IEC 60747-6:2025-09(en)

m

IEC 60747-6

INTERNATIONAL
STANDARD

Edition 4.0 2025-09

Semiconductor devices -
Part 6: Discrete devices - Thyristors

ICS 31.080.20

ISBN 978-2-8327-0705-0



THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2025 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or
by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from either
IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC copyright
or have an enquiry about obtaining additional rights to this publication, please contact the address below or your local
IEC member National Committee for further information.

IEC Secretariat

3, rue de Varembé
CH-1211 Geneva 20
Switzerland

Tel.: +41 22 919 02 11
info@iec.ch
www.iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the
latest edition, a corrigendum or an amendment might have been published.

IEC publications search -
webstore.iec.ch/advsearchform

The advanced search enables to find IEC publications by a
variety of criteria (reference number, text, technical
committee, ...). It also gives information on projects,
replaced and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished
Stay up to date on all new IEC publications. Just Published
details all new publications released. Available online and
once a month by email.

IEC Customer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication or
need further assistance, please contact the Customer
Service Centre: sales@iec.ch.

IEC Products & Services Portal - products.iec.ch
Discover our powerful search engine and read freely all the
publications previews, graphical symbols and the glossary.
With a subscription you will always have access to up to date
content tailored to your needs.

Electropedia - www.electropedia.org

The world's leading online dictionary on electrotechnology,
containing more than 22 500 terminological entries in English
and French, with equivalent terms in 25 additional languages.
Also known as the International Electrotechnical Vocabulary
(IEV) online.

Warning! Make sure that you obtained this publication from an authorized distributor.



mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://products.iec.ch/
http://www.electropedia.org/

IEC 60747-6:2025 © IEC 2025

CONTENTS

L T AT ] 6
1 Y eTe] o1 TP 8
2 NOMMAtiVE TEIEIENCES .. it e 8
3 Terms and definitions ... ... 8
3.1 LY 1T - | PP 9
3.2 PrincCipal VOIAGES ... oo 9
3.3 PrinCipal CUIMMENES . . e 11
3.4 Gate voltages and CUITENES ..ot e 12
3.5 Power and energy diSSipation ..........oiiiiiiiiii 13
3.5.1 Instantaneous power in a whole period of cycle...........cooiiiiiii, 14
3.5.2 Average power dissipation ....... ..o 15
3.5.3 Energy dissipation. ... ... 17
3.6 On-state, recovery and other characteristiCs...........ccooiiiiiiiiiiiii 18
3.6.1 On-state characteristiCs ... . ..ot 18
3.6.2 RECOVEIY HiMES i 18
3.6.3 Times and rates of rise characteristics gate controlled turnon..................... 20
3.6.4 Times and rates of rise characterizing gate controlled turn off ..................... 22
3.6.5 L0 g E=T o 1= 25
3.7 MeChaniCal ratiNgS .. ..cee e 26
4 Letter SYMDOIS . 26
4.1 GBNEIAl ..t 26
4.2 Additional general SUbSCripts ... .o 26
4.3 List of letter SYMDbBOIS .. ..o e 26
5  Essential ratings and characteristiCs...........oi i 29
5.1 G BNEIAl e 29
5.2 Ratings (lImiting Values) ... e 29
5.2.1 Storage temperature (Tstg) ....................................................................... 29

5.2.2 Operating ambient, case, heatsink or junction temperature (7, T, T or
4 P 29
5.2.3 Principal VOIages. ... 29
5.2.4 Principal CUIMmeNtS ... 30
525 Gate voltages, current and POWET ... .cuiuiriiiii e 36
5.2.6 Total power dissipation (Pygi).....ccvueeeiunieiiiiiii 37
5.2.7 FrequUenCY ratings ..o 37
5.2.8 Mechanical ratings ... ..o 37
5.3 CharacteriStiCs ... e 37
5.3.1 GBNEIAL e 37
5.3.2 ON-state VOIAgES. . e i 38
5.3.3 On-state characteristics (where appropriate)...........ccooviiiiiiiiiis 38
5.3.4 Holding CUIrent (7). ...overeiii e 38
5.3.5 Latching current (7)) ......coooovuiiiii 39
5.3.6 ReVErse CUITENt (Ig) .. .. vvvueiiniiiiiii e 39
5.3.7 Repetitive peak reverse current (Igppg) -« ceeeeeeemeemmeeiiiiieiiieeiee e, 39
5.3.8 Off-state current (1) ......ooooviiiiiiii 39
5.3.9 Repetitive peak off-state current (Ipgpg) .- vvvvevevmieiiniii 39

