disappeared before the next transient arrives.

3.5.13

non-repetitive peak off-state voltage

peak transient off-state voltage (Vpgy)

highest instantaneous value of any non-repetitive transient off-state voltage (see figure 3)
NOTE 1 The repetitive voltage is usually a function of the circuit and increases the power loss of the device. A

non-repetitive transient voltage is usually due to an external cause, and it is assumed that its effect has completely
disappeared before the next transient arrives

NOTE 2 Preference should be given to the term “non-repetitive peak off-state voltage”

3.5.14

critical rate of rise of off-state voltage ((dvp/dt).,)

highest value of the rate of rise of off-state voltage that will note cause switching from the off
state to the on state.

NOTE 1 The measuring method for the rate of rise is to be specified.
NOTE 2 If no ambiguity is likely to result, the shorter expression “dv/dt” may be used.

3.5.15

critical rate of rise of commutating voltage (of a reverse-conducting triode thyristor)
((_dVD(com)/dt)cr) . . . .

highest value of the rate of rise of off-state voltage, immediately following reverse current
conduction, that will not cause switching from the off state to the on state

NOTE 1 The measuring method for the rate of rise is to be specified.

NOTE 2 If no ambiguity is likely to result, the shorter expression “dv /dt” may be used.

(com)

3.5.16

critical rate of rise of commutating voltage

critical rate of rise of the reapplied off-state voltage (of a triac) ((dvD(Com)/dt)Cr)

highest value of the rate of rise of off-state voltage, immediately following on-state current
conduction in the opposite direction, that will not cause switching from the off state to the on
state

NOTE 1 The measuring method for the rate of rise is to be specified.

NOTE 2 If ambiguity is likely to result, the shorter expression “dv /dt” may be used.

(com)
3.5.17

turn-off (off-state) spike voltage (of a GTO thyristor) (Vq(sp))

peak value of a spike on the reapplied off-state voltage that occurs shortly after the off-state
voltage begins to rise (see figure 13)
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NOTE The turn-off spike voltage is not an inherent characteristic of the thyristor as its value depends on the
parasitic inductance in the snubber network connected in parallel to the GTO thyristor. Its value has an influence
on the turn-off energy loss.

3.5.18

turn-off peak off-state voltage (of a GTO thyristor) (VDQM)

peak value, higher than the final steady-state value, to which the re-applied off-state voltage
rises towards the end of the turn-off process (see figure 13)

NOTE The turn-off peak off-state voltage is not an inherent characteristic of the GTO thyristor as its value
depends on the design of the external circuits. Its value has an influence on the turn-off energy loss.

3.6 Terms related to ratings and characteristics; principal currents

3.6.1
breakover current (lgq))
anode, principal, or thyristor current at the breakover point

3.6.2
reverse current (of a unidirectional thyristor) (Ig)
anode current for a negative anode voltage

3.6.3
reverse-conducting current (of a reverse-conducting thyristor) (Igc)
reverse current of a reverse-conducting thyristor

3.6.4
mean reverse-conducting current (Igcav))
value of the reverse-conducting current averaged over a full cycle

3.6.5

overload reverse-conducting current (IRC(OV))

reverse-conducting current whose continuous application would cause the maximum rated
virtual junction temperature to be exceeded, but that is limited in duration such that this
temperature is not exceeded

NOTE 1 Devices may be subjected to overload currents as frequently as called for by the application, while being
subjected to normal operating voltages.

NOTE 2 If not otherwise stated, specifications for the rated (limiting) value of an overload reverse-conducting
current refer to a waveshape hat is substantially the same as for the rated value of the reverse-conducting current.

3.6.6

surge reverse-conducting current (Ixgcsm)

reverse-conducting current pulse of short duration and specified waveshape, whose
application causes or would cause the maximum rated virtual junction temperature to be
exceeded, but which is assumed to occur rarely and with a limited number of such
occurrences during the service life of the device and to be a consequence of unusual circuit
conditions (for example, a fault)

3.6.7
reverse blocking current (of a unidirectional thyristor) (Ig)
reverse current when a thyristor is in the reverse-blocking state

3.6.8
reverse recovery current (of a unidirectional thyristor) (Igg. Irrec))
reverse current that occurs during the reverse recovery time

NOTE For the peak value of the reverse recovery current during the reverse recovery time, only the letter symbol
Irm OF IRM(REC) may be used (see figure 9) because the letter symbol Izry is already attributed to the repetitive
peak reverse current.
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3.6.9
on-state current (Ig)
anode, principal, or thyristor current when the thyristor is in the on state

3.6.10

direct on-state current (ltpy)

on-state current that is independent of time or in which the changes are so small that they
can be neglected

3.6.11
mean on-state current (IT(AV))
value of the on-state current averaged over a full cycle

3.6.12
r.m.s. on-state current (lygus))
r.m.s. value of the on-state current averaged over a full cycle

3.6.13
peak sinusoidal on-state current (I),)
peak value of a sinusoidal on-state current, excluding any transient currents

3.6.14
peak trapezoidal on-state current (I+y)
peak value of a trapezoidal on-state current, excluding any transient currents

3.6.15
repetitive peak on-state current (ltgm)
peak value of the on-state current, including all repetitive transient currents (see figure 4)

I A

ITSM

IT(OV)

1
|RWAAN

Figure 4 — Peak values of on-state currents

\ 4

IEC 2023/2000

3.6.16

overload on-state current (ly(oy))

on-state current whose continuous application would cause the maximum-rated virtual
junction temperature to be exceeded, but that is limited in duration such that this temperature
is not exceeded (see figure 4)

NOTE 1 Devices may be subjected to overload currents as frequently as called for by the application while being
subjected to normal operating voltages.

NOTE 2 If not otherwise stated, specifications for the rated (limiting) value of an overload on-state current refer
to a waveshape that is substantially the same as for the rated value of the on-state current.
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3.6.17

surge on-state current (ltgy)

on-state current pulse of short duration and specified waveshape, whose application causes
or would cause the maximum rated virtual junction temperature to be exceeded, but which is
assumed to occur rarely and with a limited number of such occurrences during the service life
of the device and to be a consequence of unusual circuit conditions (for example, a fault)
(see figure 4)

3.6.18
12t value (of a surge on-state current) (I2t)
value used for the specification of a maximum rated value of surge on-state current, given in
terms of the maximum rated value of

t

12t = [i%dt

0

for a specified short integration time t;

3.6.19

repetitive peak controllable on-state current (of a GTO thyristor) (ITQRM)

highest peak value of the on-state current that can be turned off periodically by means of
gate control

NOTE A repetitive current is usually a function of the circuit and increases the power loss within the device. A

non-repetitive transient current is usually due to an external cause and it is assumed that its effect has completely
disappeared before the next transient arrives.

3.6.20

non-repetitive peak controllable on-state current (of a GTO thyristor) (ITQSM)

highest non-repetitive peak value of the on-state current that can be turned off by means of
gate control

NOTE A repetitive current is usually a function of the circuit and increases the power loss within the device. A

non-repetitive transient current is usually due to an external cause and it is assumed that its effect has completely
disappeared before the next transient arrives.

3.6.21

peak case non-rupture current (Iggmc)

peak value of reverse current that should not be exceeded in order to avoid bursting of the
case or the emission of a plasma beam, under specified conditions of the waveshape and
duration of the reverse current pulse

NOTE 1 This definition implies that a fine crack in the case is tolerated, if found in a device subjected to the

peak case non-rupture current, provided that no plasma beam was emitted, parts of the case did not break away,
and the device did not melt externally or burst into flames.

NOTE 2 Such very high reverse currents may occur in large thyristor assemblies if one of the thyristors has a
reverse breakdown. Very large thyristors may have a peak surge on-state current that is higher than the peak case
non-rupture current so that a fuse selected for the peak surge on-state current cannot provide protection against
rupture of the case.

3.6.22

case non-rupture 12t value (Iggc?t)

value of Ixgc2 t that should not be exceeded in order to avoid bursting of the case or the
emission of a plasma beam, under specified conditions of the waveshape and duration of the
reverse current pulse and given as follows:

t

P
— [: 2
lrsc? t= [ig? dt
0

where ty is the reverse current pulse duration
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NOTE 1 This definition implies that a fine crack in the case is tolerated if found in a device subjected to the case
non-rupture I2t value, provided that no plasma beam was emitted, parts of the case did not break away, and the
device did not melt externally or burst into flames.

NOTE 2 Such very high reverse currents may occur in large thyristor assemblies if one of the thyristors has a
reverse breakdown. Very large thyristors may have an (on-state) |2t value that is higher than the case non-rupture
Irsc?t value so that a fuse selected for the 12t value cannot provide protection against rupture of the case.

3.6.23

critical rate of rise of on-state current ((di{/dt);,)

highest value of the rate of rise of on-state current that a thyristor can withstand without
deleterious effect

3.6.24

latching current (1)

minimum anode or principal current required to maintain the thyristor in the on-state
immediately after the triggering condition has been removed following switching from the off
state to the on state

3.6.25
holding current (Iy)
minimum anode, principal, or thyristor current that will maintain the thyristor in the on state

3.6.26
off-state current (Ip)
anode, principal, or thyristor current when the thyristor is in the off state

3.6.27

direct off-state current (Ipp))

off-state current that is independent of time or in which the changes are so small that they
can be neglected

3.6.28
tail current (of a GTO thyristor) (I,)
anode current that flows during the tail time (see figure 13)

3.6.29
peak tail current (of a GTO thyristor) (I7)
peak value of tail current that occurs shortly after the beginning of the tail time (see figure 13)

3.7 Terms related to ratings and characteristics; gate voltages and currents

3.7.1
gate voltage (Vg)
voltage between the gate terminal and

— for unidirectional triode thyristors, the cathode in the case of a P-gate thyristor and the
anode in the case of an N-gate thyristor,
— for bidirectional triode thyristors, the specified main terminal

3.7.2
gate current (Ig)
(control) current into the gate terminal
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3.7.3
forward gate voltage (Vg)
— for P-gate thyristors, the positive gate-cathode voltage

— for N-gate thyristors, the negative gate-anode voltage

3.7.4
peak forward gate voltage (Vggum)
highest instantaneous value of the forward gate voltage including all transient voltages

3.7.5
reverse gate voltage (Vgg)
— for P-gate thyristors, the negative gate-cathode voltage

— for N-gate thyristors, the positive gate-anode voltage

3.7.6
peak reverse gate voltage (Vrgm)
highest instantaneous value of the reverse gate voltage including all transient voltages

3.7.7
forward gate current (Igg)
— for P-gate thyristors, the positive gate current

— for N-gate thyristors, the negative gate current

3.7.8
peak forward gate current (Ipgym)
highest instantaneous value of the forward gate current including all transient currents

3.7.9
reverse gate current (Izg)
— for P-gate thyristors, the negative gate current

— for N-gate thyristors, the positive gate current

3.7.10
peak reverse gate current (Ixggm)
highest instantaneous value of the reverse gate current including all transient currents

3.7.11

sustaining gate current (of a GTO thyristor) (Irgsys)

minimum forward gate current required to ensure that, if the anode current drops below the
value required to keep all the subdivided cathode areas in conduction, they will all return to
conduction when the anode current is increased again

3.7.12
turn-on gate voltage (V)
forward gate voltage during the time interval within which the thyristor is turning on

3.7.13
turn-on gate drive voltage (Vgg7)
gate voltage required to produce the turn-on gate drive current
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3.7.14

on-state gate bias voltage (Vegg)

forward gate voltage during the time interval following the time within which the thyristor was
turning on

3.7.15
turn-off gate voltage (of a GTO thyristor) (VRGQ)
reverse gate voltage during the time interval within which the thyristor is turning off

3.7.16

peak turn-off gate voltage (of a GTO thyristor) (VRGQM)

peak value of the turn-off gate voltage at the end of its rapid rise after the peak value of turn-
off gate current (IRGQM) has been reached

3.7.17

turn-off gate bias voltage (of a GTO thyristor) (Vrgog)
essentially constant value of the turn-off gate voltage %at occurs towards the end of the turn-
off process, in the case where the gate-control circuit supports this process by maintaining
the turn-off gate voltage at a value that is higher than the off-state gate bias voltage

3.7.18

off-state gate bias voltage (of a GTO thyristor) (Virgp)

reverse gate voltage during the time interval following the time within which the thyristor was
turning off

3.7.19
turn-on gate current (iggt)
forward gate current during the time interval within which the thyristor is turning on

3.7.20
turn-on gate drive current (Izg)
turn-on gate current supplied by the trigger circuit

NOTE Often the turn-on process is accelerated by an extra high peak current at the beginning of the trigger pulse
(see figure 12).

3.7.21
peak turn-on gate drive current (Igtm)
peak value of the turn-on gate drive current pulse

3.7.22

on-state gate bias current (lgp)

forward gate current during the time interval following the time within which thyristor was
turning on

3.7.23
turn-off gate current (of a GTO thyristor) (IRGQ)
reverse gate current during the time interval within which thyristor is turning off

3.7.24
turn-off gate bias current (of a GTO thyristor) (IRGQB)
gate current associated with the turn-off gate bias voltage VRGOoB
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3.7.25
peak turn-off gate current (of a GTO thyristor) (IRGQM)
peak value of the reverse gate current reached at the end of its rapid rise in the beginning of
the turn-off process
NOTE Specifications refer to the minimum value of Izgqy that the gate turn-off pulse generator is capable of
supplying as a function of the peak on-state current to be switched off under specified conditions.

Maximum rated peak gate

power dissipation

A Y
Vg .
Typical limits of
N gate characteristics
l A3 =
I
I
Voo Q
! 1
I
Al ! ;
IGD IGT I FG

IEC 2024/2000

Aj, A,, A; see figure 20.

Figure 5 — Forward gate voltage versus forward gate current

3.7.26

off-state gate bias current (Ixgg)

reverse gate current during the time interval following the time within which the thyristor was
turned off

3.7.27
gate trigger current (Ig7)
lowest gate current required to safely trigger any thyristor of a type under specified conditions

3.7.28
gate trigger voltage (Vg7)
gate voltage required to produce the gate trigger current

3.7.29

gate non-trigger current (Igp)

highest value of an undesired current in the gate circuit which will safely not trigger any
thyristor which is under specified conditions

3.7.30
gate non-trigger voltage (Vgp)
gate voltage associated with the gate non-trigger current

3.8 Terms related to ratings and characteristics;
powers, energies and losses

NOTE 1 All definitions are written in terms of triode thyristors. Where appropriate, they apply also to diode
thyristors.

NOTE 2 All definitions for power, energy and losses refer, if not otherwise specified, to the product of anode or
principal current and anode or principal voltage.
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A Instantaneous power during a cycle

NOTE 1 The following definitions refer to a chronological subdivision of the cycle time into particular intervals
during which the thyristor is either in a particular state or during which it changes state.

NOTE 2 The definitions are general. They do not consider that the beginning and ending of the particular time
interval should be identified in order to make specifications for the derived characteristics “mean partial power
loss” and “partial energy loss” meaningful. However, guidance for the specification of these times is given in the
relevant notes.

3.8.1
reverse power (Pg)
power when the thyristor is in the reverse-blocking state

NOTE If not otherwise specified, the term refers to the power in the time interval between the ending of the turn-
off time and the change from the reverse blocking state to the off state (either | = 0 or V = 0).

3.8.2
reverse-conducting power (of a reverse-conducting thyristor) (Pg¢)
power while the thyristor is in the reverse-conducting state

NOTE If not otherwise specified, the term refers to the power in the time interval between the ending of the turn-
off time and the change from the reverse conducting state to the off state (either 1 = 0 or V = 0).

3.8.3

off-state power (Pp)

power while the thyristor is in the off state

NOTE If not otherwise specified, the term refers to the power generated during the time interval between the
crossing of the origin from the reverse blocking (or conducting) state to the off state (I = 0 or V = 0) and the

beginning of the turn-on time, with GTO thyristors; in addition during the time interval between the ending of the
turn-off time and the crossing of the origin from the off state to the reverse-blocking (or conducting) state.

3.8.4
turn-on power (Py1)
power in the time interval during which the thyristor is turning on

NOTE If not otherwise specified, this time interval corresponds with the turn-on time.

3.85
on-state power (Pq)
power while the thyristor is in the on state

NOTE If not otherwise specified, the term refers to the power during the period between the ending of the turn-on
time and the beginning of the turn-off time.

3.8.6
turn-off power (PRQ); for GTO thyristors: (PDQ)
power in the time interval during which the thyristor is turning off

NOTE If not otherwise specified, this time interval corresponds with the turn-off time.

3.8.7
gate power (Pg)
product of the instantaneous values of gate current and voltage

B Mean power losses

NOTE 1 The term “power dissipation” has been used in the past as a true synonym for “power loss”. This is no
longer recommended. The term “loss” should refer to the loss at the place of its origin and the term “dissipation”
should refer to the heat that is dissipated from the surface of the device into the environment. Different terms are
provided for the two quantities because, due to internal storage of heat, the two differ with time.

NOTE 2 As an exception, “mean power dissipation” may still be used as a synonym for “mean power loss”, but
only where appropriate, i.e. when the different course with time has no influence on the mean values of the two.
This is the case when the mean values are averaged over a full cycle.
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3.8.8

mean partial power loss

mean value of the instantaneous power loss in a particular time interval of the cycle,
averaged over the full cycle

3.8.9
mean total power 10ss (Pyyi(av))
sum of all mean partial power losses and the mean gate power loss, during a full cycle

Piotav) = P1av) T Paddav) * Pg(av)

3.8.10
mean on-state power loss (PT(AV))
mean partial power loss resulting from on-state power

3.8.11

mean additional power 10ss (Paqq(av))

Sum of Pagqcav) = Prr(av) * Proav) * Ppav) * Preav)
With GTO thyristors, PRQ(AV) is replaced by PDQ(AV)_

3.8.12
mean turn-on power loss (Prr(ay))
mean partial power loss resulting from the turn-on power

3.8.13
mean turn-off power loss (Prg(ay)); for GTO thyristors: (Ppgavy))
mean partial power loss resulting from turn-off power

3.8.14
mean off-state power loss (Pp(ay))
mean partial power loss resulting from off-state power

3.8.15
mean reverse power loss (Pgayy)
mean partial power loss resulting ?rom reverse power

3.8.16
mean gate power loss (Pg(ay))
gate power loss averaged over a full cycle

C Energy losses (for GTO thyristors: see figure 7)

3.8.17

dynamic on-state energy loss (Eq)

total energy loss from the instant when the rising on-state current reaches a specified low
value to the instant that defines the beginning of the turn-off time

3.8.18

basic on-state energy loss (E1g)

energy loss that would result from the flow of on-state current if the thyristor were fully turned
on during the entire on-state period

NOTE This energy loss can only be determined by calculations based on the observed waveform of the current.
The calculation method is to be specified.
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Figure 6 — Partial power (losses) of GTO thyristors at relatively low frequencies
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3.8.19

additional turn-on energy loss (E¢y)

calculated difference between the dynamic on-state energy loss and the basic on-state
energy loss:

Err=Er—Ep

3.8.20
turn-off energy loss (ERQ); for GTO thyristors: (EDQ)
energy loss during the turn-off time

3.9 Terms related to ratings and characteristics; recovery times
and other characteristics

A \

RC (T0)

A <

> \/

VT (T0) A
IEC 2027/2000 IEC 2028/2000

Figure 8a — On-state characteristic Figure 8b — Reverse-conducting characteristic
Figure 8 — Approximation of characteristics

A Approximation of the on-state characteristic (see figure 8a)

3.9.1

straight-line approximation of the on-state characteristic

approximation of the current versus voltage on-state characteristic by means of a straight line
that crosses this characteristic at two specified points

3.9.2

on-state slope resistance (rq)

value of the resistance calculated from the slope of the straight-line approximation of the on-
state characteristic

3.9.3

on-state threshold voltage (Vy(roy, V(r0))

value of the on-state voltage obtained at the intersection of its straight-line approximation
with the voltage axis
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B Approximation of the reverse-conducting characteristic (see figure 8b)

3.9.4

straight-line approximation of the reverse-conducting characteristic

approximation of the current versus voltage reverse-conducting characteristic by means of a
straight line that crosses this characteristic at two specified points

3.9.5

reverse-conducting slope resistance (rgc)

value of the resistance calculated from the slope of the straight-line approximation of the
reverse-conducting characteristic

3.9.6

reverse-conducting threshold voltage (Vgc(ro))

value of the reverse voltage obtained at the intersection of its straight-line approximation with
the voltage axis

C Thermal characteristics, basic definitions

The definitions given in IEC 60747-1, chapter 1V, apply. The following additional definitions
may be useful.

D Partial thermal resistances (of thyristors in disc-type housings)

3.9.7
partial thermal resistance junction-to-case, anode side (R j_c)a)
thermal resistance between the virtual junction and the anode side of the case

3.9.8
partial thermal resistance junction-to-case, cathode side (Rypj.c)k)
thermal resistance between the virtual junction and the cathode side of the case

E Partial thermal resistances (of reverse-conducting thyristors with integrated
inverse diodes)

NOTE 1 As on-state power loss and reverse-conducting power loss occur in different places, a distinction
between the thyristor junction-to-case thermal resistance and the diode junction-to-case thermal resistance may be
necessary.

NOTE 2 The application of specifications for these partial thermal resistance’s in the case of concurrent power
losses in the thyristor and in the reverse diode is under consideration.

3.9.9
thyristor junction-to-case thermal resistance (R j.c)7)
quotient of

— the temperature difference between the thyristor junction and the reference point, by

— the steady-state on-state power loss in the thyristor, under the condition that the whole
power loss in the device is due to on-state current.
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3.9.10

diode junction-to-case thermal resistance (R j.¢c)p)
guotient of

— the temperature difference between the diode junction and the reference point, by

— the steady-state reverse conducting power loss in the diode, under the condition that the
whole power loss in the device is due to reverse-conducting current

F Recovery times

3.9.11
reverse recovery time (of a reverse-blocking thyristor) (t,,)
time interval between

— the instant when the current passes through zero while changing from the on state to the
reverse-blocking state, and
— the instant when either the reverse current is reduced from its peak value Igy to a

specified low value (as shown in figure 9a and which may be zero), or the extrapolated
reverse current reaches zero (as shown in figure 9b).

NOTE 1 The extrapolation is carried out with respect to specified points A and B, as shown in generalized form in
figure 9b. Point A may be specified at Ig\-

NOTE 2 Specified values of t,, refer to a specified waveform of the preceding on-state current pulse, which may
be either a half sine wave (solid line) or a trapezoidal wave (dashed line).
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IEC 2029/2000 IEC 2030/2000
Figure 9a — Determined by specified value Figure 9b — Determined by extrapolation

Figure 9 — Reverse recovery time

3.9.12
off-state recovery time (of a reverse-conducting thyristor) (ty,)
The time interval between

— the instant when the current passes through zero while changing from the reverse-
conducting state to the off state,
and

- the instant when either the off-state current is reduced from its peak value Iy, to a
specified low value I; (as shown in figure 10a and which may be zero), or the
extrapolated reverse current reaches zero (as shown in figure 10b).
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NOTE 1 The extrapolation is carried out with respect to specified points A and B, as shown in generalized form in
figure 10b. Point A may be specified at Ipy,.

NOTE 2 Specified values of ty, refer to a specified waveform of the preceding reverse-current pulse, which may
be either a half sine wave (solid line) or a trapezoidal wave (dashed line).
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Figure 10a — Determined by specified value Figure 10b — Determined by extrapolation

Figure 10 — Off-state recovery time

3.9.13
circuit-commutated turn-off time (tq)
time interval between

— the instant when the on-state current has decreased to zero after external switching of the
main circuit, and

— the earliest instant when a steeply rising off-state voltage that the thyristor is capable of
supporting without breaking over either passes through zero (curve a) in figure 11, or
begins from a low positive value (curve b) in figure 11.

NOTE Curve a) refers to a simple reverse-blocking triode thyristor. Curve b) may appear, if the thyristor is
bypassed by an external or internal inverse diode (reverse-conducting thyristor), due to the lead inductance of the

diode.
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I
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' | “ | 4 /N v
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Figure 11 — Circuit-commutated turn-off time
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3.9.14
hold-off interval (in a converter) (ty)
time interval between

— the instant when the anode current of the thyristor of a converter has decreased to zero,
and
— the instant when the same thyristor is subjected to off-state voltage.

NOTE The hold-off interval is not a characteristic of the thyristor but a service condition of the converter. It will
exceed the longest expected individual circuit-commuted turn-off time, which also depends on the service
conditions of the converter.

G Times and rates of rise characterizing gate-controlled turn-on (see figure 12)
NOTE 1 The defined terms refer to the switching of a thyristor from the off state to the on state by means of a
forward gate drive current pulse.

NOTE 2 The reference values of current and voltage referred to in the following subclauses are usually specified
as follows:

gate current:

— specified low value: 10 % of lggTwm,
- specified level for the measurement of ty,,, and dig/dt: 50 % of lggry,

anode voltage:

— upper specified value: 90 % of Vp,
— lower specified value: 10 % of Vp, (where Vp is the off-state voltage prior to turn on),

anode current:
— specified level for the measurement of dig/dt: 50 % of I+y.

3.9.15
g_ate—_controlled turn-on delay time (tgd)
time interval between

— the instant when the rising gate drive current pulse reaches a specified low value, and

— the instant when the decreasing off-state voltage reaches an upper specified value near
its initial value Vp.

