BRITISH STANDARD BS IEC
60747-6:2000

Semiconductor
devices —

Part 6: Thyristors

ICS 31.080.01

NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LA

Document Sharing Hub
|

Full document details: BS IEC 60747-6:2000


http://www.avadocuments.com/doc/bs-iec-60747-6-2000
http://www.avadocuments.com/doc/bs-iec-60747-6-2000

BS IEC 60747-6:2000

National foreword

This British Standard reproduces verbatim IEC 60747-6:2000 and implements
it as the UK national standard. It supersedes [BS 6493-1.6:1984 which is
withdrawn.

The UK participation in its preparation was entrusted to Technical Committee
EPL/47, Semiconductors, which has the responsibility to:

— aid enquirers to understand the text;

—  present to the responsible international/European committee any
enquiries on the interpretation, or proposals for change, and keep the
UK interests informed,;

— monitor related international and European developments and
promulgate them in the UK.

A list of organizations represented on this committee can be obtained on
request to its secretary.

From 1 January 1997, all IEC publications have the number 60000 added to
the old number. For instance, IEC 27-1 has been renumbered as .
For a period of time during the change over from one numbering system to the
other, publications may contain identifiers from both systems.

Cross-references

The British Standards which implement international publications referred to
in this document may be found in the BSI Standards Catalogue under the
section entitled “International Standards Correspondence Index”, or by using
the “Find” facility of the BSI Standards Electronic Catalogue.

A British Standard does not purport to include all the necessary provisions of
a contract. Users of British Standards are responsible for their correct
application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

This British Standard, having
been prepared under the

direction of the Summary of pages

Electrotechnical Sector This document comprises a front cover, an inside front cover, the IEC title page,
Committee, was published pages 2 to 173 and a back cover.

under the authority of the ) . . . . ..

Standards Committee and The BSI copyright notice displayed in this document indicates when the

comes into effect on document was last issued.

15 June 2001

Amendments issued since publication

Amd. No. Date Comments

© BSI 06-2001

ISBN 0 580 37455 6 Documents

Document Sharing Hub

Full document details: BS IEC 60747-6:2000


http://dx.doi.org/10.3403/00122096
http://dx.doi.org/10.3403/30170787U
http://www.avadocuments.com/doc/bs-iec-60747-6-2000
http://www.avadocuments.com/doc/bs-iec-60747-6-2000

NORME CEl
INTERNATIONALE IEC

INTERNATIONAL 60747-6
STAN DARD Deuxiéme édition

Second edition
2000-12

Dispositifs a semiconducteurs —

Partie 6:
Thyristors

Semiconductor devices —

Part 6:
Thyristors

Commission Electrotechnique Internationale
International Electrotechnical Commission
MemayHapoaHaa OnekrpotexHuueckaa Komuceua

Documents

Document Sharing Hub

Full document details: BS IEC 60747-6:2000


http://dx.doi.org/10.3403/BSIEC60747
http://dx.doi.org/10.3403/02287734U
http://dx.doi.org/10.3403/02287734U
http://www.avadocuments.com/doc/bs-iec-60747-6-2000
http://www.avadocuments.com/doc/bs-iec-60747-6-2000

Page 2
BS IEC 60747-6:2000

CONTENTS
Page
FOREWORD ...ttt ettt ettt e e e e et e e et e e e e et e e e an e e et e e et e eeenaeaas 11
INTRODUGCTION Lttt et ettt e e et et e et et e e e et e eneaeees 12
Clause
S T o7 0 o = 13
2 NOMMAtIVE FEfEIENCES ... it e 13
3 Terms and definitions . ... e 13
3.1 Types Of thyriSTOrSs ..o e 14
3.2 Basic terms defining the static voltage-current characteristics of triode
Y S OTS e 16
3.3 Basic terms defining the static voltage-current characteristics of diode
LY 1= (o =P 18
3.4 Particulars of the static voltage-current characteristics of triode and diode
thyristors (see figures 1 and 2) ... oo 19
3.4 Terms related to ratings and characteristics; principal voltages.............cc.ccoocionil. 21
3.5 Terms related to ratings and characteristics; principal currents............................... 24
3.6 Terms related to ratings and characteristics; gate voltages and currents................. 27
3.8 Terms related to ratings and characteristics; powers, energies and losses.............. 31
3.9 Terms related to ratings and characteristics; recovery times and other
CharaCteriStiCS ...oeeii i 35
4 Letter SYMDOIS ..o 43
g N € 1= 1= - Y 43
4.2 Additional general SUDSCIIPES. .....oiu i 44
4.3  List of letter SYMDOIS ..o 44
4.3.1 Principal voltages, anode-cathode voltages ............coooviiiiiiiiiini, 45
4.3.2 Principal currents, anode currents, cathode currents.................ccooiiini. 46
4.3.3  Gate VOIAgeS . ..o 47
4.3.4  Gate CUMENTS . 47
4.3.5 Time qUaNtIties ..o e 47
4.3.6  SUNAry qUANTItIES ..oouiiii 48
4. 3.7  POWET [0S e 48
5 Essential ratings and characteristics for reverse-blocking and reverse-conducting
L0 Yo F=T0 {0}/ T3 (o] PP 48
5.1 Thermal CONAitiONS. . ..o e 48
5.1.1 Recommended temperatures. .......oo.oieiiiiii i 49
5.1.2  Rating CoNditiONS ...ooiiiii 49
5.2 Voltage and current ratings (limiting values) ..o 49
5.2.1  Non-repetitive peak reverse voltage (Vrgp)----ooooeeeeeeeeeeeei 49
5.2.2 Repetitive peak reverse voltage (VRrm) -----ooeeeeeeemeememiiii 49
5.2.3 Crest (peak) working reverse voltage (Vgy\) (Where appropriate).............. 50
5.2.4 Continuous (direct) reverse voltage (Vg) (where appropriate)...................... 50
5.2.5 Non-repetitive peak off-state voltage (Vpgp)..--oooovveeeeeeeeeen 50
°sSDogéuments

