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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -
Part 6: Discrete devices — Thyristors

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of 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, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). 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. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of 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 IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. 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 third edition cancels and replaces the second edition, published in 2000. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) Clauses 3, 4, 5, 6, and 7 were amended with some deletions of information no longer in
use or already included in other parts of the IEC 60747 series, and with some necessary
additions;

b) some parts of Clause 8 and Clause 9 were moved and added to Clause 7 of this third
edition;
c) Clause 8 and 9 were deleted in this third edition;

d) Annex A was deleted. Documents
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This International Standard is to be used in conjunction with IEC 60747-1:2006 and
Amendment 1:2010.

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

FDIS Report on voting
47E/532/FDIS 47E/538/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 2.

A list of all parts in the IEC 60747 series, published under the general titte Semiconductor
devices, can be found on the IEC website.

Future standards in this series will carry the new general title as cited above. Titles of existing
standards in this series will be updated at the time of the next edition.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC website under "http://webstore.iec.ch” in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.
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SEMICONDUCTOR DEVICES -

Part 6: Discrete devices — Thyristors

1 Scope

This part of IEC 60747 provides standards for the following types of discrete semiconductor
devices:

— reverse-blocking triode thyristors;
— reverse-conducting (triode) thyristors;
— Dbidirectional triode thyristors (triacs);

— turn-off thyristors.

If no ambiguity is likely to occur, any of the above may be referred to as thyristors.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

IEC 60747-1:2006, Semiconductor devices — Part 1: General
IEC 60747-1:2006/AMD1:2010

IEC 60749-23, Semiconductor devices — Mechanical and climatic test methods— Part 23: High
temperature operating life

IEC 60749-25, Semiconductor devices — Mechanical and climatic test methods — Part 25:
Temperature cycling

IEC 60749-34:2010, Semiconductor devices — Mechanical and climatic test methods — Part 34:
Power cycling

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

3.1 General

3.11

triac

bidirectional triode thyristor

three-terminal thyristor having substantially the same switching behaviour in the first and third
guadrants of the current-voltage characteristic

[SOURCE: IEC 60050-521:2002, 521-04-67]
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3.1.2

GTO

gate-turn-off thyristor

turn-off thyristor

thyristor which can be switched from the on-state to the off-state and vice versa by applying
control signals of appropriate polarity to the gate terminal

Note 1 to entry: This note applies to the French languange only.

[SOURCE: IEC 60050-521:2002, 521-04-68]

3.2 Terms and definitions related to ratings and characteristics: currents

3.21
overload reverse-conducting current

Irc(ov)
reverse-conducting current whose continuous application would cause the maximum rated

virtual junction temperature to be exceeded

3.2.2
surge reverse-conducting current

Ircsm
peak non-repetitive reverse current pulse of short duration and specified wave shape

3.2.3

reverse leakage current

IR

reverse current that occurs when applying reverse voltage to the device

3.2.4
overload on-state current

I1(0v) _ o . .
on-state current whose continuous application would cause the maximum-rated virtual

junction temperature to be exceeded

Note 1 to entry: See Figure 1.

ir A

ITSM

Itov) TY

ITRM

IEC

Figure 1 — Peak values of on-state currents
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3.2.5
surge on-state current

Itsm
on-state current pulse of short duration and specified wave shape

Note 1 to entry: Occurrence of /., 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 (e.g., a fault) (see Figure 1).

3.2.6

tail current

Iz

<turn-off thyristor> anode current that flows during the tail time

Note 1 to entry: See Figure 8.

3.2.7

peak tail current

Izm

<turn-off thyristor> peak value of tail current that occurs shortly after the beginning of the tail
time

Note 1 to entry: See Figure 8.

3.2.8

peak case non-rupture current

[RSMC . . . .

peak value of current that will not cause bursting of the case or the emission of a plasma
beam

3.3 Terms and definitions related to ratings and characteristics: gate voltages and
currents

3.31

sustaining gate current

IFGsus

<turn-off thyristor> minimum forward gate current required ensuring 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

3.3.2

turn-off gate voltage

Vraa

<turn-off thyristor> reverse gate voltage during the time interval within which the thyristor is
turning off

3.3.3

peak turn-off gate voltage

VrReam

<turn-off thyristor> peak value of the turn-off gate voltage at the end of its rapid rise after the
peak value of turn-off gate current (/ggq\) has been reached

3.34
turn-off gate bias voltage

VrGaB
<turn-off thyristor> essentially constant value of the turn-off gate voltage that 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
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3.3.5
off-state gate bias voltage

VrGB
<turn-off thyristor> reverse gate voltage which is applied after the thyristor was turned off

3.3.6
on-state gate bias current

el
forward gate current flowing after the thyristor has been turned on

3.3.7

turn-off gate current

Irca

<turn-off thyristor> reverse gate current during the time interval within which thyristor is
turning off

3.3.8
turn-off gate bias current

Ircas
<turn-off thyristor> gate current associated with the turn-off gate bias voltage Vrgqp

3.3.9

peak turn-off gate current

Trgcam

<turn-off thyristor> peak value of the reverse gate current reached at the end of its rapid rise
in the beginning of the turn-off process

Note 1 to entry: Specifications refer to the minimum value of Iggqu 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.

