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I N TE RN ATI ON AL E LE CTROTE CH N I C AL COM M I S S I O N  

____________ 

 
PHOTOVOLTAIC MODULES – BYPASS DIODE  

ELECTROSTATIC DISCHARGE SUSCEPTIBILITY TESTING  
 

FORE W ORD  

1 )  Th e  I n te rn ati o n al  E l e ct ro t e ch n i c al  C o m m i s s i o n  ( I E C )  i s  a  wo rl d wi d e  o rg a n i z ati o n  fo r  s t an d a rd i z at i o n  co m p ri s i n g  
al l  n ati o n al  e l e c tro t e ch n i c al  co m m i t te e s  ( I E C  N at i o n al  C o m m i tt e e s ) .  Th e  o b j e c t  o f  I E C  i s  t o  pro m o te  
i n te rn ati o n a l  co - o p e rat i o n  o n  a l l  q u e s t i o n s  co n c e rn i n g  s t a n d a rd i z at i o n  i n  t h e  e l e ct ri cal  an d  e l e ctro n i c  f i e l d s .  T o  
t h i s  e n d  an d  i n  a d d i t i o n  to  o t h e r  acti vi t i e s ,  I E C  p u bl i s h e s  I n te rn ati o n al  S t an d a rd s ,  T e ch n i cal  S p e c i f i c at i o n s ,  
Te ch n i c al  R e po rts ,  P u bl i c l y  Avai l abl e  S pe ci f i c at i o n s  ( P A S )  an d  G u i d e s  ( h e re aft e r re fe rre d  t o  as  “ I E C  
P u b l i cati o n ( s ) ” ) .  Th e i r  p re pa rat i o n  i s  e n t ru s t e d  t o  t e ch n i cal  co m m i tte e s ;  an y I E C  N ati o n al  C o m m i t te e  i n t e re s t e d  
i n  th e  s u bj e c t  d e al t  wi t h  m ay p art i ci p at e  i n  t h i s  p re p arat o ry wo rk.  I n t e rn ati o n al ,  g o ve rn m e n t al  an d  n o n -
g o ve rn m e n t al  o rg an i z ati o n s  l i a i s i n g  wi th  th e  I E C  al s o  pa rt i c i pate  i n  th i s  p re p arat i o n .  I E C  co l l a bo rate s  cl o s e l y  
wi t h  th e  I n te rn at i o n al  O rg a n i z ati o n  fo r  S t an d ard i z ati o n  ( I S O )  i n  ac co rd a n ce  wi th  c o n d i t i o n s  d e t e rm i n e d  b y 
ag re e m e n t  be t we e n  th e  t wo  o rg an i z ati o n s .  

2 )  Th e  fo rm al  d e c i s i o n s  o r  ag re e m e n ts  o f  I E C  o n  t e c h n i cal  m at te rs  e xp re s s ,  as  n e a rl y  as  p o s s i b l e ,  an  i n t e rn ati o n al  
c o n s e n s u s  o f  o pi n i o n  o n  th e  re l e van t  s u b j e c ts  s i n ce  e ac h  te ch n i c al  co m m i t te e  h as  re pre s e n t at i o n  fro m  al l  
i n te re s te d  I E C  N ati o n al  C o m m i t te e s .   

3 )  I E C  P u bl i c at i o n s  h a ve  th e  fo rm  o f  re co m m e n d at i o n s  fo r  i n t e rn ati o n al  u s e  an d  a re  ac ce p t e d  by  I E C  N at i o n al  
C o m m i tt e e s  i n  th at  s e n s e .  W h i l e  al l  re as o n a b l e  e ff o rt s  are  m ad e  t o  e n s u re  th at  t h e  t e ch n i cal  co n t e n t  o f  I E C  
P u b l i cati o n s  i s  acc u rate ,  I E C  c an n o t  b e  h e l d  re s p o n s i b l e  fo r  th e  wa y i n  wh i ch  t h e y  a re  u s e d  o r fo r  an y  
m i s i n t e rp re t at i o n  by an y e n d  u s e r.  

4)  I n  o rd e r t o  pro m o te  i n te rn at i o n al  u n i fo rm i ty,  I E C  N ati o n al  C o m m i tte e s  u n d e rtake  t o  ap p l y I E C  P u b l i cati o n s  
t ran s p are n t l y  to  t h e  m a xi m u m  e xt e n t  p o s s i bl e  i n  th e i r  n a ti o n al  an d  re g i o n al  p u b l i cati o n s .  An y d i ve rg e n c e  
b e t we e n  an y I E C  P u b l i cati o n  a n d  t h e  co rre s po n d i n g  n ati o n al  o r  re g i o n al  p u bl i c at i o n  s h al l  b e  c l e arl y i n d i cate d  i n  
t h e  l att e r.  