NOTE If no ambiguity is likely to occur, the term may be abbreviated to “turn-on delay time”.

3.9.16
gate-controlled turn-on rise time (tg,)
time interval between

— the instant when the off-state voltage reaches the upper specified value referred to in
3.9.15, and

— the instant when the decreasing off-state voltage reaches a lower specified value near its
final steady-state value

NOTE If no ambiguity is likely to occur, the term may be abbreviated to “turn-on rise time”.

3.9.17

gate-controlled turn-on time (t,)

sum of gate-controlled turn-on delay time and rise time:
tgt = tgd + tgr

NOTE If no ambiguity is likely to occur, the term may be abbreviated to “turn-on time”.
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Figure 12 — Gate-controlled turn-on times

3.9.18

gate turn-on drive-pulse duration (tgtw)

duration of the forward gate drive current pulse measured between two specified levels of the
forward gate current

3.9.19

critical gate turn-on drive-pulse duration (tgyycr))

lowest value to which the gate turn-on drive pufse duration can be reduced without the
thyristor failing to turn on

H Times and rates of rise characterizing, gate-controlled turn-off (see figure 13)

NOTE 1 The defined terms refer to the switching of a GTO thyristor from the on state to the off state by means of
a reverse gate drive current pulse that is supported by an additional reverse gate drive voltage pulse and that is
followed by a smaller reverse gate bias current.

NOTE 2 The reference values of current and voltage referred to in 3.9.20 through 3.9.25 are usually specified as
follows:

gate current:
— specified low value near zero: 10 % of Izggm:
— specified level for the measurement of digg/dt: 50 % of Izggm,

anode current:
— upper reference value: 90 % of I,

anode voltage:

- specified level for the measurement of dv/dt: 50 % of VDQM.
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3.9.20
gate-controlled turn-off delay time (tdq)
time interval between

— the instant when the rising reverse gate current reaches a low reference value near zero,
and

— the instant when the anode current has decreased to an upper reference value near its
initial value I+.

NOTE If no ambiguity is likely to occur, the term may be abbreviated to “turn-off delay time”.

3.9.21
gate-controlled fall time (tfq)
time interval between

— the instant when the anode current has decreased to the upper reference value referred
to in 3.9.20, and

— the instant when the anode current reaches, at the end of its steep decrease, the valley
point current I,

NOTE If no ambiguity is likely to occur, the term may be abbreviated to “turn-off fall time”.

3.9.22
gate-controlled turn-off time (t,,)
sum of gate-controlled turn-off delay time and fall time:

tgq = tag * g

NOTE If no ambiguity is likely to occur, the term may be abbreviated to “turn-off time”.

3.9.23
tail time (t,)
time interval between

— the instant when the anode current has decreased to the valley point |5, referred to in
3.9.21, and

— the instant when the extrapolated tail current reaches zero.

NOTE Unless otherwise specified, the extrapolation is carried out between the peak point of the tail current Iz,
and Iz = 25 % |z, (see figure 13).

3.9.24

gate turn-off drive-pulse duration (t gq)

duration of the reverse gate-drive voltage pulse measured between two specified levels of
reverse gate-drive voltage

3.9.25

critical gate turn-off drive-pulse duration (tpgq(cr))

lowest value to which the gate turn-off drive-pulse duration can be reduced without the
thyristor failing to turn off

-390



yoan. 1972-2552

60747-6 © IEC:2000 —-79 -
iV, A
I I; vV
0,91, ) - ﬁ\JM
e Y Vp
0,5 Vyou /’\
A Ndvy/dt
VQ(SP) /' I A
zv ,/ yAll I
; SR
__________ R .
t
i tgs » - tfg
« B Sl &
N toog >
0,1 IRGQM /\\. | t'
[P ng/i\‘ /,|
0,5 IRGQM i T _f- ------ = VRGQB
: VRGQM Vo
|RGQM
iRGv VRG A\ 4 diRG/dt
1 TRGOM IEC 2035/2000

Figure 13 — Gate-controlled turn-off times

| Recovered charges

3.9.26
recovered charge(of a reverse-blocking triode thyristor) (Qr)
total charge recovered from the thyristor during a specified integration time after switching
from a specified on-state current condition to a specified reverse condition:
ty +1;
Q= [igdt
tO

where
t, is the instant when the current passes through zero;
t; is the specified integration interval (see figure 14).

NOTE This charge includes components due to both carrier storage and depletion layer capacitance.

iTT < t >

Ig IEC  2036/2000

\ 4

Figure 14 — Recovered charge Q,
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3.9.27

off-state recovered charge (of a reverse-conducting triode thyristor) (Qq,)

total charge recovered from the thyristor during a specified integration time after switching
from a specified reverse current condition to a specified off-state condition

NOTE The formula given in 3.9.26 and figure 14 apply analogously.

3.9.28

gate turn-off charge (of a GTO thyristor) (ng)

total charge derived from the integration of the reverse gate current between the instant when
the falling forward gate current crosses zero and the instant in which the reverse gate current
reaches its peak value lrcom (see figure 13)

4 Letter symbols

4.1 General

The general rules of IEC 60747-1, chapter V, are applicable in part.

4.2 Additional general subscripts

In addition to the lists of recommended general subscripts given in IEC 60747-1, chapter V,
the following special subscripts are recommended for the field of thyristors.

Subscript Significance Remarks
A a Anode
B Bias As last subscript only
B Basic As last subscript only
(BO) Breakover
(com) Commutating As for fourth subscript only
D,d Off-state In Rip(j-cyp ONly
D Drive
D Diode
G,g Gate
G Gate-controlled
Holding
Hold-off
K, k Cathode
L Latching
Q. q Turn-off
R, (REC) Reverse recovery In Igm OF Igrec) and Igmrec) ONlYy
RC Reverse-conducting
(SP) Spike
Sus Sustaining
T On state
T, t Turn-on, trigger
Thyristor
\% Valley
Working
Z,z Tail
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4.3 List of letter symbols

The symbols contained in the following lists are recommended for use in the field of
thyristors; they have been compiled in accordance with the general rules.

4.3.1 Principal voltages, anode-cathode voltages

Name and designation Letter symbol Remarks
Off-state voltage Vp
Direct off-state voltage Vo)
Peak off-state voltage Vbom
Crest (peak) working off-state voltage Vowwm
Repetitive peak off-state voltage VbrM
Non-repetitive peak off-state voltage Vpswm
Breakover voltage V(o)
On-state voltage Vr
Minimum on-state voltage VIMIN
On-state threshold voltage V1(T0)
Reverse voltage VR
Direct reverse voltage VRr(D)
Crest (peak) working reverse voltage VewMm
Repetitive peak reverse voltage VRRM
Non-repetitive peak reverse voltage VRswM
Reverse breakdown voltage V(8R)
Reverse-conducting threshold voltage VRre(T0o)
AV
VDSM
\\ﬁDRM
DWM
\ >
0 —>

VRWM

VRRM

VRSM V

Yy,

IEC 2037/2000

Figure 15 — Letter symbols for rated off-state reverse voltages
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4.3.2 Principal currents, anode currents, cathode currents
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Name and designation Letter symbol Remarks
Off-state current Ip
Breakover current lBo)
Holding current Iy
On-state current It
Overload on-state current lov)
Repetitive peak on-state current ltrRM
Surge (non-repetitive) on-state current ltsm
Reverse blocking current IR
Repetitive peak reverse current IRrRM
Reverse recovery current Irr
Peak reverse recovery current Irm
Latching current I
Reverse-conducting current Irc
Mean reverse-conducting current Irc(av)
Peak reverse-conducting current Ircm
Overload reverse-conducting current Irc(ov)
Surge reverse-conducting current IrRcsm
Direct on-state current It (D)
Direct off-state current Ip(D)
iT A

ITSM

IT(OV)

ITRM

Figure 16 — Letter symbols for on-state current ratings
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4.3.3 Gate voltages

Name and designation Letter symbol Remarks
Forward gate continuous (direct)voltage Ve
Peak forward gate voltage VEegMm
Reverse gate continuous (direct) voltage Vgre
Peak reverse gate voltage VRreMm
Gate trigger continuous (direct) voltage Vot
Minimum gate trigger voltage VaTmIN
Gate non-trigger continuous (direct) voltage Vep
Gate turn-off continuous (direct) voltage Vo

4.3.4 Gate currents

Name and designation Letter symbol Remarks
Forward gate continuous (direct) current leg
Peak forward gate current leem
Reverse gate continuous (direct) current Irg
Gate trigger continuous (direct) current loT
Gate non-trigger continuous (direct) current lep
Gate turn-off continuous (direct) current lco

4.3.5 Time quantities

Name and designation Letter symbol Remarks

Gate controlled turn-on time tot

Gate controlled turn-off time tyq

Circuit commutated recovery time (circuit tq

commutated turn-off time)

Gate-controlled delay time tga, (ta) tqy and t, shall be used only when
misinterpretation will not result

Gate-controlled rise time tyr (t) tqy and t, shall be used only when
misinterpretation will not result

Off-state recovery time tyr For reverse conducting triode
thyristors

Hold-off interval ty
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4.3.6 Sundry quantities

Name and designation Letter symbol Remarks

On-state slope resistance rr

Critical rate of rise of commutating voltage dv/dt(c), For reverse conducting triode
thyristors, dv/dt(c) is the

(dv/dt(com)) preferred symbol

Off-state recovered charge Qar For reverse conducting triode
thyristors

Total energy of on-state current pulse Ep

Wp
Reverse-conducting slope resistance 'RC

4.3.7 Power loss

Name and designation Letter symbol Remarks
On-state power loss Pt
Reverse power loss Pr For reverse blocking and
conducting triode thyristors
Off-state power loss Pp
Turn-on loss
— average turn-on loss Prrav)
— total instantaneous turn-on loss Prr
— peak turn-on loss Prtm

Turn-off loss

— average turn-off loss Pro(av) OF Ppoav)

— total instantaneous turn-off loss Prg Or Ppg

— peak turn-off loss Prom Of Ppom

Reverse-conducting power loss Prc

5 Essential ratings and characteristics for reverse-blocking and reverse-
conducting triode thyristors

This clause gives standards for (symmetrical and asymmetrical) reverse-blocking triode
thyristors and for reverse-conducting triode thyristors. The ratings and characteristics are
specified for reverse-blocking thyristors but most of them may be applied also to reverse-
conducting thyristors.

The term “reverse-blocking triode thyristor” has been abbreviated in the text to “thyristor”.

5.1 Thermal conditions

Thyristors shall be specified as ambient-rated devices or as case-rated devices.
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At higher frequencies, the current ratings of fast-switching thyristors depend on the on-state,
turn-on. turn-off and gate power dissipation in a rather complicated way. Therefore, ratings
dependent on frequency are necessary.

Besides the current ratings given for a specified case temperature, the average power
dissipation must be known in order to calculate the cooling conditions necessary. For this
calculation, the average power dissipation or the total energy dissipation for one pulse shall
be given. If the energy dissipation per pulse is given, the average power dissipation is
obtained by multiplying it by the repetition frequency.

5.1.1 Recommended temperatures

Many of the ratings and characteristics are required to be quoted at a temperature of 25 °C
and at one other specified temperature. Unless otherwise stated, the one other specified
temperature shall be chosen by the manufacturer from the list in IEC 60747-1; in addition,
temperatures of —40 °C and +35 °C may be used.

5.1.2 Rating conditions

The ratings shall be stated under one or more of the following thermal conditions.

A Ambient-rated thyristors
— Natural convection

At 25 °C and at one higher temperature (see 5.1.1). The cooling fluid and pressure (in the
case of a gas) shall be specified.

Air pressure shall be at least 90 kPa (900 mbar), corresponding to a maximum level of
1 000 m above sea level.

— Forced circulation

At a temperature taken from the list of recommended temperatures (see 5.1.1). The type,
pressure and flow of the cooling fluid shall be specified.

B Case-rated thyristors

At a case temperature taken from the list of recommended temperatures (see 5.1.1).

NOTE For small thyristors the temperature on one of the terminals may be specified.
5.2 Voltage and current ratings (limiting values)

The following ratings must be valid for the whole range of operating conditions as stated for
the particular device.

A Anode-cathode voltages

5.2.1 Non-repetitive peak reverse voltage (Vgrgy)

Maximum rated value. If this value has to be derated at higher operating frequencies, the
derating factor or curve shall be given.

5.2.2 Repetitive peak reverse voltage (Vgrrm)

Maximum rated value. If this value has to be derated at higher operating frequencies, the
derating factor or curve shall be given.
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5.2.3 Crest (peak) working reverse voltage (Vrww) (Where appropriate)

Maximum rated value of a repetitive reverse voltage having a half wave sinusoidal wave-form
at mains frequency, usually 50 Hz or 60 Hz (duration: 10 ms or 8,3 ms).

5.2.4 Continuous (direct) reverse voltage (V) (where appropriate)

Maximum rated value.

5.2.5 Non-repetitive peak off-state voltage (Vpgu)

Maximum rated value. If this value has to be derated at higher operating frequencies, the
derating factor or curve shall be given.

5.2.6 Repetitive peak off-state voltage (Vpgrum)

Maximum rated value. If this value has to be derated at higher operating frequencies, the
derating factor or curve shall be given.

5.2.7 Crest (peak) working off-state voltage (Vpy\) (Where appropriate)

Maximum rated value of a repetitive off-state voltage having a half wave sinusoidal waveform
at mains frequency, usually 50 Hz or 60 Hz (duration: 10 ms or 8,3 ms).

5.2.8 Continuous (direct) off-state voltage (Vp) (where appropriate)

Maximum rated value under specified conditions of control signal and gate circuit impedance.
B Gate voltages

Gate voltages are applied between gate and cathode terminals of a P-gate thyristor (gate
positive for a forward gate voltage), and between anode and gate terminals of an N-gate
thyristor (anode positive for a forward gate voltage).

5.2.9 Peak forward gate voltage (anode positive with respect to cathode) (Vggum)

Maximum rated value.

5.2.10 Peak forward gate voltage (anode negative with respect to cathode) (Vggum)

Maximum rated value.

I\l — cathode anode | ,\l

+ —

gate gate

P-gate thyristor N-gate thyristor
IEC 2039/2000

Figure 17 — Application of gate voltages for thyristors



yoan. 1972-2552

60747-6 © IEC:2000 - 95 -

5.2.11 Peak reverse gate voltage (Vgygy) (Where appropriate)

Maximum rated value.
C On-state current

5.2.12 Mean on-state current

The maximum rated values shall be specified in a diagram showing the mean on-state current
for continuous operation with half sine waves of 180° conduction angle and with rectangular
pulses of various conduction angles, at least 180° and 120°, at 50 Hz or 60 Hz, versus
ambient or case temperature.

As a reference value for certain characteristics (see 5.4), the maximum rated value for half
sine waves of 180° conduction angle at 45 °C ambient or 85 °C case temperature should be
given as an example.

NOTE The maximum rated value of the mean on-state current is given on the assumption that no overload
occurs.

5.2.13 Repetitive peak on-state current (where appropriate)

Maximum rated value for continuous operation. This rating shall be expressed with relation to
the on-state current conduction angle, cooling conditions and operating frequency.

5.2.14 RMS on-state current (where appropriate)

Maximum rated value for continuous operation.

5.2.15 Overload on-state current (where appropriate)

This rating shall be given by stating the maximum rated virtual junction temperature and the
maximum transient thermal impedance. In addition, overload current ratings may be given by
means of diagrams.

5.2.16 Surge on-state current

This rating shall be given at initial conditions corresponding to maximum rated virtual junction
temperature. In addition, figures corresponding to lower initial virtual junction temperatures
may be given.

Surge current ratings shall be given for the following time periods:

a) for times smaller than one half cycle (at 50 Hz or 60 Hz), but greater than approximately
1 ms, in terms of maximum rated value of

jizdt

These ratings may be given by means of a curve or by specified values. No immediate
subsequent application of reverse voltage or off-state voltage is assumed.

NOTE For fast turn-on thyristors or fast plasma-spreading thyristors such as those with distributed gate or inter-
digitated gate structures, values for times below 1 ms may be needed.
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b) for times equal to, or greater than, one half cycle and smaller than 15 cycles (at 50 Hz or
60 Hz), in the form of a curve showing the maximum rated surge current versus time.
Temporary loss of gate control shall be assumed to occur.

These ratings should preferably be given for a reverse voltage of 80 % of the maximum
repetitive peak reverse voltage. Additional ratings may be given for reverse voltages of
50 % or 100 % of the maximum repetitive peak reverse voltage.

c) for a time equal to one cycle, with no reverse voltage applied.

5.2.17 Continuous (direct) on-state current (where appropriate)

Maximum rated value.

5.2.18 Peak value of sinusoidal on-state current at higher frequencies
(where appropriate)

Curves showing the maximum rated peak on-state current values as functions of the half sine
wave current pulse duration, with the repetition frequency as a parameter, under the following
conditions:

a) specified case temperature;

b) specified off-state voltage before turn-on;

c) specified reverse voltage;

d) specified gate conditions during turn-on and turn-off;

e) specified RC damping network (snubber).

Figure 18a is given as an example. Figure 18b is given for explanatory purposes only.
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Figure 18a — Maximum rated peak sinusoidal on-state current ltgy (see figure 18b)
as a function of pulse duration tywith parameter: repetition frequency fq = 1/T
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NOTE The pulse waveform includes the current pulse due to the RC damping network.

Figure 18b — Typical current and voltage waveforms for sinusoidal on- state current pulses;
ty is the hold-off interval (see 3.9.14)

Figure 18 — Maximum rated peak sinusoidal on-state current

5.2.19 Peak value of a trapezoidal on-state current at higher frequencies
(where appropriate)

Curves showing the maximum rated on-state current values related to the rate of rise of on-
state current, the repetition frequency and either the duty cycle or pulse duration under the
following conditions:

a) specified case temperature;

b) specified off-state voltage before turn-on;
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c) specified reverse voltage;

NOTE As there is a significant dependence on the applied reverse voltage, it is recommended that two or more
families of curves be given.

d) specified gate conditions during turn-on and turn-off;
e) specified RC damping network (snubber);
f) specified duty cycle or pulse duration.

Figures 19a and 19b are given as examples. Figure 19c is given for explanatory purposes
only.

ITRM ‘\
(A) Duty cycle = 50 %
T.=55°C
f, =
1000 - & 60 kHz
1 000 kHz
2 500 kHz
5 000 kHz
500 : . T >
10 20 50 100 di-/dt  (A/us)

IEC 2042/2000

Figure 19a — Maximum rated peak trapezoidal on-state current I, for a specified t,
(see figure 19c) as a function of the rate of rise of on-state current with parameter
repetition frequency f, = 1/T

lren A
(A)
1000 dir /dt = 50 Alps
T.=55°C
\\ fO -
500 250 kHz 60 kHz
1 000 kHz
2 500 kHz
5 000 kHz
0 T T T >
10 100 1 000 10 000 t, (us)

IEC 2043/2000

NOTE Different sets of curves are required for different values of di/dt.

Figure 19b — Maximum rated peak trapezoidal on-state current I, having a specified di /dt
(see figure 19c) as a function of t, with parameter: repetition frequency f, = 1/T
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Figure 19c — Typical current and voltage waveforms for trapezoidal on-state current pulses;
t, is the hold-off interval (see 3.9.14)

Figure 19 — Peak value of a trapezoidal on-state current

5.2.20 Critical rate of rise of on-state current
Maximum rated value under the following specified conditions:

a) off-state voltage (prior to turn-on), preferably equal to two-thirds of the maximum rated
repetitive peak off-state voltage;

b) peak value of on-state current;
c) repetition rate, preferably 50 Hz or 60 Hz;

d) ambient or case temperature, equal to the highest temperature at which the peak value of
on-state current is permitted;

e) gate-trigger conditions;

f) test duration (the duration shall be longer than the thermal time constant of the device, for
example, 5 s).

NOTE 1 di/dt ratings are not applicable to low-current thyristors.

NOTE 2 The rated value of di/dt should be given for the case of no RC network connected in parallel with the
thyristor. If an additional di/dt rating is given for the case where an RC network is present, the permissible
amplitude and duration of the surges from this network or the parameters of this network must be stated.

5.2.21 Peak case non-rupture current

The limiting value “peak case non-rupture current” shall be specified, where appropriate, as
the maximum value of a triangular current rising at a specified rate, preferably 25 A/us, and
having a specified pulse duration for a starting case temperature to be specified, preferably
25 °C.

NOTE 1 The “peak case non-rupture current” is needed for high-current thyristors (mean current ratings of about
1 000 A and higher) that are used in large converter installations (as a rule, several devices are connected in
parallel), where a device failing to block reverse voltage causes a high, steeply rising short-circuit current that can
fracture the case and cause damage to the equipment before a fuse has time to operate.

NOTE 2 Therefore, the determination or verification of this limiting value of current needs a high-power testing
facility, and the costs of the testing itself and of the samples which are destroyed in the test are considerable and
are justified only in cases where the above danger really exists.
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NOTE 3 The value of the peak case non-rupture current depends considerably on the location of the initial
breakdown, on the silicon chip and is usually lowest if the breakdown occurs near the edge.
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D Gate current

5.2.22 Peak forward-gate current

Maximum rated value, with anode-cathode voltage polarity specified.

NOTE Any qualifications (for example, of time, energy, etc.) applicable to this rating must be stated.

5.3 Other ratings (limiting values)
5.3.1 Frequency ratings

Where applicable, the maximum and/or minimum frequencies for which the voltage and
current ratings apply.

A Power dissipation ratings

5.3.2 Peak gate power dissipation

Maximum rated value for specified pulse duration.
B Temperature ratings

5.3.3 Ambient-rated and case-rated thyristors

Minimum and maximum rated cooling fluid or case temperatures.

5.3.4 Storage temperatures

Minimum and maximum rated values.

5.3.5 Virtual junction temperature (where appropriate)

Maximum rated value.

5.4 Electrical characteristics

(At ambient or case temperature of 25 °C, unless otherwise stated.)
5.4.1 On-state characteristics (where appropriate)

Curves showing instantaneous values of on-state voltage versus on-state current up to the
maximum rated value of the peak repetitive on-state current, at an ambient or case
temperature of 25 °C and at one other higher temperature, preferably equal to the maximum
rated virtual junction temperature.

5.4.2 On-state voltage

Maximum value at a current of gdimes the rated mean on-state current at the maximum rated
virtual junction temperature or at a case or ambient temperature of 25 °C.

NOTE 1 dnay be taken as equal to 3.

NOTE 2 The reference value for calculating the on-state power dissipation under operating conditions is the on-
state voltage at maximum virtual junction temperature. If, however, a well-established correlation exists between
this value and the value at 25 °C, the latter may be given for convenience of testing.
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5.4.3 Holding current

Maximum value and, where appropriate, minimum value under the following specified
conditions:

a) source voltage in the principal circuit, preferably equal to 12 V;

b) gate-bias conditions;

c) peak initial on-state current.

NOTE The maximum value of the holding current is the smallest current that will maintain all thyristors of a given
type in the on state.

The minimum value of the holding current is the highest current below which all thyristors of a given type will
return to the off state.

5.4.4 Latching current
Maximum value under the following specified conditions:

a) source voltage in the principal circuit, preferably equal to 12 V;

b) triggering pulse: rise time, fall time, duration, amplitude, and resistance of the trigger
pulse generator.

NOTE The maximum value of the latching current is the smallest current that will maintain all thyristors of a given
type in the on state immediately after the triggering condition has been removed.

5.4.5 Repetitive peak off-state current

Maximum value at the rated repetitive peak off-state voltage at 25 °C and, where appropriate,
at the maximum rated virtual junction temperature.

5.4.6 Repetitive peak reverse current

Maximum value at the maximum rated repetitive peak reverse voltage at 25 °C; in addition,
where appropriate, maximum value at the maximum rated virtual junction temperature.

5.4.7 Gate-trigger current and gate-trigger voltage

Values of gate current and gate voltage required to turn on all thyristors of a given type.

The following conditions shall be specified:

a) off-state voltage, preferably equal to 12 V;
b) gate-circuit conditions;
c) ambient or case temperature.

5.4.8 Gate non-trigger current and gate non-trigger voltage

Values of the gate current and gate voltage which will not turn on any thyristor of a given
type.

The following conditions shall be specified:
a) off-state voltage, preferably equal to two-thirds of the maximum rated repetitive peak off-
state voltage (Vprum);

b) ambient or case temperature, preferably equal to the maximum rated virtual junction
temperature;

c) gate circuit conditions.
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Presentation of limiting values and characteristics for the gate

Limiting values and characteristics for the gate are preferably given with reference to a
diagram as shown in figure 20. The area indicating certain triggering has a lower limit given
by the gate trigger current.

NOTE The values of gate non-trigger voltage and current should be given at maximum rated virtual junction
temperature. The values of gate-trigger voltage and current should be given at 25 °C and at minimum operating
temperature.

Maximum rated peak gate

power dissipation

A |
Vee "
Typical limits of
N gate characteristics
I A; b
I
GD 2 |
1 |
I
A, A ! >
IGD IGT iFG
IEC 2045/2000
lep gate non-trigger current A, area of non-triggering
lgT gate-trigger current A, area of uncertain triggering
Vgp gate non-trigger voltage A, area of certain triggering
Vgr  9gate-trigger voltage

Figure 20 — Forward gate voltage versus forward gate current

5.4.9 Gate-controlled turn-on delay time

Typical and, where appropriate, maximum and/or minimum value(s), under the following
specified conditions:

a) gate-current amplitude and gate-circuit impedance;

b) rise time of the gate pulse, preferably 0,5 us;

¢) minimum duration of the gate pulse, preferably two times the specified delay time;

d) off-state voltage (prior to turn-on), preferably equal to 0,5 times the maximum rated
repetitive peak off-state voltage.

