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SEMICONDUCTOR DEVICES –  
DISCRETE DEVICES – 

 
Part 9:  Insulated-gate bipolar transistors  (IGBTs)  

 
 
 

1  Scope 

This  part  of I EC  60747  g ives  product speci fic  standards  for term inology,  l etter symbols,  
essen tia l  ratings  and  characteristics,  veri fication  of ratings  and  methods  of measurement for 
i nsu lated-gate  b ipolar trans istors  ( IGBTs).  

2  Normative  references  

The  fol l owing  referenced  documents  are  i nd ispensable  for the  appl ication  of th is  document.  
For dated  references,  on ly the  ed i ti on  ci ted  appl i es.  For undated  references,  the  l atest ed i tion  
of the  referenced  document ( i nclud ing  any amendments)  appl ies.  

I EC 60747-1 : 2006,  Semiconductor devices – Part 1 :  General  

I EC  60747-2,  Semiconductor devices – Discrete devices and integrated circuits – Part 2:  
Rectifier diodes  

I EC  60747-6,  Semiconductor devices – Part 6:  Thyristors 

I EC 61 340  (a l l  parts) ,  Electrostatics 

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  fol lowing  terms  and  defin i ti ons  apply.  

3. 1  Graph ical  symbol  of IGBT 

The graph ical  symbol  as  shown  below is  used  in  th is  ed i tion  of I EC 60747-9.   

 

G 

C 

E 

 

G raph ica l  symbol   

NOTE  On l y the  g raph ical  symbol  for N -channe l  I GBT i s  used  i n  th i s  s tandard .  I t  equal l y appl i es  for the  
measurement of P-channel  devices.  I n  the  case  of P-channe l  devices  pol ari ty must be  adapted .  
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3.2  General  terms 

3.2. 1   
insu lated-gate  bipolar transistor  
IGBT 
trans istor having  a  conduction  channel  and  a  PN  j unction .  The  curren t flowing  through  the  
channel  and  the  j unction  i s  control led  by an  e lectri c fi el d  resu l ti ng  from  a  vol tage  appl ied  
between  the  gate  and  em i tter term inals   
See  I EV 521 -04-05.  

NOTE  With  col l ector-em i tter vol tage  appl i ed ,  the  PN  j unction  i s  forward  b iased .  

3.2.2   
N -channel  IGBT 
IGBT that has  one  or more  N -type  conducti on  channels   
See  I EV 521 -05-06.  

3.2.3   
P-channel  IGBT 
IGBT that has  one  or more  P-type  conduction  channels   
See  I EV 521 -04-05.  

3.2.4   
col lector current  (of an  IGBT)  
Ic  
d irect curren t that i s  swi tched  (control l ed )  by the  I GBT 

3.2.5   
col l ector terminal ,  col lector (of an  IGBT)  
C  
for an  N -channel  (a  P-channel )  IGBT,  the  term inal  to  (from)  wh ich  the  col lector cu rrent fl ows  
from  (to)  the  external  ci rcu i t   
See  I EV 521 -07-05  and  I EV 521 -05-02.  

3.2.6   
emi tter terminal ,  emi tter (of an  IGBT)  
E  
for an  N -channel  (a  P-channel )  IGBT,  the  term inal  from  (to)  wh ich  the  col lector cu rrent fl ows  
to  (from)  the  external  ci rcu i t   
See  I EV 521 -07-04.  

3.2.7   
gate  terminal ,  gate  (of an  IGBT)  
G  
term inal  to  wh ich  a  vol tage  is  appl i ed  against the  em i tter term inal  i n  order to  control  the  
col lector cu rren t  
See  I EV 521 -07-09.  

3.3  Terms  related  to  ratings  and  characteristics;  vol tages  and  currents  

3.3. 1   
col l ector-emitter (d .c. )  vol tage 

vol tage  between  col l ector and  em i tter 

3.3.2   
col l ector-emitter vol tage wi th  gate-emitter short-ci rcu i ted   
VCES  
col l ector-em i tter vol tage  at  wh ich  the  col l ector curren t has  a  speci fi ed  l ow (absolu te)  value 
wi th  gate-em i tter short-ci rcu i ted  

BS IEC 60747-9:2007 – 6 –



3.3.3   
col l ector-emitter sustain ing  vol tage  
VCE*sus  
col lector-em itter breakdown  vol tage  at  re lati vel y h igh  values  of col l ector curren t where  the  
breakdown  vol tage  i s  re lati vel y i nsensi ti ve  to  changes  i n  col l ector current,  for a  speci fi ed  
term ination  between  gate  and  em i tter term inals  

NOTE  1  The  speci fi ed  term ination  between  gate  and  em i tter term inal s  i s  i nd icated  i n  the  l e tter symbol  by the  th i rd  
subscript  ‘ * ’ ;  see  4 . 1 . 2  of I EC 60747-7.  

NOTE  2  When  necessary,  a  su i tabl e  qua l i fi er i s  added  to  the  basic  term  to  i n d icate  a  speci fi c  term ination  between  
gate  and  em i tter term inal s .  

Example:  Col l ector-em i tter sus tain i ng  vol tage  wi th  gate  and  em i tter term inal s  short-ci rcu i ted  VCESsus .  

NOTE  3  The  bas ic term  may be  shortened  i f the  mean ing  i s  cl ear from  the  l etter symbol  used .  

Example:  Col l ector-em i tter sus tain i ng  vol tage  VCERsus .  

NOTE  4  Th is  term  i s  importan t  for h i gh-vol tage  devices,  for example  more  than  4  kV.  

3.3.4   
col lector-emitter breakdown  vol tage   
V(BR)CES  
vol tage  between  col l ector and  em i tter above  wh ich  the  col l ector current ri ses  s teepl y,  wi th  
gate  to  em i tter short-ci rcu i ted   
See  I EV 521 -05-06.  

3.3.5   
col l ector-emitter saturation  vol tage  
VCEsat  
col l ector-em i tter vol tage  under cond i tions  of gate-em itter vol tage  at  wh ich  the  col l ector cu rrent 
i s  essen tia l l y i ndependen t of the  gate-em itter vol tage  

3.3.6   
gate-emitter (d .c. )  vol tage 

vol tage  between  gate  and  em i tter 

3.3.7   
gate-col lector (d .c. )  vol tage 

vol tage  between  gate  and  col lector 

3.3.8   
gate-emitter threshold  vol tage   
VGE(th )  
gate-em i tter vol tage  at wh ich  the  col lector curren t has  a  speci fied  l ow (absolu te)  va lue  

3.3.9   
el ectrostatic  d ischarge vol tage 
vol tage  that can  be  appl ied  to  the  gate  term inal  wi thout destruction  of the  isolation  layer  
See  I EV 521 -05-27  

3.3. 1 0   
col l ector cut-off current   
col l ector current at a  speci fic col l ector-em itter vol tage  below the  breakdown  reg ion  and  gate  
off-state  

3.3. 1 1   
col l ector current 

curren t through  col l ector 
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3.3. 1 2   
tai l  cu rrent  
ICZ  
col lector cu rren t duri ng  the  ta i l  t ime  

3.3. 1 3   
gate  leakage  current   
IGES  
l eakage curren t i n to  the  gate  term inal  at  a  speci fi ed  gate-em i tter vol tage  wi th  the  col l ector 
term inal  short-ci rcu i ted  to  the  em i tter term inal  

3.3. 1 4  
safe  operating  area  
SOA 
col lector current versus  col l ector em i tter vol tage  where  the  IGBT is  ab le  to  tu rn-on  and  tu rn-
off wi thou t fa i l u re  

3.3. 1 4. 1   
forward  bias  safe  operating  area   
FBSOA 
col lector curren t versus  col lector em i tter vol tage  where  the  IGBT is  able  to  turn -on  and  i s  able  
to  be  on-state  wi thout fa i l u re  

3.3. 1 4.2   
reverse bias  safe  operating  area   
RBSOA  
col lector current  versus  col lector em i tter vol tage  where  the  IGBT is  able  to  turn-off wi thout  
fai l u re  

3.3. 1 4.3   
short  ci rcu i t  safe  operating  area   
SCSOA 
short ci rcu i t  d uration  and  col l ector em i tter vol tage  where  the  IGBT is  able  to  turn-on  and  turn-
off wi thou t fa i l u re  

3.4 Terms  related  to  ratings  and  characteristics;  other characteristics  

3.4. 1   
i nput  capacitance  
Ci es  
capaci tance  between  the  gate  and  em i tter term inals  wi th  the  col lector term inal  short-ci rcu i ted  
to  the  em i tter term inal  for a . c.  

3.4.2   
output  capacitance   
Coes  
capaci tance  between  the  col l ector and  em i tter term inals  wi th  the  gate  term inal  short-ci rcu i ted  
to  the  em i tter term inal  for a . c.  

3.4.3   
reverse transfer capacitance   
Cres  
capaci tance  between  the  col l ector and  gate  term inals  

3.4.4   
gate charge   
QG  
charge  requ i red  to  rai se  the  gate-em i tter vol tage  from  a  speci fied  l ow to  a  speci fied  h i gh  level  
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3.4.5   
in ternal  gate  resistance   
rg  
i n ternal  series  res istance  

3.4.6   
turn-on  energy (per pu lse)   
Eon  
energy d iss ipated  i ns ide  the  IGBT during  the  turn-on  of a  s ing le  col l ector curren t pu lse  

NOTE  The  correspond ing  tu rn-on  power d i ss ipation  under period ic  pu l se  cond i ti ons  i s  obtained  by mu l ti p l yi ng  Eon  

by the  pu l se  frequency.  

3.4.7   
turn-off energy (per pu lse)   
Eoff  
energy d issipated  i nside  the  IGBT during  the  turn -off time  p l us  the  ta i l  time  of a  s i ng le  
col l ector cu rren t pu lse  

NOTE  The  correspond i ng  tu rn-off power d i ss ipati on  under period ic  pu l se  cond i ti ons  i s  obta ined  by mu l ti p l yi ng  Eoff 

by the  pu l se  frequency.  

3.4.8   
turn-on  delay time   
td(on) ,  td  
time in terval  between  the  beg inn ing  of a  vol tage  pu lse  across  the  inpu t term inals  wh ich  
swi tches  the  IGBT from  the  off-state  to  the  on-state  and  the  beg inn ing  of the  rise  of the  
col l ector cu rren t 

NOTE  Usual l y,  the  time  i s  measured  between  poi n ts  correspond ing  to  1 0  %  of the  i npu t  and  ou tpu t  pu l se  
ampl i tudes.  

3.4.9   
ri se  time  
tr  
time  i n terval  between  the  i nstan ts  at  wh ich  the  ri se  of the  col l ector curren t reaches  speci fi ed  
l ower and  upper l im i ts ,  respectivel y,  when  the  IGBT is  being  swi tched  from  the  off-state  to  the  
on-state  

NOTE  Usual l y the  l ower and  upper l im i ts  are  1 0  %  and  90  %  of the  pu l se  ampl i tude.  