5 )  I E C  i t s e l f  d o e s  n o t  p ro vi d e  an y att e s tati o n  o f  co n fo rm i ty.  I n d e p e n d e n t  c e rt i f i cati o n  b o d i e s  pro vi d e  co n fo rm i t y  
as s e s s m e n t  s e rvi c e s  an d ,  i n  s o m e  are as ,  acce s s  t o  I E C  m arks  o f  c o n fo rm i ty.  I E C  i s  n o t  re s p o n s i bl e  fo r  an y 
s e rvi c e s  carri e d  o u t  b y i n d e p e n d e n t  ce rt i f i c at i o n  b o d i e s .  

6 )  Al l  u s e rs  s h o u l d  e n s u re  th at  t h e y h ave  t h e  l at e s t  e d i t i o n  o f  th i s  p u b l i cati o n .  

7)  N o  l i a b i l i t y  s h al l  at t ach  to  I E C  o r  i ts  d i re c to rs ,  e m p l o y e e s ,  s e rvan t s  o r  ag e n ts  i n cl u d i n g  i n d i vi d u al  e xpe rts  an d  
m em b e rs  o f  i t s  t e c h n i cal  c o m m i tt e e s  an d  I E C  N ati o n al  C o m m i t te e s  fo r  a n y pe rs o n al  i n j u ry,  pro pe rty  d am ag e  o r  
o t h e r d am ag e  o f  a n y n atu re  wh at s o e ve r,  wh e th e r d i re ct  o r  i n d i re ct ,  o r  fo r  c o s t s  ( i n cl u d i n g  l e g al  fe e s )  an d  
e xp e n s e s  ari s i n g  o u t  o f  t h e  pu bl i cati o n ,  u s e  o f,  o r  re l i a n c e  u p o n ,  th i s  I E C  P u b l i cati o n  o r  an y o th e r I E C  
P u b l i cat i o n s .   

8 )  Atte n ti o n  i s  d ra wn  t o  th e  N o rm ati ve  re f e re n ce s  c i te d  i n  th i s  pu bl i cati o n .  U s e  o f  th e  re f e re n ce d  p u b l i c at i o n s  i s  
i n d i s p e n s a bl e  fo r th e  co rre c t  ap pl i cati o n  o f  th i s  p u b l i c at i o n .  

9 )  Atte n ti o n  i s  d ra wn  t o  th e  p o s s i b i l i t y  th at  s o m e  o f  th e  e l e m e n ts  o f  th i s  I E C  P u bl i cat i o n  m ay be  th e  s u bj e ct  o f  
pate n t  ri g h t s .  I E C  s h al l  n o t  b e  h e l d  re s p o n s i bl e  fo r  i d e n t i fyi n g  an y o r  a l l  s u c h  pat e n t  ri g h ts .  

Th e  m ai n  tas k o f  I E C  te c h n i c al  co m m i tte e s  i s  to  pre p are  I n te rn ati o n al  S tan d ard s .  I n  
e xce p ti o n al  c i rc u m s tan ce s ,  a  te ch n i cal  co m m i tte e  m ay pro p o s e  th e  p u b l i c ati o n  o f  a  te c h n i cal  
s pe c i f i cati o n  wh e n  

•  th e  re q u i re d  s u pp o rt  c an n o t  b e  o btai n e d  fo r  th e  pu b l i cati o n  o f  an  I n te rn ati o n al  S tan d ard ,  
d e s p i te  re p e ate d  e ffo rts ,  o r  

•  th e  s u bj e c t  i s  s t i l l  u n d e r te ch n i cal  d e ve l o pm e n t o r  wh e re ,  f o r  an y o th e r re as o n ,  th e re  i s  t h e  
fu tu re  b u t  n o  i m m e d i ate  po s s i b i l i t y o f  an  ag re e m e n t  o n  an  I n te rn ati o n al  S tan d ard .  

Te ch n i cal  s pe c i fi c ati o n s  are  s u bj e ct  to  re vi e w wi th i n  th re e  ye ars  o f  p u b l i c ati o n  to  d e c i d e  
wh e th e r th e y can  b e  tran s fo rm e d  i n to  I n te rn ati o n al  S tan d ard s .   

I E C  TS  6 2 9 1 6 ,  wh i c h  i s  a  te c h n i cal  s p e c i fi cati o n ,  h as  b e e n  p re p are d  b y  I E C  te ch n i cal  
co m m i tte e  8 2 :  S o l ar  ph o to vo l tai c  s ys te m s .  