3.4 Terms and definitions related to ratings and characteristics: power and energy
dissipation

3.41 General

All definitions are written in terms of triode thyristors. Where appropriate, they apply also to
diode thyristors. All definitions for power and power dissipation refer, if not otherwise
specified, to the product of anode or principal current and anode or principal voltage. 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 dissipation” and “partial energy dissipation” meaningful. However,
guidance for the specification of these times is given in the relevant notes.

3.4.2 Instantaneous power during a cycle

3.4.21

reverse power

Pr

power when the thyristor is in the reverse-blocking state

Note 1 to entry: 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 7 = 0 or ¥ = 0) (see
Figure 2).
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P A
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: i
Off | | On . | Off
Reverse-blocking state |state| | state ' Etate
) Eal i} Ll | \ - -
Reverse state Forward state
-« » »
< Cycle
IEC
Key
Py reverse power Py on-state power
Py off-state power Prg turn-on power
bQ turn-off power
Figure 2 — Partial power (dissipation) of turn-off thyristors
at absolute long on-state period
3.4.2.2
reverse-conducting power
Pre

<reverse-conducting thyristor> power while the thyristor is in the reverse-conducting state

Note 1 to entry: 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 /=0 or V' = 0).

3.4.2.3

off-state power

Pp

power while the thyristor is in the off state

Note 1 to entry: |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 (/ = 0 or ¥/ = 0)
and the beginning of the turn-on time; with turn-off 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.

3.4.24
turn-on power

Prr
power in the time interval during which the thyristor is turning on

Note 1 to entry: If not otherwise specified, this time interval corresponds to the turn-on time.

3.4.2.5
turn-off power

Pra
power in the time interval during which the thyristor is turning off Documents
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Note 1 to entry: If not otherwise specified, this time interval corresponds to the turn-off time.

Note 2 to entry: For turn-off thyristors Py is replaced with Py,.
3.4.3 Mean power dissipation

3.4.3.1

mean partial power dissipation

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

3.4.3.2
mean total power dissipation
P tot(AV) _ o o .
sum of all mean partial power dissipation and the mean gate power dissipation, during a full
cycle
Pioyav) = P1(av) + Paddav) + Pe(av)
3.4.3.3
mean on-state power dissipation
Pr(av)

mean partial power dissipation resulting from on-state power

3.4.3.4
mean additional power dissipation

Padd(av)
sum of all power dissipation except on-state power dissipation and gate power dissipation

Padd(av) = P11(av) + Pra(av) + Poav) + PrR(AV)-
Note 1 to entry: For turn-off thyristors, PRQ(AV) is replaced with PDQ(AV).

3.4.3.5
mean turn-on power dissipation

Prrav) o .
mean partial power dissipation resulting from the turn-on power

3.4.3.6
mean turn-off power dissipation

Praqav) o .
mean partial power dissipation resulting from turn-off power

Note 1 to entry: For turn-off thyristors, PRQ(AV) is replaced with PDQ(AV).
3.4.3.7

mean off-state power dissipation

Pp(av)

mean partial power dissipation resulting from off-state power

3.4.3.8
mean reverse power dissipation

Prav) o .
mean partial power dissipation resulting from reverse power

3.4.3.9
mean gate power dissipation

Pg(av) o
gate power dissipation averaged over a full cycle
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3.44 Energy dissipation

3.4.4.1

dynamic on-state energy dissipation

Er

total energy dissipation 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

3.4.4.2

basic on-state energy dissipation

Etg

energy dissipation resulting from the flow of on-state current when the thyristor is fully turned
on during the entire on-state period

Note 1 to entry: This energy dissipation can only be determined by calculations based on the observed waveform
of the current. The calculation method is to be specified (see Figure 3).

p A
Prim
Ppam q
E
,(/ DQ
- \
\LQ
_— Ak >
) Off state t
Off state P Dynamic on state _|Tumoff| L~
B Forward state =
- - IEC
Key
Etg basic on-state energy dissipation dissipation Ett additional turn-on energy
Et; = Erg+ Er7  dynamic (total) on-state energy dissipation Epq turn-off energy dissipation
Figure 3 — Components of dynamic on-state energy dissipation
of turn-off thyristors at absolute short on-state period
3.4.43
additional turn-on energy dissipation
Etrr

calculated difference between the dynamic on-state energy dissipation and the basic on-state
energy dissipation

Etr = Er - Etg

3.44.4
turn-off energy dissipation

Er@ . .
energy dissipation during the turn-off time

Note 1 to entry: For turn-off thyristors, E, is replaced with Ep.
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3.5 Terms and definitions related to ratings and characteristics: recovery times and
other characteristics

3.5.1 On-state

3.5.1.1

on-state slope resistance

T

value of the resistance calculated from the slope of the straight-line approximation of the on-
state characteristic that crosses this characteristic at two specified points

3.5.1.2
on-state threshold voltage
V1(To)

14
(TO)
value of the on-state voltage obtained at the intersection of its straight-line approximation with

the voltage axis

3.5.2 Recovery times

3.5.21
reverse recovery time

trr
<reverse-blocking thyristor> 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 Iy, to a
specified low value I (as shown in Figure 4a) and which may be zero), or the extrapolated
reverse current reaches zero (as shown in Figure 4b)).