5.4.10 Circuit commutated turn-off-time
Maximum value under the following specified conditions:

a) waveshape of the preceding on-state current;

NOTE 1 The waveshape shall preferably be rectangular and the duration must be sufficient to achieve
charge carrier equilibrium. The amplitude shall be preferably three times the rated mean on-state current.

b) ambient or case temperature equal to the highest temperature at which the peak value of
the on-state current is permitted;
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c)
d)
e)

f)

g)

waveshape of the reverse-blocking voltage;
reverse voltage at the time of initiation of off-state voltage (time instant t, in figure 21);

peak value and rate of rise of off-state voltage;

NOTE 2 The peak value of the off-state voltage shall be at least two-thirds of the rated repetitive peak off-
state voltage.

gate bias while the thyristor is in the off state:
— gate-source voltage,

— gate-source impedance;

rate of fall of on-state current (—di/dt).

A
|

IEC 2046/2000

capacitor commutation without inverse diode
e ———————————— capacitor commutation with inverse diode
load commutation (parallel resonant circuit)

Figure 21 — Examples of current and voltage waveshapes during turn-off of a thyristor
under various circuit conditions

5.4.11 Critical rate of rise of off-state voltage

Maximum value of the rate of rise of an applied voltage rising in an approximately linear manner.

The following conditions shall be specified:

a)
b)

c)
d)
e)

ambient or case temperature, preferably equal to the maximum rated virtual junction
temperature;

peak off-state voltage, preferably equal to two-thirds the maximum rated repetitive peak
off-state voltage (Vprm);

specified waveform (linear or exponential);
gate-bias conditions;
switching repetition frequency.

5.4.12 Total power loss

For case-rated thyristors only, curves showing the maximum total power loss at maximum
virtual junction temperature as a function of mean on-state current and conduction angle, at
the maximum value of the repetitive peak reverse voltage and at the maximum value of the
repetitive peak off-state voltage. A curve shall be given for each operating condition specified
in 5.2.12.
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5.4.12.1 Total energy loss during one half sine wave on-state current pulse (where
appropriate)

Curves showing the maximum total loss of energy comprising turn-on plus on-state plus
reverse recovery energy related to the peak on-state current and pulse duration under the
following conditions:

NOTE 1 Curves for maximum total energy loss are given under conditions that cause the maximum operating
junction temperature to be reached.

a) specified off-state voltage before turn-on;

b) specified reverse voltage;

NOTE 2 As there is a significant dependence on the reverse recovery loss, it is recommended that two or
more families of curves be given based on different reverse voltages, in order to make it possible to calculate
the reverse recovery loss.

c) specified gate conditions during turn-on and turn-off;
d) specified RC damping network (snubber).

Figure 22a is given as an example.

Figure 22b is given for explanatory purposes only.

I TRM A

(A) Parameter E,

oo | T
’_\ 1

05J

. % 01,

0,01J
10 T T

10 100 1000 tp (Ms)

IEC 2047/2000

»
>

Figure 22a — Total energy loss E_ during a single half sine wave on-state current

pulse of duration t, and amplitude l gy,

IEC 2048/2000

Figure 22b — Single sinusoidal on-state current pulse

Figure 22 — Total energy loss during one half sine wave on-state current pulse
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5.4.12.2 Total energy loss during one trapezoidal on-state current pulse (Ep)
(where appropriate)

Curves showing the maximum total dissipated energy values related to the maximum on-state
current and the pulse duration under the following conditions:

a) specified off-state voltage before turn-on;

b) specified reverse voltage;

NOTE As there is a significant dependence on the reverse recovery loss, it is recommended that two or more
families of curves be given based on different reverse voltages, in order to make it possible to calculate the
reverse recovery loss.

c) specified gate conditions during turn-on and turn-off;
d) specified RC damping network (snubber);
e) specified rates of rise and decay of on-state current.

Figure 23a is given as an example.

Figure 23b is given for explanatory purposes only.

ITRM A
(A) Parameter E
1000 - /\
1J
0,5J
100
_\ 0,1J
0,05J
0,01J
10 T T >
10 100 1000 tw(us)

IEC 2049/2000

Figure 23a — Total energy loss E, during a single trapezoidal on-state current pulse
of duration t,,, and amplitude I 5,

A

Iy

+di,/dt

ITRM

1
iz lrru

IEC 2050/2000

Figure 23b — Single trapezoidal on-state current pulse

Figure 23 — Total energy loss during one trapezoidal on-state current pulse
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5.4.13 Recovered charge (Q,) (where appropriate)

Maximum value, or maximum and minimum values, under the following specified conditions:

a) on-state current, preferably equal to the peak value of the maximum rated mean on-state
current;

b) decay rate of on-state current —di/dt;

c) reverse voltage, preferably equal to 50 % of the maximum rated repetitive peak reverse
voltage (Vrgrm) as specified under 5.2.2;

d) ambient or case temperature equal to the highest temperature at which the peak value of
the on-state current is permitted.

A
|

0,25 I,

0.9 la

Ri IEC 2051/2000

Figure 24 — Recovered charge Q,, peak reverse recovery current Igy,, reverse recovery time t,,
(idealized characteristics)

5.4.14 Peak reverse recovery current (Ixy)(where appropriate) — see figure 24 above

Maximum value under the same specified conditions a) to d) of 5.4.13.

5.4.15 Reverse recovery time (t,,) (where appropriate) — see figure 24 above

Maximum value under the same specified conditions a) to d) of 5.4.13.

5.5 Thermal characteristics
5.5.1 Thermal resistance junction to ambient (Rth(j_a))

Maximum value, for ambient rated thyristors only.

5.5.2  Thermal resistance junction to case (Ryp.c))

Maximum value, for case rated thyristors only.

5.5.3  Thermal resistance case to heatsink (R, .p))

Maximum value, for case rated thyristors only.

5.5.4  Thermal resistance junction to heatsink (R .n))

Maximum value, for heatsink rated thyristors only.
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5.5.5 Transient thermal impedance junction to ambient (Zth(j_a))

For ambient rated thyristors only, a curve of Zih(j-a) @S @ function of the time elapsed following
a step change in power loss.

5.5.6  Transient thermal impedance junction to case (Z.c))

For case rated thyristors only, a curve of Zin(j-c) @S @ function of the time elapsed following a
step change in power loss.

5.5.7 Transient thermal impedance junction to heatsink (Zth(j-h))

For heatsink rated thyristors only, a curve of Zy,; ) as a function of the time elapsed
following a step change in power loss.

5.6 Mechanical characteristics and other data

See IEC 60747-1.

5.7 Application data

A statement of the special requirements that are applicable to series or parallel connection of
thyristors or thyristor stacks.

The manufacturer should be consulted for detailed information.

6 Essential ratings and characteristics for bidirectional triode thyristors
(triacs)

6.1 Thermal conditions

Triacs shall be specified as ambient rated devices or as case-rated devices or as heatsink
rated devices.

6.1.1 Recommended temperatures

Many of the ratings and characteristics are required to be quoted at a temperature of 25 °C
and at one other specified temperature.

Unless otherwise stated, the one other specified temperature shall be chosen by the
manufacturer from the list in IEC 60747-1; in addition, temperatures of —40 °C and +35 °C
may be used.

6.1.2 Rating conditions

The ratings shall be stated under one or more of the following thermal conditions.

A Ambient rated triacs

— Natural convection

At 25 °C and at one higher temperature (see 6.1.1). The cooling fluid and pressure (in the
case of a gas) shall be specified.
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— Air pressure shall be at least 90 kPa (900 mbar), corresponding to a maximum level of
1 000 m above sea-level.

— Forced circulation

At a temperature taken from the list of recommended temperatures (see 6.1.1). The type,
pressure and flow of the cooling fluid shall be specified.

B Case rated or heatsink rated triacs

At a case temperature or heatsink temperature taken from the list of recommended
temperatures (see 6.1.1).

NOTE For small triacs, the temperature on one of the terminals may be specified.

6.2 Voltage and current ratings (limiting values)

The following ratings shall be valid for the whole range of operating conditions as stated for
the particular device.

The ratings and characteristics recommended here are based upon symmetrical operation of
the device in either direction of the principal voltage. Therefore, equal limiting values should
be given for either direction of operation. If a characteristic is sensitive to the gate-triggering
mode, the mode(s) applicable shall be specified.

A Principal voltages

6.2.1 Non-repetitive peak off-state voltage (Vpgy)

Maximum rated value.

If this value has to be derated at higher operating frequencies, the derating factor or curve
shall be given.

6.2.2 Repetitive peak off-state voltage (Vprum)

Maximum rated value.

If this value has to be derated at higher operating frequencies, the derating factor or curve
shall be given.

6.2.3 Crest (peak) working off-state voltage (Vpwm)

Maximum rated value of a repetitive off-state voltage having a half wave sinusoidal wave-
form at mains frequency, usually 50 Hz or 60 Hz (duration: 10 ms or 8,3 ms).

B Gate voltages

Gate voltages are applied between gate and main terminal 1 of the triac, with terminal 1
being the reference point for gate voltage polarity.

6.2.4 Peak positive gate voltage

Maximum rated value.

6.2.5 Peak negative gate voltage

Maximum rated value.
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C Principal current
6.2.6 RMS on-state current

A curve showing maximum rated values versus ambient or case temperature or heatsink
temperature for full sine waves and under phase control conditions. As a reference value for
certain characteristics, the limiting value for full sine waves at 45 °C ambient or 85 °C case
temperature or other specified temperature shall be given as an example.

NOTE The rated r.m.s. on-state current is given on the assumption that no overload occurs.

6.2.7 Repetitive peak on-state current (where appropriate)

Maximum rated value.
This rating shall be expressed in relation to the conduction angle.

6.2.8 Overload on-state current

Where this rating is appropriate, it shall be given by stating the maximum rated virtual
junction temperature and the maximum transient thermal impedance. In addition, overload
current ratings may be given by means of diagrams.

6.2.9 Surge on-state current

This rating shall be given at initial conditions corresponding to maximum rated virtual junction
temperature. In addition, figures corresponding to lower initial virtual junction temperatures
may be given.

Surge current ratings shall be given for the following time periods:

a) for times smaller than one half cycle (at 50 Hz or 60 Hz), but greater than approximately
1 ms, in terms of maximum rated value of

jizdt

These ratings may be given by means of a curve or by specified values. The rating
applies for operation with either polarity of principal voltage. No immediate subsequent
application of off-state voltage is assumed;

b) for times equal to or greater than one full cycle and smaller than 15 cycles (at 50 Hz or
60 Hz), in the form of a curve showing the maximum rated surge current versus time.

Temporary loss of gate control shall be assumed to occur.
These ratings are given for full cycles of 50 Hz or 60 Hz sine wave surge current.

6.2.10 Critical rate of rise of on-state current
Maximum rated value under the following specified conditions:

a) off-state voltage prior to turn-on, preferably equal to a half or two-thirds the maximum
rated repetitive peak off-state voltage of 5.2.6;
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b) peak value of on-state current, preferably equal to\/§ times the rated r.m.s. on-state
current of 5.2.12 specified at 85 °C for case or ambient temperature;

c) repetition rate, preferably 50 Hz or 60 Hz;

d) ambient or case temperature or junction temperature equal to the highest temperature at
which the peak value of the on-state current is permitted;

e) gate-trigger conditions.
NOTE 1 The di/dt ratings are not applicable to low-current triacs.

NOTE 2 The rated value of di/dt should be given where there is no RC network connected in parallel with the
triac. If an additional di/dt rating is given where an RC network is present, the permissible amplitude and duration
of the surge from this network or the parameters of this network must be stated.

6.2.11 Gate currents
6.2.11.1 Peak positive gate current

Maximum rated value.

6.2.11.2 Peak negative gate current

Maximum rated value.

6.3 Other ratings (limiting values)
6.3.1 Frequency ratings

Where applicable, maximum and/or minimum frequencies for which the voltage and current
ratings (subclause 6.2) apply.

A Power loss ratings — Gate power loss

6.3.2 Mean gate power

Maximum rated value.

6.3.3 Peak gate power

Maximum rated value.
If these ratings are temperature or duty factor dependent, derating information shall be given.
B Temperature ratings

6.3.4 Ambient-rated and case-rated triacs

Minimum and maximum rated ambient or case temperatures.

6.3.5 Storage temperatures

Minimum and maximum rated values.

6.3.6 Virtual junction temperature

Minimum and maximum rated value.
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6.4 Electrical characteristics (at 25 °C ambient or case temperature,
unless otherwise stated)

The characteristics recommended here are based upon symmetrical operation of the device,
and therefore shall be based upon limiting values for either direction of operation. If a
characteristic is sensitive to the gate triggering mode, the mode(s) applicable must be
specified.

6.4.1 On-state characteristics (where appropriate)

Curves showing instantaneous value of on-state voltage versus on-state current up to the
maximum rated value of the repetitive peak on-state current at an ambient or case
temperature of 25 °C, and at one other higher temperature, preferably equal to the maximum
rated virtual junction temperature.

This characteristic shall be measured using a pulse method, so that the junction temperature
is approximately equal to the case temperature.

6.4.2 On-state voltage

Maximum value at a current of \/E times the maximum rated r.m.s. on-state current (5.2.12).

6.4.3 Holding current
Maximum and where, appropriate, minimum value under the following specified conditions:

a) off-state voltage, preferably equal to 12 V;
b) gate-bias conditions.

NOTE The maximum value of holding current is the smallest current that will maintain all triacs of a given type in
the on state. The minimum value of holding current is the highest current below which all triacs of a given type will
return to the off state.

6.4.4 Latching current
Maximum value under the following specified conditions:

a) off-state voltage, preferably equal to 12 V;

b) triggering pulse: rise time, fall time, duration, voltage, amplitude, and resistance of the
pulse generator.

NOTE The maximum value of the latching current is the smallest current that will maintain all triacs of a given
type in the on state immediately after the triggering condition has been removed.

6.4.5 Repetitive peak off-state current

Maximum value, at the maximum rated repetitive peak off-state voltage and at the maximum
rated virtual junction temperature.

6.4.6 Critical rate of rise of off-state voltage

Maximum value of the rate of rise of an applied voltage rising in an approximately linear
manner or in an exponential manner from zero to at least a half or two-thirds of the maximum
rated repetitive peak off-state voltage, under specified switching repetition frequency, gate
bias conditions and virtual junction temperature.
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The following conditions shall be specified:
a) ambient or case temperature, preferably equal to the maximum rated virtual junction
temperature;

b) peak off-state voltage, preferably equal to a half or two-thirds of the maximum rated
repetitive peak off-state voltage (Vpry) of 6.2.2;

c) gate bias conditions.

6.4.7 Critical rate of rise of commutating voltage

Maximum value under the following specified conditions:

a) peak on-state current preferably equal to ﬁ times the maximum rated r.m.s. value of on-
state current of 6.2.6 at 25 °C for ambient-rated or at 85 °C for case-rated triacs;

b) duration (90 % of a half sine wave recommended) and rate of reversal of on-state current
di/dt at zero crossing;

c) peak off-state voltage, preferably equal to a half or two-thirds of the maximum rated
repetitive peak off-state voltage (Vpry) of 5.2.6;

d) ambient or case temperature, preferably equal to the maximum rated virtual junction
temperature;

e) gate bias conditions.

6.4.8 Gate trigger current and gate trigger voltage

Values of minimum gate current and minimum gate voltage required to turn on all triacs of a
given type at specified low principal voltage.

The following conditions shall be specified:

a) off-state voltage, preferably 12 V;
b) gate-circuit conditions;

c) ambient or case or junction temperature.

Any other conditions affecting the values of these characteristics shall be specified.

6.4.9 Gate non-trigger current and gate non-trigger voltage

Values of maximum gate current and maximum gate voltage which will not turn on any triac of
a given type at the rated repetitive peak off-state voltage.

The following conditions shall be specified:
a) off-state voltage, preferably equal to a half or two-thirds of the maximum rated repetitive
peak off-state voltage (Vpgy) of 6.2.2;

b) ambient or case temperature, preferably equal to the maximum rated virtual junction
temperature;

c) gate circuit conditions.

Any other conditions affecting the values of these characteristics shall be specified.
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Presentation of limiting values and characteristics for the gate

Limiting values and characteristics for the gate are preferably given with reference to a
diagram as shown in figure 25. The area indicating certain triggering has a lower limit given
by the gate-trigger current.

NOTE 1 The values of gate non-trigger voltage and current should be given at maximum rated virtual junction
temperature. The values of gate trigger voltage and current should be given at 25 °C and a minimum operating
temperature.

NOTE 2 If the characteristics given in figure 25 are different for different quadrants, this should be stated.

Maximum rated peak gate
power dissipation

A |
Ve y
Typical limits of
. gate characteristics
1 A3
1
I
GD 2 )
I 0
J 1
A, A . >
IGD IGT iFG
IEC 2052/2000
lep gate non-trigger current A, area of non-triggering
leT gate trigger current A, area of uncertain triggering
Vgp gate non-trigger voltage Az area of certain triggering

Vgr  gate trigger voltage

Figure 25 — Forward gate voltage versus forward gate current
6.4.10 Gate-controlled turn-on delay time

Typical and, where appropriate, maximum value(s), under the following specified conditions:

a) gate current amplitude;
b) rise time of gate current, preferably equal to 0,5 ys;

c) minimum duration of the gate pulse, preferably equal to two times the specified delay time
of the triac;

d) off-state voltage prior to turn-on, preferably equal to 0,5 times the maximum rated
repetitive peak off-state voltage (Vpgy) of 6.2.2.

6.4.11 Total power loss

A curve showing the maximum total power loss as a function of r.m.s. sinusoidal on-state
current at 50 Hz or 60 Hz.

Where appropriate, the on-state power loss, the turn-on and turn-off loss shall be specified
separately.
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6.5 Thermal characteristics
6.5.1  Thermal resistance junction to ambient (Rypj.4))

Maximum value for ambient-rated triacs only.

6.5.2  Thermal resistance junction to case (Ryp.c))

Maximum value, for case-rated triacs only.

6.5.3  Thermal resistance case to heatsink (R (c.h))

Maximum value, for case rated triacs only.

6.5.4  Thermal resistance junction to heatsink (R .n))

Maximum value, for heatsink rated triacs only.

6.5.5  Transient thermal impedance junction to ambient (Z,_a))

For ambient-rated triacs only, a curve of Z,; ) as a function of the time elapsed following a
step change in power loss.

6.5.6 Transient thermal impedance junction to case (Zth(j_c))

For case-rated triacs only, a curve of Zy, ;) as a function of the time elapsed following a step
change in power loss.

6.5.7 Transient thermal impedance junction to heatsink (Zth(j_h))

For heatsink-rated triacs only, a curve of Zy, 1,y as a function of the time elapsed following a
step change in power loss.

6.6 Mechanical characteristics and other data

See |IEC 60747-1.

6.7 Application data

A statement of the special requirements that are applicable to series or parallel connection of
triacs or triac stacks.

The manufacturer should be consulted for detailed recommendations.

7 Essential ratings and characteristics for gate turn-off thyristors
(GTO thyristors)

7.1 Thermal conditions

GTO thyristors shall be specified as ambient-rated or case-rated or heatsink-rated devices.
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7.1.1 Recommended temperatures

Many of the ratings and characteristics shall be quoted at a temperature of 25 °C and at one
other specified temperature. Unless otherwise stated, the one other temperature should be
chosen by the manufacturer from the list in IEC 60747-1. In addition, temperatures of —40 °C
and +35 °C may be used.

7.1.2 Rating conditions

The ratings given in 7.2 shall be stated under one or more of the following thermal conditions.

A Ambient-rated GTO thyristors

— Natural convection

At 25 °C and at one higher temperature (see 7.1.1). The cooling fluid and pressure (in the
case of a gas) shall be specified.

Air pressure shall be at least 90 kPa (900 mbar), corresponding to a maximum level of
1 000 m above sea level.

— Forced circulation
At a temperature taken from the list of recommended temperatures (see 7.1.1).
The type, pressure and flow rate of the cooling fluid shall be specified.

B Case-rated or heatsink-rated GTO thyristors

At a case or heatsink temperature taken from the list of recommended temperatures
(see 7.1.12).

NOTE For small GTO thyristors, the specified reference point at which the temperature is measured may be
located on one of the terminals.

7.2 Voltage and current ratings (limiting values)

Unless otherwise stated, the following ratings shall be valid for the whole range of operating
conditions as stated for the particular device.

A Anode-cathode voltages

7.2.1 Non-repetitive peak reverse voltage (Vggy)

Maximum rated peak value of a non-repetitive reverse voltage pulse.

7.2.2 Repetitive peak reverse voltage (Vgrm)

Maximum rated peak value of repetitive reverse voltage pulses.

7.2.3 Direct reverse voltage (Vi) (Where appropriate)

Maximum rated value.

7.2.4 Non-repetitive peak off-state voltage (Vpgy) (Where appropriate)

Maximum rated peak value of a non-repetitive, off-state voltage pulse, under specified gate
conditions.
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7.2.5 Repetitive peak off-state voltage (Vpr\)

Maximum rated peak value of repetitive off-state voltage pulses, under specified gate
conditions.

7.2.6 Direct off-state voltage (VD(D)) (where appropriate)

Maximum rated value.
B Gate voltages

7.2.7 Turn-off gate voltage (Vi)

Maximum rated value of the driving voltage in the turn-off gate circuit. The gate voltage will
exceed Vi during short time intervals by the transient from the gate-circuit inductance when
the (reverse) turn-off gate current begins to fall.

C On-state current

7.2.8 Non-repetitive peak controllable on-state current (lyggy)
Maximum rated value under the following conditions:

a) maximum rated virtual junction temperature;

b) specified reapplied off-state voltage, preferably a half or two-thirds of the maximum rated
repetitive peak off-state voltage;

c) specified rate of rise of the reapplied off-state voltage;
d) specified turn-off spike voltage;

e) specified driving voltage in the gate circuit, preferably equal to the maximum rated turn-off
gate voltage;

f) specified rate of rise of the turn-off gate current.

7.2.9 Repetitive peak controllable on-state current (ITQRM)
Maximum rated value under the following conditions:
a) maximum rated virtual junction temperature is reached at the end of the turn-off

procedure;

b) specified reapplied off-state voltage, preferably a half or two-thirds of the maximum rated
repetitive peak off-state voltage;

c) specified rate of rise of the reapplied off-state voltage;
d) specified turn-off spike voltage;

e) specified driving voltage in the gate circuit, preferably equal to the maximum rated turn-off
gate voltage;

f) specified rate of rise of the turn-off gate current.

7.2.10 RMS on-state current (lT(RMS)) (where appropriate)

Maximum rated value under continuous operating conditions.
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7.2.11 Short-time and intermittent duty current

The maximum rated on-state current under short-time or intermittent duty may be calculated
from the resulting total power loss, the transient thermal impedance and the maximum rated
virtual junction temperature using the formulae given in annex A.

7.2.12 Surge on-state current (Itgy)
Maximum rated peak values under the following conditions:
a) initial conditions corresponding to the maximum rated virtual junction temperature. In

addition, figures corresponding to lower virtual junction temperatures may be given;

b) with no off-state or reverse voltage reapplied after the on-state current loading. In
addition, figures valid with specified values of reapplied reverse voltage may be given;

c) for the following waveforms and time periods:
i) a single 50 Hz or 60 Hz half sine wave,

ii) for time intervals between 0,1 ms and 10 ms in terms of the maximum rated 2t value
of

jizdt

These ratings may be given by means of a curve or by specifies values.

NOTE Although surge on-state current ratings are given for half sine waves, they are, according to experience,
also applicable to approximately triangular current waveforms as occur when a sinusoidally rising fault current is
interrupted by a current-limiting fuse.

7.2.13 Critical rate of rise of on-state current ((di{/dt).,)
Maximum rated value under the following conditions:

a) maximum rated virtual junction temperature prior to the current pulse;

b) specified off-state voltage before turn-on, preferably a half or two-thirds of the maximum
rated repetitive peak off-state voltage;

c) specified peak value of the on-state current pulse, preferably equal to the maximum rated
repetitive peak controllable on-state current, with current wave shape and pulse width
specified;

d) specified triggering conditions;
e) specified repetition frequency;
f) specified snubber circuit;

g) test duration (should be longer than the thermal time constant of the device, for example
30 s).

7.3 Other ratings (limiting values)

A Power ratings (limited values)

7.3.1 Peak forward gate power (Pggp)

Maximum rated value for a specified pulse width and repetition rate.
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B Temperature ratings

7.3.2 Virtual junction temperature (ij)

Maximum rated value.

7.3.3 Storage temperatures (Tstg)

Minimum and maximum values.

7.3.4 Maximum permissible soldering temperature for GTO thyristors having solder
terminals (Tg4)

For GTO thyristors having solder terminals, the maximum soldering temperature and duration
shall be specified.

C Mechanical ratings

7.3.5 Mounting torque (for GTO thyristors having screw connections) (M)

For GTO thyristors having screw connections, the maximum and minimum rated torque
values shall be specified.