  



 – 4  – I E C  T S  6 2 9 1 6 : 2 0 1 7 © I E C  2 0 1 7  

Th e  te x t  o f  th i s  te ch n i cal  s pe c i f i cati o n  i s  b as e d  o n  th e  f o l l o wi n g  d o cu m e n ts :  

E n q u i ry d raft  R e p o rt  o n  vo t i n g  

82 /1 0 5 9 /D TS  8 2 /1 2 5 9 /R VD TS  

 
Fu l l  i n fo rm ati o n  o n  th e  vo ti n g  fo r th e  ap pro val  o f  th i s  te c h n i c al  s p e ci f i cati o n  can  b e  fo u n d  i n  
th e  re po rt  o n  vo ti n g  i n d i c ate d  i n  th e  abo ve  tab l e .  

Th i s  d o cu m e n t h as  b e e n  d rafte d  i n  acc o rd an ce  wi th  th e  I S O /I E C  D i re c ti ve s ,  P art  2 .  

Th e  co m m i tte e  h as  d e c i d e d  th at  t h e  co n te n ts  o f  th i s  p u b l i c ati o n  wi l l  re m ai n  u n c h an g e d  u n t i l  
th e  s tabi l i t y d ate  i n d i c ate d  o n  th e  I E C  we bs i te  u n d e r " h ttp: //we bs to re . i e c. c h "  i n  th e  d ata  
re l ate d  to  th e  s p e c i f i c  p u b l i c ati o n .  At  th i s  d ate ,  th e  p u b l i c ati o n  wi l l  b e  

•   tran s fo rm e d  i n to  an  I n te rn a ti o n al  s tan d ard ,  

•  re co n fi rm e d ,  

•  wi th d rawn ,  

•  re p l ac e d  b y a re vi s e d  e d i ti o n ,  o r  

•  am e n d e d .  

A b i l i n g u al  ve rs i o n  o f  th i s  p u bl i c ati o n  m a y be  i s s u e d  at  a  l ate r d ate .  

 

IMPORTANT – The 'colour inside'  l ogo  on  the cover page of  th is  publ ication  ind icates  
that  i t  contains colours which  are considered  to  be usefu l  for the  correct  
understand ing  of  i ts  contents.  Users  shou ld  therefore prin t  th is  document  using  a  
colour printer.  
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PHOTOVOLTAIC MODULES – BYPASS DIODE  
ELECTROSTATIC DISCHARGE SUSCEPTIBILITY TESTING  

 
 
 

1  Scope 

Th i s  d o c u m e n t  d e s cri b e s  a d i s cre te  c o m po n e n t  b yp as s  d i o d e  e l e c tro s tati c  d i s ch arg e  ( E SD )  
i m m u n i t y te s t  an d  d ata an al ys i s  m e th o d .  Th e  te s t  m e th o d  d e s cri b e d  s u bj e cts  a  b yp as s  d i o d e  
to  a pro g re s s i ve  E S D  s tre s s  te s t  an d  th e  an al ys i s  m e th o d  p ro vi d e s  a  m e a n s  fo r an al yzi n g  an d  
e xtrapo l ati n g  th e  re s u l t i n g  fai l u re s  u s i n g  th e  two - p aram e te r  W e i b u l l  d i s tri b u ti o n  fu n cti o n .  

I t  i s  th e  o bj e ct  o f  th i s  d o cu m e n t  to  e s tab l i s h  a co m m o n  an d  re p ro d u ci b l e  te s t  m e th o d  fo r 
d e te rm i n i n g  d i o d e  s u rg e  vo l tag e  to l e ran ce  co n s i s te n t  wi th  an  E SD  e ve n t  d u ri n g  th e  
m an u factu ri n g ,  p ackag i n g ,  tran s p o rtati o n  o r  i n s tal l ati o n  pro ce s s e s  o f  P V m o d u l e s .  

Th i s  d o c u m e n t d o e s  n o t  p u rp o rt  to  ad d re s s  c au s e s  o f  e l e ctro s tati c  d i s ch arg e  o r to  e s tab l i s h  
pas s  o r f ai l  l e ve l s  fo r b ypas s  d i o d e  d e vi ce s .  I t  i s  th e  re s po n s i b i l i t y o f  th e  u s e r to  as s e s s  th e  
E S D  e x p o s u re  l e ve l  fo r  th e i r  p arti c u l ar c i rcu m s tan ce s .  Th e  d ata g e n e rate d  b y th i s  pro ce d u re  
m ay s u p po rt  q u al i f i c ati o n  o f  n e w d e s i g n  t yp e s ,  q u al i t y c o n tro l  fo r  i n c o m i n g  m ate ri al ,  an d /o r 
i d e n ti f y th e  n e e d  fo r  ad d i t i o n al  E S D  co n tro l s  i n  th e  m an u fac tu ri n g  pro ce s s .  