Note 1 to entry: The extrapolation is carried out with respect to specified points A and B, as shown in generalized
form in Figure 4b). Point A may be specified at /.

Note 2 to entry: Specified values of ¢, 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).

0 > »

Ij [~-m = — Ig t
In
Lim|=========-==----- Iim
IEC IEC
a) Determined by specified value b) Determined by extrapolation
Figure 4 — Reverse recovery time
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3.5.2.2

off-state recovery time

far

<reverse-conducting thyristor> 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 I to a
specified low value 7/, (as shown in Figure 5a) and which may be zero), or the extrapolated
reverse current reaches zero (as shown in Figure 5b)).

Note 1 to entry: The extrapolation is carried out with respect to specified points A and B, as shown in generalized
form in Figure 5b). Point A may be specified at /),

Note 2 to entry: Specified values of 7, 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).

I i A
Ipml-ccce o2 IoM |- memmi e o2
1A __________________
Iy oo oo oo 20 Ig oo ____
1 0 ° 0 >
\ 1 g Ldr - ! A !
1} = »~
| ' 'l
] ) '
1 ] \ )
| : \ !
Irem R N 7 Irem |- --=-=--> ===
IEC IEC
a) Determined by specified value b) Determined by extrapolation

Figure 5 — Off-state recovery time

3.5.2.3

circuit-commutated turn-off time
t

q .
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 6, or
begins from a low positive value (curve b)) in Figure 6.

Note 1 to entry: 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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Figure 6 — Circuit-commutated turn-off time

3.5.24

hold-off interval

IH

<in a converter> 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 1 to entry: 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-commutated turn-off time, which also depends on the service
conditions of the converter.

3.5.3 Times and rates of rise characterizing gate-controlled turn-on

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 (see Figure 7).

3.5.3.1

gate controlled turn-on delay time

lgd

tlgme between the instant when the rising gate current reaches 10 % of Irgt), and the instant
when the decreasing off-state voltage reaches 90 % of its initial value 7

3.5.3.2

gate-controlled turn-on rise time

l r

t?me interval between 90 % of the decreasing anode voltage V' and 10 % of /'

Note 1 to entry: If no ambiguity is likely to occur, the term may be abbreviated to “turn-on rise time”.

3.5.3.3

gate-controlled turn-on time

t

gt . o
sum of gate-controlled turn-on delay time and rise time:

fqt = lgg + 1

gt gr
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Note 1 to entry: If no ambiguity is likely to occur, the term may be abbreviated to “turn-on time”.

i, v A

ol

0,9 Vp . i
ITM A

 dig/dt

0,5 ITM

0,1 Vp / . a

e

A
A 4

A
A 4

0.5 IrgTm

It

VFGTM

S ie Irgs
0.1 Iegtm \

i 4

IEC

NOTE The reference values of current and voltage are usually specified as follows.

Peak forward gate current IrgTy:
- specified low value: 10 % of Irgry,

— specified level for the measurement of Lotw and dig/dz: 50 % of Irgrpys

Anode voltage p:
— upper specified value: 90 % of 7,

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

Anode current I1y:

— specified level for the measurement of dig/dz: 50 % of Ipy.

Figure 7 — Gate-controlled turn-on times

3.5.4 Times and rates of rise characterizing gate-controlled turn-off

The defined terms refer to the switching of a turn-off 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 (see Figure 8)

3.5.4.1

gate-controlled turn-off delay time
t4q
time interval between 10 % of rising reverse gate current /ggqu and 90 % of anode current I

Documents
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3.5.4.2

gate-controlled fall time
It
time interval between 90 % of anode current /7 and the instant when the anode current It
reaches, at the end of its steep decrease, the valley point current I,

Note 1 to entry: If no ambiguity is likely to occur, the term may be abbreviated to “turn-off fall time”.

3.54.3
gate-controlled turn-off time
t
q
sgum of gate-controlled turn-off delay time and fall time:

tgq = tdq + tfq

Note 1 to entry: If no ambiguity is likely to occur, the term may be abbreviated to “turn-off time”.

3.5.4.4

tail time

ZLZ

time interval between the instant when the anode current has decreased to the valley point
1y and the instant when the extrapolated tail current i, reaches zero

Note 1 to entry: Unless otherwise specified, the extrapolation is carried out between the peak point of the tail
current I, and I, =25 % I, (see Figure 8).
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NOTE The reference values of current and voltage referred to in 3.5.4.1 through 3.5.4.4 are usually specified as
follows:

gate current:
i . [
—  specified low value near zero: 10 % of Iogqy

- specified level for the measurement of dig5/d#: 50 % of Izgqu»

anode current:

— upper reference value: 90 % of I,
anode voltage:
— specified level for the measurement of dvp/ds: 50 % of Vg

Figure 8 — Gate-controlled turn-off times

3.5.4.5
gate turn-off drive-pulse duration

t

gq . . o
cfuratlon of the reverse gate-drive voltage pulse measured between two specified levels of
reverse gate-drive voltage

3.5.4.6
critical gate turn-off drive-pulse duration

t

pgq(cr

Iowesz value to which the gate turn-off drive-pulse duration can be reduced without the
thyristor failing to turn off
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3.5.5 Recovered charges

3.5.5.1
recovered charge

Or

<reverse-blocking triode thyristor> 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:

1o+
O = jirrdt
]
where
to is the instant when the current passes through zero;

t, is the specified integration interval (see Figure 9).