1



IEC 60747-6:2025 © IEC 2025

5.3.10 Gate trigger current (/gT) and gate trigger voltage (Vgy) -..voovvvvneevinniniii, 39
5.3.11 Gate non-trigger voltage (Vgp) and gate non-trigger current (/gp)................ 40
5.3.12 Sustaining gate current (/ggg,s) (for turn-off thyristors only) ........................ 40
5.3.13 Peak turn-off gate current (Iggqy) (for turn-off thyristors only)..................... 41
5.3.14 Peak tail current (7)) (for turn-off thyristors only) .......................... 41
5.3.15 Characteristic time intervals ....... ..o 41
5.3.16 Reverse conducting voltage (Vg¢) (for reverse conducting thyristor)............. 43
5.3.17 Power and energy disSipation....... ..o 43
5.3.18 Reverse recovery characteristics (where appropriate)...............ccooiiiiiit. 45
5.3.19 Thermal resiStanCe. . ... 46
5.3.20 Transient thermal impedance ....... ... 46
Measuring MeEtNOGAS. ... 47
6.1 G BNEIAl e 47
6.2 Verification of ratings (limiting values)............coooii i, 47
6.2.1 Non-repetitive peak reverse voltage (Frgp) -----vvverermeermmiimiiiieiiiecn, 47
6.2.2 Non-repetitive peak off-state voltage (Fpgp) ---vvvvevvvmeemmmieiiii, 48
6.2.3 Non-repetitive surge on-state current (Itgpy) --ovvvvevvvnimiiinii 50
6.2.4 On-state current ratings of fast switching thyristor...................... 51
6.2.5 Critical rate of rise of on-state current (di/dzg,) ............cooooo 65
6.2.6 Peak case non-rupture CUrrent (Iggpgc)-««----«x - rereerermemrmmnaemiieeeiieeiieeeeinnns, 68
6.3 Measuring methods for electrical characteristics .............ccoovviiiiii, 70
6.3.1 On-state voltage (V7). ..ccirerii i 70
6.3.2 Repetitive peak reverse current (Igppg) -« --evseeeemeeemrnimeiinieiieeiee e, 74
6.3.3 Latching current (7)) ......cooeiiiiii 75
6.3.4 Holding CUIrent (7)) .....uveriii i 77
6.3.5 Off-state current (1) ......oocovoiieiiiiiii e 78
6.3.6 Repetitive peak off-state current (Ipgpg) .- vvvvevevmieminiii 79
6.3.7 Gate trigger current (/57) and gate trigger voltage (Vgq) --ovoovvvivenieiiiiinnnnnn. 81
6.3.8 Gate non-trigger voltage (Vgp) and gate non-trigger current (/gp)................ 82
6.3.9 Turn-on delay time (tgd or ty4) and turn-on time (tgt) ..................................... 83
6.3.10 Circuit commutated turn-off time (tq) ......................................................... 86
6.3.11 Critical rate of rise of off-state voltage (dv/dzg,) .......cooooiiiii 89
6.3.12  Critical rate of rise of commutating voltage (dv,m)/dts,) of triac .................. 91
6.3.13 Recovered charge (Q,) and reverse recovery time (¢,,) ...........ccoccoeeeiiinnn. 98
6.3.14 Circuit commutated turn-off time (tq) of reverse conducting thyristor........... 102
6.3.15 Turn off behaviour of turn-off thyristors ..., 105
6.3.16 Total energy dissipation in a whole period of cycle (for fast switching
BT S 0T ) e 108
6.4 Measuring methods for thermal properties.............ocooiiiiiiiiiiiii 109
6.4.1 GBNEIAL .t 109
6.4.2 Measurement of the case temperature (7,)..............coooiiiiiiiiiii, 109
6.4.3 Measuring methods for thermal resistance (Ry,,) and transient thermal