Document Sharing Hub

Full document details: BS IEC 60747-6:2000


http://www.avadocuments.com/doc/bs-iec-60747-6-2000
http://www.avadocuments.com/doc/bs-iec-60747-6-2000

Page 3
BS IEC 60747-6:2000

Clause Page
5.2.6 Repetitive peak off-state voltage (Vprp) - o ooeervvrmmiiiii, 50
5.2.7 Crest (peak) working off-state voltage (Vpwn) (Where appropriate)............. 50
5.2.8 Continuous (direct) off-state voltage (Vp) (where appropriate) .................... 50
5.2.9 Peak forward gate voltage (Vggpy) (anode positive with respect

10 CAthOAE) .. e 50
5.2.10 Peak forward gate voltage (Vgg)) (anode negative with respect
£0 CAtNOAE) . e e 50
5.2.11 Peak reverse gate voltage (Vrgy) (Where appropriate).........cccocooeeeiiiin, 51
5.2.12 Mean on-state CUrrent ... ... 51
5.2.13 Repetitive peak on-state current (where appropriate)..........ccccoeeviiiiininnnn, 51
5.2.14 RMS on-state current (where appropriate) ........cccoeeviiiiiiiiiiiiiiie e 51
5.2.15 Overload on-state current (where appropriate)..........ccocovviiiiiiiiiiiiiiiiiieeens 51
5.2.16 Surge on-state CUIMENt........coiiii e 51
5.2.17 Continuous (direct) on-state current (where appropriate) ..........cc.cceeeieniinni. 52
5.2.18 Peak value of sinusoidal on-state current at higher frequencies
(Where appropriate) ... ... e 52
5.2.19 Peak value of a trapezoidal on-state current at higher frequencies
(Where appropriate) .. ..o 53
5.2.20 Critical rate of rise of on-state current.............coooiiiiiiiiii 55
5.2.21 Peak case non-rupture CUrrent ... .. ..o 56
5.2.22 Peak forward-gate CUITeNt.........coiiiiiiii e 56
5.3 Other ratings (Iimiting ValUES)........oiiiiii e 56
5.3.1  FreqUENCY raliNgsS ... e 56
5.3.2 Peak gate power dissipation..........ccoiiiiiii i 56
5.3.3 Ambient-rated and case-rated thyristors ...........cccoooiiiiiiiiiii 56
5.3.4 Storage temMpPeratures.........oiuiiuiiiiii e 56
5.3.5 Virtual junction temperature (where appropriate)..........ccooeviviiiiiiiiiiiinnnnns 56
5.4  Electrical characteriStiCs ..o 56
5.4.1 On-state characteristics (where appropriate) .......c.ccoeviiiiiiiiiiiii 57
5.4.2  ON-State VOIAGE. ... 57
5.4.3 HOIAING CUITENT ... e e e eeae 57
5.4.4  LatChing CUIMENT ... e eae e 57
5.4.5 Repetitive peak off-state current.............coooiiiiiiiii 57
5.4.6 Repetitive peak reverse current..........coooiiiiiiiiiiiii 57
5.4.7 Gate-trigger current and gate-trigger voltage ............ccoooiiiiiiiiiiiice 58
5.4.8 Gate non-trigger current and gate non-trigger voltage...............coceeeeieiiennn, 58
5.4.9 Gate-controlled turn-on delay time............coooiii i 59
5.4.10 Circuit commutated turn-off-time ..o, 59
5.4.11 Critical rate of rise of off-state voltage .............cooiiiiii i 60
LI Bt 12 o = | oo 1YY o o 1= P 63
5.4.13 Recovered charge (Q,)(where appropriate)................ooooiiiiiiii, 63
5.4.14 Peak reverse recovery current (Igp) (Where appropriate) ......................ee 63
© BSI 06-2001 Documents

Document Sharing Hub

Full document details: BS IEC 60747-6:2000


http://www.avadocuments.com/doc/bs-iec-60747-6-2000
http://www.avadocuments.com/doc/bs-iec-60747-6-2000

Page 4
BS IEC 60747-6:2000

Clause Page
5.5 Thermal characteriStiCSs ......cu i e 63
5.5.1  Thermal resistance junction to ambient (Rypja)) -oovovvivriniini, 63
5.5.2  Thermal resistance junction to case (Rip(j.c)) «-oroerererininni, 63
5.5.3 Thermal resistance case to heatsink (Riy(cp)) «oovveeeerinini, 63
5.5.4 Thermal resistance junction to heatsink (Rypjp))ooooovirinin, 63
5.5.5 Transient thermal impedance junction to ambient (Zth(j_a)) .......................... 64
5.5.6 Transient thermal impedance junction to case (Zth(j_c)) ............................... 64
5.5.7 Transient thermal impedance junction to heatsink (Zth(j_h)) .......................... 64
5.6 Mechanical characteristics and other data...............oooi 64
5.7  Application data ..o 64
6 Essential ratings and characteristics for bidirectional triode thyristors (triacs)................... 64
6.1 Thermal CONAitioONS. .. ..o e 64
6.1.1 Recommended temperatures. ... .. ..o 64
6.1.2  Rating conditioNS ... 64
6.2 Voltage and current ratings (limiting values) ..o, 65
6.2.1 Non-repetitive peak off-state voltage (Vpgp)...wvvvvvvvvvvmmiiiiiiiiiiiiiiiiiiiiiii, 65
6.2.2 Repetitive peak off-state voltage (Vprp).«wvvvvvvvvvmmiiiiiiiiiiiiiiiiiiiiiiiiiiiii, 65
6.2.3 Crest (peak) working off-state voltage (Vpyyp) - - eooeeeeemmmmmmii, 65
6.2.4 Peak positive gate voltage........ocouiiiiiii 65
6.2.5 Peak negative gate voltage .........ooooiiiiiii 66
6.2.6 RMS on-state current ... 66
6.2.7 Repetitive peak on-state current (where appropriate)..........c.ccooiiiiiiiiinit. 66
6.2.8 Overload on-state current. ... 66
6.2.9 Surge on-state CUImeNt.... ... 66
6.2.10 Critical rate of rise of on-state current............... 66
B.2.11 Gate CUIMENES ..o e 67
6.3 Other ratings (Iimiting Values)...... ..o 67
6.3.1  FrequencCy ratings ... 67
6.3.2  MeEan gate POWET ... e 67
6.3.3  Peak gate POWET ... oo 67
6.3.4 Ambient-rated and case-rated triaCs ..o 67
6.3.5 Storage temperatures. ... ..o 67
6.3.6 Virtual junction temperature...........coi i 67
6.4 Electrical characteristics (at 25 °C ambient or case temperature,
unless otherwise stated) ..........ooiiiiiii i 68
6.4.1 On-state characteristics (where appropriate) .......cccooevviiiiiiiiiiiiis 68
6.4.2 ON-State VOIAGE. ... 68
6.4.3  HOIAING CUITENT ... e e e e 68
6.4.4  LatChing CUIMENT ..o e e e e 68
°sSDogéuments