Note 1 to entry: This charge includes components due to both carrier storage and depletion layer capacitance.

it A 4

o -
3 >

S 4

)

Or

A IEC

Figure 9 — Recovered charge 0,

3.5.5.2
off-state recovered charge

er

<reverse-conducting triode thyristor> 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 1 to entry: The formula given in 3.5.5.1 and Figure 9 apply analogously.

3.5.5.3

gate turn-off charge
gq . | . .

<turn-off thyristor> 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 Igxgqy (see Figure 8)

3.6 Mechanical ratings

3.6.1

mounting torque

M

component of a moment of force M along a given axis passing through the origin point, thus
T =M - e, where e is the unit vector of the axis

Note 1 to entry: For thyristors having screw connections, the maximum and minimum rated torque values shall be
specified.

[SOURCE: IEC 60050-113:2011, 113-03-26, modified — "mounting" has been added to the
term, the note has been deleted and Note 1 to entry has been added] Documents
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3.6.2
clamping force
F

— 23 -

additive vector quantity characterizing external interactions on a particle or body

Note 1 to entry: For thyristors designed for mounting by means of clamps the minimum and maximum rated

clamping force values and the planarity of mounting surfaces shall be specified.

[SOURCE: IEC 60050-113:2011, 113-03-14, modified — "clamping" has been added to the

term, Notes have been deleted and Note 1 to entry has been added]

4 Letter symbols

4.1 General

The general rules of IEC 60747-1:2006, Clause 4, are applicable in part.

4.2 Additional general subscripts

In addition to the lists of recommended general subscripts given in IEC 60747-1:2006,
Clause 4, the special subscripts given in Table 1 are recommended for the field of thyristors.

Table 1 — Additional general subscripts

Subscript Significance Remarks
A, a Anode
(com) Commutating See 6.2.12
G,g Gate
G Gate-controlled
H Holding
L Latching
Q, q Turn-off
RC Reverse-conducting
(SP) Spike
sus Sustaining
T On state
T, t Turn-on, trigger
Vv Valley Under 3.5.4.2 and 3.5.4.4 only
Working
Z,z Tail

4.3 List of letter symbols

The symbols contained in Table 2 to Table 8 are recommended for use in the field of

thyristors.
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Table 2 — Principal voltages, anode-cathode voltages

Name and designation Letter symbol Remarks

Off-state voltage b

Peak off-state voltage Vom

Crest (peak) working off-state voltage Vowm

Repetitive peak off-state voltage VORM

Non-repetitive peak off-state voltage Vbsm

On-state voltage VT

On-state threshold voltage V1(10)

Reverse voltage VR

Crest (peak) working reverse voltage VRwMm 5.1.8.4 and Table 11 only
Repetitive peak reverse voltage VRRM

Non-repetitive peak reverse voltage VRsm

Table 3 — Principal currents, anode currents, cathode currents

Name and designation Letter symbol Remarks
Off-state current Ip
Holding current Iy
On-state current It
Overload on-state current Itov)
Repetitive peak on-state current ItrMm Figure 11
Surge (non-repetitive) on-state current Itsm
Reverse blocking current IR
Repetitive peak reverse current IRrM
Peak reverse recovery current Iiem
Latching current I
Reverse-conducting current Irc
Overload reverse-conducting current Irc(ov) 3.2.1
Direct off-state current Ip(p) 6.2.5

Table 4 — Gate voltages

Name and designation Letter symbol Remarks
Gate trigger continuous (direct) voltage Vot
Gate non-trigger continuous (direct) voltage Vb

Table 5 — Gate currents

Name and designation Letter symbol Remarks
Forward gate continuous (direct) current Irg
Gate trigger continuous (direct) current IgT
Gate non-trigger continuous (direct) current Igp
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Table 6 — Time quantities

Name and designation Letter symbol Remarks

Gate controlled turn-on time lgt

Gate controlled turn-off time lgq

Circuit commutated recovery time (circuit commutated tq

turn-off time)

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

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

Off-state recovery time tyr For reverse conducting
triode thyristors in 3.5.3.2

Hold-off interval th Figures 11b, 47, 53

Table 7 — Power dissipation

Name and designation Letter symbol Remarks
On-state power dissipation Pt
Reverse power dissipation PR For reverse blocking and
conducting triode
thyristors
Off-state power dissipation Pp
Turn-on dissipation
— average turn-on dissipation P11(AVv)
— total instantaneous turn-on dissipation Prt
Turn-off dissipation
— average turn-off dissipation Praq(av) OF Ppa(av)
— total instantaneous turn-off dissipation Prq Or Ppq
— peak turn-off dissipation Ppam
Reverse-conducting power dissipation Prc 3.4.2.2
Peak forward gate power Prem 5.1.5.4
Table 8 — Sundry quantities
Name and designation Letter symbol Remarks
On-state slope resistance rr
Critical rate of rise of commutating voltage dv/dt(c), For triac_s in 6.2.12,
dvids dv/dt(cl) is the preferred
(com) symbo
Critical rate of rise of on-state current diT/dt(Cr) 5.1.10.4
Off-state recovered charge Oy, For reverse conducting
triode thyristors in 3.5.6.2
Critical rate of voltage rise dv/dt(cr) 5.2.19.3
Basic on-state energy dissipation Erg 3.4.4.2
Turn-off energy Era Epq 3.4.4.4
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5 Ratings and characteristics for thyristors

5.1 Ratings (limiting values)
51.1 Storage temperatures (Tstg)

Minimum and maximum value is to be specified.