3.4. 1 0   
turn-on  time   
ton  
sum  of the  turn-on  de lay time and  the  rise  time  

3.4. 1 1   
turn-off delay time   
td(off) ,  ts  
time i n terval  between  the  end  of the  vol tage  pu lse  across  the  input term inals  wh ich  has  held  
the  IGBT i n  i ts  on-state  and  the  beg inn ing  of the  fa l l  of the  col lector cu rren t when  the  IGBT is  
swi tched  from  the  on-state  to  the  off-state  

NOTE  Usual l y,  the  t ime  i s  measured  between  poin ts  correspond ing  to  90  %  of the  i npu t  and  ou tpu t  pu l se  
ampl i tudes.  

3.4. 1 2   
fal l  time  
tf  
time i n terval  between  the  instan ts  at  wh ich  the  fa l l  of the  col lector cu rrent reaches  speci fi ed  
upper and  l ower l im i ts ,  respective l y,  when  the  IGBT is  swi tched  from  the  on-state  to  the  
off-state  

NOTE  Usual l y,  the  upper and  l ower l im i ts  are  90  %  and  1 0  %  of the  pu l se  ampl i tude.  
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3.4. 1 3   
turn-off time  
toff  
sum  of the  turn-off de lay time and  the  fa l l  t ime  

3.4. 1 4  
tai l  time  
tz  
time  i n terval  from  the  end  of the  turn-off time  to  the  i nstant at  wh ich  the  col l ector curren t has  
fal l en  to  2  %  or l ower speci fi ed  value  

4 Letter symbols  

4. 1  General  

General  l etter symbols  for IGBTs  are  defined  i n  Clause  4  of I EC  60747-1 .  

4.2  Addi tional  general  subscripts  

C,c col l ector 

E, e  em i tter 

G , g  gate  

sat saturati on  

th  threshold  

Z, z  ta i l  

S  term ination  wi th  a  short ci rcu i t 

R term ination  wi th  a  res istor 

X term ination  wi th  speci fied  gate  em i tter vol tage  

sus  sustain ing  
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4.3  List  of l etter symbols   

Name and  designation  Letter symbol  

4. 3. 1  Vol tages   

Col l ector-em i tter vol tage   VCE  

Col l ector-em i tter vol tage,  gate-em i tter short-ci rcu i ted  VCES  

Col l ector-em i tter sustain i ng  vol tage  VCE*su s  

Col l ector-em i tter breakdown  vol tage,  gate-em i tter short-ci rcu i ted  V(BR)CES  

Col l ector-em i tter saturation  vol tage  VCEsa t  

Gate-em i tter vo l tage  VGE  

Gate-em i tter vo l tage,  col l ector-em i tter short-ci rcu i ted  VGES  

Gate-em i tter threshol d  vol tage  VGE(th )  

Col l ector-gate  vol tage,  gate-em i tter res i stance  speci fied  VCGR  

4.3.2  Currents   

Col l ector cu rrent  IC  

Peak col l ector cu rren t ICM  

Repeti ti ve  peak col l ector curren t ICRM  

Col l ector-em i tter cu t-off cu rren t,  gate-em i tter short-ci rcu i ted  ICES  

Tai l  current ICZ  

Gate  curren t IG  

Gate  l eakage  curren t,  col l ector-em i tter short-ci rcu i ted  IGES  

4.3.3  Other el ectrical  magn i tudes   

I npu t  capaci tance  Ci es  

Ou tpu t  capaci tance  Coes  

Reverse  transfer capaci tance  Cres  

Gate  charge  QG  

I n ternal  gate  res i stance  rg  

Turn -on  power d i ss ipation  Pon  

Tu rn -on  energy Eon  

Turn -off power d i ss ipation  Poff  

Tu rn -off energy Eoff  

Conducti ng  s tate  power d i ss ipation  Pcond  

Conducti ng  state  energy Econd  

Total  power d i ss i pati on  Pto t  

4.3.4  Time  

Tai l  t ime  tz 

4.3.5  Thermal  magn i tudes    

Thermal  res i stance  j u nction  to  heats ink Rth ( j - c)  

Transi ent  thermal  impedance  j unction  to  heats ink Zth ( j -c)  
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5 Essential  ratings  and  characteristics  

5. 1  Ratings  (l imiting  values)  

Ratings  shal l  be  val i d  for the  whole  range  of operati ng  cond i ti ons  as  s tated  for the  particu lar 
device,  wi th  reference to  a  curve  where  appropriate.  

5. 1 . 1  Ambient or case  or vi rtual  j unction  operating  temperature  (Ta  or Tc  or Tvj )  

Maximum  and  m in imum  va lues.  

5. 1 .2  Storage temperature  (Tstg )  

Maximum  and  m in imum  values.  

5. 1 .3  Col lector-emitter vol tage wi th  gate-emitter short-ci rcu i ted  (VCES)  

Maximum  value.  

NOTE  Th is  rati ng  shou ld  not  be  l ess  than  V(BR)CES .  (See  5. 2 . 1 . )   

5. 1 .4  Gate-emitter vol tages  wi th  col lector emitter short  ci rcu i t  (VGES)  

Maximum  pos i ti ve  and  negative  values.  

5.1 .5  Continuous  col lector current (IC)  

Maximum  value.  

5. 1 .6  Repeti tive  peak col lector current (ICRM )  

Maximum  value  for rectangu lar pu lses  wi th  speci fi ed  pu lse  duration  and  du ty cycle.  

5.1 .7  Non-repeti tive  peak col lector current  (ICSM )  

Maximum  value  for a  rectangu lar pu lse  wi th  speci fi ed  pu lse  duration .  

5. 1 .8  Total  power d issipation  (Ptot)  

Maximum  value  wi th  a  derati ng  curve  where  appropriate.  

5.1 .9  Maximum safe  operating  area 

Diagram  showing  the  maximum  rated  col lector curren t Ic  after turn-on ,  wh ich  may not be  
exceeded ,  even  under best  cool i ng  cond i ti ons,  as  a  function  of the  col lector-em itter vol tage  
VCE  before  and  during  tu rn -on  for d i rect  curren t and  various  pu lse  durations  at  25  °C  case  

temperature.  

5.1 . 1 0  Maximum reverse  biased  safe  operating  area  (RBSOA)  

Diagram  showing  the  area  of col lector curren t IC  and  col l ector-em i tter vol tage  VCE  wh ich  the  
IGBTs  wi l l  susta in  s imu l taneousl y for a  short  period  of time during  turn-off wi thout fa i l u re  
under the  speci fi ed  cond i ti ons.  

5. 1 . 1 1  Maximum short  ci rcu i t  safe  operating  area (SCSOA)  

SCSOA is  g i ven  by a  pai r of va lues  of short-ci rcu i t d uration  tpsc  and  col l ector-em itter vol tage  
VCE  wh ich  may not be  exceeded  under the  load  short-ci rcu i t cond i tions.  The  device  may be  

turned  on  and  turned  off again  for shorting  a  vol tage  source  wi thou t fa i l u re.  
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5. 1 . 1 2  Maximum terminal  current (ItRMS)  (where appropriate)  

Maximum  r.m . s.  va lue  of the  current through  the  main  term inal .  

5.1 . 1 3  Mounting  force  (F)  

Maximum  and  m in imum  values,  where  appropriate.  

5.1 . 1 4  Mounting  torque  (M)  

Maximum  and  m in imum  values,  where  appropriate.  

5.2  Characteristics  

Characteristics  shal l  be  g i ven  at  Tvj  =  25  °C  except where  otherwise  stated ;  and  at  one  other 

speci fied  temperature.  

5.2. 1  Col lector-emitter breakdown  vol tage  (V(BR)CES)  

Min imum  value  wi th  gate-em itter short-ci rcu i ted  and  at  speci fi ed  col l ector curren t.  

5.2.2  Col lector-emitter sustain ing  vol tage (VCE*sus)   

Where appropriate,  m in imum  value  at  speci fied  col lector cu rrent  and  gate  cond i ti ons.  

5.2.3  Col lector-emitter saturation  vol tage (VCEsat)  

Maximum  value  at  speci fi ed  gate  vol tage  and  col l ector cu rrent.  

5.2.4  Gate-emitter threshold  vol tage  (VGE(th))  

Min imum  and  maximum  values  at speci fied  col lector-em i tter vol tage  and  col lector curren t.  

5.2.5  Col lector-emitter cut-off current  (ICE*)  

Maximum  va lue  at speci fied  h i gh  col l ector-em i tter vol tage  and  for a  speci fied  term ination  
between  gate  and  em i tter term inals.  

5.2.6  Gate  leakage  current  (lGES)  

Maximum  value  at  the  maximum  rated  gate-em i tter vol tage.  

5.2.7  Capacitances  

Typical  va lues  of the  fo l l owing ,  a t speci fied  col lector-em i tter vol tage  and  test frequency.  

5.2.7. 1  Input  capacitance (Ci es)  

Typical  i nput  capaci tance  as  smal l -signal  va lue,  i n  common-em i tter configuration ,  under 
speci fied  b ias  cond i ti ons  and  at a  speci fi ed  frequency,  wi th  the  ou tpu t short-ci rcu i ted  to  a . c.  

5.2.7.2  Output capaci tance  (Coes)  

Typical  ou tput capaci tance  as  smal l -s ignal  va lue,  i n  common-em i tter configuration ,  under 
speci fied  b ias  cond i ti ons  and  at a  speci fi ed  frequency,  wi th  the  i nput short-ci rcu i ted  to  a . c.  
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5.2.7.3  Reverse transfer capaci tance  (Cres)  

Typical  reverse  transfer capaci tance  as  smal l -signal  va lue,  i n  common-em i tter configuration ,  
under speci fi ed  b ias  cond i ti ons  and  at  a  speci fied  frequency.  

5.2.8  Gate  charge  (QG)  

Typical  value  at speci fi ed  values  of gate-em i tter vol tage,  co l lector-em i tter vol tage  before  tu rn-
on  and  col lector curren t after turn-on .  

5.2.9  In ternal  gate  resistance  (rg )  

Maximum  and /or typica l  va lue  wi th  col l ector short ci rcu i ted  to  em i tter i n  a . c.  at  the  speci fied  
values  of gate  -em i tter vol tage,  col lector -em i tter vol tage  and  frequency 

5.2. 1 0  Turn-on  energy (Eon )  

Maximum  value  per pu lse  under the  fo l lowing  speci fi ed  cond i ti ons:  

•  co l l ector-em i tter vol tage  before  turn-on ;  

•  co l l ector cu rren t after turn-on ;  

•  l oad  cond i tions;  

•  gate-em itter vol tage;  

•  res istance  i n  the  gate-em i tter ci rcu i t;  

•  case  or ambien t temperature  or vi rtua l  j u nction  temperature.  