Fi n al l y,  th i s  d o c u m e n t  d o e s  n o t  ap p l y to  l arg e  e n e rg y s u rg e  e ve n ts  s u ch  as  d i re c t  o r  i n d i re ct  
l i g h tn i n g  e xp o s u re ,  u ti l i t y cap aci to r ban k s wi tch i n g  e ve n ts ,  o r  th e  l i ke .  

2 Normative references  

Th e  fo l l o wi n g  d o cu m e n ts  are  re fe rre d  to  i n  th e  te xt  i n  s u c h  a  wa y th at  s o m e  o r al l  o f  th e i r  
co n te n t  co n s ti tu te s  re q u i re m e n ts  o f  th i s  d o cu m e n t .  F o r  d ate d  re f e re n ce s ,  o n l y th e  e d i t i o n  
ci te d  app l i e s .  F o r u n d ate d  re fe re n ce s ,  th e  l ate s t  e d i t i o n  o f  th e  re fe re n c e d  d o cu m e n t ( i n cl u d i n g  
an y am e n d m e n ts )  ap pl i e s .  

I E C  6 1 0 0 0 - 4- 2 : 2 0 0 8 ,  Electromagnetic compatibility (EMC) – Part 4-2: Testing and 
measurement techniques – Electrostatic discharge immunity te s t  

3 Terms,  defin i tions and  abbreviated  terms 

Fo r th e  p u rp o s e s  o f  th i s  d o cu m e n t,  th e  te rm s  an d  d e fi n i t i o n s  o f  I E C  TS  6 1 8 3 6  an d  th e  
fo l l o wi n g  ap p l y.  

I S O an d  I E C  m ai n tai n  te rm i n o l o g i cal  d atab as e s  fo r u s e  i n  s tan d ard i zat i o n  at  th e  fo l l o wi n g  
ad d re s s e s :  

•  I E C  E l e ctro pe d i a:  avai l ab l e  at  h ttp : //www. e l e ctro pe d i a. o rg / 

•  I S O  O n l i n e  bro ws i n g  p l atfo rm :  avai l ab l e  at  h ttp : //www. i s o . o rg /o b p  

3. 1   
DUT 
d e vi c e  u n d e r  te s t  

3.2   
contact  d ischarge method  
m e th o d  o f  te s ti n g  i n  wh i ch  th e  e l e c tro d e  o f  th e  te s t  g e n e rato r  i s  ke p t  i n  co n tact  wi th  th e  D U T 
an d  th e  d i s ch arg e  i s  actu ate d  b y th e  d i s c h arg e  wi th i n  th e  g e n e rato r  

http://www.electropedia.org/
http://www.iso.org/obp
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N o te  1  t o  e n t ry:  I n  t h i s  d o cu m e n t ,  t h e  c o n t act  i s  to  t h e  e l e ct ri c al  l e a d  o f  th e  D U T wi th  n o  i n t e rve n i n g  e l e c tri c al  
i n s u l at i o n  m ate ri al .  

3.3   
d iode check function  
u s ag e  o f  a  m u l t i m e te r  wi th  d i o d e  fu n c ti o n  ch e ck to  ve ri f y th e  d i o d e  i s  fu n cti o n al ,  s h o rt  o r  o p e n  

3.4   
d i rect  appl ication  
ap p l i cati o n  o f  th e  te s t  s u rg e  d i re c tl y to  th e  D U T  

N o te  1  t o  e n t ry:  I n  t h i s  t e c h n i cal  s p e ci f i cat i o n ,  th e  s u rg e s  are  d i re ct e d  to  b yp as s  d i o d e s  fo r p h o t o vo l t ai c  
ap pl i c at i o n s  o u ts i d e  o f  t h e  act u al  p h o t o vo l t ai c  ap p l i cati o n  ( e . g . ,  D U T a re  t e s t e d  o u ts i d e  o f  th e  j u n ct i o n  b o x a n d  a re  
n o t  as s o c i at e d  wi t h  th e  p h o t o vo l t ai c  m o d u l e  i t s e l f  wh e n  ch a ra c te ri z e d ) .  