Document Sharing Hub

Full document details: BS IEC 60747-6:2000


http://www.avadocuments.com/doc/bs-iec-60747-6-2000
http://www.avadocuments.com/doc/bs-iec-60747-6-2000

Page 5
BS IEC 60747-6:2000

Clause Page
6.4.5 Repetitive peak off-state current.............coooiiiiiiii 68
6.4.6 Critical rate of rise of off-state voltage ..o 68
6.4.7 Critical rate of rise of commutating voltage .............c..coooiiiiiii 69
6.4.8 Gate trigger current and gate trigger voltage.............coooviiiiiiiiicii e 69
6.4.9 Gate non-trigger current and gate non-trigger voltage...............cooceveieeiennns 69
6.4.10 Gate-controlled turn-on delay time.............ooiiiiii i 70
L 3t I B o = | o o 1= o 1= P 70
6.5 Thermal characteristiCS........c..vviiiiii e 71
6.5.1  Thermal resistance junction to ambient (Rypja)) -oovoovvivninin, 71
6.5.2 Thermal resistance junction to case (Rip(j.c)) «-oroerereriminiii, 71
6.5.3 Thermal resistance case to heatsink (Riy(cpy) «oovvoveenininin, 71
6.5.4 Thermal resistance junction to heatsink (Rypjp))oooovvinini, 71
6.5.5 Transient thermal impedance junction to ambient (Zth(j_a)) .......................... 71
6.5.6 Transient thermal impedance junction to case (Zth(j_c)) ............................... 71
6.5.7 Transient thermal impedance junction to heatsink (Zth(j_h)) .......................... 71
6.6 Mechanical characteristics and other data................cooooiii 71
6.7  APPHCation data ..o 71
7 Essential ratings and characteristics for gate turn-off thyristors (GTO thyristors).............. 71
7.1 Thermal CONAitioONS. ... e e 71
7.1.1 Recommended temperatures. .......oouieiiiiiiiii e 72
7.1.2  Rating CoNitiONS ....ouiii 72
7.2 Voltage and current ratings (limiting values) .........coooiiiiiiiiiii e 72
7.2.1  Non-repetitive peak reverse voltage (Vrgp)----oooooeeeeeeeeeneen 72
7.2.2 Repetitive peak reverse voltage (VRrm) -----oooeeeeeememmmmiie 72
7.2.3 Direct reverse voltage (VR(D)) (where appropriate).......ccooeiviiiiiii 72
7.2.4 Non-repetitive peak off-state voltage (Vpg)y) (Where appropriate)................ 72
7.2.5 Repetitive peak off-state voltage (Vprp).---oooeveeeeeeeeenee 73
7.2.6 Direct off-state voltage (VD(D)) (where appropriate)........cccovviiiiiiiiiiii, 73
7.2.7 Turn-off gate voltage (VRg) - vvvoeeeeemmmeiiiiee e 73
7.2.8 Non-repetitive peak controllable on-state current (ltqgpm)----oooooeeeeeeeeeeeeeeen. 73
7.2.9 Repetitive peak controllable on-state current (Itqrm) ------ooeeeeeeeeeeeeeeeee 73
7.2.10 RMS on-state current (lyrys)) (Where appropriate) ... 73
7.2.11 Short-time and intermittent duty current..............co 74
7.2.12 Surge on-state current (Igpg) «-oooveveeeevirninii 74
7.2.13 Critical rate of rise of on-state current ((dit/dt)g) ....ccoooooeeiii 74
7.3 Other ratings (Iimiting Values). ... 74
7.3.1  Peak forward gate power (Pegp) «oooovvveeeieiiiiiiii 74
7.3.2 Virtual junction temperature (ij) ................................................................ 75
7.3.3 Storage temperatures (Tstg) ....................................................................... 75

© BSI 06-2001 Documents

Document Sharing Hub

Full document details: BS IEC 60747-6:2000


http://www.avadocuments.com/doc/bs-iec-60747-6-2000
http://www.avadocuments.com/doc/bs-iec-60747-6-2000