5.2. 1 1  Turn-off energy (Eoff)  

Maximum  value  per pu lse  under the  fol lowing  speci fi ed  cond i ti ons:  

•  co l l ector cu rren t before  turn-off;  

•  co l l ector-em i tter vol tage  after turn-off;  

•  l oad  cond i tions;  

•  gate-em i tter vol tage;  

•  res istance  i n  the  gate-em itter ci rcu i t;  

•  case  or ambien t temperature  or vi rtual  j unction  temperature.  

5.2. 1 2  Switch ing  times  

5.2. 1 2. 1  Turn-on  delay time (td(on))  and  ri se  time (tr)  

Maximum  values  under the  fo l lowing  speci fi ed  cond i tions:  

•  co l l ector-em i tter vol tage  before  turn-on ;  

•  co l l ector cu rren t after turn-on ,  

•  l oad  cond i tions;  

•  gate-em itter vol tage;  

•  res istance  i n  the  gate-em i tter ci rcu i t.  

5.2. 1 2.2  Turn-off delay time  (td(off)) ,  faI l  time (tf)  and  tai l  time (tz)  

Maximum  values  wi th  a  free-wheel i ng  d iode  connected  under the  fo l l owing  speci fied  
cond i ti ons:  

BS IEC 60747-9:2007 – 14 –



•  co l l ector-em i tter vol tage  after turn-off;  

•  co l l ector cu rren t before  turn -off;  

•  l oad  cond i tions;  

•  gate-em i tter vol tage;  

•  res istance  i n  the  gate-em itter ci rcu i t.  

5.2. 1 3  Thermal  resistance junction  to  case  (Rth ( j -c))  

Maximum  value  for case-rated  IGBTs.  

5.2. 1 4 Thermal  resistance junction  to  ambient (Rth ( j -a))  

Maximum  value  for ambien t-rated  IGBTs.  

5.2. 1 5  Transient  thermal  impedance junction  to  case (Zth ( j -c))  

For case-rated  I GBTs,  d i agram  showing  the  maximum  values  against the  time e lapsed  after a  
step  change i n  power d issipation ,  or anal ytical  e lements.  

5.2. 1 6  Transient  thermal  impedance junction  to  ambient (Zth ( j -a))  

For ambient-rated  IGBTs,  d iagram  showing  the  maximum  va lues  against the  time  elapsed  
after a  s tep  change i n  power d iss ipation .  

6 Measuring  methods  

6. 1  General  

The  polari ti es  shown  in  these  ci rcu i ts  are  appl icable  to  N  channel  devices.  The  ci rcu i ts  can  be  
adapted  for P  channel  devices  by i nverti ng  the  polari ti es  of the  meters,  generators  and  power 
suppl ies.  The  hand l i ng  precau tions  g i ven  in  I EC  61 340  and  the  measuring  method  procedures  
g i ven  i n  60747-1  apply.  

6.2  Veri fication  of ratings  (l imiting  values)  

After the  fo l lowing  test,  confi rm  the  IGBT characteristics  speci fied  i n  Table  1 .  

Table  1  – Acceptance-defin ing  characteristics  

Characteri stics  Acceptance  cri teri a  

ICES  ICES  <  USL  

IGES  IGES  <  USL  

VCE(sat)  VCE(sat)  <  USL 

VGE(th )  VGE(th )  <  USL  or >  LSL  

NOTE    USL:  u pper speci fi cation  l im i t   
            LSL:  l ower speci fi cation  l im i t  

 

6. 2. 1  Col lector-emitter vol tages  (VCES ,  VCER,  VCEX)  

6. 2. 1 . 1  Purpose 

To veri fy that an  IGBT wi thstands  the  rated  col l ector-em itter vol tages  VCES ,  VCER  or  VCEX  
under speci fied  cond i tions.  
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6.2. 1 .2  Ci rcu i t  d iagram  (see  F igure  1 )  
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IC R1

VC  

R1  

VCC  

IEC   1859/07 

 DUT (device  under test)  

Figure 1  – Ci rcu i t  for measuring  the  col lector-emitter vol tages  VCES ,  VCER,  VCEX  

6.2. 1 .3  Ci rcu i t  description  

VCC and  VGG  are  the  vol tage  suppl y.  R1  i s  a  ci rcu i t protection  resistor.   

6.2. 1 .4  Test procedure 

There  are  two  methods,  i . e .  the  d . c.  method  and  the  a. c.  method ,  wi th  ci rcu i ts  accord ing  to  
F igu re  1 .  

The  speci fi ed  cond i ti ons  between  gate  and  em i tter sha l l  be  appl i ed .  The  col l ector-em i tter 
vol tage  is  set  to  the  speci fi ed  va lue.   

6.2. 1 .5  Specified  cond i tions  

– Col l ector-em i tter vol tage  VCE  

–  Ambient or case  or vi rtua l  j unction  temperature  Ta  or  Tc  or  Tvj  

–  VCEX:  gate-em i tter vol tage  –VGG  

–  VCER:  res istor connected  between  gate  and  em i tter 

– VCES :  short ci rcu i t  between  gate  and  em i tter 

6.2.2  Gate-emitter vol tage wi th  col lector emitter short circu i t  (±VGES)  

6.2.2 . 1  Purpose 

To veri fy that an  IGBT wi thstands  the  rated  gate  em i tter vol tage  ±VGE  under speci fied  
cond i ti ons.  
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6.2.2 .2  Ci rcu i t  d iagram  (see  F igure  2)  
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Figure 2  – Ci rcu i t  for testing  the  gate-emitter vol tage  ±VGES  

6.2.2 .3  Ci rcu i t  description  

VGG i s  the  vol tage  suppl y.  R  i s  a  ci rcu i t  protection  res istor.  

6.2.2 .4  Test procedure 

The  gate-em i tter  vol tage  VGE  i s  set  to  the  speci fi ed  value.  A smal l  protecti ve  res istor R  i s  to  

be  provided .  

6.2.2 .5  Specified  cond itions  

– Ambient or case  or vi rtua l  j unction  temperature  Ta  or  Tc or  Tvj  

–  Gate-em i tter l eakage curren t  IGES  

–  Short ci rcu i t  between  col l ector and  em i tter 

6.2.3  Maximum col lector current (IC)  

6.2.3. 1  Purpose 

To veri fy that the  col lector cu rren t capabi l i ty of an  IGBT is  not l ess  than  the  maximum  rated  
value  IC under speci fi ed  cond i ti ons.  
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6.2.3.2  Ci rcu i t  d iagram  (see  F igure  3)  
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Figure 3  – Ci rcu i t  for measuring  col lector current 

6. 2.3.3  Ci rcu i t  description  

VCC and  VGG are  the  vol tage  suppl y.  R1  i s  a  ci rcu i t protection  resistor.   

6.2.3.4  Test procedure 

The temperature  (Ta  or Tc)  and  the  gate-em itter vol tage  are  set and  kept  to  the  speci fi ed  
va lues.  The  suppl y vol tage  (VCC)  i s  i ncreased  unti l  IC  reaches  the  speci fied  value.  The  

thermal  equ i l i brium  m ight be  reached .  

6.2.3.5  Specified  cond itions  

– Ambient  or case  or vi rtual  j unction  temperature  Ta  or  Tc  

–  Col l ector current  IC 

– Gate-em i tter vol tage  VGE  

6.2.4  Maximum peak col lector current (ICM )  

6.2.4.1  Purpose 

To veri fy that the  peak col l ector curren t capabi l i ty of an  IGBT is  not l ess  than  the  maximum  
rated  value  ICM under speci fi ed  cond i ti ons.  
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6.2.4.2  Ci rcu i t  d iagram  (see  F igure  4)  
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Figure  4  – Ci rcu i t  for measuring  peak col lector current 

6.2.4.3  Ci rcu i t  description  

VCC i s  the  vol tage  suppl y and  VGG  i s  the  gate  pu lse  generator.  R1  i s  a  ci rcu i t  protection  
res istor.   

6.2.4.4  Test procedure 

The temperature  (Ta  or Tc  or Tvj )  and  the  gate-em i tter vol tage  are  set and  kept at the  
speci fied  va lues.  The  suppl y vol tage (Vcc)  i s  i ncreased  unti l  IC  reaches  the  speci fied  va lue.  

6.2.4.5  Specified  cond i tions  

– Ambient  or case  or vi rtual  j u nction  temperature  Ta  or  Tc  or  Tvj  

–  Col l ector current  ICM  

–  Gate  em i tter vol tage,  pu lse  wid th  and  du ty cycle  

6.2.5  Maximum reverse  biased  safe  operating  area  (RBSOA)  

6.2.5. 1  Purpose 

To veri fy that the  IGBT operates  rel i abl y wi thout  fa i l u re  i n  RBSOA.  
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6.2.5.2  Ci rcu i t  d iagram  and  waveforms (see  F igure  5  and  F igure  6)  
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Figure 5  – Test  ci rcu i t  of reverse  safe  operating  area  (RBSOA)  
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Figure 6  – Waveforms of gate-emitter vol tage  VGE  and  col lector current  IC   
during  tu rn-off 

6. 2.5.3  Ci rcu i t  description  and  requ irements  

The value  of l oad  i nductance L  shal l  be  h i gh  enough  to  main tain  the  speci fi ed  IC  and  
VCE(clamp)  to  the  DUT for l east the  whole  duration  of the  fa l l  and  ta i l  time.  VCC i s  a  l ow vol tage  
to  suppl y the  on-state  col l ector current IC .  VCE(clamp)  must be  capable  of carrying  a  reverse  
curren t equal  to  IC ,  wh i l e  main tain ing  the  speci fi ed  vol tage.  Al ternatively,  a  s ing le  vol tage  
source  capable  of supplying  the  specia l  IC  at  the  speci fied  VCE  and  wi th  d iode  D  in  para l le l  
wi th  i nductor L  may be  used .  R1  and  R2  are  ci rcu i t  protection  res istors.  Ls  i s  an  i nductor 

representing  the  maximum  perm i tted  unclamped  stray i nductance.  
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6.2.5.4  Test procedure 

DUT is  tu rned  off at  speci fied  IC .  

VCE  and  IC  are  mon i tored .  The  DUT has  to  turn  off  IC  and  wi thstand  VCE  =  VCE(clamp) .  

NOTE  Col l ector-em i tter peak vol tage  VCEM  <  V(BR)CE* .  

6.2.5.5  Specified  cond itions  

– Col l ector current  IC  

–  Gate  em i tter vol tage  VGE1  and  VGE2  

–  Col l ector-em itter vol tage  VCE(clamp)  

–  S ing le-pu lse  or repeti ti on  rate  

– I nductance  L  

–  Value  of unclamped  stray i nductance Ls  

–  Ambient or case  or vi rtual  j unction  temperature  Ta  or  Tc  or  Tvj  

–  Gate  res istor R1 ,  R2  

6.2.6  Maximum short-ci rcu i t  safe  operating  area (SCSOA)  

6.2.6.1  Purpose 

To veri fy that the  IGBT operates  re l i abl y wi thou t  fai l u re  during  a  l oad  short-ci rcu i t cond i tion .  
Two  types  of l oad  short  ci rcu i t  can  occur.  The  fi rst  one  i s  to  swi tch  the  IGBT on  to  an  existing  
l oad  short ci rcu i t.  Another one  is  when  the  IGBT i s  a l ready i n  the  on-state  VCE  =  VCEsat,  and  

then  the  l oad  short ci rcu i t  occurs.  Both  methods  must be  appl i ed .  