3.5   
su rge relaxation  time  
am o u n t o f  t i m e  n e c e s s ary fo r th e  D U T to  th e rm al l y s tab i l i z e  i n  th e  e ve n t  th at  s u rg e  app l i c ati o n  
cre ate s  l o cal i z e d  re g i o n s  o f  h e at  g e n e rati o n  

4 General  

P ro d u cti o n  l i n e  q u al i t y e xcu rs i o n s  d u e  to  b yp as s  d i o d e  fai l u re  h ave  b e e n  o bs e rve d  i n  th e  P V 
m o d u l e  m an u factu ri n g  pro c e s s  d u e  to  ch an g e s  i n  th e  e l e ctro s tati c  d i s ch arg e  ( E S D )  
s u s ce p ti b i l i t y o f  b yp as s  d i o d e s .  Th i s  d o cu m e n t pro vi d e s  a m e th o d  to  e val u ate  th e  
s u s ce p ti b i l i t y o f  b yp as s  d i o d e s  to  fai l  d u e  to  E S D  e ve n ts  th at  m ay o cc u r i n  th e  pro d u c ti o n ,  
tran s po rt  o r  i n s tal l ati o n  o f  p h o to vo l tai c  ( P V)  m o d u l e s .  E S D  e ve n ts  o cc u r wh e n e ve r  th e re  i s  
co n tact,  o r  s u ff i c i e n tl y c l o s e  pro x i m i t y b e twe e n  o bj e c ts  o f  d i ffe re n t  e l e ctro s tati c  ch arg e .  Th e  
m ag n i tu d e  o f  th e  E S D  e ve n t  i s  a  f u n c ti o n  o f  th e  ch arg e  d i ffe re n ce  b e twe e n  th e  o bj e cts  an d  
th e  i m pe d an ce  as s o ci ate d  wi th  th e  c h arg e  tran s f e r.  Of  s p e ci f i c  i n te re s t  i n  th i s  d o cu m e n t  are  
re l at i ve l y l o w e n e rg y,  s h o rt- d u rati o n  s u rg e s  th at  m ay b e  as s o ci ate d  wi th  th e  m an u factu ri n g  
pro c e s s ,  te s t i n g ,  o r  i n s tal l ati o n  e ve n ts  wh e re  th e  b yp as s  d i o d e s  are  d i re ctl y e x po s e d  to  an  
E SD  e ve n t.  

S e ve ral  s tan d ard  E S D  m o d e l s  e xi s t  fo r  th e  e val u ati o n  o f  s u rg e  i m m u n i t y.  Th i s  d o cu m e n t 
ad o pts  th e  m o d e l  pro vi d e d  b y I E C  6 1 0 0 0 - 4- 2 : 2 0 0 8  th at  pro vi d e s  a m e th o d  fo r as s e s s i n g  
d am ag e  to  e l e ctri c al  an d  e l e ctro n i c  e q u i pm e n t s u bj e c te d  to  s tati c  e l e ctri c i ty d i s c h arg e s  fro m  
o p e rato rs  d i re ctl y,  an d  fro m  pe rs o n n e l  to  ad j ace n t  o bj e c ts .  

5 Sampl ing  

Te n  u n c o n d i t i o n e d  d i o d e s  are  re q u i re d  fo r th i s  te s t.  S e ve ral  facto rs  s h o u l d  b e  co n s i d e re d  
wh e n  m aki n g  s am pl e  s e l e cti o n :  

•  D i o d e  t yp e s  s h al l  b e  i d e n ti c al .  D i ffe re n t  d i o d e  t yp e s  wi l l  n o t  pro vi d e  u s e fu l  s u rg e  i m m u n i t y 
i n fo rm ati o n .  

– E ach  d i o d e  t yp e  th at  was  te s te d  d u ri n g  th e  d e ve l o pm e n t o f  t h i s  pro ce d u re  yi e l d e d  a  
d i ffe re n t  fai l u re  d i s tri b u t i o n  i n d i c ati n g  th at  m i xe d  typ e  te s ti n g  wo u l d  n o t  b e  m e an i n g fu l .  

•  D i o d e  d ate  co d e s  an d  facto r y l o cati o n  s h o u l d  b e  i d e n ti c al .  

– Th e  be s t  c h arac te ri z ati o n  o f  a  d i o d e ' s  s u rg e  i m m u n i t y wi l l  be  o btai n e d  wh e n  th e  d i o d e s  
are  fro m  o n e  m an u factu ri n g  l o c ati o n  an d  fro m  a s p e c i f i c  m an u fac tu ri n g  b atc h .  