Page 6
BS IEC 60747-6:2000

Clause Page
7.3.4 Maximum permissible soldering temperature for GTO thyristors

having solder terminals (Tg ) .vvvvvvrrrrmmmmmiiiiiiiiiiiiiiii s 75

7.3.5 Mounting torque (for GTO thyristors having screw connections) (M)............ 75

7.3.6  Clamping force (for disc-type devices) (F) ...c.oooiiiiiiiiiiiii 75

7.4  Electrical characteriStiCs ......c..oiuiiii 75

7.4.1  On-state voltage (V1) ...oooorriimi 75

7.4.2  Threshold voltage (V1)) oo 75

7.4.3 On-state slope resistance (1) .........ccoviiiiiiii 75

7.4.4 Holding current (1) ..o 75

7.4.5 Latching current (1)) ... 76

7.4.6 Critical rate of rise of off-state voltage ((dvp/dt).) coooooeeieiinini 76

7.4.7 Sustaining gate current (Ipggyg) - «ooeeeeererrrrrrmmmmii 76

7.4.8 Peak tail current (Izp) oo 76

7.4.9 Gate trigger current (Ig1) and gate trigger voltage (Vg1) ...oovvvvveeiiiniiiii, 76

7.4.10 Gate non-trigger current (Igp) and gate non-trigger voltage (Vgp)............... 76

7.4.11 Peak gate turn-off current (IRgm) -« - reeeerermmmmmmm 77

7.4.12 Turn-on energy loSs (Eqp ). - veeeeeeemmimeiii e 77

7.4.13 On-state energy 108s (Eq)......ooeeiiiiii 77

7.4.14 Turn-off energy 108s (Epq) «.ovvvvvvveiiiiiiii 77

7.4.15 (Gate-controlled) delay time (tgd) ................................................................ 77

7.4.16 Turn-off time intervals . ... 78

7.5  Thermal characteristiCs ... ...oouu i e 78

7.5.1  Thermal resistance junction to ambient (Rypj.g)) - ooooooeion 78

7.5.2  Thermal resistance junction to case (Ryp(j.c)) ---veoveeemimimnnii 78

7.5.3 Thermal resistance case to heatsink (Rypjpy) -oooooeeeninin 78

7.5.4 Transient thermal impedance junction to ambient (Zy.4)) -ooooovvieiiinn 78

7.5.5 Transient thermal impedance junction to case (Zin(j.c)) -----veoeeoemieinninnne 79

7.5.6 Transient thermal impedance junction to heatsink (Zy(j.p))- - ooovveeineeennn 79

7.6 Mechanical characteristics and other data ... 79

8 Requirements for type tests and routine tests, marking of thyristors....................co. 79

G Tt N I8/ oY= B = 1= £ P 79

8.2  ROULINE 1ESTS. .. e et 79

8.3 Measuring and test methods ... 79

8.4  Marking Of thyriStOrs ..o 80

9  Measuring and test methods ... 80

9.1 Measuring methods for electrical characteristics.............cooi 81

9.1.1  General PreCautioNS .. ..o i e 81

9.1.2  On-state voltage (V1) ..o 81

9.1.3 Peak reverse current (Igpg) «.veeeeeeeeeeeeiiiiiiiiiiiiiiiiiiiiii 84

° **Do¢uments

Document Sharing Hub

Full document details: BS IEC 60747-6:2000


http://www.avadocuments.com/doc/bs-iec-60747-6-2000
http://www.avadocuments.com/doc/bs-iec-60747-6-2000

Page 7
BS IEC 60747-6:2000

Clause Page
9.1.4  Latching current (I1) .......ooiiiiiiiiiii 85
9.1.5  Holding current (I5) .....oooviiiiiiii s 86
9.1.6  Off-state current (Ip) ........cccooeiiiiiiiiiii 87
9.1.7 Gate trigger current or voltage (Ig7), (V1) - ooorvvvviiiiiiii 89
9.1.8 Gate non-trigger voltage (Vgp) and gate non-trigger current (Igp)............... 90
9.1.9 Gate controlled delay time (t4) and turn-on time (tgt) ................................... 91
9.1.10 Circuit commutated turn-off time (tq) ........................................................... 94
9.1.11 Critical rate of rise of off-state voltage (dv/dt) ............cooiiiiiiiii . 101
9.1.12 Critical rate of rise of commutating voltage of triacs dv/dt (com) ............... 104
9.1.13 Recovered charge (Q,) and reverse recovery time (t,)........ccccooooieeiiiniiinnn 109
9.1.14 Circuit commutated turn-off time (tq) of a reverse conducting thyristor ...... 113
9.1.15 Turn-off behaviour of GTO thyristors .........ccccooiiiiiiiii 116
9.1.16 Total energy loss during one cycle (for fast switching thyristors) ............... 119
9.2 Measuring methods for thermal characteristics............ccocoeeiiiiiiiii 120
9.2.1 Measurement of the case temperature.............ccocoeeiiiiiiiiiiiiiice e, 120
9.2.2 Measuring methods for thermal resistance (R;,) and transient thermal
IMPEAANCE (Zif,) +vvvvvrrrnrrnriiiiiiiiiiiiii 120
9.2.3  MethOd A oo e 121
9.2.4  MethOd B ..o 124
9.2.5 Method C (for GTO thyristors only) ........ccoiiiiiiiiii e 135
9.2.6  MethOd D .ooiniiiii s 140
9.3 Verification test methods for ratings (limiting values) ...........ccooooiiiiiiii i, 142
9.3.1  Non-repetitive peak reverse voltage (Vrgp) -« vevvvvvvmmrmiiiiiiiiiiiiiiiiiiiiiiiii, 142
9.3.2 Non-repetitive peak off-state voltage (Vpgp) .. wvvvvvvvvviviieiiiiiiiiiiiiii, 144
9.3.3 Surge (non-repetitive) on-state current (lpgp) ---vvvveeeeeeeommmiiiii 145
9.3.4 On-state current ratings of fast-switching thyristors..................coco 146
9.3.5 Critical rate of rise of on-state current (di/dt)...........ccoooiiiiii, 157
9.3.6 Peak case non-rupture current (Iggpc) -« - eveeeeeermmmmmmiiiiiiiiiiiiiiiiiiiiiiii 160
9.4 ENAUranCe teSES . oo e 162
9.4.1 Listof endurance tests ... ..o 162
9.4.2 Conditions for endurance tests ... 162
9.4.3 Failure criteria and failure-defining characteristics for acceptance
LU £ PP 162
9.4.4 Failure-defining characteristics and failure criteria for reliability tests ........ 162
9.4.5 Procedure in case of atesting error...........ccooiiiiiiiiiii i 162
9.4.6 Thermal cycling load test........cooiiiiiii 164
Annex A (informative) Calculation of the temperature rise under time-varying load .............. 165
© BSI 06-2001 Documents