7.3.6 Clamping force (for disc-type devices) (F)
For GTO thyristors designed for mounting by means of clamps (disc-type devices), the

minimum and maximum rated clamping force values and the stiffness of mounting surfaces
shall be specified.

7.4 Electrical characteristics

To be specified for 25 °C ambient or case temperature, unless otherwise stated.

7.4.1 On-state voltage (V)
Maximum value under the following conditions:

a) specified on-state current, preferably equal to the maximum rated repetitive peak
controllable on-state current;

b) at a case or ambient temperature equal to the maximum rated virtual junction
temperature. If a defined relationship exists between the values at this temperature and at
25 °C, the value at the latter temperature may be given;

c) specified value of gate current (required to maintain full on-state conduction).

7.4.2  Threshold voltage (Vy(1q))

Maximum value at maximum rated virtual junction temperature.

7.4.3 On-state slope resistance (ry)

Maximum value at maximum rated virtual junction temperature.

7.4.4 Holding current (ly)
Maximum value at specified off-state voltage, preferably 24 V.
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7.4.5 Latching current (1)

Maximum value at specified off-state voltage, preferably 24 V and specified triggering
conditions, with current waveshape and pulse width specified.

7.4.6 Critical rate of rise of off-state voltage ((dvp/dt).,)
Maximum value under the following conditions:

a) maximum virtual junction temperature;
b) specified waveform (linear or exponential);

c) specified peak off-state voltage, preferably a half or two-thirds of the maximum rated
repetitive peak off-state voltage;

d) specified gate circuit conditions;
e) specified repetition frequency.

7.4.7 Sustaining gate current (lgggys)

Minimum value.

7.4.8  Peak tail current (Iz))
Maximum value under the following conditions:

a) maximum rated junction temperature;

b) on-state current before turn-off equal to the maximum rated repetitive peak controllable
on-state current;

c) specified off-state voltage, preferably a half or two-thirds of the maximum rated repetitive
peak off-state voltage;

d) specified rate of rise of the reapplied off-state voltage;

e) specified turn-off gate driving voltage, preferably equal to the maximum rated turn-off gate
voltage;

f) specified rate of rise of the turn-off gate current.

7.4.9 Gate trigger current (Ig1) and gate trigger voltage (Vg7)
Minimum values under the following conditions:

a) specified low off-state voltage, preferably 24 V;

b) specified maximum source resistance that will provide sufficient on-state current to assure
conduction of all cathode islands.

7.4.10 Gate non-trigger current (Igp) and gate non-trigger voltage (Vgp)
Maximum values under the following conditions:

a) specified off-state voltage, preferably two-thirds of the maximum rated repetitive peak off-
state voltage;
b) maximum rated virtual junction temperature;

c) specified gate-bias conditions.
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7.4.11 Peak gate turn-off current (Iggom)

Curve showing the minimum value the gate turn-off pulse generator must be capable of
supplying as a function of the peak on-state current to turn the thyristor off under the
following conditions:

a) maximum rated virtual junction temperature;

b) specified value of the reapplied off-state voltage, preferably a half or two-thirds of the
maximum rated repetitive peak off-state voltage;

c) specified rate of rise of the re-applied off-state voltage;

d) specified driving voltage in the gate circuit, preferably equal to the maximum rated turn-off
gate voltage;

e) specified rate of rise of the turn-off gate current;
f) repetition rate.

7.4.12 Turn-on energy loss (Egy)

Curves showing the maximum turn-on energy loss for one on-state current pulse as a
function of the rate of rise of on-state current with the initial off-state voltage as a parameter
(excluding the on-state energy dissipation).

NOTE For half sine waves a good approximation of the rate of rise of the on-state current is:
dip _ 3y

dt t,

where Ity is the amplitude, and t, is the duration of the half-wave.

7.4.13 On-state energy loss (Ey)

Curves showing the maximum on-state energy loss for one on-state current pulse in the
steady state, excluding the turn-on and turn-off loss, as a parameter in a diagram of the
maximum allowable peak on-state current as a function of the pulse duration

a) for half sine waves,
b) for rectangular current pulses.

7.4.14 Turn-off energy loss (Eq)

Curves showing the maximum turn-off energy loss for one on-state current pulse as a
function of the peak on-state current with the rate of rise of the off-state voltage, the turn-off
peak off-state voltage and the turn-off spike voltage as parameters.

NOTE Turn-on, on-state and turn-off power loss values result when the equivalent energy loss values per pulse
are multiplied by the repetition frequency.

7.4.15 (Gate-controlled) delay time (tgd)

Typical and, where appropriate, maximum value for a specified value of the peak forward
gate current.
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7.4.16 Turn-off time intervals

The maximum values of the following time intervals shall be given under the following
conditions:

a) specified peak on-state current to be turned off, preferably equal to the maximum rated
repetitive peak controllable on-state current;

b) specified reapplied off-state voltage, preferably a half or two-thirds of the maximum rated
repetitive peak off-state voltage;

c) specified rate of rise of reapplied off-state voltage;
d) specified turn-off spike voltage;

e) specified driving voltage in the gate circuit, preferably equal to the maximum rated turn-
off gate voltage;

f) specified rate of rise of the turn-off gate current;

g) maximum rated virtual junction temperature.

7.4.16.1 (Gate-controlled) turn-off time (tgq)

Maximum value.

7.4.16.2 (Gate-controlled) turn-off delay time (tdq)

Maximum value.

7.4.16.3 (Gate-controlled) fall time (tfq)

Maximum value.

7.4.16.4 Tail time (tz)

Maximum value.

7.5 Thermal characteristics
7.5.1  Thermal resistance junction to ambient (R.a))

Maximum value, for ambient-rated GTO thyristors only.

7.5.2  Thermal resistance junction to case (R .c))

Maximum value, for case-rated GTO thyristors only.

7.5.3 Thermal resistance case to heatsink (Rth(j_h))

Maximum value, for heatsink-rated GTO thyristors only.

7.5.4 Transient thermal impedance junction to ambient (Zth(j_a))

For ambient-rated GTO thyristors only, a curve of Z, 5y as a function of the time elapsed
following a step change in power loss.
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7.5.5 Transient thermal impedance junction to case (Zth(j_c))

For case-rated GTO thyristors only, a curve of Zy,) as a function of the time elapsed
following a step change in power loss.

7.5.6 Transient thermal impedance junction to heatsink (Zth(j_h))

For heatsink-rated GTO thyristors only, a curve of Zy, ) as a function of the time elapsed
following a step change in power loss.

7.6 Mechanical characteristics and other data

See |IEC 60747-1.

8 Requirements for type tests and routine tests, marking of thyristors

8.1 Type tests

Type tests are carried out on new products on a sample basis in order to determine the
electrical and thermal ratings (limiting values) and characteristics that shall be given in the
data sheet and to establish the test limits for future routine tests.

Some or all of the type tests may be repeated from time to time on samples drawn from
current production or deliveries, so as to confirm that the quality of the product continuously
meets the specified requirements.

The minimum type tests to be carried out on reverse-blocking triode thyristors are listed in
table 2.

Some of the type tests are destructive.

8.2 Routine tests

Routine tests are carried out on the current production or deliveries normally on a 100 %
basis, in order to verify that the ratings (limiting values) and characteristics specified in the
data sheet are met by each specimen.

Routine tests may comprise a selection of the devices into groups.

The minimum routine tests to be carried out on reverse-blocking triode thyristors are listed in
table 2.

8.3 Measuring and test methods

The measuring and test methods given in clause 9 shall be applied.

For the endurance tests, the methods given in 9.4 shall be applied.
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Table 2 — Minimum type and routine tests for reverse-blocking triode thyristors

Type test

Routine test

Measurements of characteristics

On-state voltage

Other static on-state characteristics

Off-state reverse current

Other static off-state and reverse characteristics
Holding current

Latching current

Recovered charge, peak reverse recovery current
Gate trigger current and voltage

Gate non-trigger current

Circuit-commutated turn-off time

Gate-controlled turn-on time

Thermal resistance and transient thermal impedance

Verification of ratings

Critical rate of rise of off-state voltage
Critical rate of rise of on-state current
Surge on-state current

Peak case non-rupture current

Endurance tests

High-temperature a.c. reverse bias test
Thermal cycling load test

X X X X X X X X X X X X

x

x2)

Y Routine test only for devices with specified maximum or minimum values.

2 Type test only for devices with a specified maximum value.

Marking of thyristors

Each thyristor shall be clearly and indelibly marked with the following information:

9

manufacturer’s name and identification;

manufacturer’s or supplier’s type;

Measuring and test methods

Introduction

marking to permit the distinction between anode, cathode and gate terminals.

With few exceptions, indicated in the titles, the measuring and test methods described in this
clause apply to reverse blocking triode thyristors. However, many of them are also applicable
to other types of thyristors.

As regards their application to reverse blocking triode thyristors, the polarities shown in the
circuits are applicable to P-gate thyristors. However, the circuits can be adapted to N-gate
thyristors by changing the polarities of the meters and the sources, as well as the anode and
cathode terminals.
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9.1 Measuring methods for electrical characteristics
9.1.1 General precautions
9.1.1.1 General precautions for d.c. measurements

For measurements of the on-state characteristics of thyristors, the quality of the source of
direct current is not considered to be important, provided that the peak-to-peak ripple is less
than 10 %.

For measurements of the off-state or reverse characteristics, the peak-to-peak ripple of the
voltage source should not exceed 1 % and particular care should be taken to ensure that the
voltage ratings of the thyristors are not exceeded due to any voltage transients.

9.1.1.2 General precautions for a.c. measurements

Diodes may be included in source circuits in order to protect the amplifiers in the oscilloscope
from unwanted half cycle pulses.

Where low reverse currents are being measured, it may be necessary to take suitable
precautions to avoid pick-up, e.g. a screened transformer and suitable earthing. Care should
also be taken to avoid parasitic capacitances.

In addition, particular care should be taken to keep residual inductance as low as possible,
especially for high-current devices.

9.1.1.3 Temperature conditions

For all measurements of electrical characteristics described below, the conditions of temper-
ature should be specified.

Measurements shall be performed only after thermal equilibrium has been reached.

9.1.2 On-state voltage (V1)
9.1.2.1 DC method

On-state voltage can be measured using the circuit shown in figure 26. The specified on-state
current is set after the thyristor has been switched to the on state and the voltage between
the anode and cathode terminals is measured under specified conditions of bias and
impedance of the gate circuit.

—A-®

© |0

IEC 2053/2000

N
L~
—

T thyristor under test

S gate-biasing source

Figure 26 — Circuit for measurement of on-state voltage (d.c. method)
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9.1.2.2 Oscilloscope method

Figure 27a below shows a circuit for the measurement of instantaneous on-state voltage,
using a half sine wave current source under specified conditions of bias and impedance of
the gate circuit. The current is applied through the thyristor in the forward direction with the
thyristor in the on state. The voltage-current curve is displayed on the oscilloscope as shown
in figure 27b.

T
_Jf =
| .
~ S
7 Y N U
R,
R,
—L 1 IEC  2054/2000

T thyristor under test
R, resistor, low resistance
S gate-biasing source

Figure 27a — Circuit for measurement of on-state voltage (oscilloscope method)

IEC 2055/2000

Figure 27b — Graphic representation of on-state voltage versus current characteristic
Figure 27 — Measurement method of instantaneous on-state voltage using oscilloscope

9.1.2.3 Pulse method
Purpose

To measure the on-state voltage of a thyristor under specified conditions, using a pulse
method.
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o\

\

Oscilloscope or peak
reading instruments
IEC 2056/2000

Figure 28 — Circuit diagram for measurement of on-state voltage (pulse method)

Circuit description and requirements

B gate-triggering source

G pulse generator

R4 protective resistor

R, calibrated non-inductive current sensing resistor
T thyristor being measured.

The pulse width and repetition rate of the pulse generator shall be such that negligible
internal heating occurs during the measurement.

The duration of the pulse shall be such that the thyristor is fully turned on. With small
thyristors and with devices having distributed gate structures, the turn-on spreading time is
relatively short, and this condition may be met with pulse widths of 100 pys to 500 ps. With
large thyristors having long turn-on spreading times, pulse widths of 1 ms or more may be
necessary. If the on-state characteristics for rising current and for falling current are not
identical, the characteristic for falling current (i.e. for the fully conducting thyristor) shall be
taken. The thyristor may remain in a partly turned-on condition if the current amplitude is not
high enough.

Peak reading instruments may be used instead of the oscilloscope, but they must be
instruments that allow measurement of the on-state voltage at the time the thyristor is fully
turned on.

Precautions to be observed

Care shall be taken not to exceed the rated di/dt of the thyristor being measured.

Measurement procedure

The pulse generator and gate-triggering voltages are initially set to zero.
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The specified on-state current is then set by increasing the voltage of the pulse generator;
the on-state voltage is measured on the oscilloscope.

Specified conditions

The values of the following conditions shall be stated:

a) peak

on-state current;

b) ambient, case or reference point temperature;

c) gate-triggering circuit bias conditions, including R; as necessary.

9.1.3

Purpose

Peak reverse current (Ixy)

To measure the peak reverse current of a thyristor at a specified value of repetitive peak
reverse voltage under specified conditions.

D,/D,

4 3 DO

R,

D,

— |

4
N

gate circuit

diodes to provide negative half cycles, so

measured

alternating voltage source
protective resistor

calibrated current sensing resistor

thyristor being measured

o\\

Oscilloscope or peak
reading instruments

IEC 2059/2000

that only the reverse characteristic of the thyristor is

Figure 29 — Circuit diagram for measuring peak reverse current

Measurement procedure

The repetitive peak reverse voltage across the thyristor, measured on the oscilloscope, is
adjusted by means of the alternating voltage source. The peak value of the reverse current
through the thyristor is measured on the oscilloscope connected across R,.
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Peak reading instruments may be used instead of the oscilloscope, but they must be
instruments that allow measurement of the peak reverse current at the time the reverse
voltage reaches its peak value.

Specified conditions
The values of the following conditions shall be stated:

a) repetitive peak reverse voltage;

b) frequency of alternating voltage source;

c) gate bias conditions: source voltage and source resistance or gate-cathode resistor;
d) ambient, case or reference point temperature.

9.1.4 Latching current (1)
Purpose
To measure the latching current of a thyristor under specified conditions.

R, R, L
NN
J |l 1

©

kb

IEC 2060/2000

B triggering and gate-bias source
R, protective resistor
R, calibrated non-inductive current sensing resistor

Figure 30 — Circuit diagram for measuring latching current

Circuit description and requirements

The residual inductance L of the circuit including the d.c. voltage source should be as small
as possible.

Measurement procedure

With the resistor R, at its maximum value, the thyristor shall not conduct continuously when
switch S is closed.

The value of R, is then gradually reduced and the principal current allowed to increase until it
does not fall at the end of each triggering pulse. The value of the principal current at this
point corresponds to the value of the latching current (see figure 31 below).

8-
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RS N T
L L L] :

»
t
I latching current IEC 2061/2000

t, trigger pulse duration

Figure 31 — Waveform of the latching current

The measurement may be repeated to obtain greater accuracy by operating switch S and
adjusting the value of Ry until the critical point at which the latching current is reached is
determined accurately.

Specified conditions

The values of the following conditions shall be stated:
a) off-state voltage;

b) gate bias conditions: voltage, polarity and resistance of the gate bias supply, including Ry
as necessary;

c) triggering pulse: rise time, fall time, pulse width, repetition rate, voltage amplitude and
resistance of the trigger pulse generator;

d) ambient, case or reference-point temperature.

9.1.5 Holding current (Iy)
Purpose

To measure the holding current of a thyristor under specified conditions.

i
ORI

Gate triggering current

generator
IEC 2062/2000

Figure 32 — Circuit diagram for measuring holding current
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Circuit description and requirements
Resistor R, is a protective resistor. Resistor R4 shall only be used when specified.

Measurement procedure
The temperature is set to the specified value.

The voltage generator output is increased to obtain the specified value of the off-state voltage
Vp.

Switch S is closed and the gate current increased until the thyristor triggers.

R, is adjusted so that the on-state current is high enough to ensure that the thyristor is fully
turned on.

Switch S is then opened and the on-state current gradually decreased by increasing R until
the thyristor turns off.

The value of the on-state current, measured on ammeter A immediately prior to the turn-off
point, is the holding current.

Specified conditions
a) ambient, case or reference point temperature (T, T¢, T,gf);

b) (where appropriate) minimum on-state current to ensure that the thyristor is fully turned
on;

c) gate circuit resistor (Rs), if required;
d) off-state voltage (Vp).

9.1.6 Off-state current (Ip)

9.1.6.1 DC method

Purpose

To measure the off-state current of a thyristor using d.c. current source.

IEC 2063/2000

S gate biasing source

T thyristor under test

Figure 33 — Circuit diagram for measuring off-state current (d.c. method)

84~



yoan. 1972-2552

60747-6 © IEC:2000 - 168 —

Measurement procedure

The specified forward voltage is applied through the protective resistor R and the off-state
current is measured under specified conditions of bias and impedance of the gate circuit.

The protective resistor R shall be sufficiently large to protect the current meter and the device
being measured in case the device should switch to the conducting state.

9.1.6.2 Oscilloscope method
Purpose

To measure the peak off-state current of a thyristor at a specified value of repetitive peak off-
state voltage under specified conditions.

R, D,
— 1 e o
R,
” b
¢ 7/ ¢ o
/
.
B
l o

\

Oscilloscope or peak
reading instruments
IEC 2064/2000

Figure 34 — Circuit diagram for measuring peak off-state current

Circuit description and requirements

B gate circuit

D, and D, diodes to provide positive half cycles, so that only the off-state characteristic of
the thyristor is measured

G alternating voltage source

Ry protective resistor

R, calibrated non-inductive current sensing resistor
T thyristor being measured

Measurement procedure

The repetitive peak off-state voltage across the thyristor, measured on the oscilloscope, is
adjusted by means of the alternating voltage source. The peak value of the off-state current
through the thyristor is then measured on the oscilloscope connected across R,.
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Peak reading instruments may be used instead of the oscilloscope, but they must be
instruments that allow measurement of the peak off-state current at the time the repetitive
off-state voltage reaches its peak value.

Specified conditions
The values of the following conditions shall be stated:

a) repetitive peak off-state voltage;

b) frequency of alternating voltage;

c) gate bias conditions: source voltage and source resistance or gate-cathode resistor;
d) ambient, case or reference-point temperature.

9.1.7 Gate trigger current or voltage (Ig7), (V1)
Purpose

To measure the gate trigger current and/or voltage of a thyristor under specified conditions.

TN

/\I

“““““ ;
®

Gate trigger
generator
IEC 2065/2000

Figure 35 — Circuit diagram for measuring gate trigger current and/or voltage

Circuit description and requirements

Resistor R, determines the on-state current which must be high enough to ensure that the
thyristor is fully turned on.

The voltage generator G provides a low supply voltage, preferably 12 V or less.

NOTE 1 The alternating voltage generator may be replace by a d.c. generator.

NOTE 2 When measuring very small triggering currents, the voltmeter impedance should be taken into account.
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Measurement procedure
The temperature is set to the specified value.

The gate current is gradually increased until the thyristor just triggers and ammeter A,
indicates an on-state current.

The gate trigger current is the highest recorded value on ammeter A, and the gate trigger
voltage is the corresponding voltage value measured on voltmeter V.

Specified conditions

a) ambient, case or reference-point temperature (T, T¢, T,q);

b) off-state voltage (to be specified if other than 12 V peak a.c.);

c) frequency of alternating generator (to be specified if greater than 65 Hz);
d) gate circuit resistor R, (if required).

9.1.8 Gate non-trigger voltage (Vgp) and gate non-trigger current (Igp)
Purpose

To verify or to measure the gate non-trigger voltage or the gate non-trigger current of a
thyristor under specified conditions.

IEC 2066/2000
B DC gate triggering source

T thyristor being measured

Figure 36 — Circuit diagram for measuring gate non-trigger current and/or voltage
Circuit description and requirements

Resistor R, is a protective resistor which should be as small as practicable. Resistor R, is to
be used only when specified.

The d.c. generator may be replaced by an a.c. generator with a diode in series, in which case
voltmeter V, and ammeter A, should be peak reading instruments.
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Verification method

The temperature is set to the specified value.

The off-state voltage across the thyristor as measured on voltmeter V, is set to the specified
value.

The specified gate non-trigger voltage as measured on voltmeter V, is applied to the gate of
the thyristor. The gate non-trigger voltage is verified if the thyristor has not triggered.

Measuring method

The temperature is set to the specified value.

The off-state voltage across the thyristor as measured on voltmeter V, is set to the specified
value.

The gate voltage is gradually increased until the thyristor triggers and the on-state current
flows through ammeter A;.

The value of the gate voltage immediately prior to triggering, as measured on voltmeter V,, is
the gate non-trigger voltage.

The value of the gate current immediately prior to triggering as measured on ammeter A, is
the gate non-trigger current.

Specified conditions

a) ambient, case or reference-point temperature (T,, T, T;s);
b) off-state voltage Vp (or Vpy);

c) gate circuit resistance R, (if required);

d) gate non-trigger voltage (Vgp) (for verification method only);
e) gate non-trigger current.

9.1.9 Gate controlled delay time (ty) and turn-on time (tgt)
Purpose

To measure the gate controlled delay time and turn-on time (delay time + rise time) of a
thyristor under specified conditions.
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L__;;_a____
Py

IEC 2067/2000
T thyristor being measured

B gate triggering source

Osc. dual-beam oscilloscope

Figure 37 — Circuit diagram for measuring the gate controlled delay time and turn-on time
Circuit description and requirements

To obtain the required rate of rise of on-state current of a thyristor under test T, R,, C4, and L
shall be such that their values are approximately related to the test voltage Vp, current
magnitude |\, and time t; as follows:

Iy -t
C, = 56_M "1
Vp
Vp -t
L=17-P 1
I
V
R, = 0,552
I
|
di/dt = 0,5 M
ty

where t; is the rise time of the on-state current needed to reach 0,5 It), as shown in the
figure below.

50% I,

IEC 2068/2000
Figure 38 — On-state current waveform of a thyristor
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R, is a resistor protecting the diode D when the capacitor C, is being charged.
Resistor R, is only to be used when specified.

Capacitor C, is charged on one half cycle of the supply voltage through D and R;. On the
next half cycle, the gate-trigger pulse generator shall be synchronized so that the gate-trigger
pulse is applied while the charging supply is negative.

One input to the oscilloscope is the voltage across the thyristor and the other input is the
voltage across the non-inductive calibrated resistor Rs.

Precautions to be observed

The half amplitude pulse width shall be large enough not to influence the measurement result
(preferably greater than or equal to 10 ps).

Measurement procedure

The temperature is set to the specified value.
The gate triggering source is switched on.
The off-state voltage measured on the oscilloscope is increased to the specified value.

The delay and rise times can be observed by means of a dual-channel oscilloscope (see
figure 39).

VA
Vo
90% (V,-V,)

VT1

\4

IEC 2069/2000

Figure 39 — Off-state voltage and current waveform of a thyristor
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Specified conditions

a)
b)
c)
d)
e)
f)
g9)
h)

ambient, case or reference point temperature (T,, T, T g)s
gate current (Igum);

rise time, duration and repetition rate of the gate pulse;
off-state voltage just prior to applying the gate current (Vp);
peak anode current (I1p);

gate circuit resistance R, (if required);

di/dt;

turn-on voltage (V14).

9.1.10 Circuit commutated turn-off time (tq)

Purpose

To measure the circuit commutated turn-off time of a thyristor under specified conditions.

NOTE It is measured from the instant when the principal current has fallen to zero and the time when the thyristor
is capable of blocking the off-state voltage without switching to the on state.

i 4

V A
/«— Specified rate of rise

>t

IEC 2070/2000

i thyristor anode current
\Y thyristor anode voltage
IRMm peak reverse current

Figure 40 — Thyristor switching waveforms

Operating principle

The basic circuit diagram in figure 41 indicates the operating principles of a circuit used to
generate the waveforms shown in figure 40. For convenience, the circuit uses current
generators and ideal switches.

91—



yoan. 1972-2552

60747-6 © IEC:2000 - 181 -
L
y R
D, Y
I, S,
—» D,
/T
S4 D_;
@) D,V -~ v, L
G, C,=—
@) e R,
G, V. T
TV
IEC 2071/2000
G, (on-state) constant current generator

G, (variable rate of rise) constant current generator
T thyristor under test
V, reverse voltage supply

Figure 41 — Diagram of basic circuit

The operation of the circuit is as follows:

a) switches S, and S, are closed simultaneously causing the thyristor to switch to the on
state and conduct the specified current I1. Switch S, is then opened and the trigger circuit
disconnected from the thyristor, the on-state current being unaffected;

b) after the specified conduction time, switch S; is closed and a reverse voltage of specified
amplitude is applied across the thyristor to cause current reversal through the thyristor
with specified rate of change;

c) switch S, is closed so that blocking voltage of specified amplitude and rate of change is
applied across the thyristor to determine whether the thyristor is capable of blocking the
off-state voltage without switching to the on-state. The switching sequence (S5 to Sy) is
repeated, using successively shorter time intervals, until the time interval is just long
enough to allow the off-state voltage to be applied without breakover.