– C o m pari s o n  o f  th e  fai l u re  d i s tri b u ti o n s  th at  re s u l t  fro m  app l yi n g  th i s  p ro ce d u re  to  
s e ve ral  d i ffe re n t  d ate  c o d e s  m ay pro vi d e  th e  u s e r wi th  a q u al i tati ve  u n d e rs tan d i n g  o f  
th e  d i o d e  m an u factu re r' s  q u al i t y co n tro l  fro m  a s u rg e  i m m u n i t y p e rs pe c ti ve .  S i m i l ari t y  
o f  re s u l ts  fro m  d i ffe re n t  d ate  c o d e s  wo u l d  i n d i cate  a t i g h te r  q u al i t y c o n tro l  m e th o d .  

•  D i o d e s  are  te s te d  i n d e p e n d e n tl y an d  o u ts i d e  o f  a  m o d u l e  o r  j u n cti o n  b o x .  Th e  l e ad s  s h al l  
be  i n  th e  fo rm  re q u i re d  b e fo re  as s e m b l y i n to  a  j u n cti o n  b o x.  
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– Le ad  tr i m m i n g  o r  l e ad  fo rm i n g  o pe rati o n s  s h o u l d  b e  d o n e  be fo re  te s ti n g  as  th e s e  
o p e rati o n s  can  cre ate  s tre s s  o n  th e  d i o d e  d i e  th at  m ay h ave  an  i m pact  o n  th e  d i o d e ' s  
s u rg e  i m m u n i t y.  

6 Test  equipment  

Te s t  e q u i pm e n t s h al l  c o n fo rm  to  th e  re q u i re m e n ts  s tate d  i n  I E C  6 1 0 0 0 - 4 - 2 : 2 0 0 8 ,  C l au s e  6  
u s i n g  th e  d i s c h arg e  e l e ctro d e  fo r co n tact  d i s c h arg e s .  Th e  d i s c h arg e  re tu rn  co n n e cti o n  from  
th e  s u rg e  g e n e rato r s h al l  b e  co n n e cte d  to  a  g ro u n d i n g  bl o ck d e s i g n e d  to  acc o m m o d ate  th e  
D U T s am pl e s ,  taki n g  i n to  acc o u n t  s paci n g  re q u i re m e n ts  th at  m ay b e  re q u i re d  fo r fo rm e d  
l e ad s  as  s h o wn  i n  F i g u re  1 .  M u l t i p l e  D U T s am pl e s  m ay b e  co n n e cte d  to  a s i n g l e  g ro u n d i n g  
b l o ck.  

Th e  e q u i pm e n t s h al l  b e  cap abl e  o f  p o s i t i ve  p o l ari t y s u rg e s  ( wi th  re s p e ct  to  e arth  g ro u n d ) ,  
co n d u cte d  i n  a  s i n g l e - s u rg e  m o d e ,  an d  wi th  a  vo l tag e  th at  can  b e  i n cre m e n te d  i n  5  kV s te ps  
fro m  5  kV to  a  re co m m e n d e d  3 0  kV o r  h i g h e r c apab i l i t y.  E q u i pm e n t h avi n g  a s u rg e  vo l tag e  
l i m i tati o n  th at  i s  l e s s  th an  3 0  kV m ay b e  u s e d ,  b u t  th i s  m ay l i m i t  D U T fai l u re  i n fo rm ati o n  an d  
s u bs e q u e n t  d ata  an al ys i s  fo r a  ve r y s u rg e - re s i s tan t  D U T.  

 

Figure 1  – Example of  a  test  setup  for  bypass d iodes  

7 Test  method  

7.1  Preparation  

a)  P l ac e  1 0  u n c o n d i t i o n e d  D U Ts  i n to  an  e l e c tri c al l y g ro u n d e d  f i x tu re  s u c h  th at  th e  D U T 
an o d e  i s  g ro u n d e d  an d  th e  cath o d e  i s  e x p o s e d  an d  acce s s i b l e  ( F i g u re  1 ) .  

b)  U s e  a m u l t i m e te r wi th  d i o d e - c h e ck fu n cti o n al i t y to  ve ri f y th at  al l  D U Ts  are  fu n cti o n al  i n  th e  
fo rward  b i as  d i re cti o n  an d  th at  n o n e  are  s h o rte d  i n  th e  re ve rs e  bi as  d i re c ti o n .  I n  th e  e ve n t  
th at  a  D U T i s  fo u n d  to  b e  i n  a  n o n - o pe rati o n al  s tate  be fo re  te s t,  re p l ace  as  n e c e s s ar y s o  
th at  te n  fu n c ti o n al  u n i ts  are  s u bj e c te d  to  th e  s u rg e  te s t i n g .  