6.2.6.2  Maximum short-ci rcu i t  safe  operating  area 1  (SCSOA1 )  

6. 2.6.2 . 1  Ci rcu i t  d iagram  and  waveforms (see  F igure  7  and  F igure  8)  
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Figure 7  – C i rcu i t  for testing  safe  operating  pu lse  width  at  load  short ci rcu i t  (SCSOA1 )  
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Figure 8  – Waveforms  of gate-emitter vol tage  VGE ,  col lector current  IC  and  vol tage  VCE  
during  load  short-ci rcu i t  condi tion  SCSOA1  

6.2.6.2 .2  Ci rcu i t  description  

Ls  represen ts  the  maximum  perm i tted  stray i nductance,  i t  must  be  l ow enough  to  ensure  that  
maximum  short-ci rcu i t cu rrent i s  reached  wi th in  the  fi rst  25  %  of the  gate  pu lse  wid th  tpsc.  

6.2.6.2 .3  Test procedure  

Set the  temperature  to  the  speci fi ed  value.  Appl y the  speci fied  off-state  gate-em i tter vol tage.  
Set the  col lector-em i tter vol tage  to  the  speci fied  va lue.  Appl y the  speci fied  gate-em itter on-
state  pu lse.  IC ,  VCE  and  VGE are  mon i tored  i n  order to  see  whether the  I GBT turns  on  and  off 

correctl y.  

6.2.6.2 .4  Specified  cond itions  

– Col l ector-em i tter vol tage  VCE  =  VCC  

–  On  and  off-state  gate-emitter vol tage  VGE  

–  Gate  pu lse  wid th  tpsc  

–  Gate  res istors  R1 ,  R2  

–  Value  of stray i nductance  Ls  

–  Ambient or case  or vi rtua l  j unction  temperature  Ta  or  Tc  or  Tvj  

6.2.6.3  Maximum short-ci rcu i t  safe  operating  area 2  (SCSOA2)  

6.2.6.3.1  Features  of the  operation  

The gate  vol tage  increases  from  the  gate-em i tter vol tage  VGE  by the  dvCE /dt of the  col lector-
em itter vol tage  VCE .  I t  i nduces  the  fast i ncrease  of the  col lector cu rrent  and  h i gh  peak energy,  

as  shown  i n  F igure  1 0 .  
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6.2.6.3.2  Ci rcu i t  d iagram  and  operating  waveforms  (see  F igu re  9  and  F igure  1 0)  
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Figure 9  – Short-ci rcu i t  safe  operating  area 2  (SCSOA2)  
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Figure  1 0  – Waveforms  during  SCSOA2  

6.2.6.3.3  Ci rcu i t  description  

Ls  i s  an  i nductor representing  the  maximum  perm itted  unclamped  stray i nductance.  Swi tch  S  
i n  the  ci rcu i t  shou ld  have  much  lower impedance  compared  to  the  device  under test  (DUT).  
The  type  name or characteristics  of swi tch  S  shou ld  be  speci fied .   
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6.2.6.3.4  Test procedure 

Set the  temperature  to  the  speci fi ed  value.  Appl y the  speci fied  off-state  gate-em itter vol tage.  
Set  the  col l ector-em itter vol tage  to  the  speci fied  value.  Apply the  speci fi ed  gate-em i tter on-
state  pu lse.  The  curren t capabi l i ty of swi tch  S  shou ld  be  substantia l l y l arger than  the  
expected  short-ci rcu i t  cu rrent  of the  DUT.  IC ,  VCE ,  VGE  and  the  swi tch ing  s i gnal  of the  swi tch  

S  are  mon i tored  i n  order to  see  whether the  IGBT turns  on  and  off correctl y.  

6.2.6.3.5  Specified  cond itions  

– Col l ector current  prior to  short ci rcu i t  IC  (=  Vcc / R1 )  

– Col l ector-em i tter vol tage  VCE  ≈  VCC  

–  On  and  off-state  gate-emi tter vol tage  VGE  

–  Gate  pu lse  wid th  tpsc  

–  Gate  res istors  R2,  R3  

– Value  of unclamped  stray i nductance Ls  

–  Type  name or characteri stics  of swi tch  S,  i f restri ctive  

– Ambient or case  or vi rtual  j unction  temperature  Ta  or  Tc  or  Tvj  

6.3  Methods  of measurement 

6.3. 1  Col lector-emitter sustain ing  vol tage (VCE*sus)   

6. 3. 1 . 1  Purpose 

The  purpose  i s  to  ensure  that the  col lector-em i tter sustain ing  vol tage  of an  IGBT is  not  l ess  
than  the  maximum  speci fied  value  VCE*sus  u nder speci fied  cond i tions.  

6.3. 1 .2  Ci rcu i t  d iagram  (see  F igure  1 1 )  
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Figure 1 1  – Ci rcu i t  for measuring  the  col lector-emitter sustain ing  vol tage  VCE*sus  

6. 3. 1 .3  Ci rcu i t  description  and  requ irements  

The IGBT is  operated  in  a  saturated  cond i ti on  under pu lse  operation .   

Due  to  the  i nductance L ,  swi tch ing  off the  gate  vol tage  causes  the  IGBT to  be  swept through  
a  curren t-vol tage  cycle.   

The  vol tage  source  VCC1  i s  ad justable;  i t  enables  the  col lector current to  be  set to  the  
speci fied  value.   
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A vol tage  clamping  un i t,  i nd icated  i n  F igure  1 1  as  a  variable  vol tage  source  VCC2  i n  series  
wi th  a  d iode,  l im i ts  the  vol tage  VCE .  VCC2  i s  set  to  the  expected  value  of  VCE*sus .  

The  m in imum  value  of l oad  inductance  L  may be  g i ven  i n  the  detai l  speci fi cation ;  otherwise,  i t  
may be  calcu lated  from  

Lmin  =  (VCC2  – VCC1 )  *  toff  /  0 , 1  IC  

Th is  ensures  that  IC does  not  d rop  by more  than  1 0  %  du ring  toff.  

6.3. 1 .4  Test procedure 

The  clamping  un i t  i s  ad j usted  to  operate  at the  speci fi ed  m in imum  va lue  VCE*sus .  Wi th  vol tage  
VCC1  set at  zero,  VGE  i s  ad j usted  so  that the  speci fi ed  curren t  IC  can  be  reached  wi th  a  VCE  

va lue  i n  the  saturated  cond i tion  (poin t A in  F igure  1 2) .  

The  va lue  VCC1  i s  progress ivel y i ncreased  unti l  the  speci fied  curren t  IC  i s  reached  for the  
expected  VCE*sus  (poin t  B  i n  F i gure  1 2) .  As  a  resu l t,  the  curren t at  wh ich  the  cycle  starts  may 

reach  a  value  I0  s l i ghtl y h i gher than  the  speci fi ed  curren t  IC (poin t  A′  of F igure  1 2).   

Specified IC  

C 

B 

A′  

A 

IC  

V 

Without clamping 

With  clamping 

Specified  minimum VCE*sus  

I0  

IEC   1872/07  

Figure 1 2  – Operating  locus  of the  col lector current 

6.3. 1 .5  Precautions  to  be  observed  

I n  a  pre l im inary test,  the  action  of the  clamping  un i t  shou ld  be  veri fied  by decreasing  i ts  
ad j ustable  vol tage  V2 ;  then  the  clamping  un i t shou ld  be  ad j usted  to  the  des i red  value  of  VCE  

that  corresponds  to  the  speci fied  current  IC  (poi n t  B  of F igure  1 2) .  

6.3. 1 .6  Requi rements  

– The  IGBT is  satisfactory when  the  trace  moving  from  poin t  B  to  poin t  C  does  not pass  to  
the  l eft of the  l i ne  BC.  

– When  the  clamping  un i t i s  not  used ,  the  IGBT i s  satisfactory i f the  trace  effectivel y turns  
around  poin t  B,  as  shown  i n  F igure  1 2.  

6.3. 1 .7  Specified  cond itions  

– Case or ambient or vi rtua l  j u nction  temperature  Tc  or  Ta  or  Tvj  

–  Col l ector current  IC  

BS IEC 60747-9:2007– 25 –



– M in imum  sustain ing  vol tage  VCERsus ,  VCESsus  

–  Value  of l oad  i nductance L ,  where  appropriate  

– Value  of unclamped  stray i nductance Ls  

–  Frequency of the  gate  vol tage  pu lse  generator  VG ,  i f d i fferent from  50  Hz 

– Gate  res istor R1 ,  R2 ,  i f avai l able  

– Gate  vol tage  VGG1  and  VGG2  (sha l l  be  speci fied)  

6.3.2  Col lector-emitter saturation  vol tage (VCEsat)  

6.3.2 . 1  Purpose 

To measure  the  col lector-em itter satu ration  vol tage  of an  IGBT under speci fied  cond i tions.  

6.3.2 .2  Ci rcu i t  d iagram  (see  F igure  1 3)  
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Figure 1 3  – Ci rcu i t  for measuring  the col lector-emitter saturation  vol tage  VCEsat  

6. 3.2 .3  Ci rcu i t  description  

VGG i s  the  vol tage  suppl y.  The  source  VCC  provides  short co l lector current pu lses,  wi thout any 
s i gn i ficant heat speci fi ed .  

6.3.2 .4  Precautions  

No s ign i fican t heat d iss ipation  shal l  occur i n  the  IGBT during  the  measurement.  

6.3.2 .5  Measurement procedure 

The temperature  is  set  to  the  speci fied  va lue,  adapted  to  the  speci fi ed  values  in  the  gate-
em i tter vol tage  and  the  col l ector curren t.  The  col l ector-em itter saturation  vol tage  VCE  =  VCEsat  

i s  measured .  

6.3.2 .6  Specified  cond i tions  

– Ambient  or case  or vi rtual  j u nction  temperature  Tvj  

–  Gate-em itter vol tage  VGE  

–  Col l ector current IC  
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6.3.3  Gate-emitter threshold  vol tage  (VGE(th))  

6. 3.3.1  Purpose 

To measure  the  gate-em i tter th reshold  vol tage  of an  IGBT under speci fi ed  cond i ti ons.  

6.3.3.2  Ci rcu i t  d iagram  (see  F igure  1 4)  
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Figure 1 4 – Basic  ci rcu i t  for measuring  the  gate-emitter threshold  vol tage 

6.3.3.3  Ci rcu i t  description  

VCC and  VGG  are  the  vol tage  suppl y.   