Document Sharing Hub

Full document details: BS IEC 60747-6:2000


http://www.avadocuments.com/doc/bs-iec-60747-6-2000
http://www.avadocuments.com/doc/bs-iec-60747-6-2000

Page 8
BS IEC 60747-6:2000

Page
Figure 1 — Particulars of the static characteristic of unidirectional thyristors............................ 19
Figure 2 — Particulars of the static characteristic of bidirectional thyristors.......................o. 20
Figure 3 — Peak reverse and peak off-state voltages of a thyristor................c.cooiiiii, 22
Figure 4 — Peak values of on-state currents ...... ..o 25
Figure 5 — Forward gate voltage versus forward gate current .............cooooiiiiiiiiiincc, 30
Figure 6 — Partial power (losses) of GTO thyristors at relatively low frequencies..................... 34
Figure 7 — Components of dynamic on-state energy loss of GTO thyristors
at relatively high freqQUENCIES ... e 34
Figure 8 — Approximation of characteristics..........ccooiiiiiiiii e, 35
Figure 9 — ReVerse reCoVery tiMe ... e 37
Figure 10 — Off-state reCOVEry tiMe .. ..o 38
Figure 11 — Circuit-commutated turn-off time ..., 38
Figure 12 — Gate-controlled turn-0n tiMes ..o 40
Figure 13 — Gate-controlled turn-off times...... ..o 42
Figure 14 — Recovered charge Q; ..........ccooiiiiiiiiiiiiii e 42
Figure 15 — Letter symbols for rated off-state reverse voltages............cooooiiiiiiiin s 45
Figure 16 — Letter symbols for on-state current ratings...........ccooooiiiiiiiii i, 46
Figure 17 — Application of gate voltages for thyristors ... 50
Figure 18 — Maximum rated peak sinusoidal on-state current ... 53
Figure 19 — Peak value of a trapezoidal on-state current.............cooii 54
Figure 20 — Forward gate voltage versus forward gate current................coocoiiiiiiiiniiicnn, 58
Figure 21 — Examples of current and voltage waveshapes during turn-off of a thyristor
under various CirCUit CONAITIONS ... ... e 59
Figure 22 — Total energy loss during one half sine wave on-state current pulse ...................... 60
Figure 23 — Total energy loss during one trapezoidal on-state current pulse ........................... 62
Figure 24 — Recovered charge Q,, peak reverse recovery current Igy,
reverse recovery time t,. (idealized characteristics) .............ccccccciviiii 63
Figure 25 — Forward gate voltage versus forward gate current.............coooiiiiiiinn s 70
Figure 26 — Circuit for measurement of on-state voltage (d.c. method)...............coooeiiiiin. 81
Figure 27 — Measurement method of instantaneous on-state voltage using oscilloscope......... 82
Figure 28 — Circuit diagram for measurement of on-state voltage (pulse method)................... 83
Figure 29 — Circuit diagram for measuring peak reverse current..........c..ccooviiiiiiiiiiiiiin e, 84
Figure 30 — Circuit diagram for measuring latching current..............cccooiiiii i, 85
Figure 31 — Waveform of the latching current.............o 86
Figure 32 — Circuit diagram for measuring holding current...............cooiiiiiiiiiiiii i, 86
Figure 33 — Circuit diagram for measuring off-state current (d.c. method)........................... 87
Figure 34 — Circuit diagram for measuring peak off-state current...............c.ccooiiiiii, 88
Figure 35 — Circuit diagram for measuring gate trigger current and/or voltage ........................ 89
Figure 36 — Circuit diagram for measuring gate non-trigger current and/or voltage ................. 90
Figure 37 — Circuit diagram for measuring the gate controlled delay time and turn-on
L] 4= PP 92

°sSDogéuments

Document Sharing Hub

Full document details: BS IEC 60747-6:2000


http://www.avadocuments.com/doc/bs-iec-60747-6-2000
http://www.avadocuments.com/doc/bs-iec-60747-6-2000

Page 9
BS IEC 60747-6:2000

Page
Figure 38 — On-state current waveform of a thyristor...........cc.cooiiiiiii e, 92
Figure 39 — Off-state voltage and current waveform of a thyristor............c...coo 93
Figure 40 — Thyristor switching waveforms..... ..o 94
Figure 41 — Diagram of basiC CirCUIt...........iouii i 95
Figure 42 — PractiCal CirCUIL ... ..o et e e e 96
Figure 43 — Measurement CIFCUIL....... oo e 98
Figure 44 — Voltage and current Waveforms ... .....iiiiiiiii e 99
Figure 45 — Circuit diagram for measuring critical rate of rise of off-state voltage ................. 102
Figure 46 — W aVve Orm ..o e e 102
Figure 47 — Measurement circuit for exponential rate of rise....................l 103
Figure 48 — Measurement circuit for critical rate of rise of commutating voltage.................... 104
Figure 49 — WavefOrmMs ... .. e 105
Figure 50 — Circuit diagram for high current triacs............cooviiiii i 106
Figure 51 — Waveforms with high and low di/dt ..., 107
Figure 52 — Circuit diagram for recovered charge and reverse recovery time
(half sine Wave MEthOd). .. ... et 109
Figure 53 — Current waveform through the thyristor T...........ccoiiiii 110
Figure 54 — Circuit diagram for recovered charge and reverse recover time
(rectangular wave Method ... 111
Figure 55 — Current waveform through the thyristor T.........coooii 112
Figure 56 — Circuit diagram for measuring circuit commutated turn-off time of reverse
CONAUCEING TNYIISTOr ..o et 113
Figure 57 — Current and voltage waveforms of commutated turn-off time of reverse
CONAUCEING TNYIISTOr ..o et 114
Figure 58 — Circuit diagram to measure turn-off behaviour of GTO thyristors........................ 116
Figure 59 — Voltage and current waveforms during turn-off..............coo 117
Figure 60 — Basic circuit diagram for the measurement of Ry, (method A) ............................ 121
Figure 61 — Basic circuit diagram for the measurement of Z;,(t) (method A) ......................... 123
Figure 62 — Superposition of the reference current pulse on different on-state currents ........ 124
Figure 63 — Waveforms for power loss and virtual junction temperature (general case) ........ 126
Figure 684 — Calibration CUIVE ... . ... e e e e ens 128
Figure 65 — Basic circuit diagram for the measurement of Ry, (method B) ............................ 130
Figure 66 — Waveforms for measuring thermal resistance...............coooooiiiiiiince e 131
Figure 67 — Basic circuit diagram for the measurement of Z;,(t) (method B) ......................... 133
Figure 68 — Waveforms for measuring transient thermal impedance...................coooeeiiinnn. 133
Figure 69 — Basic circuit diagram for the measurement of Ry, (method C) ............................ 136
Figure 70 — Waveforms for measuring thermal resistance...............ccoocooiiiiiiiiiee e 136
Figure 71 — Basic circuit diagram for the measurement of Z;,(t) (method C)......................... 138
Figure 72 — Waveforms for measuring the transient thermal impedance of a gate turn-
(o1 {0}V =3 o PPN 138
Figure 73 — Calibration and measurement arrangement for the heatflow method .................. 140