5.1.2  Junction temperature (7yjmin): Tvjm)

Minimum and maximum value is to be specified.

5.1.3 Operating ambient or case temperature (T, or 7,)

Minimum and maximum value is to be specified.

5.1.4  Total power dissipation (P, or P¢)

Where thermal resistance is not given in the characteristics, maximum total power dissipation
as a function of temperature over the range of operating temperatures shall also be given.

5.1.5 Gate power dissipation
51.51 General

If these ratings are dependent on temperature or duty factor, derating information shall be
given.

5.1.5.2 Mean gate power

Maximum rated value.

5.1.5.3 Peak gate power dissipation (Pgy)

Maximum rated value for specified pulse duration.

5.1.54 Peak forward gate power (Pggy) for GTO

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

5.1.6 Frequency ratings

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

5.1.7 Special requirements for mounting
51.71 Mounting torque (M) (where appropriate)

Minimum and maximum values.

5.1.7.2 Clamping force (F) for disc type diodes (where appropriate)

Minimum and maximum values and the planarity of the mounting surface shall be specified.
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5.1.8 Principle anode-cathode voltages
51.8.1 Non-repetitive peak off-state voltage (Vpgpn)

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

5.1.8.2 Repetitive peak off-state voltage (Vpry)

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

5.1.8.3 Crest (peak) working off-state voltage (Vpwn)

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).

5.1.8.4 Crest (peak) working reverse voltage (Vrwm)

Maximum value with half wave sinusoidal wave-form at mains frequency, usually 50 Hz or
60 Hz (duration: 10 ms or 8,3 ms).

5.1.8.5 Non-repetitive peak reverse voltage (Vrgm)

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

5.1.8.6 Repetitive peak reverse voltage (Vgrrm)

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

5.1.8.7 Continuous (direct) reverse voltage (Vg) (where appropriate)

To be specified as a maximum value.
VR(p) may be used for GTO.

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

Maximum value under specified conditions of control signal and gate circuit impedance.
Vb(py may be used for GTO.

51.9 Gate voltages
5.1.9.1 General

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). See Figure 10 for reference.
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N — cathode anode 4 N

gate gate

IEC IEC

P-gate thyristor N-gate thyristor

Figure 10 — Application of gate voltages for thyristors

5.1.9.2 Peak forward gate voltage (Vggn)

Maximum rated value.

5.1.9.3 Peak reverse gate voltage (Vrgm)

Maximum rated value.

5.1.10 Principal anode cathode currents
5.1.10.1  RMS on-state current (I7gr u.s.))

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.

Where no ambiguity arises, Itrys) may be used.

NOTE The rated r.m.s. on-state current is given on the assumption that no overload occurs.
5.1.10.2 Repetitive peak on-state current (I;gy) (Where appropriate)

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

5.1.10.3 Overload on-state current (I1gy))

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.

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

Iizdt

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. Documents
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These ratings are given for full cycles of 50 Hz or 60 Hz sine wave surge current.
5.1.10.4  Critical rate of rise of on-state current (diy/dz )
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 5.1.8.2;

b) peak value of on-state current, preferably equal to /2 times the rated r.m.s. on-state
current of 5.1.10.1 specified at 85 °C for case or ambient temperature; in case of GTO:
preferably equal to the maximum rated repetitive peak controllable on-state current, with
current wave shape and pulse width specified;

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;

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

The rated value of di/d¢ should be given where there is no RC network connected in parallel
with the thyristor. If an additional di/ds 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 shall be stated.

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

5.1.10.5 Surge non-repetitive reverse current (Igcsy) (for reverse conducting
thyristors)

Maximum value under specified pulse conditions.

5.1.10.6 Repetitive peak reverse current (Igcrpy) (for reverse conducting thyristors)

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

5.1.10.7 Continuous (direct) reverse current (Izc) (for reverse conducting thyristors)

Maximum value under specified temperature and Vg conditions.
Irc(py may be used.

5.1.10.8 Mean reverse current (IRC(AV)) (for reverse conducting thyristors)

Maximum value 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.

5.1.10.9 On-state currents
5.1.10.9.1  Mean on-state current (I1ay))

Maximum value 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.
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5.1.10.9.2 Repetitive peak on-state current (I7g,) (Where appropriate)

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

5.1.10.10 Short-time and intermittent duty current (for GTO)

Maximum rated on-state current under short-time or intermittent duty.

5.1.10.11 1%t value (of a surge on-state current) (/2¢)

Maximum value used for the specification of surge on-state current, given in terms of the
maximum rated value of

{i

1%t = Jizdt
0

for a specified short integration time .