6.3.3.4  Measurement procedure  

The  device  temperature  and  the  col l ector-em i tter vol tage  are  set  to  the  speci fied  val ue.  The  
gate-em i tter vol tage  VGE  i s  i ncreased  unti l  the  speci fi ed  col lector curren t IC i s  reached .  The  

gate-em itter vol tage  at th is  current  i s  measured .  

6.3.3.5  Specified  cond i tions  

– Ambient or case  or vi rtua l  j unction  temperature  Ta  or Tc  or Tvj  

–  Col l ector-em itter vol tage  VCE  

–  Col l ector current IC  

6.3.4  Col lector cut-off current (ICES ,  ICER,  ICEX)  

6.3.4. 1  Purpose 

To measure  the  col l ector cu t-off curren t of an  IGBT under speci fied  cond i ti ons.  
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6.3.4.2  Ci rcu i t  d iagram  (see  F igure  1 5)  
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Figure 1 5 – Ci rcu i t  for measuring  the  col lector cut-off current 

6.3.4.3  Ci rcu i t  description  

VCC and  VGG are  the  vol tage  suppl y.  R1  i s  a  ci rcu i t protection  resistor.   

6.3.4.4  Measurement procedure  

There  are  two  methods,  i . e .  the  d . c.  method  and  the  a. c.  method ,  as  shown  i n  F igure  1 5.  The  
temperature  i s  set to  the  speci fied  va lue.  The  vol tage  VCE  i s  i ncreased  un ti l  i t  reaches  the  
speci fied  value.  The  cu t-off curren ts  ICEX,  ICER,  ICES  are  read  on  the  ampere  meter or the  

curren t probe.  

6.3.4.5  Specified  cond itions  

– VCC  i n  a . c.  method  wi th  a  frequency of 50  Hz or 60  Hz un less  otherwise  speci fi ed  

– Ambient  or case  or vi rtua l  j u nction  temperature  Ta  or  Tc  or  Tvj  

–  Col l ector-em itter vol tage  VCE  

–  ICER:  res istor R2  connected  between  gate  and  em i tter 

– ICES :  short  ci rcu i t between  gate  and  em i tter 

– ICEX:  gate  em i tter vol tage  

6.3.5  Gate  leakage  current  (IGES)  

6.3.5. 1  Purpose 

To measure  the  gate-em itter l eakage curren t of an  IGBT wi th  the  col l ector em i tter short 
ci rcu i ted .  
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6.3.5.2  Ci rcu i t  d iagram  (see  F igure  1 6)  
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Figure 1 6  – Ci rcu i t  for measuring  the gate  l eakage  current 

6.3.5.3  Ci rcu i t  description  

VGG i s  the  vol tage  suppl y.   

6.3.5.4  Measurement procedure  

Col lector and  em i tter term inals  are  shorted .  The  gate-em i tter vol tage  i s  set  to  the  speci fi ed  
value.  The  gate-em i tter l eakage  curren t i s  measured .  

6.3.5.5  Specified  cond i tions  

– Ambient or case  or vi rtua l  j unction  temperature  Ta  or  Tc  or  Tvj  

–  Gate-em i tter vol tage  VGE  

6.3.6  Input  capacitance (Ci es)  

6.3.6. 1  Purpose 

To measure  the  i nput capaci tance of an  IGBT under speci fi ed  cond i tions.  
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6.3.6.2  Ci rcu i t  d iagram  (see  F igure  1 7)  

 

V

CDUT

G

E

CM 

+ 

- 

V 

- 

+  

VGG  VGE  

C1  

L1  

L2  

C2

VCE VCC  

IEC   1877/07 
 

Figure 1 7  – Ci rcu i t  for measuring  the  input capaci tance 

6.3.6.3  Ci rcu i t  description  and  requ i rements  

CM  is  a  capaci tance  meter.  VCC  and  VGG  are  ad j ustable  d . c.  suppl ies.  Capaci tances  C1  and  
C2  shou ld  present short ci rcu i t at  the  measurement frequency,  i nductance L1  and  L2  are  to  

decouple  the  measurement s ignal  from  the  d . c.  suppl ies,  satisfying  the  fo l l owing  cond i tions:   

1 /ωL1  « ⏐ yi e⏐  and  ωC1  »  ⏐ yi e⏐  
1 /ωL2  « ⏐ yoe⏐  and  ωC2  »  ⏐ yoe⏐  

6.3.6.4  Measurement procedure 

CM  is  set  to  the  speci fi ed  frequency wi thou t the  IGBT.  The  IGBT is  i nserted  i n to  the  test 
socket.  The  temperature  i s  set to  the  speci fi ed  va lue.  The  gate-em itter vol tage  VGE  and  the 
col l ector-em i tter vol tage  VCE  are  set to  their speci fi ed  values.  Capaci tance  Ci es  can  be  read  

on  CM .  

6.3.6.5  Specified  cond i tions  

– Ambient or case  or vi rtual  j unction  temperature  Ta  or  Tc  or  Tvj  

–  Col l ector-em itter vol tage  VCE  

–  Gate-em itter vol tage  VGE  

–  Measurement frequency 

6.3.7  Output capacitance (Coes)  

6.3.7. 1  Purpose 

To measure  the  ou tput  capaci tance  of an  IGBT under speci fi ed  cond i ti ons.  
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6.3.7.2  Ci rcu i t  d iagram  (see  F igure  1 8)  
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Figure 1 8  – Ci rcu i t  for measuring  the output capacitance 

6.3.7 .3  Ci rcu i t  description  and  requ i rement   

CM  is  a  capaci tance  meter.  VCC  and  VGG  are  ad j ustable  d . c.  suppl ies.  Capaci tances  C1  and  
C2  shou ld  present short ci rcu i t at  the  measurement frequency,  i nductance L1  and  L2  are  to  

decouple  the  measurement s ignal  from  the  d . c.  suppl ies,  satisfying  the  fo l l owing  cond i tions:   

1 /ωL1  «  ⏐ yi e⏐   and    ωC1  »  ⏐ yi e⏐  
 1 /ωL2  «  ⏐ yoe⏐  and    ωC2  »  ⏐ yoe⏐  

6.3.7.4  Measurement procedure 

CM  is  set to  the  speci fi ed  frequency wi thou t the  IGBT.  The  IGBT is  i n serted  i n to  the  test 
socket.  The  temperature  i s  set to  the  speci fied  value.  The  gate-em i tter vol tage  VGE  and  the 
col l ector-em itter vol tage  VCE  are  set  to  the ir speci fied  values  respectivel y.  Capaci tance  Coes  

can  be  read  on  CM .  

6.3.7.5  Specified  cond itions  

– Ambient  or case  or vi rtual  j unction  temperature  Ta  or  Tc  or  Tvj  

–  Col l ector-em i tter vol tage  VCE  

–  Gate-em i tter vol tage  VGE  

–  Measurement frequency 

6.3.8  Reverse transfer capaci tance  (Cres)  

6. 3.8 .1  Purpose 

To measure  the  reverse  transfer capaci tance  of an  IGBT under speci fied  cond i tions.  
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6.3.8.2  Ci rcu i t  d iagram  (see  F igure  1 9)  
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Figure 1 9  – Ci rcu i t  for measuring  the reverse  transfer capacitance 

6.3.8 .3  Ci rcu i t  description  and  requ i rement  

CM  is  a  capaci tance  meter.  Capaci tances  C1  and  C2  must form  an  adequate  short ci rcu i t for 
the  test frequency.  R  sha l l  not be  too  h igh .  I nductance  L1  and  L2  are  to  decouple  the 
measurement s i gnal  from  the  d . c.  suppl ies .  VGG  and  VCC  are  ad j ustable  d . c.  suppl ies.  

6.3.8.4  Measurement procedure  

CM  is  set to  the  speci fi ed  frequency wi thout the  IGBT.  The  IGBT is  i nserted  i n to  the  test 
socket.  The  temperature  i s  set to  the  speci fi ed  va lue.  The  gate-em itter vol tage  VGE  and  the  
col lector-em i tter vol tage  VCE  are  set to  the ir speci fied  va lue.  Capaci tance  Cres  can  be  read  on  

CM .  

6.3.8.5  Specified  cond itions  

– Ambient or case  or vi rtual  j unction  temperature  Ta  or  Tc or  Tvj  

–  Col l ector-em i tter vol tage  VCE  

–  Gate-em i tter vol tage  VGE  

–  Measurement frequency 

6.3.9  Gate  charge  (QG)  

6. 3.9. 1  Purpose 

To measure  gate  charge  of an  IGBT under speci fi ed  cond i ti ons.  
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6.3.9.2  Ci rcu i t  d iagram  and  waveforms (see  F igure  20  and  F igure  21 )  
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Figure 20  – Ci rcu i t  for measuring  the gate  charge 
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Figure 21  – Basic  gate  charge  waveform  

6.3.9.3  Ci rcu i t  description  

VCC i s  the  vol tage  suppl y.  R1  i s  a  ci rcu i t protection  res istor.  
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6.3.9 .4  Test procedure 

The  gate  i s  fed  wi th  a  constant curren t IGG  u n ti l  the  speci fi ed  gate  em i tter vol tage  i s  reached .  
VCE  and  VGE  are  mon i tored  from  zero  t0  to  t1 .  Then ,  the  tota l  gate  charge  can  be  ca lcu lated  

as  fol l ows:  

 
 

 

6.3.9 .5  Specified  cond i tions  

– Ambient  or case  or vi rtua l  j u nction  temperature  Ta  or Tc  or Tvj  

–  Col l ector current IC  

–  Col l ector em i tter vol tage  VCE  

– VGE0  a t  t0  and  VGE1  at  t1  

6.3. 1 0  In ternal  gate  resistance  (rg )  

6. 3. 1 0. 1  Purpose 

To measure  the  in ternal  gate  res istance  of an  IGBT,  under speci fi ed  cond i ti ons.  

6.3. 1 0.2  Ci rcu i t  d iagram  (see  F igure  22)  
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Figure 22  – Ci rcu i t  for measuring  the short-circu i t  i n ternal  gate  resistance 

6.3. 1 0.3  Ci rcu i t  description  and  requ irements  

A LCR meter i s  u sed ,  thus  making  i t  poss ib le  to  appl y a  nu l l  method .  C2  shou ld  be  much  

l arger than  Coes  and  ωC1 ,  much  l arger than  ⏐ yi e⏐  a t  the  measurement frequency.  The  
impedance of L1 ,  L2  shou ld  be  sufficientl y h i gh ,  so  that i t  i s  possib l e  to  compensate  i t  by the  

bridge  ad justments.   

1 /ωL1 « ⏐ yie⏐  and  ⏐ yi e⏐  »  ωC1  

1 /ωL2« ⏐ yos⏐  and  ⏐ yos⏐  »  ωC2  

t1  

t0  
∫  QG  =       iG( t)  dt =  IG *  (t1  – t0)  
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6.3. 1 0.4  Measurement procedure 

Col lector-em itter vol tage  VCE  and  gate-em i tter vol tage  VGE  of DUT are  set to  speci fied  values  
and  then  i n ternal  gate  res istance  rg  i s  measured  by the  LCR meter in  series  capaci tance  /  

res istance  mode.  