In the circuit diode D4 shall have a reverse recovery time longer than the reverse recovery
time of the thyristor, so that the full reverse voltage cycle appears across the thyristor. Diode
D, is used to prevent a commutation voltage transient when the thyristor begins to recover its
reverse blocking capability.

Diode Dj is used in conjunction with the voltage V, to limit the blocking voltage. Inductor L,
and resistor R, are used to determine the rate of current change during switching from the on
state. The current |, completes the reverse recovery of diode D, and then charges capacitor
C, linearly with time at a rate equal to 1,/C4, producing the required rate of rise of blocking
voltage at the end of the switching cycle.

9.1.10.1 First method
The measurement is usually made in a circuit operating on a repetitive basis at commercial

supply frequency, so that a continuous oscilloscope display is possible. Figure 42 shows an
example of such a circuit.
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B gate trigger circuit

T, thyristor being measured
vy  on-state current source

v, variable rate of rise supply
VR reverse voltage source

Figure 42 — Practical circuit

Circuit description and requirements

The on-state current I is obtained from the charge in capacitor C5 which is charged by
means of an adjustable half wave rectified supply. The time constant Cg R; shall be
sufficiently large so that the specified on-state current is essentially constant over the
specified conduction period. L3 limits the rate of rise of on-state current.

The circuit used in figure 42 to generate the blocking voltage differs from that shown in the
basic circuit in figure 41. When thyristor T is triggered, diode D5 is reverse biased (because
of the voltage on capacitor C,) causing the current through inductor L, to be diverted through
T, to charge capacitor C, at a linear rate. The inductance of L, shall be large enough to
maintain constant current until capacitor C, charges to a voltage equal to the sum of voltages
Vs and V.

At this point, diode D5 starts to conduct and clamps the off-state voltage applied to the
thyristor being measured. Resistor R, is used to discharge capacitor C; during the
conduction period before the next switching cycle. Resistor R serves to control the value of
the constant current through L, and Dj.

In addition, the following considerations are applicable:

a) the time constant R,Cy shall be large enough to maintain an essentially constant current
during the conduction period. For test currents above 100 A, a properly designed lumped
constant transmission line and a reduced repetition rate may result in a more practical
source of conduction current;
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b) thyristor T, does not turn off until the charges on C, and Cg reach equilibrium. This
results in considerable power loss in Ry and R,. This loss can be considerably reduced by
adding additional circuitry for turning off thyristor T, following the triggering of thyristor T,
or by reducing the pulse repetition rate;

c) resistor R, provides a discharge path for capacitor C,. The current drawn by R, shall be
less than the holding current of thyristor T, so that it may turn off after C, becomes
charged;

d) effects of distributed capacitance in L,, reverse recovery of diodes D, and D5 and wiring
inductance may cause undesirable oscillations in the re-applied forward voltage
waveform. These effects can be minimized by good design practices including the use of
suitable damping resistances (not included in figure 42);

e) good design practice shall be used to avoid exceeding ratings of the components
selected.
Measurement procedure

The gate trigger generator is synchronized with the supply frequency and provides trigger
pulses on the half cycle following the charging of capacitors C5 and C,. Trigger pulses are
applied to the thyristor under test T, and to thyristors T, and T, in that order, to perform the
switching functions of switches S,, S3, and S, of figure 41.

The conduction period is ended by the gate pulse which triggers thyristor T, allowing the
reverse voltage of capacitor C, to be applied through resistor R,, inductor L, and diode D,
across the thyristor being measured, the functions and requirements of R,, L, and D, being
as described for the basic circuit.

The turn-off time interval is ended by the gate pulse which triggers thyristor T.

9.1.10.2 Alternative method

An alternative method to measure the circuit commutated turn-off time, especially for high
current devices, is shown in figure 43. The voltage and current waveforms in the measuring
circuit are given in figures 44a to 44f.

Circuit description and requirements

The operation of the circuit in figure 43 is as follows:



yoan. 1972-2552

60747-6 © IEC:2000 - 187 -
~ 0O
R MAA/
3 . (Fig 440) 32:23
L, i, (Fig. 44f D, D, C, c
P - — /H/ 4
3'—2 <—
Ve, (Fig. 44d)
v, ir, (Fig. 44b)
(Fig. 44a) . C - (Fig. 44c)
|§¢ -;gz&\(/ﬁg. 44e) 1 bT<2_;Z¢V . DsZS SZ;4
a < L > d
R,
RS[I]
2 .

Osc.
A Be ;I:
3 W

[y d
[y <
> te e{ <
> <
IEC 2073/2000
A control unit
T, thyristor being measured
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vy forward supply
v, reverse voltage supply

Figure 43 — Measurement circuit
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Figure 44 — Voltage and current waveforms

During the negative half cycle of the voltage v;, the capacitor C, is charged by the positive
half cycle of the auxiliary voltage v, to approximately the peak value of v, via thyristor T4
which, at time tg (see figures above), is switched on by the control unit. Before the start of the
measuring process, C, shall be completely charged and thyristor T shall be completely cut-
off.

The measuring process starts when the thyristor being measured T, is switched on by the
control unit at time t; (see figures 44 a-f), i.e. immediately after the supply voltage v, reaches
its peak value (control angle ¢ between 100° and 110°). The current it, through the thyristor
being measured (see figure 44b) increases with an initial slope determined by the
inductances L, and L,. The circuit for this current flow consists of the transformer, L, Dy, Lo,
T, and back
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to the transformer. At time t, (adjustable by the control unit), the current i1, reaches the value
I+ specified for the thyristor being measured and, at the same time, thyristor T, is switched
on by the control unit. Thus, the capacitor C, discharges through the circuit consisting of
thyristor T,, measuring resistor Rg, the thyristor being measured T,, inductance L, and diode
D,, until at time t; (see figure 44b) thyristor T, is cut-off. The rate of fall of i, is determined
mainly by the value of L,. The residual voltage of capacitor C, acts at this time as reverse
voltage for the thyristor being measured. However, due to the hole storage effect, the voltage
across T, is momentarily larger than the voltage across capacitor C,. The resulting voltage
transient is limited in amplitude by the series connection of capacitor C; and resistor R;
shunting the thyristor being measured T,.

After time t; the capacitor C, is charged with opposite polarity through the circuit consisting
of thyristor T,, voltage source v, inductance L, and diodes D, and D,. The almost linear rise
of voltage across capacitor C, (and therefore also across the thyristor being measured) is
mainly due to the magnetic energy stored in inductance L, (see figures 44c and 44d). If the
voltage across the thyristor under test T, reaches the specified blocking voltage (e.g. two-
thirds of the repetitive peak off-state voltage), the thyristor T, is switched on at time t,.

This requires an appropriate design of the control unit. The current flowing through
inductance L4 (and until that moment also through capacitor C,) is taken over by thyristor T,.
The charging of C, is thus ended (see figures 44d and 44e). The voltage of capacitor C, acts
via the resistor-diode combination D,, R, and diode D5 as an almost constant blocking
voltage across the thyristor under test T, until at time t; (see figure 44d), when charging
thyristor T4 is again switched on by the control unit. The capacitor C, is then charged in the
opposite direction from the voltage source v, for the next measuring cycle.

If the thyristor under test does not withstand the applied blocking voltage and therefore
switches on, the capacitor C, discharges through the circuit consisting of current limiting
resistor R, thyristor under test T, and diode Dj. The resistor R, is shunted by a diode D5, in
order to avoid an unacceptable damping of the charging circuit of capacitor C,.

NOTE An exponential test waveform can be used as long as the proper correlating factor is established with the
standard test method.

It should be noted that the energy stored in inductance L, , as well as the charge stored in capacitor C;, may
cause an increase of the turn-off time by increasing the’charge dissipated while the thyristor under test is
switching off.

Components requirements

The inductances L, and L, and the capacitor C, are determined by the following formulae:

t
q
Co = It —
2 T V2
tq
20,0511
At
|_2= V2_
I

Ly> V

where

tq is the turn-off time of the thyristor being measured,;

I+ is the specified current through the thyristor under test before applying the off-state
voltage (see figure 44b);
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V, s the specified peak reverse voltage;

At; = t3 — t, is the specified time of fall of the on-state current (see figure 44b).

When specifying the circuit components, it should be taken into consideration that the
thyristors T, and T, together with the diodes D,, D, and D5 shall have rated values of current
and voltage at least equal to those of the thyristor under test.

Measurement procedure

The measurement of the circuit commutated turn-off time is made in the following manner:

By decreasing the value of capacitance C,, the rate of rise of the voltage vt, is increased
and the time interval t” — t’ shortened until the thyristor under test is switched on. The circuit
commutated turn-off time can then be determined on the oscilloscope as the minimum time
difference for which no switch-on occurs between the instants at which the values of current
ito and of the voltage vy, pass through zero (respectively t’ and t”) (see figures 44b and 44c).

The circuit commutated turn-off time may also be obtained using a single trace oscilloscope
by measuring only the time difference between successive instants at which the voltage v,
passes through zero (" — t;). The time difference between the initial instants when vy,
passes through zero and the instants at which i;, passes through zero (t; — t') can be
determined either by calculation or by measuring average values.

The circuit commutated turn-off time is then the sum of these two time differences.
This method has the advantage that the current measuring resistor Rg may be omitted.

9.1.10.3 Specified conditions (for both methods)
The following conditions shall be specified:

a) the magnitude and rate of fall of the on-state current;

b) the magnitude of the reverse voltage applied during the turn-off interval,
c) the magnitude and rate of rise of the re-applied off-state voltage;

d) the gate bias conditions;

e) ambient, case or reference-point temperature.

9.1.11 Critical rate of rise of off-state voltage (dv/dt)
Purpose

To verify that, at the specified minimum rate of rise of off-state voltage, the thyristor remains
in the off state.
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Figure 45 — Circuit diagram for measuring critical rate of rise of off-state voltage

Circuit description and requirements

One of the following two methods of making this measurement should be specified:

9.1.11.1

Vo
VDM

0,9V,,

0,1V,,

A

Method 1 (linear rate of rise)

V,, = peak anode voltage

t

Figure 46 — Waveform

»
>

t

IEC 2076/2000

The pulse generator provides a linear waveform of specified amplitude and adjustable linear
rate of rise of voltage as shown in figure 46. The straight line connecting the 10 % and 90 %
Vpwm Points shall have the specified slope of the critical rate of rise of off-state voltage.

The following conditions shall be met:

— the instantaneous anode voltage between 10 % and 90 % Vp),, shall not vary by more
than 10 % V), from the straight line connecting the 10 % and 90 % V), points;

— the instantaneous slope of the anode voltage between 10 % and 90 % V), shall not vary
by more than +100 % from the slope of the line connecting the 10 % and 90 % Vpy

points;

— the slope of the straight line connecting the 5 % and 10 % Vp), points shall not be less
than 75 % of the slope of the straight line connecting the 10 % and 90 % V), points;

— the peak of the anode voltage overshoot shall not exceed 10 % of V), unless otherwise

specified.

The test may be made repetitively, provided that the pulse width is at least five times the total
pulse rise time, and that any anode capacitance is discharged between each pulse.

-99—



yoan. 1972-2552

60747-6 © IEC:2000 - 197 -

Resistor Ry is a protective resistor.
The gate biasing circuit is only to be used when specified.

9.1.11.2 Method 2 (exponential rate of rise)

Numerical value of dv/dt
]

09OVou b oo —

0,63 Vpy oo

0,1 Vo

»
' o

al----------

IEC 2077/2000
Figure 47 — Measurement circuit for exponential rate of rise
Circuit description and requirements

The pulse generator provides an exponential waveform of specified amplitude and adjustable
exponential rate of rise of voltage as shown in figure 47.

The theoretical exponential curve which passes through the actual curve at 0,1 V), and
0,63 Vp) shall have a time constant t where

£ 0,63Vpy
T vt

Between 0,1 V), and 0,9 Vp), the voltage shall not differ by more than 5 % Vp), from the
theoretical exponential.

The test may be made repetitively provided that the pulse duration is at least ten times the
time constant t and that any anode-cathode capacitance is discharged between each pulse.

Resistor R, is a protective resistor.

The gate biasing circuit is only to be used when specified.

Measurement procedure (for both methods)
The temperature is set to the specified value.

The amplitude of the voltage from the pulse generator is increased to the specified value as
shown on the oscilloscope.

The rate of rise of the voltage from the pulse generator is adjusted to the specified value as
shown on the oscilloscope.

The voltage waveform across the thyristor is examined on the oscilloscope.

The test is verified if the thyristor remains in the off state.
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Specified conditions (for both methods)

a) ambient, case or reference-point temperature (T, Te, Tiep);

b) critical rate of rise of voltage dv/dt (specify linear or exponential method);
c) peak off-state voltage (Vpy);

d) gate biasing circuit (if required).

9.1.12 Critical rate of rise of commutating voltage of triacs dv/dt (com)
9.1.12.1 First method: low-current triacs

Purpose

To verify that the triac is able to withstand the rate of rise of commutating voltage without loss
of control; this applies to bi-directional thyristors for both polarities of applied voltage.

Load
- —— I
Y'Y |
' e
X I-L R, T
| R, V4
@ E,, sin 0zt @)

—

IEC 2078/2000

Y

T triac under measurement

G gate triggering source

Figure 48 — Measurement circuit for critical rate of rise of commutating voltage

Circuit description and requirements

The power source for the measurement circuit is a 50 Hz or 60 Hz single-phase sine wave
supply.

The X/R ratio for the entire measurement circuit shall be greater than or equal to 10 so that
the supply voltage and current are essentially in quadrature.

Measurement procedure

The rate of rise of the applied commutating voltage (off-state voltage of the device under
measurement) is essentially exponential and is varied by the setting of R; and C;. The
oscilloscope connected across the device under measurement is used to examine the
waveform of this voltage and so to ensure that the device has not triggered due to excessive
dv/dt.
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The numerical value assigned to the dv/dt of the exponential voltage waveform is defined as
the slope of the straight line connecting the 10 % and 63 % points on the measurement
voltage waveform. The 10 % voltage point is used instead of zero because of the difficulty in
determining the time point at which zero voltage occurs. The voltage overshoot should be
limited to 10 % of the specified peak value of the measurement voltage.

The current and voltage waveforms are shown in figure 49.

E A E.sinmt

oy e
A . |
ITM _________ :_:' :
A i E |

0
dv 10%

at (com)

63%
IEC 2079/2000
t,: off-state voltage duration

Figure 49 — Waveforms

The triac under measurement passes the test if, after zero-crossing of i, vp rises to Vpy, and
does not drop back towards zero during the specified off-state voltage duration (t,).

In this method of measurement, the rate of reversal of current (di/dt) is limited by the circuit.
Hence, for triacs with very fast switching capability, the device may sustain the off state even
when R; and C,; are removed. In this case, the dv/dt of the applied voltage waveform is
determined by the capacitance of the triac and the distributed capacitance of other circuit
components, particularly the inductor.
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Specified conditions
These conditions apply for each half cycle of the test voltage and current:

a) frequency of single-phase sinusoidal a.c. supply (50 Hz or 60 Hz);

E
b) peak on-state current (11 zz—M);
L
c) on-state current duration (90 % of half cycle recommended);

d) rate of reversal of on-state current (di/dt) (the slope of the line connecting the 50 % and
0 % Ity points; di/dt = 2 © f I1p);

e) peak off-state voltage (Vpy = Epn);
f) off-state voltage duration (200 ps minimum recommended);
g) gate bias conditions (between current pulses):
gate source voltage,
gate source resistance, or
gate bias resistance;
h) ambient, case or reference point temperature.

9.1.12.2 Second method: high-current triacs with high or low rate of decay
of on-state current

Purpose

To measure the “critical rate of rise of commutating voltage” of high-current triacs over a
large range of values, both under high and low rates of decay of on-state current.

NOTE 1 High-current triacs may be defined as those rated at 50 A r.m.s. and greater.

| D, Y
P T i
R, R, E1<> c, +

IEC 2080/2000

O
N
=l
N

T, R,

1

T, triac being measured

NOTE 2 Other on-state current sources may be used. For example, the transformer providing V,. may be
replaced by a capacitor charged from a power supply.

Figure 50 — Circuit diagram for high current triacs
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T, [l 1l : timing

T, b Lo sequence

IEC 2081/2000

NOTE 3 t,....t, is the time interval within which T, may be triggered. T, may not be triggered before the on-state
current through T, has ceased, but must be triggered early enough to allow C, to be completely recharged, and
the charging current through T, to have ceased before T, is triggered again.

Figure 51a — Waveforms with high di/dt

i A
Y Slope di/dt
0 . >
\:/ | t
v, A . Duration of off-state voltage
0 ! . >
t
Slope dv/dt

IEC 2082/2000

Figure 51b — Waveforms with low di/dt

Figure 51 — Waveforms with high and low di/dt
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Circuit description and requirements

The on-state current Iy is supplied from the alternating supply V. via thyristor T,, resistor Ry
and inductor L, to the triac T, being measured.

Inductor L, is chosen so as not to exceed the limiting value di/dt.

T, is triggered at the same time as the triac T,. The off-state voltage V, is supplied from the
voltage developed across the capacitor C, due to the triggering of thyristor T4 and is applied
to the triac T, via inductor L, when thyristor T, is triggered.

The on-state current, measured across Ry, by the oscilloscope, is set by adjusting V,.. If T,
is triggered during the on-state half sine wave (figure 51a) di/dt and the duration of the off-
state voltage are dependent on the values of L, and C,; dv/dt is dependent on the values of
C,, Ryand E,. If T, is triggered at the end of the on-state half sine wave (figure 51b) di/dt is
dependent on V. and the half wave duration.

When a linear rate of rise of commutating voltage is specified, refer to 9.1.10.1 method 1 for
specification of required linearity. In this case, source E; clamps the off-state voltage V.

When an exponential rate of rise of commutating voltage is specified, refer to 9.1.10.1
method 2, for permitted waveshapes. In this case, E; and D, shall be omitted and the value
of Vp is obtained from the setting of E,.

Precautions to be observed

Care must be taken to ensure that stray capacitance to earth, due to heatsinks, etc., does not
affect the measurements.

The repetition frequency shall be low enough to prevent significant rise of junction
temperature of the triac being measured.

The durations of the off-state voltage and the on-state current shall be long enough so that
doubling them will not cause any change in the critical rate of rise of commutating voltage of
the triac being measured.

Provisions, such as adding resistance in series with inductor L,, shall be made to ensure that
the triac being measured will not be destroyed if the triac cannot withstand the applied dv/dt
and that capacitor C, discharges through the triac being measured.

Measurement procedure

All supplies are set to zero and C, is set to a maximum before the triac is connected into the
circuit.

The temperature is set to the specified value.
Gate bias conditions are set as specified.

The on-state current is set to the specified value by adjustment of V,. (for waveforms, see
examples in figures 51a and 51b).
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The peak off-state voltage is set to the specified value:

a) for the exponential rate of rise of voltage, by means of E,,
b) for the linear rate of rise of voltage, clamped by means of E;, with the value of E, set high
enough to achieve the required linearity.

For high di/dt (=50 A/us), T, is triggered during the on-state half sine wave through T, (figure 51a);
di/dt is set to the specified value by means of L.

For low di/dt T, is triggered at an instant so that it begins to conduct on-state current at the
end of the on-state half sine wave through T, (figure 51b).

The voltage waveform across the triac is observed on the oscilloscope (see for example
figures 51a and 51b) and the rate of rise of commutating voltage is increased by adjustment
of C, to the highest value at which the off-state voltage can be maintained across the triac
without its breaking over into on state. This is the critical rate of rise of commutating voltage.

The measurement is repeated with the triac polarity reversed.

Specified conditions

a) ambient, case or reference point temperature;

b) peak on-state current (I1y);

c) peak off-state voltage (Vpy);

d) gate bias conditions (during rise of commutating voltage);
e) rate of decay of on-state current (di/dt).

9.1.13 Recovered charge (Q,) and reverse recovery time (t,,)

9.1.13.1 Half sine wave method
Purpose

To measure the recovered charge Q, and the reverse recovery time t.. of a thyristor under
specified conditions.

R1 L1 T1
——1 ~, —
+ I =G T

Ggi M:JQ ™ i §j

IEC 2083/2000

T thyristor being measured

Figure 52 — Circuit diagram for recovered charge and reverse recovery time
(half sine wave method)
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Figure 53 — Current waveform through the thyristor T

Circuit description and requirements

C, capacitor supplying the on-state current (see also L)

C, capacitor limiting the high induced reverse voltage

D, antiparallel diode

G on-state current generator

Ly inductor adjusting the rate of change of forward current —dit/dt and the pulse duration
(tp - “m)

M measuring instrument (for example: an oscilloscope)

R4 resistor limiting the charge of C,

R,  resistor limiting the high induced reverse voltage

R;  calibrated non-inductive current sensing resistor

T4 electronic switch (for example: a thyristor)

Measurement procedure

Thyristor T4 and the thyristor being measured T are simultaneously triggered; the on-state
current generator G is adjusted to give the specified value of the peak on-state current Iy,
through the thyristor T. The pulse duration t,, the rate of change of forward current —di;/dt,
the voltage V, at the C, terminals shall be in accordance with the specified conditions.

The recovered charge is measured as

to +t;
Q= [iR-dt
to
where
ty is the instant when the current passes through zero;

t.

i is the specified integration time, preferably equal to the specified maximum value of t,,.

The reverse recovery time t, is measured as the time interval between t; and the instant

when, for decreasing values of iz, a line through the points for 0,9 Iz, and 0,25 Ig, crosses
the zero current axis.
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Specified conditions

a) ambient or case temperature;

b) peak on-state current I1y;

c) voltage V, at the C, terminals;

d) pulse duration of on-state current to;

e) rate of change of on-state current —di;/dt (see note);

f) integration time t;.

g) Cq, Cy Ry

NOTE The rate of change of on-state current is measured at zero crossing current, if possible for current values
between it = — Igy and i, = 0,5 Igy. In the latter case

di |
87 3 RM (g6 figure 53)
dt 2 At

9.1.13.2 Rectangular wave method
Purpose

To measure the recovered charge Q, and the reverse recovery time t,. of a thyristor under
specified conditions.

ng

T thyristor being measured IEC  2085/2000

Figure 54 — Circuit diagram for recovered charge and reverse recover time
(rectangular wave method
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Figure 55 — Current waveform through the thyristor T
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Circuit description and requirements

C, capacitor supplying the reverse recovery current of T
C, capacitor limiting the high induced reverse voltage
D, antiparallel diode

G on-state current generator

L, inductor blocking the reverse voltage (the value of L{/R; is selected to be much smaller
than the time tp)

L, inductor adjusting the rate of change of forward current —di;/dt
M measuring instrument (for example, an oscilloscope)

R4  resistor limiting on-state current

R, resistor limiting the high induced reverse voltage

R3  calibrated non-inductive current sensing resistor

T,and T, electronic switches (for example, thyristors)

Measurement procedure

Thyristor T, and thyristor being measured T are simultaneously triggered and the on-state
current generator G is adjusted to give the specified value of on-state current I; before
triggering T,.

Thyristor T, is triggered after the time t, and the current through the thyristor T is reversed by
means of an externally applied reverse voltage Vg.

The rate of change of forward current is adjusted to the specified value by means of the
reverse voltage Vg in association with capacitor C4 and inductor L,.

The recovered charge is measured as
to +ti
Q= [ig-dt

to
where

ty is the instant when the current passes through zero;
t, is the specified integration time, preferably equal to or greater than the specified
maximum value of t,,.

The reverse recovery time t,. is measured as the time interval between ty and the instant
when, for decreasing values of ig, a line through the points for 0,9 Igy, or, if specified, Igy
and 0,25 Ig), crosses the zero current axis.

Specified conditions
a) ambient or case temperature;

b) on-state current (before triggering T,) I;

c) reverse voltage Vg;

d) pulse duration of on-state current to;

e) rate of change of on-state current —di;/dt (see note);

f) integration time t;
g) Ly, Ly, Cy, Ry,

NOTE The rate of change of on-state current is measured at zero crossing current, if possible for current values
between iT = —IRM and iR =0,5 IRM. In the latter case

di |
_Gr 3 Rm (see figure 55)
dt 2 At
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9.1.14 Circuit commutated turn-off time (tq) of a reverse conducting thyristor
Purpose
To measure the circuit commutated turn-off time of a reverse conducting thyristor (where a

diode is integrated with a thyristor on a common silicon chip) or of an (asymmetrical) reverse
blocking thyristor with an inverse diode connected under specified conditions.

L, D, T, D, L,
- O
g . h
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D, > T,

T D,.Y R,
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M

_
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|
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|
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O

]
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. GF L,
T

IEC 2087/2000

T reverse-conducting thyristor or thyristor with inverse diode being measured

Figure 56 — Circuit diagram for measuring circuit commutated turn-off time
of reverse conducting thyristor
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IEC 2088/2000

Figure 57 — Current and voltage waveforms of commutated turn-off time
of reverse conducting thyristor
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Circuit description and requirements

vV, on-state current source

vV, reverse current source

Vs voltage for clamping the reapplied off-state voltage

Cy L, L'y oscillating circuit to produce the on-state current half wave

C, L, oscillating circuit to produce the reverse current half wave

Cy capacitor determining the rate of rise of the reapplied off-state voltage

T thyristor to reduce the current through the thyristor being measured when it
breaks over

T, thyristor to initiate reverse conduction

G trigger pulse generator

Ry non-inductive current sensing resistor

T thyristor being measured

D,.D'y,

D,, D3 D, fastrecovery diodes

The capacitors C; and C, are charged during the same half cycle of the voltages V; and V,
(T5 shall be triggered). During the following half cycle, the thyristor being measured is
triggered and conducts a quarter sine wave, the form of which is determined by V,, C; and L,
(and L'y).