© BSI 06-2001 Documents

Document Sharing Hub

Full document details: BS IEC 60747-6:2000


http://www.avadocuments.com/doc/bs-iec-60747-6-2000
http://www.avadocuments.com/doc/bs-iec-60747-6-2000

Page 10
BS IEC 60747-6:2000

Page
Figure 74 — Circuit diagram for measuring non-repetitive peak reverse voltage rating........... 143
Figure 75 — Circuit diagram for measuring non-repetitive peak off-state voltage rating.......... 144
Figure 76 — Circuit diagram for measuring surge (non-repetitive) on-state current rating....... 145
Figure 77 — Basic circuit and test waveforms for sinusoidal on-state current
WIth FEVEISE VOITAGE. ... e e 147
Figure 78 — Extended circuit diagram for measuring sinusoidal on-state current
WIth FEVEISE VOITAGE. ... e e 148
Figure 79 — Basic circuit and test waveforms for sinusoidal on-state current
With reverse voltage SUPPIrEeSSEa . .....o. i i 150
Figure 80 — Extended circuit diagram for measuring sinusoidal on-state current
With reverse voltage SUPPIreSSEa .. ... i i e 151
Figure 81 — Basic circuit and test waveforms for trapezoidal on-state current
with reverse voltage applied ... e 153
Figure 82 — Basic circuit and test waveforms for trapezoidal on-state current
With reverse voltage SUPPIrEeSSEa .. ... i i 155
Figure 83 — Circuit diagram for measuring critical rate of rise of on-state current.................. 157
Figure 84 — On-state current waveform for di/dt rating..........coooiiiiiii i, 159
Figure 85 — Circuit diagram for measuring peak case non-rupture current.................c..ooeniis 160
Figure 86 — Waveform of the reverse current ig through the thyristor under test .................. 160
Figure 87 — Test circuit and test waveform for thermal cycling load test..............c..ccooeiiinil 164
Figure A.1 — Staircase approximation for non-rectangular pulses ..., 165
Figure A.2 — Rectangular pulse of duration t; producing the power dissipation P
in the semMIiCONAUCIOr AEVICE ... oo 166
Figure A.3 — Transient thermal impedance Z;, () versus time .....................ccc, 166
Figure A.4 — Single sequence of three rectangular pulses ..., 167
Figure A.5 — Periodic sequence of identical pulSes.............coiiiiiiiiii i 168
Figure A.6 — Periodic sequence, each consisting of two different pulses.................ccooiini. 169
Table 1 — Qualifiers used for the different kinds of thyristors ............ccooiiiiiiii 14
Table 2 — Minimum type and routine tests for reverse-blocking triode thyristors...................... 80
Table 3 — Failure-defining characteristics for acceptance after endurance tests.................... 162
Table 4 — Conditions for the endurance tests ... 163
Table A.1 — Equations for calculating the virtual junction temperature rise
for some typical load variations....... ..o 172

° **Do¢uments

Document Sharing Hub

Full document details: BS IEC 60747-6:2000


http://www.avadocuments.com/doc/bs-iec-60747-6-2000
http://www.avadocuments.com/doc/bs-iec-60747-6-2000

Page 11
BS IEC 60747-6:2000

INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -

Part 6: Thyristors

FOREWORD

1) 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.

2) 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.

3) 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.

4) 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.

5) 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.

6) 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

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

e 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

Unidirectional thyristors

Anode/cathode voltage/current
or
principal voltage/current

Anode/cathode voltage/current
or
thyristor voltage/current

Anode/cathode terminal
or
main terminal 1/2

Anode/cathode terminal
or
terminal 1/2

Bidirectional thyristors

Principal voltage/current

Thyristor voltage/current

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;
c) 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.

315
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
quadrants 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

3.21
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

3.24
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.
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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.

3.41
on state

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

Ia

2" Quadrant
Minimum
on-state voltage
—

Holding current

1* Quadrant
On state

Negative differential
resistance region
Breakover point

. 1 - Breakover current
Reverse blocking state % A -1-
Off state A Anode voltage
vA
a) b) ©) P Breakover voltage =
Reverse
Reverse conducting state
breakdown
region
3" Quadrant 4" Quadrant
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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Principal current;

2" Quadrant thyristor current i 4

Minimum
on-state voltage

\

Holding current

A

On state

resistance region

D e

1* Quadrant

Negative differential

Breakover point

Y Breakover current

A

Off state
Breakover voltage

Y

3" Quadrant
(Reflection of the

1* Quadrant)

A

'Principal voltage;
thyristor voltage v

4" Quadrant

IEC 2021/2000

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

344
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

3.4 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.