IMPEAANCE (Zi,(£)) -vvnveneeneeeei e 109



IEC 60747-6:2025 © IEC 2025

6.4.4 Measurement for thermal resistance and transient thermal impedance
(MEENOA A i e 110
6.4.5 Measurement for thermal resistance and transient thermal impedance
Q=3 T Yo T = 3 T 113
6.4.6 Measurement for thermal resistance and transient thermal impedance
(Method C, for turn-off thyristors only)........cccooviiiiii e, 126
6.4.7 Measurement for thermal resistance (Method D) .............cooiiiiiiinnnn.. 130
7  Requirements for type tests, routine tests, endurance tests and marking................... 134
71 TP LS S et 134
7.2 ROUIING 1eSE S o 135
7.3 ENdUranCe 1SS .o 135
7.3.1 LT =Y = - | 135
7.3.2 List of endurance tests ......ooviiiiiiiii i 135
7.3.3 Conditions for endurance testS.........coiiiiiiiiii e 137
7.3.4 Acceptance-defining characteristics and acceptance criteria for
ENAUIANCE 1SS 1o 137
7.3.5 Acceptance-defining characteristics and acceptance criteria for
reliability teStS ..o 137
7.4 Measuring and test methods ... 137
7.5 =T ] T PP 137
B g AP Y et e 138
Figure 1 — Peak values of on-state currents ... ..., 11
Figure 2 — Partial power (dissipation) of reverse blocking triode thyristor in a whole
PErIOd OF CYCIE .o 14
Figure 3 — Components of dynamic on-state energy dissipation of reverse blocking
triode thyristor in forward state....... ... 17
Figure 4 — Reverse recovery time of reverse blocking triode thyristor........................l. 19
Figure 5 — Off-state recovery time of reverse conducting triode thyristor ............................ 19
Figure 6 — Circuit commutated turn-off time............ 20
Figure 7 — Gate controlled turn-on time........ ..o 21
Figure 8 — Gate controlled turn-off time of turn-off thyristor.................., 23
Figure 9 — ReCOVEred Charge.......o.iuiiii e 25
Figure 10 — Peak sinusoidal currents and typical waveform at higher frequencies ............... 32
Figure 11 — Peak trapezoidal currents and typical waveform at higher frequencies.............. 34
Figure 12 — Application of gate voltages for thyristors ..., 36
Figure 13 — Forward gate voltage versus forward gate current .............cccooiiiiiiiiiiin, 40

Figure 14 — Examples of current and voltage waveform during turn off of thyristor
under various CircUit CONAItIONS .. ... .t 42

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

CUIT N PUIS e e ettt 44
Figure 16 — Curves with total energy dissipation E, as parameter and trapezoidal

CUIT N PUIS e e e et 44
Figure 17 — Recovered charge Q,, peak reverse recovery current /., and reverse

recovery time ¢, (idealized characteristics)....................... 46
Figure 18 — Circuit diagram for verification of non-repetitive peak reverse voltage............... 47
Figure 19 — Circuit diagram for verification of non-repetitive peak off-state voltage.............. 49
Figure 20 — Circuit diagram for verification of non-repetitive surge on-state current............. 50

3



IEC 60747-6:2025 © IEC 2025

Figure 21 — Basic circuit diagram and test waveform for verification of sinusoidal on-

state current with reverse voltage applied ... 53
Figure 22 — Extended circuit diagram for verification of sinusoidal on-state current with
reverse Voltage applied . ... 54
Figure 23 — Basic circuit diagram and test waveform for verification of sinusoidal on-

state current with reverse voltage suppressed ... .. ..o 56
Figure 25 — Basic circuit diagram and test waveform for verification of trapezoidal on-

state current with reverse voltage applied ... 61
Figure 26 — Basic circuit diagram and test waveform for verification of trapezoidal on-