At the instant when the on-state current reaches its crest value I, thyristor T, is triggered.
The current through the thyristor being measured reverses. The half sine wave reverse
current is determined by V,, C, and L,. Its duration determines the hold-off interval t, (see
figure 57).

After the reverse current half wave, the current from C; and L, charges capacitor C, almost
linearly. The rate of rise of the voltage across C, is determined by the charging current and
by the value of C4, and may be varied by adjusting C,. The peak value Vp), is limited by the
clamping voltage V5. Diode D, prevents C, from discharging so that the voltage across the
thyristor being measured remains at V), for some time.

The value of R, shall be high enough to limit the discharge current from C, when the thyristor
being measured breaks over.

It is advisable to divide L;, D; and L'y, D'; and to add the auxiliary thyristor T, which is
triggered together with T,, so that when the forward voltage is reapplied, only a small part of
the current from C; charges C, (which may be made rather small in this case) or flows
through the thyristor being measured when it breaks over.

Measurement procedure

the temperature is set to the specified value,
— the trigger pulse generator is switched on,

— the on-state current through the thyristor being measured is set to the specified value by
adjusting V,; and L,

— the reverse current is set to the specified value by adjusting V,, L, and C,,

— the peak value of the reapplied off-state voltage is set to the specified value by adjusting
V3,

— the rate of rise of off-state voltage is set to the specified value by adjusting C,,

— by adjusting L, and C,, the hold-off interval t, is reduced so that the device just does not
break over. The value of ty, is the circuit commutated turn-off time t,.
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NOTE The voltage V, must be higher than V,, to make sure that the current from C, does not flow into C, after
commutation.
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Specified conditions
The values of the following conditions should be specified:

a) case or reference point temperature;

b) peak on-state current Ity;

c) duration t,, of the on-state current (quarter sine wave),
d) peak reverse current Igpy;

e) reapplied off-state voltage Vpy;

f) rate of rise of the reapplied off-state voltage dv/dt;

g) gate circuit conditions.

9.1.15 Turn-off behaviour of GTO thyristors
Purpose
To measure the (gate-controlled) turn-off delay time (ty,), the (gate-controlled) turn-off time

(tyq), the tai_l time (t,), the (.g'ate-cont.rc')lled) fall time (tfq) and the tail current (I,,,) of a gate
turn-off thyristor under specified conditions.

Circuit diagram and current and voltage waveforms

Tl Ll RL LL LP
S : ——r™ : 2’28
| D, | L
i I<,| : NY\_\\ RG .
+ | ' R[] D5 é/) —@—I |—|:|— S
o  veto Ty T = :
- | | R, L _
l I L
! | Cl_! [l]R3 Q\/P 0
: 7 il

IEC 2089/2000

Figure 58 — Circuit diagram to measure turn-off behaviour of GTO thyristors
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Figure 59 — Voltage and current waveforms during turn-off

Circuit description and requirements

G
CZ
RL, LL

d.c. current supply with low internal resistance
charging capacitor with high capacitance and voltage V.,

load resistance and inductance which define the rate of rise di/dt and the peak value
Ity of the on-state current:

v

dildt=—CS2
L+Lp

| _Ve2

™ RL

snubber capacitor used to adjust the rate of rise of the re-applied off-state voltage
dvp/dt during turn-off:

dvD/dtle—'vI
Cy

snubber resistor to limit rate of discharge of C, during turn-off
snubber diode to bypass the snubber resistor during turn-off
auxiliary thyristor to charge C,
inductance to limit di/dt through T,
free wheeling diode
protective thyristor
measuring shunt for the principal current
measuring shunt for the gate current
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B trigger circuit for turn-on and turn-off

Rg total resistance between gate and voltage source of the trigger circuit (including
connections)

Lg inductance to keep the turn-off gate current Iggo constant when the internal
resistance of the thyristor rises during turn-off

Ls inductance of the snubber network

Lp parasitic inductance (see under “precautions”)

By triggering T, the capacitor C, is charged from the direct current supply G. With T, turned
off, the GTO under test T is triggered by the forward gate current |5 to conduct the specified
on-state current I4y,.

This on-state current is turned off at the end of the chosen conduction time by the turn-off
gate current Iggq-

As a consequence the voltage across the device under test T rises with the set dvp/dt to
Vbowm- This measurement procedure can be performed periodically as well as non-
recurrently.

NOTE The current conduction time should be such that when increasing it by a factor of 2, no change in the
measured turn-off time interval nor in the tail current will occur.

Precautions

The parasitic inductance Lp between the device under test T and the free wheeling diode D,
should be minimized so that the difference between the voltage Vpg)y across T and the
voltage V., across C, is as small as possible.

When measuring periodically, the repetition frequency should be chosen such that no
increase in the junction temperature of the GTO is observed.

The circuit set-up shall be made carefully so as to avoid overloading the device under test.
This is especially important with respect to the protection circuit branch C;, D;, whose
parasitic inductance and diode voltage determine the value of the turn-off spike voltage. Care
should be taken not to exceed a safe value as defined by the manufacturer.

Precautions should be taken to prevent the device under test from being destroyed due to
retriggering when it does not withstand the blocking voltage during turn off. To ensure this, a
protective thyristor T, can be used.

Measurement procedure

The case temperature is fixed at the specified value.

The trigger circuit for the thyristor T, and gate drive circuit for the GTO T are synchronized so
that the repetition frequency f, results.

The current source G is set to deliver a specified load current. By adjusting the load circuit
(R and L) components respectively, the necessary off-state voltage Vbowm is achieved.

The rate of rise of the off-state voltage is fixed at the specified value by varying C;.

Then the turn-off spike voltage Vg gp) is checked.
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Ls is adjusted to the specified value.
V¢, is adjusted to obtain the specified V value.
Lp is adjusted to obtain the specified V), value.

The turn-off delay time, the tail time, the fall time and the tail current can be viewed with a
dual trace oscilloscope.

In addition the peak turn-off gate current can be viewed with an additional oscilloscope.

Turn-off conditions which retrigger the device under test during reapplication of the off-state
voltage should be avoided. This should only be done when evaluating limiting values.

Specified conditions

a) case temperature (T.);

b) repetition frequency fy;

c) duration and amplitude I, of the on-state current;
d) peak value Vpq)y of the off-state voltage;

e) conditions of the trigger circuit B;

f) rate of rise digq/dt of the turn-off gate current;

g) rate of rise dvp/dt of the off-state voltage or alternatively value of the snubber capacitor
Cy;

h) parasitic inductance Lg of the snubber network in combination with the turn-off spike
voltage Vqsp)-
9.1.16 Total energy loss during one cycle (for fast switching thyristors)

The methods for verifying the maximum rated on-state current at high switching frequencies
as described in 9.3.4 can also be used to determine the total energy loss Ep during one cycle
of the switching frequency. This energy loss is

tw
Ep = (I)v(t)~i(t)-dt

where

v(t) is the voltage across the thyristor;

i(t) is the current flowing through the thyristor;
t,, is the duration of one cycle.

In practice, it is difficult to determine Ep from the above equation, and so the following
procedure may be used instead.

A direct on-state current is passed though the thyristor such that the same temperature is
reached at the reference point on the case as was measured previously with the thyristor
under pulse operation. Both temperature measurements shall be made under exactly the
same cooling conditions and under the same thermal equilibrium conditions.
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The product of the direct on-state current and the on-state voltage of the thyristor under test
is the same as the total power dissipation in the thyristor under pulse operation.

The total energy loss during one cycle is calculated by dividing the total power dissipation by
the repetition frequency.

9.2 Measuring methods for thermal characteristics

NOTE 1 Where applicable (methods A, B, and C), the descriptions apply to both case-rated and ambient-rated thyristors.
For this, they are written in terms of the “reference point temperature T,”, where T, may be either T or T,.

NOTE 2 For easier legibility, the subscript “vj” for “virtual junction” has been shortened to “j".

9.2.1 Measurement of the case temperature

If the reference point is a hole that has been drilled by the manufacturer for this purpose, the
case temperature is measured by means of a thermo-sensor (e.g. a thermocouple) inserted
into this hole.

The thermocouple bead should be formed by welding rather than by soldering or twisting. The
bead is inserted into the hole which is then closed over the thermocouple bead by tapping the
metal at the edges of the hole (peened closed).

For other devices, the temperature at the reference point is measured by means of a
temperature-sensitive element having negligible thermal capacitance, which is cemented,
soldered, clamped or held rigidly against the reference point so as to ensure a negligible
thermal resistance.

9.2.2  Measuring methods for thermal resistance (R;,) and transient thermal
impedance (Z,)

A Methods using a temperature-sensitive characteristic of the thyristor as an indicator
of the virtual junction temperature

Method A

As a temperature-sensitive characteristic, the on-state voltage of the thyristor at a small
percentage of rated on-state current is used. The available sensitivity is about —2 mV/ °C.

This method is less suitable for thyristors with large wafer diameters for the following reason:
during the measuring period at the low reference current, the active area is reduced to an
unknown and much smaller size which varies with temperature and time.

Method B

The method also uses the on-state voltage of the thyristor as the temperature-sensitive
characteristic but at a value of the reference current that is typically larger than the rated on-
state current. It is well suited for thyristors with larger wafer diameters and for all GTO
thyristors. The available sensitivity is about +6 mV/ °C.

Method C (for GTO thyristors only)
The method uses the avalanche voltage on the gate at a reference gate current pulse as a

temperature-sensitive characteristic. It is suitable for GTO thyristors if they have, as usual,
an avalanche characteristic at the gate. The available sensitivity is about +20 mV/ °C.

-117-



yoan. 1972-2552

60747-6 © IEC:2000 - 232 -

B Measurement by means of a heat-flow

Method D (for Ry, only)
The method is applicable for all thyristors in disc type housings with cooling from the anode
side and cathode side. The method allows the separate measurement of the thermal

resistances between virtual junction and cathode side (R j.c)k) and between virtual junction
and anode side (Ryp(j.c)a)-

9.2.3 Method A
9.2.3.1 Thermal resistance (Ry,)
Purpose

To measure the thermal resistance of a thyristor between the virtual junction and a reference
point.

Principle of the method

The temperatures T,(1) and T,(2) at the reference point are measured for two different power
losses P(1) and P(2) and cooling conditions causing the same virtual junction temperature.
The on-state voltage at a reference current is used to verify that the same virtual junction
temperature has been reached. Then:

Ry =

|1 S1 Sz

SPRT)
B O | e ©

3

IEC 2091/2000

Figure 60 — Basic circuit diagram for the measurement of Ry, (method A)

Circuit description and requirements

T thyristor being measured
Iy heating current, either a direct or an alternating current

I reference direct current monitored when the heating current is interrupted periodically
for short time gaps

I3 trigger current to maintain the thyristor in an on-state, continuous or pulsed condition
(pulsed conditions to be specified)

W wattmeter to indicate the total power loss P in the junction during the heating periods
(for the a.c. method, W measures the average power loss)

S, electronic switch to interrupt periodically the heating current |, (for the d.c. method); for
the a.c. method, switch S, is not mandatory
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S, electronic switch which is closed when the heating current I is interrupted
\ null — method voltmeter

Precautions to be observed

— Voltage transients occur due to excess charge carriers when the heating current is
interrupted. Additional voltage transients occur if the case of the device under test
contains ferromagnetic material. The switch S, shall not be closed before these transients
have disappeared.

— Generally, the reference current |, shall be sufficiently high to hold the whole junction
area in the on-state. To check this, it is necessary to ensure that the current remains
stable immediately following the step changes in the terminal voltages such as when the
heating current is interrupted and the on-state voltage of the thyristor being measured
falls rapidly from a relatively higher value to a lower value.

Measurement procedure

The device to be measured is mounted in such a way that the reference point temperature
can be sufficiently stabilized at a fixed value, and measured as required in 9.2.1.

The measurement is carried out in two steps:

The reference point is maintained at an elevated temperature T.(1). A low heating current is
applied causing the total power loss P(1) in the junction. After reaching thermal equilibrium,
the null-method voltmeter V is adjusted for zero balance. T (1) and P (1) are recorded.

The reference point is maintained at a lower temperature T,(2). The heating current is raised
until the total power P(2) warms up the junction to the same temperature as during step 1.
This is indicated by zero balance of the null-method voltmeter V. T,(2) and P (2) are
recorded.

The thermal resistance is calculated using the expression:

T, (1)-T, (2)

P(2)-P(1)

9.2.3.2 Transient thermal impedance (Z,)

Rin =

Purpose

To measure the transient thermal impedance of a thyristor between the virtual junction and a
reference point.

Principle of the method

A calibration curve is established that shows for thermal equilibrium the on-state voltage at a
reference current |, as a function of the reference-point temperature.

The transient thermal impedance Z,(t) is calculated by means of the calibration curve from
the values of on-state voltage and reference-point temperature at the beginning and the end
of a cooling time t that follows a heating period in which the thyristor was heated by a
measured power to reach thermal equilibrium.
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Figure 61 — Basic circuit diagram for the measurement of Z, (t) (method A)

IEC 2092/2000

Circuit description and requirements

T thyristor being measured

Iy heating current

I reference direct current

I3 trigger current

S electronic switch to interrupt the heating current I,

W wattmeter to indicate the total power loss in the junction during the heating period

RE recording equipment, for example an oscilloscope to record the time variation of the
forward voltage V; caused by I,

Precautions to be observed

Generally the reference current I, shall be sufficiently high to hold the whole junction area in
the on state.

Measurement procedure

The thyristor to be measured is mounted in such a way that the reference point temperature
can sufficiently be stabilized at a fixed value and can be measured in accordance with the
requirements stated in 9.2.1.

With switch S opened, |, is adjusted to the fixed value. The calibration curve (see the note
below)

Vi* = (T,

is established by measuring the on-state voltage V;* generated at thermal equilibrium by the
reference current |, as a function of the externally varied reference point temperature T,*.

The heating current 1, is applied by closing switch S. After thermal equilibrium has been
reached, the power loss in the thyristor P(0) and the on-state voltage V4(0) at t = 0 are
recorded.

At t = 0 (start of the cooling period) the heating current is interrupted by opening switch S.
The on-state voltage generated by |, is recorded as a function of the cooling time. The
course of the reference-point temperature shall also be recorded if the latter cannot be
sufficiently stabilized.
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After the new thermal equilibrium is sufficiently reached, the power loss is again recorded
(P(1)).

NOTE Values referring to the calibration curve are indicated by an asterisk * next to the letter symbol.

For a given cooling time t, the transient thermal impedance is calculated using the equation;:

[Tr*(0) = Tr*(t)] - [Tr(0) - Tr(t)]

Zip () = PO) PO

where

T, (0) or T,* (t) are taken from the calibration curve for values of V;* equal to the measured
values of V1(0) or V1(t) respectively;

T.(0)and T,(t) are the measured values of T att =0 and t =t, respectively.

9.2.4 Method B

9.2.41 Principles of the measuring method

Measurement of the virtual junction temperature (T;)

To measure the value T,,, at a given instant t,, a sinusoidal half wave current pulse is

superimposed on the actual on-state current flowing at this instant that meets the following
requirements (see figure 62).

t t t
| t
—» —
IEC 2093/2000 IEC 2094/2000
Figure 62a — With low level of ITm Figure 62b — With high level of ITm

Figure 62 — Superposition of the reference current pulse on different on-state currents

The peak value of the current pulse I\, is reached at t = t,,. For this, the pulse starts at
t =1t,, —t, where t, is the rise time of the pulse to its peak value.

The pulse duration 2t, is small compared with the thermal time constant of the silicon chip,
but also sufficiently large so that after t. equilibrium of the charge carriers in the thyristor has
been reached.

The amplitude of the added pulse is controlled so that, independently of the pre-load I,
always the same peak value I3\, (reference measuring current) is reached.
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The value of I1), shall typically be larger than the value of the rated on-state current.

The superimposed power dissipation during the current pulse leads to a superimposed rise of
virtual junction temperature which possibly cannot be neglected. Figure 63 shows this for the
more general case where, after P had been reduced at t = 0 from P(1) to the lower value
P(2), thermal equilibrium would not yet be reached at t = t,,.

The solid line in figure 63b shows this additional rise AT; which reaches the value AT, at
t=t,.

Figure 63c shows the course of the virtual junction temperature TJ- that results from the linear
addition of AT; to T;.

At t = t,, the value T',,, = T, + AT, is reached and this value is measured by means of a
calibration curve. The value {o be measured shall then be calculated as

T =T — AT (1)

For this, a sufficiently accurate value of Aij can be calculated from known typical parameter
values of the thyristor.

Due to the linear superposition of AT, on T, the value of T';,, does not depend on whether
thermal equilibrium would already have been reached at t,, or not. Thus, the measuring
method is applicable to the measurement of both Ry, and Zy,(t).
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Figure 63 — Waveforms for power loss and virtual junction temperature (general case)
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Calculation of AT,

If the requirements listed above are met, the course of P during t. can be replaced by a

constant power loss, (5p, dashed line in figure 63a) that equals the mean value of the actual
power loss during t,. In a first-order approximation it shall further be supposed that the actual
course of the superimposed power loss has also the form of a sine wave.

Then Pp —P(2) = g(PM - P(2)) (2)
T

ATjn =2 (P - P@))Zin (t; ) 3)

If the straight-line approximation for the on-state characteristic is known, the factor 2/x in
equation (3) can more precisely be calculated. However, this additional correction of the
already rather small correction ATJ-m is not necessary. In this respect, figure 63 cannot be
drawn to scale. It is practical to express AT, as a fraction of (P, — P(2)) Ry, i.e. of the
maximum change of temperature that would be reached for very large values of t:

ATjm = ¢(Py - P(2))R (4)

Then (1) becomes Tim = T'jm —£(Pw - P(2))Ry, (%)
Zi (T

with . 2244 (tr) (6)
Y Rth

Obviously, it is a disadvantage of the measuring method that the individual values of Ry, or
Z,, are calculated from the difference of two T;,, values and that for the calculation of these
two values (equation (5)) the individual values of Ry, and Z;, should already be known.
However, as said above, the correction factor ¢ is so small that for its calculation typical
values of Ry, and Z;(t,) can be used.

Calculation of ¢

When the typical value for Z,,(t,) is not directly specified, € can be calculated from other given
typical parameter values, for example:

a) from the volume V of the silicon chip. If the requirements listed above are met, practically
the total energy lost during t, will be stored in the thermal capacity C, of the chip;
therefore:

ATJm ~

ENEN

(Py - P@2)-" (7)
M~ ()Cth

Ci, can be calculated from a known volume of the chip V as

Cip=Vecp (8)
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where
V is the volume (cm3),
c is the specific heat 0,735 (Ws/kg);

p is the specific density 2,34 (g/cm3) of silicon.

Then ¢ results from (4) and (7)

2 4%
© RyuCih

e =

b) from the specified analytical function for Zy,(t) of the form:

Zin (=2 Ri (1-exp(-tr))

n
i=1
From (10), the initial slope of Z;;, = f(t) results in:

n
(dZn/dt), o =D R /7
i=1

Then Zi (tr)=t; '(dzth/dt)t=0
t n
and g=2.r YR, /7
T Rin i=1

Recording and application of the calibration curve

yoan. 1972-2552

9)

(10)

(11)

(12)

(13)

NOTE 1 Values referring to the calibration curve are indicated by the superscript * next to the letter symbol.

For the recording of the calibration curve, the peak value of the reference current pulse Iy,

and the value of a constant preload P* are chosen.

The reference point temperature T,* is varied externally by means of electric heating at the
contact plates of the thyristor or by means of heating in an oil bath. For different values of T *
the peak value of the on-state voltage (Vq\*) is measured under conditions of thermal
equilibrium. The calibration curve is drawn as the curve V\,* = f(T,*), see figure 64.

A
V*TM

P* = constant

»
>

T*

Figure 64 — Calibration curve
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The measured peak value V1)\,* corresponds very closely to the value of V), att = t;,, so that
Tj" for Vry* can be calculated as:

Tim* = T+ P* Ry, + Tj*

with equation (4) Tim* =T" + P* Ry + e(Py = P*) Ry, (14)

For the measurement of T;,, at t,,, the peak value V), at t,, is measured, and for V1\y* = V't
the corresponding value o+ T,* is taken from the calibration curve.

From V*5y = Vg follows T, = T,

Hence, with (5) and (14):

T, =T +P*Ry, +e(P(2) - P*) Ry, (15)

jm
This equation could be used to calculate T.,,. However, for the present measuring method,

this is not necessary because the P* terms cancel each other out when Ry, or Z, are
calculated from the difference of two T.* values.

Calculation of Ry,

For two different power dissipations (P(1), P(2)) the reference point temperatures (T (1),
T,(2)) are controlled so that in both cases at thermal equilibrium the same peak values of on-
state voltage (Vyy(1) = Vim(2)) and therefore the same virtual junction temperature is
reached:

Tim(1) = Tm(2) (16)
With (5) and
Tim = T +P Ry, (17)

follows from (16)

Calculation of Zy,(t)
NOTE 2 For the calculation of Zy,(t) the time indicators (0) and (t) are used instead of (1) or (2), respectively.

In a first measurement, with reference point temperature T,(0) and power loss P(0), V,(0) is
measured under conditions of thermal equilibrium.

At t = 0, the power loss is lowered abruptly to the value P(t). At the specified time t, T, and
V1um are measured again (T (t), V(1))

From the calibration curve, the values T,*(0), T, *(t) corresponding to V;(0), V1 (t) are read.
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Tim @) =Tjm ) |- T, O) =T, (1)
Then Z (t) = LT, ! P(O)]_P[(t) ] (19)

with
ij(O,t) =T.*(0,t) + P* Ry, + €(P(0,t) = P*) Ry, (20)

follows from (19)

I ro-1 o] o -T o]

Zy, (1) PO) PO

eRth (21)

9.24.2 Thermal resistance (Ry;)
Purpose

To measure the thermal resistance between the virtual junction and a reference point,
preferably for high power thyristors.

Principle of the method

The temperatures T,(1) and T,(2) at the reference point are measured for two different power
losses P(1) and P(2) and cooling condition causing the same junction temperature. The on-
state voltage V1), at the peak value of a reference current pulse is used to verify that the
same virtual junction temperature has been reached.

1 T, (M-T (2

Then: Ry =
1-¢  P(2)-P(1)

(For the significance of ¢, see 9.2.4.1, equations (6) and (9))

L1 D1 S I—z
| T l <
1 : |
I 2

4
N
—

+

G() W%' ¢ T @}

IEC 2097/2000
T thyristor being measured

Figure 65 — Basic circuit diagram for the measurement of Ry, (method B)
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1(2)
t' t'
Vi A Vi A
Voul1) p--------- Vo2 --------- Viu(2)=Vni(1)
Vi(1) — R
Vi(2)
r t
IEC 2098/2000 IEC 2099/2000
Figure 66a — Step 1 Figure 66b — Step 2

Figure 66 — Waveforms for measuring thermal resistance

Circuit description and requirements
C, capacitor supplying the sinusoidal reference current pulse (see also L,)
D, blocking diode

G current generator for the heating current I, which generates the power loss P in the
thyristor T

I3 trigger current to maintain the on state
L4 inductor, blocking the reference current pulse
L, inductor, determining together with C, the duration 2t, of the reference current pulse

(Ztr :“m)

M, measuring instrument for the heating current I, and the reference measuring current
I+m (the peak value of |1 during the reference current pulse)

Mg measuring instrument for the on-state voltage V; at the heating current 1, and for the
peak value V1), produced by the reference current pulse

RM calibrated non-inductive current sensing resistor
S electronic switch

V2  voltage source for setting the peak value Iy, during the reference current pulse
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Precautions to be observed

Generally, the duration 2t, of the reference current pulse should be in the range of 1 ms to
establish at its peak value equilibrium of the charge carriers in T. The interval t, is then also
sufficient for high power thyristors, since the sine wave starts from a lower current.

To obtain optimum sensitivity (mV/°C), the peak value I, of the reference current pulse shall
be about three to five times the rated on-state current of the thyristor being measured.

Measurement procedure

The thyristor being measured is mounted in such a way that the reference-point temperature
can sufficiently be stabilized at a fixed value, and be measured as required in 9.2.1.

The measurement is carried out in two steps (see figure 66)

Step 1: The reference point temperature is maintained at a lower value. The on-state voltage
V1 is measured and the heating current is adjusted to reach the power loss P(1) =
[4(1) V1 (1). The reference current pulse is adjusted so that the fixed reference
measuring current (peak value lt),) is reached. After thermal equilibrium has been
reached, the peak value of the on-state voltage V(1) and the reference point
temperature T, (1) are recorded.

Step 2: At a lower heating current I,(2) generating the power loss P(2) = 1,(2) V1(2) the peak
value of the reference current pulse is adjusted to reach Iy, as before. The
reference point temperature is elevated until the same peak value of the on-state
voltage is reached as before: V\(2) = V1(1). The reference point temperature
T.(2) is recorded.

The thermal resistance is calculated using the expression

1T (-T2
1-¢ P(2)-P(1)

Rin =

(For the significance of ¢, see 9.2.4.1, equations (6) and (9). Mostly, ¢ can be approximated
to zero.)