5.1.10.12 Surge on-state current (I1gy)

Maximum value with initial conditions corresponding to maximum rated virtual junction
temperature.

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

Iizdt

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.

For fast turn-on thyristors or fast plasma-spreading thyristors such as those with distributed
gate or inter-digitated gate structures (GTO), values for times below 1 ms may be needed.

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.

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, which occur when a sinusoidally rising fault current
is interrupted by a current-limiting fuse.

5.1.10.13 Direct on-state current (I7)

Maximum value under specified temperature

Iy(py may be used.
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5.1.10.14 Peak value of sinusoidal on-state current at higher frequencies (where
appropriate)

Curves 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 11a) is given as an example. Figure 11b) is given for explanatory purposes only.

A

1000 fo =
1 kHz 0,5 kHz
1,5 kHz
2,5 kHz

5 kHz
/—7,5 kHz
/—10 kHz

Itrm (A)

100

T
10 100 1000 tp (us)
IEC

a) Maximum rated peak sinusoidal on-state current 7., (see Figure 11b))
as a function of pulse duration ty with parameter: repetition frequencyf0 =1/T
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b) Typical current and voltage waveforms for sinusoidal
on-state current pulses; 7, is the hold-off interval (see 3.5.2.4)

NOTE The pulse waveform includes the current pulse due to the RC damping network.

Figure 11 — Peak sinusoidal curents and typical waveforms
at higher frequencies

5.1.10.15 Maximum peak value of a trapezoidal on-state current at higher frequencies
(where appropriate)

Curves 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;

c) specified reverse voltage (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.

Figure 12a) and Figure 12b) are given as examples. Figure 12c) is given for explanatory
purposes only.
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Itrm (A)

Duty cycle = 50 %
T, =55°C

\fo =
1000 \ 60 Hz
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2 500 Hz
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o

10 20 50 100 dit/dt (Alus)
IEC

a) Maximum rated peak trapezoidal on-state current I, for a specified 7,
(see Figure 12c)) as a function of the rate of rise of on-state current with parameter
repetition frequency f, = 1/T

< A
=
o
G dit/dt = 50 Alps
1000 Tc=55°C
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500 60 Hz
250 Hz
1000 Hz
2 500 Hz
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0 >
10 100 1000 10 000 tw (us)

IEC

b) Maximum rated peak trapezoidal on-state current I, having a specified di;/d¢ (see Figure 12c))
as a function of 7, with parameter repetition frequency f, = 1/T
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c) Typical current and voltage waveforms for trapezoidal
on-state current pulses; ¢, is the hold-off interval (see 3.5.2.4)

Different sets of curves are required for different values of diT/dz.

Figure 12 — Peak trapezoidal currents and typical waveforms
at higher frequencies

5.1.10.16 Peak case non-rupture current (Iggyc)(where appropriate)

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 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.

5.1.10.17 Non-repetitive peak controllable on-state current (I;qgy) for GTO
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.
5.1.10.18 Repetitive peak controllable on-state current (I1qgy) for GTO
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; Documents
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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.
5.1.11 Peak forward gate current (Irgy)

Maximum value with anode-cathode voltage polarity specified and any qualifications (e.g. of
time, energy, etc.) applicable to this rating.

5.2 Characteristics
5.21 General

In the case of a triac 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 shall be specified.

5.2.2 Reverse current (IR)

Maximum value at the maximum continuous (direct) reverse voltage and at a low value of
reverse voltage at 25 °C and one higher temperature.

Ir(py may be used.

5.2.3 Reverse conducting voltage (Vi) (for reverse conducting thyristors)

Maximum value at the maximum continuous (direct) reverse current
Vrc(p) May be used.

5.2.4 Continuous (direct) off-state current (Ip)

Maximum value at the maximum continuous (direct) blocking voltage and at a low value of
blocking voltage at 25 °C and one higher temperature.

Ip(py may be used.

5.2.5 On-state voltage (V7)

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).

V1(p) may be used.

5.2.6 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 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. These characteristics shall be measured using a pulse
method, so that the junction temperature is approximately equal to the case temperﬁure.
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5.2.7 Peak sinusoidal on-state voltage (V1)

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

this is the maximum value at a current of 2 times the maximum rated r.m.s. on-state
current.

n may be taken as equal to 3.

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.

5.2.8  Threshold voltage (Vy(10)/ V10)

Maximum value at maximum rated virtual junction temperature.

5.2.9 On-state slope resistance (ry)

Maximum value at maximum rated virtual junction temperature.

5.2.10 Holding current (Iy)

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

a) source voltage in the principal circuit (off-state voltage), 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.

5.2.11 Latching current (1)
Maximum value under the following specified conditions:

a) source voltage in the principal circuit (off-state voltage), preferably equal to 12V (24 V in
case of a GTO);

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.

5.2.12 Repetitive peak off-state current (Ipgy)

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

5.2.13 Repetitive peak reverse current (Iggrpn)

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.
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5.2.14 Gate-trigger current (Ig7) and gate-trigger voltage (Vg)

Values of gate current and gate voltage required to turn on all thyristors of a given type.
Limiting values and characteristics for the gate are preferably given with reference to a
diagram as shown in Figure 13.