3.51
breakover voltage (V(Bo))
voltage at the breakover point

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

3.5.3

direct reverse voltage (of a unidirectional thyristor) (VR(D )

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) (Vr\wm)

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 Vp

VDSM
VDRM

I ANAY

VRW M

RRM

VRSM

<

\ A
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) (Vggrm)

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) (Vgrgy)

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 (Vprm)

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(com)/dt" may be used.

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)ldt)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) (Vpqn)

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.

3.5 Terms related to ratings and characteristics; principal currents

3.6.1
breakover current (l gg))
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) (Ig¢)
reverse current of a reverse-conducting thyristor

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

3.6.5

overload reverse-conducting current (Igc(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 (Igcgm)

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
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3.6.8

reverse recovery current (of a unidirectional thyristor) (Igg, Ir(rec))

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 Izgy is already attributed to the repetitive
peak reverse current.

3.6.9
on-state current (lg)
anode, principal, or thyristor current when the thyristor is in the on state

3.6.10

direct on-state current (l1p))

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 (ly(ay))
value of the on-state current averaged over a full cycle

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

3.6.13
peak sinusoidal on-state current (l1))
peak value of a sinusoidal on-state current, excluding any transient currents

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

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

It A

ITSM

IT(OV)

I
|RWAWAN

Figure 4 — Peak values of on-state currents

»
>

t
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3.6.16

overload on-state current (It(gy))

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.

3.6.17

surge on-state current (lygpy)

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

I1?t value (of a surge on-state current) (1%t)

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) (ltgrm)

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) (lyqgm)

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.
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3.6.22

case non-rupture I* t value (Iggc?* t)

value of Iggc? 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:

tP
- [ 2
lrsc?t= fig? dt
0

where tp is the reverse current pulse duration

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 12t 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) It value that is higher than the case non-rupture
Irsc?t value so that a fuse selected for the I?t 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 (l)
minimum anode, principal, or thyristor current that will maintain the thyristor in the on state

3.6.26
off-state current (lp)
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) (1)
peak value of tail current that occurs shortly after the beginning of the tail time (see figure 13)

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

3.71
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 (lg)
(control) current into the gate terminal

3.7.3
forward gate voltage (Vgg)
— for P-gate thyristors, the positive gate-cathode voltage

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

3.74
peak forward gate voltage (Vggy)
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 (Iggy)
highest instantaneous value of the forward gate current including all transient currents

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

— for N-gate thyristors, the positive gate current

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

3.7.11

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

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
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3.7.12

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

3.7.13
turn-on gate drive voltage (Vgg1)
gate voltage required to produce the turn-on gate drive current

3.7.14

on-state gate bias voltage (Vggg)

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) (Vggq)
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) (Vggqm)

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

3.7.17

turn-off gate bias voltage (of a GTO thyristor) (Vggqp)

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

3.7.18

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

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

3.7.19
turn-on gate current (igg7)
forward gate current during the time interval within which the thyristor is turning on

3.7.20
turn-on gate drive current (Igg7)
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 (Iggtm)
peak value of the turn-on gate drive current pulse

3.7.22

on-state gate bias current (Iggg)

forward gate current during the time interval following the time within which thyristor was
turning on
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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) (Ixgqp)
gate current associated with the turn-off gate bias voltage Vggqg

3.7.25
peak turn-off gate current (of a GTO thyristor) (Ixgqm)
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 Iggqm 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 !
Vg \
Typical limits of
N gate characteristics

\

loo lor Ire
IEC  2024/2000

A4, Ay, Aj see figure 20.

Figure 5 — Forward gate voltage versus forward gate current

3.7.26

off-state gate bias current (Igxgg)

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 (Vg1)
gate voltage required to produce the gate trigger current

3.7.29

gate non-trigger current (lgp)

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

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) (Pgc)
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 | = 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 (Py7)
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.

3.8.5
on-state power (Py)
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: (Ppq)
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.

© BSI 06-2001 Documents

Document Sharing Hub

Full document details: BS IEC 60747-6:2000


http://www.avadocuments.com/doc/bs-iec-60747-6-2000
http://www.avadocuments.com/doc/bs-iec-60747-6-2000

Page 32
BS IEC 60747-6:2000

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.

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 loss (P (ay))
sum of all mean partial power losses and the mean gate power loss, during a full cycle

Piotav) = P1(av) * Padd(av) * Pg(av)

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

3.8.11

mean additional power loss (P,qq(av))

Sum of Pa44av) = Pr1(AV) * PrRO(AV) * PDAV) * PR(AV)
With GTO thyristors, Prqay) is replaced by Ppgav).

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

3.8.13
mean turn-off power loss (Prq(av)); for GTO thyristors: (Ppg(ay))
mean partial power loss resulting from turn-off power

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

3.8.15
mean reverse power loss (Pg(ay))
mean partial power loss resulting from reverse power

3.8.16
mean gate power loss (PG(AV))
gate power loss averaged over a full cycle

° BsPouments

Document Sharing Hub

Full document details: BS IEC 60747-6:2000


http://www.avadocuments.com/doc/bs-iec-60747-6-2000
http://www.avadocuments.com/doc/bs-iec-60747-6-2000

Page 33
BS IEC 60747-6:2000

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 (Etg)

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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Figure 7 — Components of dynamic on-state energy loss of GTO thyristors
at relatively high frequencies
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Erg basic on-state energy loss
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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—Erg

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

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

Vr VRC (T0)

A <

» \4

VT (TO) Vr
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 (ry)

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(to), V(10))
value of the on-state voltage ob%ained at {he intersection of its straight-line approximation with
the voltage axis
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B Approximation of the reverse-conducting characteristic (see figure 8b)

394

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 (rg¢)

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(t0))

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 IV, 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 (Ryj(i.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 (Ryyj.c)1)
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.

° BsPouments

Document Sharing Hub

Full document details: BS IEC 60747-6:2000


http://www.avadocuments.com/doc/bs-iec-60747-6-2000
http://www.avadocuments.com/doc/bs-iec-60747-6-2000

Page 37
BS IEC 60747-6:2000

3.9.10

diode junction-to-case thermal resistance (Ryy(j.c)p)

quotient 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

I'I')
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 Iz, 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 Igp.