6.3. 1 0.5  Specified  cond i tions  

– Col l ector-em i tter vol tage  VCE  

–  Gate-em i tter vol tage  VGE  

–  Measuring  frequency f 

–  Ambient  or case  or vi rtual  j u nction  temperature  Ta  or Tc or TVj  

6.3. 1 1  Turn-on  times  (td(on ) ,  tr,  ton )  and  tu rn-on  energy (Eon )  

6.3. 1 1 . 1  Purpose 

To measure  the  turn-on  times  td (on) ,  tr,  ton  and  turn-on  energy Eon  of an  IGBT under speci fied  
cond i ti ons  wi th  i nductive  l oad .  

6.3. 1 1 .2  Ci rcu i t  d iagram  and  waveforms (see  F igu re  23  and  F igure  24)  
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Figure 23  – Ci rcu i t  for measuring  turn-on  times  and  energy 

6.3. 1 1 .3  Ci rcu i t  description  and  requ i rement 

D is  a  freewheel ing  d iode  for the  current in  the  i nductance  L .  
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Figure 24 – Waveforms  during  turn-on  times  

6.3. 1 1 .4  Measurement procedure 

The gate  vol tage  l evel  VGG1  and  VGG2  and  the  suppl y vol tage  VCC  are  set to  the  speci fied  
values.  The  IGBT is  turned  on  and  tu rned  off twice  and  then  the  second  turn -on  is  observed .  
During  the  fi rst  pu lse  the  current  i s  increased  to  the  speci fi ed  l evel .  The  i nductance L  has  to  
be  large  enough  to  keep  the  cu rrent  constan t during  the  free  wheel i ng  i n terval .  The  col lector 
curren t  IC ,  the  gate  vol tage  VGE and  col lector-em i tter vol tage  VCE  are  mon i tored  

s imu l taneousl y.  

Eon  i s  the  i n tegra l  of  VCE  ×  IC  ×  dt.  I n tegral  time  ti  starts  from  the  1 0  %  rise  poin t  of  VGE and  
ends  at  the  speci fi ed  low  VCE  poi n t,  the  2  %  poin t  of  VCC .  The  turn-on  power d iss ipation  is  the  
product of the  swi tch ing  frequency and  the  tu rn-on  energy per pu lse  as  determ ined  by the  
i n tegration .  

6.3. 1 1 .5  Specified  cond i tions  

– Case or ambient  or vi rtual  j unction  temperature  of the  IGBT and  the  d iode  

– Vol tage  of i n termed iate  ci rcu i t  VCC  

–  Col l ector current  IC  j ust before  1
s t
 tu rn-off (ICM)  

– Gate  vol tage  –VGE before  and  +VGE  after turn-on  

– Gate  res istor R1  (RG(on ))  

– Characteristics  of freewheel i ng  d iode  

NOTE  I f there  i s  a  free  wheel i ng  d iode  i n  the  same  package  wi th  the  IGBT,  th i s  type  of d i ode  shou ld  be  used  for 
the  measurement.  
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6.3. 1 2  Turn-off times  (td(off) ,  tf,  toff,  tz)  and  turn-off energy (Eoff)  

6. 3. 1 2. 1  Purpose 

To measure  the  turn-off times  td(off) ,  tf,  toff,  tz  and  tu rn-off energy Eoff  of an  IGBT under 

speci fied  cond i tions  wi th  i nductive  l oad .  

6.3. 1 2.2  Ci rcu i t  d iagram  and  waveforms (see  F igu re  25  and  F igure  26)  
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Figure 25 – Ci rcu i t  for measuring  turn-off times  and  energy 
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Figure 26  – Waveforms  during  turn-off times  

6.3. 1 2.3  Ci rcu i t  description  and  requ irement 

D is  a  freewheel ing  d i ode  for the  current  i n  the  i nductance  L .  
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6.3. 1 2.4  Measurement procedure 

The gate  vol tage  l evel  VGG1  and  VGG2  and  the  suppl y vol tage  VCC  are  set to  the  speci fied  
values.  The  m in imum  turn-on  pu lse  durati on  must  ensure  a  complete  saturation  of the  IGBT.  
The  col l ector current IC ,  the  gate  em i tter vol tage  VGE  and  the  col l ector em i tter vol tage  VCE  
are  mon i tored  s imu l taneousl y.  

Eoff i s  the  i n tegral  of  VCE  ×  IC  ×  dt.  I n tegral  t ime  ti  starts  from  the  90  %  fa l l  poin t of  VGE  and  
ends  at the  speci fi ed  low  IC  po in t,  the  2  %  poin t  of IC  before  turn-off.  The  turn-off power 
d issipation  i s  the  product of the  swi tch ing  frequency and  the  tu rn-off energy per pu lse  as  
determ ined  by the  i n tegration .  

6.3. 1 2.5  Specified  cond i tions  

– Case or ambient  or vi rtual  j unction  temperature  of the  IGBT and  the  d iode  

– Vol tage  of i n termed iate  ci rcu i t  VCC  

–  Col l ector current before  turn -off (ICM)  

– Gate  vol tage  +VGE before  and  –VGE  after turn-off 

– Gate  res istor R2  (RG(off))  

6.3. 1 3  Thermal  resistance junction  to  case (Rth ( j -c))  and  transient thermal  impedance  
junction  to  case (Zth ( j -c) )  

6. 3. 1 3. 1  Method  1  (using  col lector emitter vol tage  at low current  as  a  temperature  
sensi tive  parameter)  

6.3. 1 3. 1 . 1  Purpose 

To measure  the  thermal  res istance  j unction  to  case  and/or the  trans ien t thermal  impedance  
j unction  to  case  of an  IGBT.  

The  measurement i s  made i n  two steps:  

a)  determ ination  of the  temperature  coefficien t of the  col lector-em i tter vol tage  at the  l ow 
measuring  current;   

b)  measurement of the  response of the  IGBT to  a  step  change  i n  the  i n ternal  power 
d issipation .   
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6.3. 1 3. 1 .2  Ci rcu i t  d iagram  (see Figure 27)  
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Figure 27  – Ci rcu i t  for measuring  the  variation  wi th  temperature  of the  col lector- 
emitter vol tage VCE  at a  low measuring  current  IC1  and  for heating  up  the  IGBT  

by a  h igh  current IC2  

6 . 3. 1 3. 1 .3  Ci rcu i t  description  and  requ irements  

A current source  suppl ies  a  l ow conti nuous  d i rect col l ector curren t IC1  which  i s  j ust sufficient 
to  ra ise  the  col l ector-em itter vol tage  VCE  above  the  satu ration  value.  An  e lectron ic  power 
swi tch  S  suppl ies  on  top  of IC1  a h igh  col lector curren t IC2 .  After swi tch ing  IC2  off,  the  IGBT 
returns  to  the  IC1  conducti on .  R2  i s  a  curren t  measuring  resistor.  I n  i ts  p lace,  any other 
appropriate  current  probe  may be  used .  

6.3. 1 3. 1 .4  Measurement procedure 

a)  Determ ination  of the  temperature  coefficient αVCE  of the  col l ector-em i tter vol tage  VCE  at 
the  l ow measuring  curren t IC1  (see  F igure  28) .  

 The  IGBT to  be  measured  i s  heated  subsequentl y to  the  temperatures  T1  and  T2  by 
immersing  i t  i n  a  heated  chamber or i nert fl u i d .  Thermal  equ i l ibri um  must be  ach ieved  
before  measurements  are  taken .  At temperature  T1  the  col lector-em i tter vol tage  at the  
measuring  curren t IC1  i s  VCE1 .  At  a  h i gher temperature  T2  i t  i s  VCE2 .  Then  the  temperature 

coefficien t αVCE  i s :  

12

CE2CE1

VCE
  

  
= 

TT

VV
 

−

−
α  
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Figure 28  – Typical  variation  of the  col lector-emitter vol tage  VCE  at a  low 
measuring  current  IC1  with  the  case temperature Tc 

(when  heated  from  ou tside,  i . e .  Tc = Tvj )  

 

b)  Measurement of the  response  to  a  s tep  change  i n  the  i n ternal  power d issipation  

 The  IGBT to  be  measured  i s  fixed  on  a  su i table  heats ink.  The  case  temperature  Tc1  i s  
measured .  At that temperature,  the  measuring  current  produces  the  col l ector-em i tter 
vol tage  VCE3 .  The  power swi tch  S  i s  swi tched  on .  The  h i gh  col l ector cu rrent IC2  fl ows.  
When  thermal  equ i l ibrium  is  establ ished ,  Tc =  const.  =  Tc2  and  VCE  =  VCE4 are  measured .  
Now IC2  i s  swi tched  off.  I mmed iatel y after swi tch-off,  the  col l ector-em itter vol tage  at  IC1  i s  
measured  to  be  VCE5 .  Then  at  that i nstant 
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 I f the  transien t thermal  impedance  Zth ( j -c)  i s  to  be  determ ined ,  the  variations  wi th  time of 
VCE  at IC1  and  of Tc during  the  cool ing  period  after swi tch ing  off IC2  are  p lotted ,  and  the  
Zth ( j -c)  va l ues  are  calcu lated  poin t by poin t us ing  the  above equations.  

6.3. 1 3. 1 .4. 1  Specified  cond itions  

– Reference  poin t  for measuring  the  case  temperature  

6.3. 1 3.2  Method  2  (using  the  gate-emitter threshold  vol tage 
as  a  temperature-sensi tive  parameter)  

6.3. 1 3.2. 1  Purpose 

To measure  the  thermal  res istance  j unction  to  case  and/or the  transien t thermal  impedance  
j unction  to  case  of an  IGBT (method  2)  

The  measurement i s  made  i n  two s teps:  
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a)  determ ination  of the  temperature  coefficien t of the  gate-em i tter vol tage  at the  l ow 
measuring  current ;  

b)  measurement of the  response of the  IGBT to  a  s tep  change  i n  the  i n ternal  power 
d issipation .   

6.3. 1 3.2.2  Ci rcu i t  d iagram  (see  F igure  29)  

V 

 

IC1  

E  

C DUT 
+ 

- 
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V 
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- 
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D1  

D2  D3  

V1  
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IC2  

ICC2  
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Figure 29  – Ci rcu i t  for measuring  thermal  resistance 
and  transient thermal  impedance:  method  2  

6.3. 1 3.2.3  Ci rcu i t  description  and  requ irements   

S  is  an  e lectron ic  power swi tch .  ICC1  i s  an  ad j ustable  current  source  wh ich  provides  a  l ow 
con tinuous  d i rect col l ector curren t  IC1  wh ich  can  make the  gate-em i tter vol tage  reach  the  
threshold  vol tage  VGE(th)  when  swi tch  S  is  opened .  ICC2  i s  an  ad justable  curren t source  wh ich  
provides  a  h igh  col lector curren t  IC2  when  swi tch  S  i s  cl osed .  The  IC2  cu rrent shal l  be  h i gh  
enough  to  make IC ( IC1  +  IC2)  reach  i ts  rati ng .  D 1 ,  D2  and  D3  are  i nsu lation  d iodes;  V1  and  V2  
are  d . c.  vo l tage  meters.  R  i s  the  curren t-measuring  res istor.  Any other appropriate  curren t 

probe  may be  used .  