The following conditions shall be specified:

a) off-state voltage, preferably equal to 12 V (24 V in case of a GTO);

b) gate-circuit conditions;

c) ambient, case or junction temperature;

d) in case of a GTO specified maximum source resistance that will provide sufficient on-state
current to assure conduction of all cathode islands.

The values of gate-trigger voltage and current should be given at 25 °C and at minimum
operating temperature.

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

Values of the gate current and gate voltage which will not turn on any thyristor of a given type
(see also Figure 13).

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 (Vprm);

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

c) gate circuit conditions.
The values of gate non-trigger voltage and current should be given at maximum rated virtual

junction temperature. If the characteristics given in Figure 13 are different for different
quadrants of a triac, this should be stated.
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Figure 13 — Forward gate voltage versus forward gate current

5.2.16 Sustaining gate current (Iggg,s) for GTO only

Minimum value.

5.2.17 Peak gate turn-off current (Iggqy) for GTO only

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)
b)

maximum rated virtual junction temperature;

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.
5.2.18 Peak tail current (Iz,) for GTO only

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
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f) specified rate of rise of the turn-off gate current.
5.2.19 Characteristic time intervals
5.2.19.1  Gate-controlled turn-on delay time (z44)

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 pus;

¢) 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 (Vprm);

e) minimum anode current at the end of the gate current pulse.

5.2.19.2  Circuit commutated turn-off-time (z)

Maximum value under the following specified conditions:
a) wave shape of the preceding on-state current. The wave shape shall preferably be

rectangular and the duration shall 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;

c) wave shape of the reverse-blocking voltage;
d) reverse voltage at the time of initiation of off-state voltage (time instant ¢, in Figure 14);

e) peak value and rate of rise of off-state voltage. The peak value of the off-state voltage
shall be at least two-thirds of the rated repetitive peak off-state voltage.

f) gate bias while the thyristor is in the off state:
— gate-source voltage,
— gate-source impedance;

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

i A

B 4

v A '
tq |
) I
. :
—'\I ) -
o »
[,_/ t
, /I/ t1
e IEC

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

Figure 14 — Examples of current and voltage wave shapes
during turn-off of a thyristor under various circuit conditions
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5.2.19.3 Maximum (critical) rate of rise of off-state voltage (dvldt(cr))

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

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 the maximum rated
repetitive peak off-state voltage (Vpru):

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

5.2.19.4  Critical rate of rise of commutating voltage of a triac (dv/dfc,,))

Maximum value under the following specified conditions:

a) peak on-state current preferably equal to J2 times the maximum rated r.m.s. value of on-
state current of 5.1.10.1 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 of 5.1.8.2;

d) ambient or case temperature, preferably equal to the maximum rated virtual junction
temperature;
5.2.19.5 Turn-off time intervals for a GTO

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.
5.2.19.6 (Gate-controlled) turn-off time (tgq)
Maximum value.

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

Maximum value.

5.2.19.8 (Gate-controlled) fall time (tfq)

Maximum value.
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5.2.19.9 Tail time ()

Maximum value.

5.2.20 Total power dissipation
5.2.20.1 General

For case-rated thyristors only, curves showing the maximum total power dissipation 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 under 5.1.10.

5.2.20.2 Total energy dissipation during one half sine wave on-state current pulse
(where appropriate)

Curves showing the maximum total dissipation 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:

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

b) specified reverse voltage (as there is a significant dependence on the reverse recovery
dissipation, 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
dissipation);

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

d) specified RC damping network (snubber);

e) specified case temperature;

f) curves for maximum total energy dissipation given at repetition frequency (e. g. 50 Hz) or
in a single pulse.

Figure 15a) is given as an example. Figure 15b) is given for explanatory purposes only.
\ i A

Parameter Ep

LTIV i

,\O,SJ
100+ \

0,1J
0,05J
0,01J
10 - > IEC
10 100 1 000 tp (us)
IEC
a) I;xy curves during current pulse b) Single sinusoidal on-state current
of duration t, and amplitude Io. pulse

Figure 15 — Curves with total energy dissipation E,
as parameter and sinusoidal current pulse

5.2.20.3 Total energy dissipation 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:
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b) specified reverse voltage (as there is a significant dependence on the reverse recovery
energy, 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 energy);

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;

f) specified case temperature.

Figure 16a) is given as an example. Figure 16b) is given for explanatory purposes only.

g i A
z + dit/dt
~
Parameter Ep ITRM
1000 ,\ 0,5 ITRM
1J
>
100 4\ 0.5J t
0,1J
0,05 J EC
10 . ?’01 J -
10 100 1 000 tw (Us)
IEC
a) I;g curves during current pulse b) Single trapezoidal

of duration ¢, and amplitude I

TRM on-state current pulse

Figure 16 — Curves with total energy dissipation E,
as parameter and trapezoidal current pulse

5.2.21 Turn-on energy dissipation (Eqy) for GTO preferably

Curves showing the maximum turn-on energy dissipation 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:

dit _ 3\
dt lp

where

]TM

I is the duration of the half-wave.

is the amplitude;

5.2.22 On-state energy dissipation (Eg) for GTO preferably

Curves showing the maximum on-state energy dissipation for one on-state current pulse in
the steady state, excluding the turn-on and turn-off energy, 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.
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5.2.23 Turn-off energy dissipation (Eq) for GTO preferably

Curves showing the maximum turn-off energy dissipation 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 dissipation values result when the equivalent energy values per pulse
are multiplied by the repetition frequency.