IEC  

G ro u n d  b l o c k  

B yp as s  d i o d e s  
t ypi cal  

E S D  g u n  g ro u n d  
co n n e c ti o n  
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c)  P l ace  a  co n tac t  pro be  ti p  ( I E C  6 1 0 0 0 - 4- 2 : 2 0 0 8 ,  Fi g u re  3 b )  o n to  a  s u rg e  g e n e rato r wh o s e  

i n te rn al  i m pe d an ce  co n fo rm s  to  th e  3 3 0  Ω ,  1 5 0  p F  re q u i re m e n ts .  

d )  S e t  th e  i n i t i al  s u rg e  vo l tag e  to  5  kV i n  a  p o s i t i ve  p o l ari t y wi th  re s pe c t  to  e arth  g ro u n d .  

e)  E n s u re  e q u i pm e n t  i s  s e t  to  pro vi d e  o n l y a  s i n g l e  s u rg e  p e r  o p e rati o n .  

f)  R e c o rd  th e  am bi e n t  te m pe ratu re  an d  re l ati ve  h u m i d i t y d u ri n g  th e  te s ti n g  p e ri o d .  F o r 
co m pari s o n  p u rpo s e s ,  2 0  ° C  ±  5  ° C  an d  5 0  %  ±  1 0  % R H  are  re co m m e n d e d .  

7.2  Surge testing  

a)  C o n d u c t  o n e  s u rg e  o n  th e  f i rs t  D U T.  Th e  t i p  o f  th e  co n tact  pro be  s h al l  be  i n  co n tac t  wi th  
th e  e l e c tri cal  l e ad s  as  cl o s e  to  th e  D U T pro te cti ve  bo d y as  po s s i b l e .  Ke e p track o f  t i m e  
e l aps e d  as  e ach  D U T i s  te s te d .  

b)  R e p e at  s te p  a)  o n  th e  n e xt  D U T u n ti l  al l  te n  h ave  be e n  te s te d  o n c e .  

c)  R e p e at  s u rg e  te s t i n g ,  s te ps  a)  an d  b) ,  u n ti l  e ac h  D U T h as  acc u m u l ate d  a  to tal  o f  te n  
i n d i vi d u al  s u rg e s .  W ai t,  i f  n e ce s s ar y,  to  e n s u re  th at  1 0  s ,  o r  m o re ,  o f  s u rg e  re l ax ati o n  t i m e 
h as  e l aps e d  b e fo re  re p e ati n g  th e  s u rg e  te s t  o n  an y D U T.  

d )  U s e  a m u l t i m e te r wi th  a d i o d e - ch e ck fu n cti o n  to  d e te rm i n e  i f  al l  D U Ts  are  fu n c ti o n al  i n  th e  
fo rward  b i as  d i re cti o n  an d  d o  n o t  e x h i b i t  a  s h o rt- ci rc u i t  i n  e i th e r fo rward  o r re ve rs e  b i as .  
R e m o ve  an y d i o d e s  th at  h ave  fai l e d  fro m  th e  te s t  s e tu p an d  n o te  th e  s u rg e  vo l tag e  at  
wh i ch  th e  fai l u re  o ccu rre d .  

e)  I n cre as e  th e  s u rg e  e q u i pm e n t  p o te n ti al  b y 5  kV ( p o s i t i ve  p o l ari t y wi th  re s p e c t  to  e arth  
g ro u n d )  fro m  i ts  pre vi o u s  s e tt i n g .  

f)  P l ac e  al l  re m ai n i n g  d i o d e s  b ack i n to  th e i r  s tarti n g  o ri e n tati o n  ( i f  n e ce s s ary)  an d  re p e at  
s te ps  a)  to  d ) .  

g )  R e p e at s te p  f) ,  i n cre as i n g  s u rg e  e q u i pm e n t vo l tag e  b y 5  kV s te ps  u n ti l  3 0  kV o r th e  te s t i n g  
cap ab i l i t y o f  th e  s u rg e  e q u i pm e n t i s  re ach e d ,  wh i c h e ve r  i s  s m al l e r.  

8 Data analysis  

8.1  Two-parameter Weibu l l  d istribution  for analyzing  vol tage to  fai lu re  

Th e  two - param e te r W e i bu l l  cu m u l ati ve  d i s tri bu t i o n  o f  th e  vo l tag e  to  D U T fai l u re  i s  wri tte n  as :  

 퐹(푉) = 1 − exp �− �푉훼�
훽 �  ( 1 )  

wh e re  

F(V)  i s  th e  fracti o n  o f  al l  u n i ts  i n  th e  p o p u l ati o n  wh i ch  f ai l  b y V s u rg e  vo l tag e ;  

β  i s  th e  W e i b u l l  d i s tri b u ti o n  s h ape  p aram e te r;  

α  i s  th e  W e i bu l l  d i s tri b u ti o n  c h aracte ri s t i c  l i fe  p aram e te r,  o r  th e  s u rg e  vo l tag e  
co rre s p o n d i n g  to  F  =  1  – 1 /e  =  0 , 6 3 2 .  