6.3. 1 3.2.4  Measurement procedure 

a)  Determ ination  of the  temperature  coefficient cT  o f the  gate-em i tter vol tage  VGE(th )  at the  
l ow measuring  curren t IC1  (see  F igure  30) .  The  IGBT to  be  measured  i s  heated  
subsequentl y to  the  temperatures  T1  and  T2  (T2  >  T1 )  by immersing  i t  i n  a  heated  chamber 
or i nert fl u i d .  Thermal  equ i l i brium  must be  ach ieved  before  measurements  are  taken .  At 
temperature  T1 ,  the gate-emitter threshold  vol tage at the measuring  current IC1  i s  VGE(th)1 .  At 
temperature T2 ,  i t is  VGE(th)2 .  Then  the temperature coefficient cT  is  

cT  =⏐  (VGE(th )1  – VGE(th )2 )  /  (T2  – T1 )  ⏐  (V/K)   
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Figure  30  – Typical  variation  of the  gate-emitter threshold  vol tage  VGE(th )  
at  a  low measuring  current  IC2  with  the  case  temperature  Tc  

(when  heated  from  the  outside,  i .e.  Tc  =  Tvj )  

 

b)  Measurement of the  response  to  a  s tep  change  in  the  i n ternal  power d iss ipati on  (see  
F igure  31 )  

 The  IGBT to  be  measured  i s  fixed  on  a  su i table  heat s i nk.  The  case  temperature  Tc1  i s  
measured .  At  that  temperature,  the  measuring  curren t IC1  produces  the  gate-em itter 
th reshold  vol tage  VGE(th )3 .  Swi tch  S  i s  swi tched  on ,  the  h igh  col l ector cu rrent  IC2  fl ows.  

When  thermal  equ i l ibrium  is  establ ished ,  Tc  =  const.  =  Tc2  and  VCE  are  measured .  IC2  i s  
then  swi tched  off.  Immed iatel y after swi tch-off,  the  gate-em i tter threshold  vol tage  at  IC1  is  
measured  to  be  VGE(th)4.  

 Then ,  

Tvj  =  Tc1  +  (VGE(th )3  –  VGE(th)4)  /  cT  

 and  

Rth ( j -c)  =  (Tvj–Tc2)  /  (VCE*IC2)  

 I f the  transien t thermal  impedance  Zth ( j -c)  i s  to  be  determ ined ,  the  variations  wi th  time of  
VGE(th )  a t  IC1  and  of  Tc  du ri ng  the  cool ing  period  after swi tch ing  off  IC2  are  p lotted ,  and  

the  Zth ( j -c)  va l ues  are  calcu lated  poin t by poin t us ing  the  above equations.   
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Figure 31  –  IC ,  VGE  and  Tc  wi th  time 

6.3. 1 3.2.5  Specified  cond itions  

–  Reference  poin t  for measuring  the  case  temperature  

7 Acceptance and  rel iabi l i ty  

7. 1  General  requ irements  

Subclause  7 . 2  of I EC 60747-1  i s  va l i d .  

The  testing  times  of the  endurance  tests  shou ld  be  i n troduced  i n  the  data  sheet.  

7.2  Specific  requ i rements  

7.2. 1  List  of endurance  and  rel iabi l i ty tests  

A choice  of endurance  tests  is  g i ven  in  F igures  32 ,  33  and  34.  

7.2.2  Cond i tions  for endurance  and  rel iabi l i ty tests   

Test cond i ti ons  and  test ci rcu i ts  are  described  in  F igu res  32 ,  33  and  34.  The  data  sheet wi l l  
s tate  wh ich  tests  wi l l  appl y.  
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7.2.3  Acceptance-defin ing  characteristics  and  cri teria  for endurance  and  rel iabi l i ty 
tests  

Acceptance-defin ing  characteristics ,  thei r cri teri a  and  measurement cond i ti ons  are  l i s ted  i n  
Table  2 .  

NOTE  Characteri sti cs  shou ld  be  measu red  i n  the  sequence  i n  wh ich  they are  l i s ted  i n  Table  1 ,  because  the  
changes  i n  characteri sti cs  caused  by some  fai l u re  mechan isms may be  whol l y or parti a l l y masked  by the  i n fl uence  
of other measurements .  These  characteri sti cs  are  those  g i ven  i n  publ i shed  data  sheets.  They may be  ou ts i de  the  
i n i ti a l  production  test  l im i ts .  

Table  2  – Acceptance-defin ing  characteristics  for endurance and  rel iabi l i ty tests  

Characteri stics  Cri teria  

(see  note)  
Measurement condi tions  

ICES  <  USL Speci fi ed  VCE   

IGES  <  USL Speci fi ed  VGE  

VGE(th )  >  LSL 
<  USL 

Speci fi ed  VCE  and  IC   

VCEsa t  <  USL Speci fi ed  IC   

Rth  <  USL  Speci fi ed  IC  

NOTE  USL:  upper speci fi cation  l im i t  
 LSL:  l ower speci fi cati on  l im i t   

 

7.2.4  Procedure  in  case of a  testing  error 

The  resu l ts  of tests  carried  ou t us ing  i naccurate  or fau l ty test  equ ipment shal l  not  be  i ncluded  
for the  purpose  of device  assessment.  

7.2.5  Endurance and  rel iabi l i ty tests  and  test  methods  

7.2.5. 1  H igh-temperature blocking  (HTRB)  

7.2.5.1 . 1  Operating  cond i tions  

– Vol tage:  preferabl y 80  %  of  VCESmax or VCEXmax 

– Temperature:  preferably maximum  virtual  j unction  temperature  Tvj (max)  or  Tc =  Tstg(max)  –5  °C 
as  specified  

7.2.5.1 .2  Test ci rcu i t  (see  F igure  32)  
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Figure 32  – Ci rcu i t  for h igh-temperature  b lockings  
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7.2.5.2  H igh-temperature gate  bias  

7.2.5.2 . 1  Operating  cond i tions  

– Vol tage:  preferabl y 80  %  of speci fi ed  con tinuous  VGESmax  

–  Temperature:  preferabl y  Tvj  (max)  or  Tc  =  Tstg  (max)  –5  °C  

7.2.5.2 .2  Test ci rcu i t  (see  F igure  33)  
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Figure 33  – Ci rcu i t  for h igh-temperature  gate  bias  

7.2.5.3  In termittent  operating  l i fe  ( load  cycles)  

7.2.5.3.1  Operating  cond itions  

– Current:  speci fied  va lue  

– Temperature:  ΔTvj  as  speci fi ed  

– Gate  vol tage  VGE:  speci fi ed  value  

– Case temperature  

Method  1 :  Tc  =  constan t 

Method  2 :  Tc  =  variable  wi th  Tvj  

–  On-time  tp  and  off-time (tc  – tp)  speci fi ed  

NOTE  Mechan ical  s tress  i n  the  device  under test  by method  1  concentrates  on  the  wi re-bonded  em i tter porti ons  
of d i es  of the  modu l e  type  devi ces.  Mechan ical  s tress  i n  the  device  under test  by method  2  concentrates  main l y on  
the  sol deri ng  materi al  porti on  or the  pressu re  con tact  porti on  of d i es  of the  devices.  

7.2.5.3.2  Test ci rcu i ts  (see  F igure  34  and  F igure  35)  
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Figure 34 – Ci rcu i t  for i n termittent operating  l i fe  
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Figure 35 – Expected  number of cycles  versus  temperature rise  ΔTvj  

7 . 3  Type tests  and  routine  tests  

7.3. 1  Type tests  

Type  tests  are  carried  ou t on  new products  on  a  sample  bas is ,  i n  order to  confi rm  the  
e lectrica l  and  thermal  rati ngs  ( l im i ti ng  values)  and  characteristics  to  be  g i ven  i n  the  data  
sheet and  to  be  referenced  to  the  test l im i ts  for fu ture  routi ne  tests.  

Some or a l l  of the  type  tests  may be  repeated  from  time to  time on  samples  drawn  from  
curren t production  or del i veries ,  so  as  to  confi rm  that  the  qual i ty of the  product conti nuousl y 
meets  the  speci fi ed  requ i rements.  

The  m in imum  i tems  of type  tests  to  be  carried  ou t  on  IGBTs  are  l i s ted  i n  Table  3 .  Some of the  
type  tests  are  destructi ve.  

7.3.2  Routine  tests  

The rou ti ne  tests  are  carried  ou t on  the  current production  or de l i veries  normal l y on  a  1 00  %  
bas is ,  i n  order to  veri fy that the  rati ngs  ( l im i ting  values)  and  characteristi cs  speci fi ed  i n  the  
data  sheet are  met by each  specimen .  

Routine  tests  may comprise  d istribu tion  of the  devices  i n to  g roups.  

The  m in imum  i tems  of rou tine  tests  to  be  carried  ou t on  IGBTs  are  l i s ted  i n  Table  3 ,  un less  
otherwise  agreed  between  suppl ier and  purchaser.  
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Table  3  – M in imum  type  and  routine  tests  for IGBTs  when  appl icable  

Subclause  Testing  of ratings  Type test Routine  test 

6. 2. 1  Col l ector-em i tter vol tages  (VCES ,  VCER,  VCEX)  X X 

6. 2 . 2  Gate-em i tter vo l tage  (±VGES )  X  

6 . 2 . 3  Col l ector cu rrent (IC)  X  

6 . 2 . 4  Peak col l ector cu rrent (ICM )  X  

6 . 2 . 5  Reverse  biased  safe  operati ng  area  (RBSOA) X  

6 . 2 . 6  Short-ci rcu i t  safe  operati ng  area  (SCSOA) X  

Measurement of characteristi cs  

6. 3. 1  Col l ector-em i tter sustain i ng  vol tage  (VCE*sus)  X  

6 . 3. 2  Col l ector-em i tter saturation  vol tage  (VCEsat)  X X 

6 . 3. 3  Gate-em i tter threshol d  vol tage  (VGE(th ))  X X 

6 . 3. 4  Col l ector-em i tter cu t-off cu rren t (ICES ,  ICER,  ICEX)  X X 

6 . 3. 5  Gate  l eakage  current (IGES )  X X 

6 . 3. 6  I nput  capaci tance  (Ci es)  X  

6 . 3. 7  Output  capaci tance (Coes )  X  

6 . 3. 8  Reverse  transfer capaci tance  (Cres)  X  

6 . 3. 1 1  Turn -on  i n terval s  (td (on ) , tr, ton )  and  turn-on  energy (Eon )  X  

6 . 3. 1 2  Turn -off i n terva ls  (td (off) ,  tf,  toff,  tz)  and  tu rn-off energy (Eoff)  X  

6 . 3. 1 3  Thermal  res istance  j unction  to  case  (Rth ( j -c) )  and  
transient  thermal  impedance  j unction  to  case  (Zth ( j - c))  

X  

Endurance and  rel i abi l i ty tests   

7. 2. 5. 1  H igh -temperatu re  b locking  (HTRB)  X  

7 . 2 . 5. 2  H igh -temperatu re  gate  bi as  X  

7 . 2 . 5. 3  I n term i ttent  operating  l i fe  ( l oad  cycles)  X  
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Annex A  
(normative)  

 
Measuring  method  for col lector-emitter breakdown  voltage 

 
 

A.0     I ntroduction  

The  fol lowing  test or measurement may exceed  the  speci fi ed  rati ngs.  I GBTs  under test  may 
be  changed  in  characteristics  or destroyed .  However,  to  perm i t  evaluation  of l im i ti ng  values,  
the  test  or measurement i s  presented  i n  th is  annex.  When  the  in formation  i s  g i ven  i n  the  form  
of data  on  characteristics ,  measurements  shou ld  be  made under the  speci fi ed  l im i t  cond i ti ons.  