5.2.24 Recovered charge (Q,) (where appropriate)

Maximum value, or maximum and minimum values, under the following specified conditions
(see Figure 17):

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/ds;

c) reverse voltage, preferably equal to 50 % of the maximum rated repetitive peak reverse
voltage (Vrrm) as specified under 5.1.8.6;

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

¥

A
A

0
0,25 Irm

~ Y

0.9 Zrem

Irrm

IEC

Figure 17 — Recovered charge Q,, peak reverse recovery current 7.,
reverse recovery time ¢, (idealized characteristics)

5.2.25 Peak reverse recovery current (I....)(where appropriate)

Maximum value under the same specified conditions a) to d) of 5.2.24 (see Figure 17).

5.2.26 Reverse recovery time (z,,) (where appropriate)

Maximum value under the same specified conditions a) to d) of 5.2.24 (see Figure 17).

5.2.27 Thermal resistance junction to ambient (Ryy;.5))

Maximum value, for ambient rated thyristors only.

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

Maximum value, for case rated thyristors only.

5.2.29 Thermal resistance case to heat sink (R, c.g))
Maximum value, for case rated thyristors only. Documents
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5.2.30 Thermal resistance junction to heat sink (Ryy;.q))

Maximum value, for heat sink rated thyristors only.

5.2.31 Transient thermal impedance junction to ambient (Zth(j-a))

For ambient rated thyristors only, a curve of Z,_,) as a function of the time elapsed following
a step change in power dissipation.

5.2.32 Transient thermal impedance junction to case (Zy;.c))

For case rated thyristors only, a curve of Z, ;) as a function of the time elapsed following a
step change in power dissipation.

5.2.33 Transient thermal impedance junction to heat sink (Zth(j_s))

For heat sink rated thyristors only, a curve of Zy,;s) as a function of the time elapsed
following a step change in power dissipation.

6 Measuring and test methods

6.1 General

With few exceptions, indicated in the titles, the measuring and test methods described in
Clause 6 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.

6.2 Measuring methods for electrical characteristics
6.2.1 On-state voltage (V7)
6.2.1.1 DC method

On-state voltage can be measured using the circuit shown in Figure 18. 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.
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K .
IEC

Key

T thyristor under test

R protective resistor

S gate-biasing source

G d.c. source

Figure 18 — Circuit for measurement of on-state voltage (d.c. method)

6.2.1.2 Oscilloscope method

The magnitude of the current source is set to the required value for the V1 specification. Due
to the semiconductor capacitances the oscilloscope shows a hysteresis curve. The turn point
is equal to the static on-state voltage. Figure 19 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 20.

NOTE A sequence of current half waves with rising magnitude gives a series of turn points, which correspond to
the static forward characteristic (dashed line in Figure 20).

\
— |
S
S SN
S N i /77
b L—
Ry
Rz
— IEC
]
Key
T thyristor under test
D clamping diode for negative half wave
G a.c. generator
R, current sensing resistor
R, protective resistor, low resistance
S gate-biasing source

Figure 19 — Circuit for measurement of on-state voltage (oscilloscope method)
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it A
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Figure 20 — Graphic representation of on-state voltage versus
current characteristic (oscilloscope method)

6.2.1.3 Pulse method

Purpose

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

T osc
G | s

K

IEC

Figure 21 — Circuit diagram for measurement of on-state voltage (pulse method)

Circuit description and requirements (see Figure 21)

S gate-triggering source

G pulse generator

R4 protective resistor

R, calibrated non-inductive current sensing resistor
Rs gate-cathode resistor (optional)

T thyristor being measured

OSC oscilloscope or peak reading instrument.

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 us to 5@00wﬂﬂents

Document Sharing Hub

Full document details: IEC 60747-6 2016


http://avadocuments2026.com/doc/iec-60747-6-2016
http://avadocuments2026.com/doc/iec-60747-6-2016

IEC 60747-6:2016 © IEC 2016 - 47 -

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 shall allow
measurements of the on-state voltage at the time the thyristor is fully turned on.

Precautions to be observed

The di/d¢ of the thyristor being measured shall not exceed the rated value.
Measurement procedure

The pulse generator and gate-triggering voltages are initially set to zero.

Temperature conditions are set to the specified value and any necessary adjustments made
to the bias conditions.

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.
6.2.2 Repetitive peak reverse current (Iggn)

Purpose

To measure the peak reverse current of a thyristor at a specified value of repetitive peak
reverse voltage under specified conditions (see Figure 22).
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Key
S gate circuit

D1/D2 diodes to provide negative half cycles, so that only the reverse characteristic of the thyristor is measured

G alternating voltage source

R1 protective resistor

R2 calibrated current sensing resistor
T thyristor being measured

OSC oscilloscope or peak reading instrument

Figure 22 — 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,.

Peak reading instruments may be used instead of the oscilloscope, but they shall 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.

6.2.3 Latching current (1)

Purpose

To measure the latching current of a thyristor under specified conditions (see Figure 23).
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