9.24.3 Transient thermal impedance (Z,(t))
Purpose

To measure the transient thermal impedance between the virtual junction and a reference
point, preferably for high power thyristors.

Principle of the method

After applying the heating current and waiting until thermal equilibrium is established, the
power loss in the thyristor, the on-state voltage at the peak value of a reference current pulse
and the reference point temperature are recorded. The heating current is then lowered
abruptly, and the on-state voltage at the peak value of the reference current pulse together
with the reference point temperature are recorded as a function of time.

By means of a calibration curve, the recorded values of the on-state voltage are converted to
corresponding values of virtual junction temperature from which the transient thermal
impedance is calculated.
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L, R, D, S, L,
Y'Y\ N : o Y\
— 1%l
1, .

1A
~N
—

) ) IEC 2100/2000
T thyristor being measured

Figure 67 — Basic circuit diagram for the measurement of Z;, (t) (method B)

1,(0)
1 (1)
t >
t=0 t
V; A
\ V@
| N\ Ve
RZONEE : A
L | | Vi
v v | v v .
' > t
t=0 t

IEC 2101/2000

Figure 68 — Waveforms for measuring transient thermal impedance
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Circuit description and requirements

C, capacitor supplying the sinusoidal reference current pulse (see also L,)

D, Dblocking diode

G current generator for current I, during the heating period 1,(0) and the cooling period
141(t)

I3 trigger current to maintain the on state

L, inductor blocking the reference current pulse

L, inductor determining together with C, the duration 2t, of the reference current pulse

(2t =L )

M, measuring instrument for the heating current I, and the reference measuring current
Itm (the peak value of I during the reference current pulse)

Mg measuring instrument for the on-state voltage V at the heating current I, and for the
peak value V1), produced by the reference current pulse

RM calibrated non-inductive current sensing resistor

R4 resistor to adjust 14(t)

S, electronic switch (for example a GTO)

S, electronic switch (for example a thyristor)

V, voltage source for setting the peak value I}, during the reference current pulse

Precautions to be observed

Generally, the duration 2t, of the reference current pulse should be in the range of 1 ms to
establish at its peak value equilibrium of the charge carriers in T. The interval t, is then also
sufficient for high power thyristors, since the sine wave starts from a lower current.

To obtain optimum sensitivity (mV/°C), the peak value I}, of the reference current pulse shall
be about three to five times the nominal current of the thyristor being measured.

Measurement procedure

The thyristor being measured is mounted in such a way that the reference point temperature
can be sufficiently stabilized and measured as required in 9.2.1.

A calibration curve is prepared as described in 9.2.4.1 above. The preload current I1* shall
have the same value as the on-state current will later have during the cooling period I4(t).

To prepare the measurement, the fixed values for current I, during the heating period 1,(0)
and the cooling period 14(t) shall be adjusted with switch S, opened. First, switch S, is closed
and |, is adjusted to the value |,(0) by means of the variable generator G. Then switch S, is
opened and |, is adjusted to the value I,(t) by means of the variable resistor Ry.

For the measurement, 1,(0) is applied (switch S, closed). After thermal equilibrium has been
reached, the actual value 1,(0), the corresponding on-state voltage V;(0), the peak value
V1um(0) and the reference point temperature T,(0) are recorded.

—131-



yoan. 1972-2552

60747-6 © IEC:2000 — 260 —

At the time t = 0, |, is lowered abruptly to the value I4(t) by opening switch S,. At the same
time, V, is increased so that again the fixed reference measuring current Iy, will be reached
for the subsequent measurement of Vq),(t). At the time t = t,, switch S, is closed and at the
time t the peak value Vq)(t) at I+, and T,(t) are recorded. Subsequently, the actual values of
[4(t) and V1(t) are measured.

Periodic recording during the cooling period is possible if the periodical heating by the
reference current pulse can be neglected.

For the calculation of Z.(t), the values T,*(0) and T/*(t) corresponding to the measured
values V1),(0) and V) (t) are taken from the calibration curve.

The transient thermal impedance is calculated (see equation (21) in 9.2.4.1) as

T ") -T *®]- [T, (0) =T, ()

where
P(0) = 14,(0)-V1(0) and
P(t) = 11(t)-V1(t).

(For the significance of ¢, see 9.2.4.1, equations (6) et (9). In general, ¢ Ry, can be
neglected.)

9.2.5 Method C (for GTO thyristors only)
9.2.5.1 Calibration curve

The calibration curve refers to the off-state characteristic of the GTO thyristor. It shows the
avalanche breakdown gate voltage Vgr* at a reference gate current pulse Ig* as a function of
the virtual junction temperature Tj*. In the off state, Tj* equals the reference point
temperature T,*, and TJ-* is varied by varying T,” externally.

The peak value of the reference current pulse shall be chosen according to the size and the
structure of the GTO thyristor in order to keep it in full conduction. Its duration and repetition
frequency shall be chosen such that no significant temperature rise in the GTO thyristor is
caused.

9.2.5.2 Thermal resistance (Ry;)
Purpose

To measure the thermal resistance of a gate turn-off thyristor between the virtual junction and
a reference point.

Principle of the method

The temperatures T (1) and T,(2) of the reference point are measured for the power loss P
and zero, respectively and cooling conditions causing the same junction temperature. The
avalanche voltage on the gate at a reference current pulse is used to verify that the same
junction temperature has been reached.

T, (2)-T, (1)

Then Ry, =
th =
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Figure 69 — Basic circuit diagram for the measurement of R, (method C)
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IEC 2103/2000

Figure 70 — Waveforms for measuring thermal resistance
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Circuit description and requirements

G, heating current generator (l1)

G, gate current generator

G; constant current pulse generator

I+ heating current generating the power loss P in the junction of T

S, electronic switch to interrupt heating current I+

S, electronic switch to commutate the gate from generator G, to G,

M measuring instrument to measure Vgg

W wattmeter to indicate the power loss P in the GTO thyristor caused by the heating
current |1

Precautions to be observed

There shall be no significant rise of the virtual junction temperature during the reference
current pulse. See 9.2.5.1.

Measurement procedure

The GTO thyristor to be measured is mounted in such a way, that the reference point
temperature can sufficiently be stabilized and measured as required in 9.2.1.
The measurement is carried out in three steps:

a) the reference point temperature is maintained at a lower value T.(1). The current I4(1) is
turned on and the power P(1) warms up the junction until thermal equilibrium is reached.
T.(1) and P(1) are recorded;

b) the current I is interrupted by opening switch S; (I4(2) = 0). Simultaneously S, switches
the gate from G, to G;. The avalanche voltage Vgr(1) is measured immediately after
opening switch Sy;

c) the reference point temperature is increased until the avalanche voltage reaches the
same value as before (Vgr(2) = Vgr(1)).

The reference-point temperature T,(2) is recorded. The thermal resistance Ry, is calculated
using the equation:

T @-T ()

R ()

9.2.5.3 Transient thermal impedance (Z,(t))
Purpose

To measure the transient thermal impedance of a gate turn-off thyristor between the virtual
junction and a reference point.

Principle of the method

After applying the heating current and waiting until thermal equilibrium is established, the
power loss in the device is recorded. The heating current is then interrupted and the
avalanche voltage at the gate at a reference current pulse together with the reference-point
temperature are recorded as a function of time.
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By means of a calibration curve the recorded values of the avalanche voltage are converted
to corresponding values of virtual junction temperature from which the transient thermal
impedance is calculated.

S,
:/c
|
T SKT
T | \ °
A | i lor
) | . -
Ver : RE : G2 63
| b I+
GN) | v
IEC  2104/2000
T thyristor being measured

Figure 71 — Basic circuit diagram for the measurement of Z;,,(t) (method C)
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IEC 2105/2000

Figure 72 — Waveforms for measuring the transient thermal impedance of a gate turn-off

thyristor
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Circuit description and requirements

G, heating current generator (l1)

G, gate current generator

G3; constant current pulse generator

I+ heating current generating the power loss P in the junction of T
S, electronic switch to interrupt heating current I+

S,  electronic switch to commutate gate from generator G, to G4

RE recording equipment, for example a transient recorder to record the avalanche voltage
VgRr On the gate with its time variation on the reference current pulses

w wattmeter to indicate the power loss P in the GTO thyristor caused by the heating
current |

Precautions to be observed

There shall be no significant rise of the virtual junction temperature during the reference
current pulse. See 9.2.5.1.

Measurement procedure

The GTO to be measured is mounted in such a way that the reference point temperature can
sufficiently be stabilized and measured as required in 9.2.1.

A calibration curve is prepared as described in 9.2.5.1.

For the measurement, the load current |+(1) is applied generating the power loss P(1) in the
GTO being measured until thermal equilibrium is reached. The reference point temperature
T,(1) is recorded.

At the time t = 0, the load current I is interrupted by opening switch S, to start the cooling
period at zero power loss. Simultaneously with switch S, the switch S, switches the gate
from G, to G;. The avalanche voltage Vgr(0) is measured immediately after opening switch
Sy.

At the time t, the avalanche voltage Vgr(t4) is recorded together with the reference point
temperature T (t4). Periodical recording during the cooling period is possible if the periodical
heating by the reference current pulse can be tolerated.

For the calculation of the transient thermal impedance, the recorded values of Vgg(0) and
Vgr (t4) are converted to the corresponding values of TJ-*(O) and Tj*(t1) by means of the
calibration curve. The transient thermal impedance is calculated (see equation (21) in
9.2.4.1) as

T O)=T ()]~ [T (0) =T (1)

| E——|
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9.2.6 Method D

Partial thermal resistances Rypj.c)a @and Rypj.c)k of thyristors in disc-type housings (heat flow
method)

Purpose

To measure the partial thermal resistance between the virtual junction and the anode side or
cathode side of the case of a disc-type thyristor, Ry, j.c)a OF Rin(j-c)k respectively.

Principles of the method

a) the heat flow from the anode side and the cathode side, respectively, of the disc-type
housing to the appertaining heatsinks is measured by means of calibrated thermal
resistors which are inserted between the contact plates of the thyristor to be measured
and the heatsinks (rp and r in figure 73a);

b) the two partial thermal resistances are measured in two steps:

in the first step, the series thermal resistance Ry = Ry * Rip(jc)k is measured by
applying externally a heat flow from the anode S|de to ti1e cathode S|de of the housing
(figure 73a);

in the second step, a measured power is dissipated within the thyristor being measured
(figure 73b).

The power sharing to anode side and cathode side is measured, and from this and the
known value of Rg the two partial thermal resistances can be calculated.

| |
heat source : heat sink i
=TT, T Ta
1 ]
heat flow T, i I
i To - Tas
adapters l heat source z_
L : 1 '|'13 L l 1 T23
T12 . T22
[~ (]
; T” [ Tz1
Y heat sink : heat sink :
IEC 2106/2000 ) ) IEC 2107/2000
ra, rk: calibrated thermal resistors
Figure 73a — Application of heat flow from anode Figure 73b — Dissipation of measured power
to cathode side of housing within thyristor

Figure 73 — Calibration and measurement arrangement for the heatflow method

Calibration of rp and r¢

In principle, ry and ry could be calculated as

_4d
D3rn A

Ak =
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where
D is the diameter of the cylindric adapters in centimetres;

d is the axial distance between the mounting points of the appertaining thermosensitive
devices in centimetres;

A is the thermal conductivity of the material of the adapter (W/cm-K).
However, there are some reasons to use this formula for estimations only:

— the material constant A is not always known with sufficient exactitude; there are, for
example, different kinds of industrial copper;

— there are unknown tolerances for the value “d” and of the diameter and sensitivity of the
thermosensitive elements.

An exact calibration of the adapters is therefore recommended.

The calibration is performed in an arrangement as shown in figure 73b. A symmetrical
electrical heating element is used as a heat source and the total electrical power “P” from the
heating element is measured.

Both adapters as well as the heatsink arrangement, shall be identical, so that the power is
equally dissipated on both sides. Then r, and ry follow from the measured differences in
temperature:

2:(Tp5 —Tpg ) 2:(Ty ~Tyy)
e L -

If a semiconductor device is used as a heating element, it shall be a thermally symmetrical
device to avoid complications caused by asymmetrical heat flow. A relevant check can be
made by turning over the heating element and calibrating rp and r¢ the same way as before.
In case of different results, the mean values between the two measurements shall be taken.

During calibration and measurement the heating device or the device being measured shall
have good thermal isolation, so that losses to the ambient air can be neglected (they are
anyhow of the same order at calibration and measurement).

For the adaptors, Cu can be used. Be-Cu is also advantageous since it is harder and has
lower values of A.

Regarding the measurement of the temperatures of the anode and cathode sides of the
device, thermocouples or resistance thermometers for surface measurements should
preferably be used, positioned at the centre of the contact plates of the device being
measured and making contact by means of a spring.

Another method is to measure the temperature at a small, defined distance in the centre
beneath the front plane of the adapter. In this way, the additional thermal resistance resulting
from that distance and the surface contact are included in the measured values of the partial
resistance. For correction, a typical value of the added resistance is then subtracted from the
measured values.

During repeated testing, the quality of the contact plates of the adapters shall periodically be
checked.

Precautions to be observed
As mentioned under “calibration of ry and ry”, good thermal isolation is required.
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Measurement procedure

The measurement is carried out in two steps:

a)

A heat flow through the device being measured is maintained by means of a heating and
cooling system as shown schematically in figure 73a.

After having reached thermal equilibrium the temperatures T44,T4s,....,T4g Of the two
adapters are recorded. The heat flow on the anode and cathode side can then be
calculated by means of the calibrated thermal resistances rp and ry as

Pat1 = (T1g— T15) Itp Prk1 = (T2 = Tqq) Ik

Due to the low losses between the position of ry and rg, P54 Will be slightly higher than
Pk4 and thermal series resistance

Rs = Rin(j-c)a * Ring-c)k
is calculated from the mean values of P, and P4 as

T4 —Tq3

Rg =2
Pa1 +Pxki

A heat flow from both sides of the thyristor is caused by means of a direct current through
the device being measured (see figure 73b).

After having reached thermal equilibrium, the temperatures T4, Tos,...., Ty On the two
adapters are recorded.

The heat flow to both sides is calculated as

Pa2 = (Tos — Tog) It Pko = (Tog = Toq) Iy

With these values and T,, and T,5 the virtual junction temperature and the partial thermal
resistances can be calculated using the expressions

_ PaoPkoRs + TozPay + TogPko

) Paz + Pk
Ring-c)a = (Tj = T24) / Pag
Ring-c)k = (Tj = T23) / Pko

From the two partial thermal resistances a combined thermal resistance Ry,.c) can be
calculated:

Rinj-c)a = Rin—c)k

Rinj-c) =
0o Ring-0a + Ring-oxk

However, this value is of practical importance only under the assumption that the heatsink
temperatures on both sides are approximately the same.

9.3 Verification test methods for ratings (limiting values)

9.3.1 Non-repetitive peak reverse voltage (Vrgn)

Purpose

To verify the non-repetitive peak reverse voltage rating of a thyristor under specified conditions.
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IEC 2108/2000
Figure 74 — Circuit diagram for measuring non-repetitive peak reverse voltage rating

Circuit description and requirements

D

G

S

T
\Y

diode to provide negative half cycles, so that only the reverse characteristic of the
thyristor is tested

alternating voltage source

electromechanical or electronic switch (with a conduction angle of approximately 180°)
which applies the source voltage to the thyristor under test for the half cycle in the
reverse direction

thyristor under test
peak reading instrument

Test procedure

With bias conditions set to zero, the thyristor under test is inserted into the test socket.

Switch S is opened and the a.c. source voltage is increased to the specified value of non-
repetitive peak reverse voltage.

The specified temperature conditions are checked.

The specified non-repetitive peak reverse voltage is applied by closing switch S for
approximately 180° during the reverse half cycle.

NOTE The repetition rate should be such that the thermal effect of one pulse will have completely disappeared
before the next pulse arrives.

Proof of the ability of the thyristor to withstand the non-repetitive peak reverse voltage rating
is obtained from the post-test measurements.

Specified conditions

The values of the following conditions shall be stated:

a)
b)
c)
d)
e)

f)

non-repetitive peak reverse voltage;
gate-cathode resistor;

ambient, case or reference point temperature;
duration of the half cycle pulse;

number of pulses and repetition rate;
post-test measurement limits.
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9.3.2 Non-repetitive peak off-state voltage (Vpgy)
Purpose

To verify the non-repetitive peak off-state voltage rating of a thyristor under specified
conditions.

RW D1 S
I N o b
2
v %

1l o

© L
: T

IEC 2109/2000

M

Figure 75 — Circuit diagram for measuring non-repetitive peak off-state voltage rating

Circuit description and requirements

D, diode to provide positive half cycles, so that only the off-state characteristic of the
thyristor is tested

G alternating voltage source

R, and R; protective resistors
NOTE 1 R, is only to be used if specified.

S electromechanical or electronic switch (with a conduction angle of approximately
180°) which applies the source voltage to the thyristor under test for one half
cycle in the off-state condition

T thyristor under test
\% peak reading voltmeter

The low voltage d.c. source, ammeter A and limiting resistor R are used to verify that the
thyristor has not reached breakover and is not in the on-state condition. The ammeter and the
d.c. source can be replaced by an indicating instrument, e.g. an oscilloscope.

Measurement procedure

With the a.c. source set to zero, the thyristor under test is inserted into the test socket.

Switch S is opened and the a.c. source voltage is increased to the specified value of non-
repetitive peak off-state voltage.

The specified temperature conditions are checked.

The specified non-repetitive peak off-state voltage is then applied to the thyristor under test
by closing switch S for approximately 180° during the off-state half cycle.

NOTE 2 The repetition rate should be such that the thermal effect of one pulse will have completely disappeared
before the next pulse arrives.
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Proof of the ability of the thyristor to withstand the non-repetitive peak off-state voltage rating
is obtained from the post-test measurement.

Specified conditions
The values of the following conditions shall be stated:

a) non-repetitive peak off-state voltage;

b) gate-cathode resistor R,;

c) ambient, case or reference point temperature;

d) duration of the half cycle pulse;

e) number of pulses and repetition rate;

f) post-test measurement limits.

9.3.3 Surge (non-repetitive) on-state current (ltgy)
Purpose

To verify the surge (non-repetitive) on-state current rating of a thyristor under specified

conditions.
R,
~— ﬁ%

J} Bcks FRIE
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R,
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Figure 76 — Circuit diagram for measuring surge (non-repetitive) on-state current rating

Circuit description and requirements

A peak reading instrument (e.g. ammeter or oscilloscope)

B gate bias circuit

D diode to block the forward voltage supplied by transformer T,

R; surge current setting resistor which shall be large compared with the forward resistance
of diode D, when present (see note below)

R,  protective resistor whose value shall be as small as practicable

S electromechanical or electronic switch with a conduction angle of approximately 180°
during the on-state (surge) half cycle

T thyristor under test

T, high-current, low-voltage transformer supplying through S the on-state (surge) half
cycle. The current waveshape shall be essentially a half sine wave of approximately 10
ms (or 8,3 ms) duration, with a repetition rate of approximately 50 (or 60) pulses per
second.
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T2 low-current high-voltage transformer supplying through diode D the reverse half cycle
and, if fed from a separate source, its phase shall be the same as that feeding T,. The
voltage form shall be essentially a half sine wave.

\% peak reading instrument (e.g. voltmeter or oscilloscope)

NOTE |If desirable, either a diode D, in series with a switch S;, or a resistor R3 in series with a switch S; may be
inserted between points X and Y. These circuits are not mandatory. D, is a current balancing diode having
approximately the same forward resistance as the on-state resistance of the thyristor under test.

If a resistor Ry is used, it should have the same resistance as the on-state resistance of the thyristor under test.

S, is an electromechanical or electronic switch with a conduction angle of approximately 180° during the reverse
half cycle of transformer T;.

Test procedure

The voltage and current sources are set to zero.

The thyristor is inserted into the test socket in accordance with its polarity marking and the
temperature conditions are checked.

The peak reverse voltage, measured on peak reading instrument V, is adjusted to the
specified value.

The surge on-state current, measured on peak reading instrument A, is set to the specified
value by adjustment of R;.

The thyristor under test is then triggered for the specified number of applications of surge on-
state current. Care should be taken to avoid applying the triggering signal during the reverse
half cycle.

Proof of the ability of the thyristor to withstand the surge on-state current rating is obtained
from the post-test measurements.

Specified conditions
The values of the following conditions shall be stated:

a) peak reverse voltage;

b) surge (non-repetitive) on-state current;

¢) maximum impedance of the reverse voltage source;

d) gate bias conditions: source voltage and source resistance;

e) number of cycles per surge, number of surges and repetition rate;
f) ambient, case or reference point temperature;

g) post-test measurement limits.

9.3.4 On-state current ratings of fast-switching thyristors
Purpose

To verify the maximum rated value of the on-state current of a fast-switching thyristor under
specified conditions.

NOTE The circuit commutated turn-off time of the thyristor under test is used as an indication of the ability of the
thyristor to carry this current.
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Test circuit
Test methods are given for the following operating conditions:

a) sinusoidal on-state current with reverse voltage applied (9.3.4.1);

b) sinusoidal on-state current with reverse voltage suppressed (9.3.4.2);
c) trapezoidal on-state current with reverse voltage applied (9.3.4.3);

d) trapezoidal on-state current with reverse voltage suppressed (9.3.4.4).

Throughout these test methods, the test circuit hold-off interval (t) shall be made equal to
the specified maximum value of circuit committed turn-off time (t).

If a heatsink is connected to the anode of the thyristor under test, it is permissible to reverse
the polarity of all supplies, and the direction of all thyristors and diodes, in order to earth this
heatsink.

9.3.4.1 Sinusoidal on-state current with reverse voltage applied

Tl L2 Ll
DH YN YN

G JrQ§ C,== & —\

IEC 2111/2000

T  thyristor under test

Figure 77a — Basic circuit diagram for measuring sinusoidal on-state current
with reverse voltage
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Figure 77b — Waveforms produced when measuring sinusoidal on-state current
with reverse voltage

Figure 77 — Basic circuit and test waveforms for sinusoidal on-state current with reverse voltage
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Circuit description and requirements
G d.c. source of low impedance

L;, C; resonant circuit determining the on-state current half sine wave pulse duration t, and
amplitude ltgy:

VDRM
tp=nyL1C1  ltrm = 3

-1
Ci
L,, C; resonant circuit set to give the specified rate of rise of the reapplied off-state voltage
(together with Ry, Cy)
NOTE 1 The lowest possible hold-off interval is

ty (min):g,/ L,C,

NOTE 2 The off-state voltage Vpry across the thyristor to be measured (see figure 77) is equal to the peak
voltage across C; and may be up to 10 times the voltage of the d.c. source, depending on the circuit elements.
Care shall be taken not to exceed the specified Vpgry value.

R;, C, damping network for protecting the thyristor under test T. A similar RC damping
network may be used for protecting thyristor T,

T, auxiliary thyristor; T, is usually required to have a much higher elevated frequency
current rating than the thyristor under test

R, current measuring resistor

Ci is charged from the d.c. source by triggering T,. After T; has turned off, T is

triggered; this discharges C, via L; and T, producing a half sine wave current pulse
of duration t,. C, then recharges in the reverse direction. After a suitable time, T, is
triggered again, causing the voltage across the thyristor T to change from the
negative level to a positive level at the specified dv/dt. This time is adjusted to give
the required hold-off time interval. At the same time, the voltage across C, is further
charged from G and changes polarity. Repetition of this cycle builds up the voltage
across C; to the required level (about 10 times the d.c. source voltage).

T, L,
2%
>

IEC 2113/2000

T thyristor under test

Figure 78 — Extended circuit diagram for measuring sinusoidal on-state current
with reverse voltage
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Circuit description and requirements

The test waveform and requirements are the same as for the basic circuit of figure 77 except
that

tH(min)zg,/L?,Cg, .

By adding C,, C3, T,, L3, Dy, Dy, the test circuit is more flexible and capable of being set to
give a higher dv/dt in order to test thyristors with shorter circuit commutated turn-off times.
The capacity of C, and C, is at least 10 times the capacity of C;. Dy and D, decouple C, and
C5 from C,.

C,4, C,, C3 are charged from the d.c. source through T, and T,. When T is triggered, C; and
C; discharge via Ly and T, producing a half sine wave current and are recharged in the
reverse direction. After a suitable time, T, is triggered causing a voltage rise from the reverse
direction to the forward direction of T by transfer of charge from C, to C5 (C, >> C3). This
time is adjusted to give the specified hold-off interval (ty). For the next test cycle, C4, C, and
C; are recharged from the d.c. source by triggering T4. The voltages of C4, C, and C; are
stepped up to about 10 times the voltage of the d.c. source by the repetition of the test
cycles.

Test procedure

The reference point temperature is set to the specified value.

The triggering sources for the thyristors T and T, are adjusted to give the specified repetition
frequency (fy) and hold-off interval (t). Source G is adjusted to obtain the specified on-state
current.

If the thyristor under test does not withstand its specified repetitive peak off-state voltage it
has failed the test.