A.1  Purpose 

To measure  the  col lector-em itter breakdown  vol tage  wh ich  i s  usefu l  to  evaluate  change  or 
degradation  of I GBTs  during  endurance  tests.  

A.2  Circui t d iagram  (see  F igure  A. 1 )  
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Figure A. 1  – Ci rcu i t  for testing  the  col lector-emitter breakdown  vol tage  

A.3  Measuring  procedure  

There  are  two  methods,  i . e.  the  d . c.  method  and  the  a. c.  method ,  accord ing  to  the  ci rcu i t 
d iagrams in  F igure  A. 1 .  The  temperature  i s  set  to  the  speci fied  value.  The  vol tage  VCE  i s  
i ncreased  un ti l  the  col lector curren t rises  s teepl y wi th  the  speci fied  gate-em itter cond i ti on  and  
Ta  or  Tc  or  Tvj .  After the  above test,  confi rm  the  acceptance  cri teria  of the  DUT defined  i n  

Table  1 .  
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A.4  Speci fied  condi tions  

– Ambient  or case  or j unction  temperature  Ta or Tc or Tvj  

–  Gate-em itter b ias  

– V(BR)CEX:  gate-em i tter vol tage  VGE  

–  V(BR)CER:  res istor R2  connected  between  gate  and  em i tter 

– V(BR)CES :  short  ci rcu i t between  gate  and  em i tter 
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Annex B   
(normative)  

 
Measuring  method  for inductive load  turn-off current 

under specified  conditions  
 
 

B.0     I n troduction  

The  fol lowing  test or measurement may exceed  the  speci fi ed  rati ngs.  I GBTs  under test  may 
be  changed  in  characteristics  or destroyed .  However,  to  perm i t  evaluation  of l im i ti ng  values,  
the  test  or measurement i s  presented  i n  th is  annex.  When  the  in formation  i s  g i ven  i n  the  form  
of data  on  characteristics ,  measurements  shou ld  be  made under the  speci fi ed  l im i t  cond i ti ons.  

B.1  Purpose 

To measure  the  IGBT turn-off curren t for inductive  l oad  under speci fied  cond i ti ons.  

B.2  Circui t d iagram and  waveforms (see  F igure  B. 1  and  F igure  B. 2)  
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Figure  B. 1  – Measuring  ci rcu i t  for inductive  load  turn-off current 

 

0 
t 

vCE  

VCE(clamp) 

iC  

ICM  

IEC   1902/07 
 

Figure B.2  – Waveforms  of col lector current  IC  and  col lector vol tage  VCE  during  tu rn-off 
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B.3  Circui t description  and  requirements  

The  value  of l oad  i nductance  L  shal l  be  h igh  enough  to  appl y  VCE(clamp)  to  the  DUT at  least  
before  the  beg inn ing  of the  fa l l  t ime  tf plus  ta i l  t ime  tz.  

B.4 Test procedure 

IC  i s  i ncreased  un ti l  tu rn-off fai l u re  occurs  wi th  the  speci fi ed  VCE  val ue.  VCE  and  IC  are  

mon i tored .  

B.5 Speci fied  condi tions  

– Gate  reverse  vol tage  –VGE  

–  Col l ector-em itter vol tage  VCE(clamp)  

–  S ing le  pu lse  or repeti tion  rate  

– I nductance  L  

–  Ambient  or case  or j unction  temperature  Ta or Tc or Tvj  

–  Gate  res istor R1  

–  Value  of unclamped  stray i nductance Ls  

NOTE  A stray i nductance  val ue  of the  package  for b ig  s i ze  devices  shou l d  be  taken  i n to  considerati on .  
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Annex C   
(normative)  

 
Forward  biased  safe operating  area (FBSOA)  

 

C.0      I n troduction  

The  fol lowing  test or measurement may exceed  the  speci fi ed  rati ngs.  I GBTs  under test may 
be  changed  in  characteri stics  or destroyed .  However,  to  perm i t  evaluati on  of l im i ti ng  values,  
the  test  or measurement i s  presented  i n  th is  annex.  When  the  in formation  i s  g i ven  i n  the  form  
of data  on  characteristics ,  measurements  shou ld  be  made under the  speci fi ed  l im i t cond i tions.  

C.1  Purpose 

FBSOA shou ld  on l y be  speci fied  i f the  device  can  be  used  in  l i near mode.  Measure  that the  
IGBT operates  re l iabl y wi thou t fa i lu re  i n  FBSOA for l inear appl ications.  There  is  no  
requ i rement of FBSOA for IGBTs  in  swi tch ing  appl ications.  

C.2  Method  1  

Method  1  i s  the  same as  that wi th  b ipolar trans istors.  The  FBSOA (for short-pu lse  operation  to  
d . c.  operation)  i s  determ ined  by us ing  the  thermal  res istance  measurement.  

C.2. 1  Ci rcu i t  d iagram  (see  F igure  C. 1 )  
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Figure C. 1  – Test  ci rcu i t  of forward  b iased  safe  operating  area  (method  1 )  

C.2.2  Test procedure  

The value  of the  variation  of the  col lector-em i tter vol tage  ΔVCE  i ncreases  when  increasing  the  
col l ector-em i tter vol tage  VCE  for a  g i ven  IC2  and  tp  cond i ti on .  I t  i ncreases  rapid l y at a  certain  
value  of  VCE ;  th is  i s  an  i nd ication  of the  onset of the  second  breakdown.  Further increase  may 
run  the  IGBT i n to  the  second  breakdown  and  may destroy i t.  These  phenomena  are  shown  i n  

F igure  C. 2 .  FBSOA is  speci fi ed  at  va lues  less  than  the  cond i ti ons  for the  ri s ing  poin t  of  ΔVCE .  
After the  above  test,  confi rm  the  acceptance  cri teri a  of the  DUT defined  i n  Table  1 .  

BS IEC 60747-9:2007 – 52 –



•  

•

  •  

•

  •  

 •  

 •  

 •  

 •  

•  

 •  
•  

•  
•  

•  
 •  •

•  

 •  

•  
 •  

Run-away point 

Tjmax 

tp  :  fixed 

ΔVCE  
mV 

        Large IC2   

Medium IC2   

Small  IC2  

 •  
VCE  

IEC   1904/07 
 

Figure C.2  – Typical  ΔVCE  versus  col lector-emi tter vol tage  VCE  characteristics  

The  same  resu l t  wi l l  a lso  be  obtained  by chang ing  the  magn i tude  of the  h i gh  curren t  IC2  for a  
fixed  VCE .  

F igure  C. 3  shows a  typical  FBSOA at various  tp  wi th in  specified  maximum  values  of  IC  and  VCE .   
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Figure  C.3  – Typical  forward  biased  safe  operating  area 
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C.2.3  Specified  cond i tions  

– Col l ector current  IC  

–  Col l ector-em itter vol tage  VCE  

–  Ambient or case  or vi rtua l  j unction  temperature  Ta  or  Tc  or  Tvj  

–  Pu lse  wid th  tp  

–  S ing le  pu lse  or repeti tion  rate  

–  Stray i nductance  Ls  

C.3  Method  2  

Method  2  i s  to  test  the  operating  poin t j ust  below the  latch ing  mode operation .  

C.3. 1  Ci rcui t  d iagram  

Figure  C.4  shows  the  ci rcu i t  description  of method  2  of I GBTs.   
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Figure C.4 – Ci rcu i t  testing  forward  b iased  safe  operating  area  (method  2)  

C.3.2  Test procedure and  precautions  to  be  taken  

The  value  of VGG  i s  i ncreased  unti l  the  speci fied  col l ector current i s  reached .  The  value  of 
VGG  shal l  be  kept wi th in  the  area  where  the  latch ing  mode  does  not occur (see  F igure  C. 5) .  
The  l atch ing  mode  i s  shown  i n  F igure  C. 6.  By i ncreas ing  the  value  of VCC ,  the  operati ng  poin t  
moves  from  P1  to  Pm .  After Pm ,  Ps  exists  and  Ps  i s  the  s tarting  poi n t  of l atch ing .  The  FBSOA 
is  tested  under the  speci fi ed  IC ,  VCE  and  pu lse  wid th  tp .  I GBTs  may be  destroyed  in  the  
l atch ing  mode operation .  After the  above test,  confi rm  the  acceptance  cri teri a  of the  DUT 
defined  i n  Table  1 .  
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Figure C.5 – Latch ing  mode 
operation  waveforms  

Figure C.6  – Latch ing  mode  I -V characteristic 

C.3.3  Specified  cond i tions  

– Col l ector current  IC  

–  Col l ector-em itter vol tage  VCE  

–  Ambient or case  or vi rtua l  j unction  temperature  Ta  or  Tc  or  Tvj  

–  Pu lse  wid th  tp  

–  S ing le-pu lse  or repeti ti on  rate  
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Annex D   
(normative)  

 
Case non-rupture 

 

D.1  Introduction  

The  fol lowing  test or measurement may exceed  the  speci fi ed  rati ngs.  I GBTs  under test may 
be  changed  in  characteri stics  or destroyed .  However,  to  perm i t  evaluati on  of l im i ti ng  values,  
the  test  or measurement i s  presented  i n  th is  annex.  When  the  in formation  i s  g i ven  i n  the  form  
of data  on  characteristics ,  measurements  shou ld  be  made under the  speci fi ed  l im i t cond i tions.  

I EC 60747-2  and  I EC  60747-6  define  the  case  non-rupture  curren t  IRSMC for d iodes  and  

thyristors .  

H igh  currents  wh ich  are  appl ied  to  devices  having  maintained  b locking  capabi l i ty or appl ied  to  
wi re-bonded  devices  l ead  to  the  fa i l u re  mechan isms  under consideration .  
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