state current with reverse voltage suppressed ..... ..o 63
Figure 27 — Circuit diagram for verification of critical rate of rise of on-state current............ 66
Figure 28 — On-state current waveform for critical rate of rise of on-state current................ 67
Figure 29 — Circuit diagram for verification of peak case non-rupture current...................... 69
Figure 30 — Waveform of reverse current through thyristor.................., 69
Figure 31 — Circuit diagram for measurement of on-state voltage (DC method)................... 71
Figure 32 — Circuit diagram for measurement of on-state voltage (oscilloscope method)...... 72
Figure 33 — Graphic representation of on-state voltage versus current characteristic
(0SCIllOSCOPE MELNOA) . ... e e 72
Figure 34 — Circuit diagram for measurement of on-state voltage (pulse method)................ 73
Figure 35 — Circuit diagram for measurement of peak reverse current...................oooiiinien. 74
Figure 36 — Circuit diagram for measurement of latching current ..., 76
Figure 37 — Waveform of latching current....... ..., 77
Figure 38 — Circuit diagram for measurement of holding current..................cooin, 77
Figure 39 — Circuit diagram for measurement of off-state current (DC method) ................... 79
Figure 40 — Circuit diagram for measurement of peak off-state current............................... 80
Figure 41 — Circuit diagram for measurement of gate trigger current and voltage ................ 81
Figure 42 — Circuit diagram for measurement of gate non-trigger voltage and current.......... 82
Figure 43 — Circuit diagram for measurement of turn-on delay time and turn-on time........... 84
Figure 44 — On-state current waveform of thyristor................cooi 85
Figure 45 — Turn-on waveform of thyristor............oooiii i, 86
Figure 46 — Turn-off waveform of thyristor..............oi i, 87
Figure 47 — Basic circuit diagram for measurement of circuit commutated turn-off time........ 88
Figure 48 — Circuit diagram for measurement of critical rate of rise of off-state voltage........ 89
Figure 49 — Waveform of linear rate of rise of off-state voltage.....................coo, 89
Figure 50 — Waveform of exponential rate of rise of off-state voltage ......................... 90
Figure 51 — Circuit diagram for measurement of critical rate of rise of commutating

voltage of IOW CUIMENT tFIAC ... ..ot e 92
Figure 52 — Waveform during commutation of low current triac..............c.cooiiiiiii. 93

Figure 53 — Circuit diagram for measurement of critical rate of rise of commutating
voltage of high Current triac ... e 94

Figure 54 — Waveform for measurement of critical rate of rise of commutating voltage
of high current triac with high and 1ow di/df ... 96

Figure 55 — Circuit diagram for measurement of recovered charge and reverse
recovery time (half sinusoidal waveform method) ..o 98

Figure 56 — Current waveform through thyristor for measurement of recovered charge
and reverse recovery time (half sinusoidal waveform method)..................coc . 99



IEC 60747-6:2025 © IEC 2025

Figure 57 — Circuit diagram for measurement of recovered charge and reverse recover
time (rectangular waveform method)........ .o 101

Figure 58 — Current waveform through thyristor for measurement of recovered charge
and reverse recover time (rectangular waveform method)................ooii 101

Figure 59 — Circuit diagram for measurement of circuit commutated turn-off time of
reverse conduCting thyriStOr. ... .o 103

Figure 60 — Current and voltage waveforms of circuit commutated turn-off time of
reverse condUuCting thyriStOr. ... ..o 104

Figure 61 — Circuit diagram for measurement of turn off behaviour of turn-off thyristors..... 106
Figure 63 — Basic circuit diagram for measurement of transient thermal impedance

=T 4 o o ) TR PP 112
Figure 64 — Superposition of reference current pulse on different heating currents............ 114
Figure 65 — Waveforms for power dissipation and junction temperature (general case)...... 115
Figure 66 — Basic circuit diagram for measurement of thermal resistance (Method B)........ 121
Figure 67 — Waveforms for measurement of thermal resistance (Method B)...................... 122
Figure 68 — Basic circuit diagram for measurement of transient thermal impedance

=S 4 o o = TR PP 124
Figure 69 — Waveform for measurement of transient thermal impedance (Method B)......... 125
Figure 70 — Basic circuit diagram for measurement of thermal resistance (Method C)........ 127
Figure 71 — Waveform for measurement of thermal resistance (Method C) ....................... 128
Figure 72 — Waveform for measurement of transient thermal impedance (Method C)......... 129
Figure 73 — Calibration and measurement arrangement for heat flow method.................... 131
Table 1 — Additional general SUDSCIIPES. ... ..ot 26
Table 2 — Principal voltages (anode-cathode voltages)...........cooiiiiiiiiiici e 27
Table 3 — Principal currents (anode currents and cathode currents).................cooooiiiiinenn. 27
Table 4 — Gate voltages and CUIMENTS ... e 28
Table 5 — Characteristic time intervals ... .. ..o e 28
Table 6 — Power and energy disSipation.........c..oiiiiii 28
Table 7 — Other characteristiCs ..o e 29
Table 8 — Minimum type and routine tests for reverse blocking triode thyristor.................. 135
Table 9 — Conditions for endurance tests ...........coiiiiiiii i 136
Table 10 — Acceptance-defining characteristics after endurance tests.............................. 137