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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A ffm===m-----------% A
IRM IRM __________________
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 |, (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 t4, 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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IEC  2031/2000 IEC 2032/2000
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.
. A
I
0 Ly
v g
v, A < t, = L
| ! % N v
o/ 1
I LT k- ty
0 - J >
a)

Figure 11 — Circuit-commutated turn-off time IEC 2033/2000
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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 lggry,
— specified level for the measurement of tg,, and dig/dt: 50 % of Iggr,

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 Iy,.

3.9.15
gate-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 (tgr)
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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IEC  2034/2000
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 (tg,(cr))

lowest value to which the gate turn-on drive pulse c}uration 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 Igxgqm,
— specified level for the measurement of digg/dt: 50 % of Irgam»

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

anode voltage:
— specified level for the measurement of dvp/dt: 50 % of V.
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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 |,

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 = taq * tq

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 |, 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 Iy
and Iz =25 % Iz (see figure 13).

3.9.24

gate turn-off drive-pulse duration (t,,.)

duration of the reverse gate-drive vol%age 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
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IEC 2035/2000
Figure 13 — Gate-controlled turn-off times

I 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:
to+t;
Q= [igdt
tO
where
tg 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.

i
T le——t——>

\ 4

Figure 14 — Recovered charae Q.
IEC  2036/2000
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3.9.27

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

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 Iggqu (see figure 13)

4 Letter symbols

4.1 General

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

© BSI 06-2001 Documents

Document Sharing Hub

Full document details: BS IEC 60747-6:2000


http://www.avadocuments.com/doc/bs-iec-60747-6-2000
http://www.avadocuments.com/doc/bs-iec-60747-6-2000

Page 44
BS IEC 60747-6:2000

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 Rinj-c)p ONlY
D Drive
D Diode
G.g9 Gate
Gate-controlled
H Holding
Hold-off
K, k Cathode
L Latching
Q, q Turn-off
R, (REC) Reverse recovery In Igm or Ir(rec) @nd lrmrec) ONly
RC Reverse-conducting
(SP) Spike
Sus Sustaining
T On state
T, t Turn-on, trigger
T Thyristor
\ Valley
Working
Z,z Tail

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.
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4.31 Principal voltages, anode-cathode voltages

Name and designation Letter symbol Remarks
Off-state voltage Vp
Direct off-state voltage Vo)
Peak off-state voltage Vbm
Crest (peak) working off-state voltage Vbowwm
Repetitive peak off-state voltage VbrM
Non-repetitive peak off-state voltage Vpsm
Breakover voltage V(o)
On-state voltage Vr
Minimum on-state voltage Vimin
On-state threshold voltage Vo)
Reverse voltage Vgr
Direct reverse voltage VRr(D)
Crest (peak) working reverse voltage VerwMm
Repetitive peak reverse voltage VRRM
Non-repetitive peak reverse voltage VRswMm
Reverse breakdown voltage V(8R)
Reverse-conducting threshold voltage VRre(ro)
A Vp
VDSM
VDRM A
\ >
0 —>

VRWM

VRRM

VRSM

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

Name and designation Letter symbol Remarks
Off-state current Ip
Breakover current l8o)
Holding current (M
On-state current I+
Overload on-state current lov)
Repetitive peak on-state current lTRM
Surge (non-repetitive) on-state current lTsm
Reverse blocking current IR
Repetitive peak reverse current IRRM
Reverse recovery current IRR
Peak reverse recovery current IrRm
Latching current I
Reverse-conducting current lrc
Mean reverse-conducting current Irc(av)
Peak reverse-conducting current lrcm
Overload reverse-conducting current Ircov)
Surge reverse-conducting current IRcsm
Direct on-state current It(p)
Direct off-state current Ip(p)
iT A
ITSM
IT(OV)
i
: _[\\_/\\_, o
"y

IEC 2038/2000

Figure 16 — Letter symbols for on-state current ratings

° B Iments

Document Sharing Hub

Full document details: BS IEC 60747-6:2000


http://www.avadocuments.com/doc/bs-iec-60747-6-2000
http://www.avadocuments.com/doc/bs-iec-60747-6-2000

4.3.3 Gate voltages

Page 47
BS IEC 60747-6:2000

Name and designation Letter symbol Remarks
Forward gate continuous (direct)voltage VEg
Peak forward gate voltage VEgMm
Reverse gate continuous (direct) voltage Vre
Peak reverse gate voltage VR®ReMm
Gate trigger continuous (direct) voltage Vgt
Minimum gate trigger voltage VGeTMIN
Gate non-trigger continuous (direct) voltage Vap
Gate turn-off continuous (direct) voltage Vea
4.3.4 Gate currents
Name and designation Letter symbol Remarks
Forward gate continuous (direct) current lfg
Peak forward gate current leem
Reverse gate continuous (direct) current lRe
Gate trigger continuous (direct) current loT
Gate non-trigger continuous (direct) current lep
Gate turn-off continuous (direct) current lea
4.3.5 Time quantities
Name and designation Letter symbol Remarks

Gate controlled turn-on time

tge

Gate controlled turn-off time

t

99

Circuit commutated recovery time (circuit tq

commutated turn-off time)

Gate-controlled delay time tgas(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 tar For reverse conducting triode
thyristors

Hold-off interval th

© BSI 06-2001

Full document details: BS IEC 60747-6:2000

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/bs-iec-60747-6-2000
http://www.avadocuments.com/doc/bs-iec-60747-6-2000

Page 48
BS IEC 60747-6:2000

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 condugting triode
(dv/dt(com)) tsl';);:;t)(l)rs, dv/dt(c) is the preferred
Off-state recovered charge Qqr 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
— total instantaneous turn-off loss

— peak turn-off loss

Pra(av) or Pbaav)
PRQ or PDQ

Pram Or Ppam

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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