Specified conditions

a) reference point temperature;

b) repetition frequency (fy);

c) off-state voltage (Vprm);

d) reverse voltage, where appropriate;

e) on-state current pulse duration (tp) and amplitude (ltgrpm);
f) rate of rise of the re-applied off-state voltage (dv/dt);

g) hold-off interval (ty) (this shall equal the specified maximum circuit commuted turn-off
time);

h) triggering circuit conditions;
i) RC damping network (R4, Cy).
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9.3.4.2 Sinusoidal on-state current with reverse voltage suppressed

T L, L
_M YN
o8 T R N

G Q C,=— C1_|_ _§

IEC 2114/2000

T thyristor under test

Figure 79a — Basic circuit diagram for measuring sinusoidal on-state current
with reverse voltage suppressed
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Figure 79b — Waveforms produced when measuring sinusoidal on-state current
with reverse voltage suppressed

Figure 79 — Basic circuit and test waveforms for sinusoidal on-state current
with reverse voltage suppressed

NOTE The voltage across the thyristor may be positive for time t_ due to the inductance of the T, D4 loop. This
must be kept to a minimum to reduce this voltage as much as possible. The negative part of the current waveform
represents the current through diode D;.

Circuit description and requirements
G d.c. source of low impedance

Ly, C, resonant circuit determining the on-state current half sine wave pulse duration t, and
amplitude Itgy and the hold-off interval ty:

_ VpRrM

ty, =4 L1C2  Itrm =
]

Co
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The value of C, should be adjusted to give the required hold-off interval.
This will lie between

L1C2 and tH(max):mlL1C2

NOTE Vg is approximately equal to the d.c. source voltage (G).

R4, C4 damping network set to give the specified rate of rise of the re-applied off-state
voltage. A similar network may be used to protect T,

tH (mln) ~ g

R, current measuring resistor

D, diode for suppressing reverse voltage

T, auxiliary thyristor

L, protection inductor for di/dt of T,

C, charged by triggering T4. After T, has turned off, T is triggered. C, discharges via L,

producing a half sine wave current. When T has recovered, the energy swings back
to C, via D4, and the effective loss of charge in C, is replaced from the d.c. source
by triggering Tj.

R
L i_ - L:I:s___n" - i
Ty Ak
L, T,

ok - R1ﬂ 6)
T

;@’ . *”@

IEC 2116/2000

T thyristor under test

Figure 80 — Extended circuit diagram for measuring sinusoidal on-state current
with reverse voltage suppressed

Circuit description and requirements

The test waveform and requirements are the same as for the basic circuit given in figure 77
except that

t, (min) = ?",/ L,C,

Rj is a by-pass resistor if required.
T, is triggered at the same time as T.

By adding L,, T, and T3, the test circuit is more flexible.
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The hold-off interval (t,;) may be varied independently of the pulse duration (t,) by introducing
a delay time between the end of the current pulse and the triggering of T,, and by using an
inductance L, that is different from L.

It is recommended that the diode D, be a fast turn-on diode to decrease the reverse recovery
power dissipation in the thyristor under test (T).

Test procedure

The temperature is set to the specified value.

The triggering sources for the thyristors T and T, are adjusted to give the specified repetition
frequency (fy) and the hold-off interval (t,). Source G is adjusted to obtain the specified on-
state current.

If the thyristor under test does not withstand its specified repetitive peak off-state voltage, it
has failed the test.

Specified conditions

a) reference point temperature;

b) repetition frequency (fy);

c) off-state voltage (Vprm):

d) on-state current pulse duration (tp) and amplitude (Itgm);
e) rate of rise of the re-applied off-state voltage (dv/dt);

f) hold-off interval (t,) (this shall be equal to the specified maximum circuit commutated
turn-off time);

g) triggering circuit conditions;
h) RC damping network (R4, Cy).

9.3.4.3 Trapezoidal on-state current with reverse voltage applied

L
Y

A
N
Y,

0]
<\
A
0 Py

r|p|<|, < ]

0
1L

r

R

()

>/

IEC 2117/2000
T thyristor under test

Figure 81a — Circuit diagram for measuring trapezoidal on-state current
with reverse voltage applied
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-di/dt
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Figure 81b — Test waveforms produced when measuring trapezoidal on-state current
with reverse voltage applied

Figure 81 — Basic circuit and test waveforms for trapezoidal on-state current
with reverse voltage applied

Circuit description and requirements

G, L direct high-current source
Vg direct high-voltage source (for starting purposes if required)
Cs commutation capacitor
Ly, Ly inductances determining the hold-off interval ty:
tH z,/ C3 “_1 +L2 '
Li, Ly inductances determining the rate of rise of on-state current in the thyristor
D4, Dy blocking diodes
T4 auxiliary thyristor
E;’%Z } damping networks for protecting the thyristors
Rj current-measuring resistor or current probe
R4 current-limiting resistor

The two thyristors, T and T4, conduct the current alternately. Initially, T, is triggered, and Cj3
is charged to a high voltage approaching Vpg\ by source Vg via R,. When T is triggered, the
charge on Cj reverse biases T4, thus causing it to turn off. Current through L, then re-
charges Cj in the opposite direction, until T, is triggered to reverse bias T and cause it to
turn off. C4 is then charged via L, and D,, giving the rise of voltage (dv/dt) across T.
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By repeating the commutation, a step-up of voltage is generated in the oscillation loop L4, L,
and C5 until a voltage is reached which is much higher than the voltage of the source G.
Source Vg may be then disconnected. Approximately

L1 +L2
Vprm = VRrM =ITRM BT
3

The inductor L ensures a constant current in the circuit.

The on-state current pulse duration in the thyristor under test may be varied independently of
the repetition frequency by varying the conduction period of T4. The rate of rise of on-state
current is approximately given by

dir _ Vbrum
dt L3 +|_4

Test procedure

The temperature is set to the specified value.

Thyristor T, is triggered, and source G is set to give a suitable low value of current. C; is
charged for starting from source Vg. The triggering sources for T and T, are adjusted to the
specified repetition frequency f; and on-state current pulse duration t,. The pulse operation
is started by triggering T.

Source Vg is disconnected and source G is re-adjusted to obtain the specified on-state
current.

If the thyristor under test does not withstand its specified repetitive peak off-state voltage, it
has failed the test.

Specified conditions

a) reference point temperature;

b) repetition frequency (fy);

c) off-state and reverse voltages (Vpry and Vgrm)s

d) on-state current pulse duration (t,,) and amplitude (Iygrpm);
e) rate of rise and fall of on-state current (di{/dt and —di/dt);

f) hold-off interval (ty) (this shall be equal to the specified maximum circuit commutated
turn-off time);

g) triggering circuit conditions;
h) RC-damping network (R4, Cy).
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9.3.4.4 Trapezoidal on-state current with reverse voltage suppressed

N

T./

T

>
=

T thyristor under test IEC 2119/2000

Figure 82a — Circuit diagram for measuring trapezoidal on-state current
with reverse voltage suppressed

Gate pulses
T, T.T
| v
-di./dt 5 :
| : t
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L/ ;:dv/dt \
————— n '

IEC 2120/2000

Figure 82b — Test waveforms produced when measuring trapezoidal on-state current
with reverse voltage suppressed

Figure 82 — Basic circuit and test waveforms for trapezoidal on-state current
with reverse voltage suppressed

Circuit description and requirements

G, low-impedance d.c. source: V4

G, d.c. source: V, >V,

G, high-impedance d.c. source: V5 = off-state voltage Vpgru
Cy commutating capacitor

Cy storage capacitor for G5 supply

R;, C,  dv/dt network
D,, D, blocking diodes

NOTE 1 The recovery time of D, must be less than the turn-off time, but longer than the recovery
time of the thyristor under test.
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Dj diode for suppressing reverse voltage

R, current-measuring resistor or current probe

R3 protecting resistor if the thyristor under test fails the reapplied voltage

T, thyristor for charging the commutating circuit

T, thyristor for discharging the commutating circuit

T3 thyristor for re-application of the forward voltage

L4 commutating inductor

L, inductor to determine the rate the rise of on-state current di;/dt
TE1IC1L1 >2tH (22)
dv/dt=V3/R4C, (23)
—di/dt = V,/L4 (24)

Assume that the circuit is in the quiescent state, then T, and T are triggered simultaneously.

The independently adjustable load current flows through the path G4, L,, D4, D,, T and R,
and at the same time C, is charged to the polarity shown through the path G,, T4, L4, C4, Do,
T and R,. When C; is fully charged, T, ceases conduction.

At a later time, T, is triggered, the load current is shunted to the path G4, L,, D4, C4, L; and
T,. The voltage across C, is applied across D, in the reverse direction, voltage across T is
suppressed by diode D,.

When C, is charged in the polarity opposite to that shown and L, is discharged, T, ceases
conduction.

When T; is triggered, the voltage initially across C5 from source G; is applied to the thyristor
under test and the damping circuit R,C,.

NOTE 2 Provided that the condition of equation (22) is met, the hold-off interval ty will be determined by the
triggering time of Tj.

Test procedure

The temperature is set to the specified value and the triggering circuits are switched on.

The forward current magnitude is set to a low value by adjusting G4, the pulse duration is
determined by the triggering of T»,.

The magnitude of the re-applied forward voltage is set by Gj, and the re-applied dv/dt is
determined by R4C,.

The hold-off interval t,, is set to the value of the specified maximum circuit commutated turn-
off time of the thyristor under test; the on-state current and operating frequency are adjusted
to the specified values.

If the thyristor under test does not withstand its specified repetitive peak off-state voltage, it
has failed the test.
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Specified conditions

a) reference point temperature;

b) repetition frequency (fy);

c) off-state voltage (Vprm);

d) on-state current pulse duration (t,,) and amplitude (ltgm);
e) rate of rise and fall of on-state current (di{/dt and —di/dt),

f) hold-off interval (t,) (this shall equal the specified maximum circuit commutated turn-off
time);

g) rate of rise of the re-applied off-state voltage (dv/dt);
h) triggering circuit conditions.

9.3.5 Critical rate of rise of on-state current (di/dt)

Purpose

To verify the critical rate of rise of on-state current rating of a thyristor under specified
conditions.

D, R, R, L,
o— ] YV \to
N4
v —|7 L.
V, B
G = /N D,
o © c .

it
.

IEC 2121/2000

Figure 83 — Circuit diagram for measuring critical rate of rise of on-state current

Circuit description and requirements

B gate-triggering source
G alternating voltage source
D, diode which protects the thyristor under test from excessive reverse voltage

which might arise from resonance effects
R, and D; are chosen so that the capacitor C has time to charge fully before each operation

Rj calibrated non-inductive current sensing resistor
T thyristor under test

\21 high resistance voltmeter

V, peak reading voltmeter
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To obtain the required rate of rise of on-state current of thyristor under test T, R,, C and L
are chosen such that their values are approximately related to the test voltage V), current
amplitude I3y, and time t; as follows:

t
C-56.™ 1
Vowum
Vpu -t
L=17-2M 1
ITm
\Y
R, = 0,552
Im
where
Voum is the peak off-state voltage and
ﬂ_ O'SITM
dt t4
t4 is defined in figure 84.
R, is used to damp the oscillatory waveforms. In the case of high-power devices it can

consist of the distributed resistances of the circuit elements only. In that case it is
assumed that R, can be neglected and the formulae in the note can be used.

NOTE For high-power devices, where R, is deleted, C and L are chosen such that their values are approximately
related to the test voltage Vp), current magnitude I, and time t; as follows:

| -t
cC=191-M "1
DM
and
\ -t
L=101_8oM" "1
lTm

R' and C' are chosen in accordance with the application of the thyristor under test and might
be deleted where appropriate.

Final adjustments are made to L and C to ensure that the peak on-state current measured on
voltmeter V, and the rate of rise of on-state current di/dt measured on the oscilloscope are as
specified.

It is recommended that a damped sine wave be used as the on-state current waveform as
shown in figure 84.
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IEC 2122/2000

Figure 84 — On-state current waveform for di/dt rating

Zero time is determined by the intersection with the time axis of the straight line passing
through the 10 % and 50 % test current points.

With this waveform, the recommended method of assigning a numerical value to di/dt is as

follows:
di _lmm
dt 2t
where
ty > 1 ps;

Itm = twice the mean on-state current rating.
Measurement procedure
The alternating voltage source is set to zero. Care should be taken to ensure that the

capacitor C is fully discharged. The thyristor under test is inserted into the test socket and
the temperature is set to the specified value.

The source voltage is set to give a peak voltage equal to the specified off-state voltage Vpy,
as shown by voltmeter V; when the capacitor C is fully charged.

The thyristor under test is triggered and capacitor C discharges through L and the thyristor.

The repetition rate is controlled by the gate triggering source and should be as specified.
Care shall be taken that the gate trigger pulse occurs during the negative half cycle of the
alternating voltage source.

Proof of the ability of the thyristor to withstand the critical rate of rise of on-state current
rating is obtained from the post-test measurements.

Specified conditions
The values of the following conditions shall be stated:

a) rate of rise of on-state current di/dt;
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b) peak value of on-state current; preferably twice the maximum rated mean on-state ct

at the specified case or reference point temperature;
c) off-state voltage;

d) case or reference point temperature;
e) repetition rate and number of pulses;
f) gate-trigger source characteristics;

g) post-test measurement limits.

9.3.6  Peak case non-rupture current (Iggmc)

Purpose

To verify the peak case non-rupture current of a thyristor under specified conditions.

IEC 2123/2000

Figure 85 — Circuit diagram for measuring peak case non-rupture current

t, t, t

IEC 2124/2000

Figure 86 — Waveform of the reverse current ig through the thyristor under test
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Circuit description and requirements
G a.c. system having appropriate short-circuit capacity

S4, S, electromechanical or electronic high-power switches that can be operated at defined
instants of the line voltage cycle

optional fuse in place of S, (see test procedure)
variable inductor

Tr high-power transformer
RM calibrated non-inductive current-sensing resistor
T thyristor under test

Preconditioning and initial measurements

Prior to the test, the thyristor under test shall be initially damaged, for example, with a low-
energy high-voltage pulse or mechanically, so that the breakdown always occurs at the edge
of the silicon chip.

NOTE If required, mechanical damage can be carried out before the device is encapsulated.

The device under test is subjected to an initial leak test and the leak rate shall be lower than
10~7 Pa m3s—1.

Test procedure

The device under test is inserted in the test apparatus.

The switch S; is closed at an instant t; such that a voltage is applied to the device under test
in the reverse direction causing a breakdown at the previously damaged spot. As a result, the
reverse current rises steeply with a rate of rise that may be adjusted (within reasonable
limits) by varying the inductance L.

At the instant t,, the switch S, is closed so that the peak current is limited to the specified
value Igpy.

Alternatively, fuse F may be placed in the circuit and the current through the thyristor under
test will be interrupted when the fuse operates.

Specified conditions
a) case or reference point temperature;

b) value Iy of the peak case non-rupture current;

c) rate of rise of the reverse current, preferably 25 A/ys;
d) pulse duration of the test current;

e) open gate circuit.

Post-test measurements

The thyristor under test is subjected to leak test and the leak rate shall be lower than
10-7 Pa m3s~1.

Alternatively, a plasma detecting device may be used during the electrical test to make sure
that no plasma escapes during the test even if a small crack develops.

Following the electrical test, the thyristor is visually inspected. There shall be no sign of
particles thrown off nor shall there be evidence that the device has externally melted or burst
into flames.
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9.4 Endurance tests
General requirements

Clause 2 of IEC 60747-1, chapter VIII, section three is applicable.

Specific requirements
9.4.1 List of endurance tests

For reverse-blocking triode thyristors, a choice of endurance tests is given in table 4.

9.4.2 Conditions for endurance tests

Test conditions and test circuits are listed in table 4. The relevant specification shall state
which test(s) applies (apply).

9.4.3 Failure criteria and failure-defining characteristics for acceptance tests

Failure-defining characteristics, their failure criteria and measurement conditions are listed in
table 3.

NOTE Characteristics should be measured in the sequence in which they are listed in table 3, because any
changes in characteristics caused by certain failure mechanisms may be wholly or partially masked by the
influence of other measurements.

A thyristor is also considered to have failed a test if it looses its ability to block specified
voltage during the test.

9.4.4 Failure-defining characteristics and failure criteria for reliability tests

Under consideration.

9.4.5 Procedure in case of a testing error

When a device has failed as a result of a testing error (such as a test equipment fault or
measurement equipment fault, or an operator error), the failure shall be noted in the data
record with an explanation of the cause.

Table 3 - Failure-defining characteristics for acceptance after endurance tests

Failure-defining Failure criteria* Measurement conditions
characteristics
IR >2 x USL Highest Vg (= VRrm)
and highest temperature specified for Ig
I >2 x USL Highest Vp (= Vprw)
and highest temperature specified for Ip
loT > 1,1 x USL Lowest Vp specified for Igt
Vi >1,1 x USL Highest I specified for V¢

* USL = upper specification limit.
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9.4.6 Thermal cycling load test
Purpose

To confirm by an endurance test that a certain thyristor type is capable of withstanding
fluctuations in junction temperature.

R,
— | (®) A
s/ T,
o]
T /\/\/
B
I A -
»
t
IEC 2125/2000 IEC 2126/2000
B gate source
T thyristor under test
Figure 87a — Test circuit Figure 87b — Test waveform

Figure 87 — Test circuit and test waveform for thermal cycling load test

Test procedure

The thyristor shall be heated by a specified current, the value of which is preferably nearly
equal to the maximum rated mean on-state current, until a junction temperature between the
maximum rated virtual junction temperature T,y and (Tyjmax — 20 °C) has been reached.

NOTE When devices are tested in series, the temperature may be between ijmax and (ijmax - 30 °C).

Switch S is then opened, and the thyristor is cooled to a virtual junction temperature not
greater than 40 °C.

The heating time shall not exceed 6 min and the cooling time shall not exceed 8 min.

The test shall be performed for a specified number of cycles.

The parameters that may be affected by the test shall be measured before and after the test.

Commonly specified parameters are on-state voltage, off-state current, blocking stability
under stated voltage and temperature conditions, gate-trigger current and/or voltage and
thermal resistance.
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Annex A
(informative)

Calculation of the temperature rise under time-varying load

The load capability of semiconductor devices depends on the thermal response of the
junction temperature. To calculate the rise of the virtual junction temperature caused by
single load pulses or intermittent load, the transient thermal impedance can be used. As the
transient thermal impedance:

AT (t)

)

Z t = —

th( ) )

is defined as the quotient of the change of the virtual junction temperature with time (AT (1)),
and the step function change of power dissipation P causing it, the calculations are correct

only for a load current which also changes as a step function. If pulses are shaped
differently, a staircase approximation can be used as shown in figure A.1 below.

A
P

/\
[\ // .

IEC 2127/2000

Figure A.1 — Staircase approximation for non-rectangular pulses

For the calculation of the rise of the virtual junction temperature AT(t) the following two
methods can be used:

Method A using the transient thermal impedance Z;(t):

ATy =P-Z (t)

Method B using an analytical function:
_ n —t/Ti
ATy (t)=PXRj|1-e

representing the transient thermal impedance by a sum of terms with suitable values for R;
and ;.

To represent the transient thermal impedance of a semiconductor device with its cooling
attachment, n equals three to six terms may be satisfactory.
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As shown in the examples, it is convenient to use method A for the calculation of temperature
rise caused by single pulses. For more complicated problems, e.g. in the case of an infinite
sequence of pulses and varying parameters, or for more precise calculations, method B is
more appropriate.

All computations are based on the superposition of thermal responses to single load pulses.
An upward step of power loss will be taken as positive, a downward step as negative.

This is shown by the following typical examples.

a) Example 1: Rectangular pulse (see figure A.2 below).

A
P

0 t, t

IEC 2128/2000

Figure A.2 — Rectangular pulse of duration t4 producing the power dissipation P
in the semiconductor device

Method A

Rise of the virtual temperature at time t,:

AT, (tq)=P-Z (tq)
During cooling, at a time t; > t4:
ATy (t2 )=P[Z (t2 )-Z (t=ty —tq)]

The values of Z,(t1), Ziy(ty) and Zy, (t = t, — t4) are taken from a curve as shown in figure A.3
below.

A
Z,

»
>

e

: t t

Figure A.3 — Transient thermal impedance Z,(t) versus time [EC 212872000
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Method B

Rise of the virtual temperature at time t:
n _t .
ATVJ (t1)=PZRi[1—e 1/T| ]
i=1
During cooling, at a time t, > t;:
% t t, -t
ATy (t,) = pZRi [1_9* 1/7i ]ef( 2-t1)/xi
i=1
This expression can be transformed into
n n
ATy (t, )=P{ SR [1—e‘t2/‘i ] ~YR; [1—e‘(t2‘t1)/fi ] }
i=1 i=1
This result is identical with that of method A.

b) Example 2: Single sequence of pulses (see figure A.4 below)

A
P

0 t, t, t, t

IEC 2130/2000
Figure A.4 — Single sequence of three rectangular pulses

From the calculation given in example 1 for the times t, t, and t3, the following results for the
virtual temperature are obtained:

ATVj t2 :P1 'Zth t2 + P2—P1 'Zth t=t2—t1
' +(P2 =P1)-Zin (t=ty =ty )+ (P3 —P2)Zy (t=t5 —t;)
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Method B

n

o7, 1) =PER[ et

i=1
n n L .

ATVJ(tZ)=P1ZRi[1_e_t2/Ti}+(P2 —P1)ZR1|:1—6 (t2 t1)/rl}
i=1 i=1

AT (ts) =Py R 1-€ % [+ (P, ~P)) Ri[1 el } NSNS Ri[1 _ e‘(ts—tz)/fa}
i=1 i=1 i1

Method A and method B give identical results.

The result remains correct, when P, = 0 (a no-load interval of duration t, — t; occurs).

For any sequence of Q rectangular pulses (i.e. figure A.4 continued), one finds:

for method A:
Q
Aij(tQ) = Z(Pq - Pq—1 ) Zth(t = tQ - tq—1)
q=1
and for method B:

EQ: ” ~(tg—te_1)/T
ATVJ'(tQ) =D (Pg=Py4)- E,Ri[1_e ’ }
P

i=1
where Py = 0 and t; = 0.

c) Example 3: Periodic sequence of identical pulses (see figure A.5 below)

A
P

0ot ot t, t
IEC 2131/2000
Figure A.5 — Periodic sequence of identical pulses
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Method A
An approximation is recommended. Starting from a mean temperature Aijm caused by

the mean power loss P-t;/t,:

AT o =:_1 P-Z,(t,)

2

the thermal response of two consecutive pulses AT (t3) is calculated:

t

AT (ts)= {1——} P-Zy(t=ty +t) =P -Zy(ty) +P- Zy(ty)

The total is as follows:

AT, = AT, + ATVj(ts)

vjm
This gives a good approximation, if one of the following conditions is fulfilled:
1) Zth(t1)20,5~ Zth(too)

2) Zy(ts) = Zi(ty)<0,1- Zyy(ts)

Method B

An exact calculation for the temperature rise at the end of the gth pulse gives

t1/1'

AT (1) =PRR =217

For the steady-state, i.e. when g goes to infinity (which always occurs at the end of the

pulses):
—t,/t,
oo 1-e T
AT, :PZ)Ri o
d) Example 4: Load by a periodic sequence of various pulses, e.g. according to figure A.6
below
PA
P,
P,
0 >

Y, t, t, t

IEC 2132/2000

Figure A.6 — Periodic sequence, each consisting of two different pulses
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Method A

An approximation similar to example 3 is recommended. Starting from the mean temperature
rise:

1
ATyjm = E[HFH +(ty —t1)P2 ] Z (to)

the thermal response AT,;(t = t3 + t,) is calculated:

1
AT (t = t3 +t2)={P1 —t—{t1P1 +

t
—EP1 B_PZ)'Z)h(

2
t=ts +to —t1()—P2 ~Zp(tg )+
+ P1)'Zth(t2 (

1-P2 ) Zyp (t=1ty —t4
The total is then
ATVj =ATij +ATVj (t=t3 +t2)

Method B

An exact calculation for the temperature rise in the qth sequence is possible:

{1 /} Mt/ {1 /}

ATVJ(q't3):P1§ : 1—e B/ '
—(t. -t |/t
+ Pzzn: R.1_e (2t /1 I{1—e_qt3/Ti }
i=1 1_e 3/ i

For the steady state, i.e. when q goes to infinity (which always occurs at the end of the
second pulse):

. |:1_e— t1/ri:| e_(t2_t1)/Ti | 1 —(tz—t1)/‘ri
AT, =P, > R, +P,Y R1ZC
- 1—-e” ta /7 = 1_e—t3/Ti

e) Additional superpositions

For all examples additional superpositions can be considered if the thyristor is operated at
switching frequencies below 200 Hz.

Two cases are to be distinguished:

1) Steady-state load. In this case, the calculated temperature rise ATVJ- is superimposed to a

steady-state temperature rise AT, g

n
Aijst =Py - Zy, (too) =Py - Z R,

i=1
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where Pg; is the steady-state power dissipation. The calculated temperature rise is then:
ATVjst +ATVj
2) Load pulses. Every load pulse can consist of a pulse sequence of higher frequency. e.g.
line frequency. In this case, an additional oscillation of the virtual junction temperature

occurs. To calculate the maximum of this temperature oscillation, an additional term is
required. This term can be derived from example 3.

Method A
The required term is formed in the same manner as AT,;(t3) in example 3.
Method B

The constants R; can be replaced by R;':

_ —t1/‘f|
R'-R 1-e

1_e—t2/Ti

where t, is the pulse duration and t, the reciprocal repetition rate of the higher frequency.
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