A s trai g h t  l i n e  fo rm u l a o f  s l o pe  β  can  be  fo rm e d  b y taki n g  th e  n atu ral  l o g ari th m  o f  bo th  s i d e s  
o f  fo rm u l a ( 1 )  twi ce  yi e l d i n g :  

 ln �ln � 1
1−퐹(푉)�� = 훽ln �푉훼�  ( 2 )  

wh i c h  c an  be  re arran g e d  as :  

 ln �ln � 1
1−퐹(푉)�� = 훽ln(푉) − 훽ln(훼)  ( 3 )  
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Arran g e m e n t  o f  th e  e x p e ri m e n tal  d ata i n to  two  g ro u ps ,  th e  i n d e pe n d e n t  vari ab l e  l n ( V)  o n  th e  
ri g h t  h an d  s i d e  an d  th e  d e p e n d e n t  vari abl e  s h o wn  o n  th e  l e ft  h an d  s i d e  o f  fo rm u l a ( 3 )  al l o ws  

fo r a  l e as t- s q u are s  l i n e ar  re g re s s i o n  te ch n i q u e  th at  re s u l ts  i n  an  e s t i m ati o n  o f  th e  s l o p e  β  an d  

th e  i n te rc e p t  β l n (α)  fro m  wh i c h ,  th e  ch arac te ri s t i c  l i fe ,  α ,  c an  b e  e s ti m ate d .  

8.2  Recommended  median  rank estimation  for the  cumulative d istribu tion  

S e ve ral  m e th o d s  are  avai l ab l e  to  e s ti m ate  th e  cu m u l ati ve  d i s tri b u t i o n  fu n cti o n .  On e  m e th o d  
th at  e as i l y l e n d s  i ts e l f  to  h an d  o r s pre ad s h e e t  cal c u l at i o n  i s  m e d i an  ran k e s ti m ati o n .  

I n  o rd e r to  cal cu l ate  th e  l e ft  h an d  s i d e  o f  fo rm u l a ( 3 ) ,  an  e s t i m ate  fo r th e  cu m u l ati ve  
d i s tri bu ti o n ,  F(V)  i s  re q u i re d .  Th i s  d o c u m e n t  u s e s  th e  m e d i an  ran k e s t i m ate  d e f i n e d  as :  

 퐹�(푉) =
푂푖−0 ,3
푛+0 ,4  ( 4)  

wh e re  

Oi i s  th e  ran k o rd e r p o s i t i o n  o f  th e  fai l u re  fo r th e  i th  d ata p o i n t ,  wh e n  th e  d ata p o i n ts  are  
ran ke d  i n  o rd e r fro m  e arl i e s t  fai l u re  to  l ate s t  fai l u re ;  

n  i s  th e  to tal  n u m be r o f  d ata p o i n ts .  

8.3  Recommended  form  for  data  analysis  by least  squares l i near reg ression  

M e d i an  ran k e s ti m ati o n  d ata m ay b e  p l o tte d  m an u al l y o r  th ro u g h  a s i m p l e  s pre ad s h e e t  m o d e l .  
C om pu te r pro g ram s  are  al s o  avai l ab l e  an d  m ay b e  u s e d  to  pre s e n t  d ata an d  e s t i m ate  
u n kn o wn s  i n  fo rm u l a ( 1 ) .  I n  th e  m e th o d  pro vi d e d  be l o w,  th e  vo l tag e  at  fai l u re ,  V,  c o m e s  fro m  

th e  te s t  re s u l t  an d  cu m u l ati ve  d i s tri bu t i o n  e s ti m ate ,  퐹�(푉) ,  co m e s  fro m  fo rm u l a  ( 4) .  Th e  ri g h t  
m o s t  co l u m n s  are  c al cu l ate d  as  i n d i c ate d  an d  th e  re s u l t i n g  x i  an d  y i  m a y be  p l o tte d  o n  l i n e ar  
g rap h  pap e r,  o r  o n  a  s pre ad s h e e t  pro g ram .  A l i n e ar re g re s s i o n  i s  th e n  f i t  th ro u g h  th e s e  
po i n ts .  S e e  Tab l e  1 .  

Table  1  – Data  organ ization  for l east  squares  regression  

Fai lure order  Vol tage at  fai l u re,  
V  i n  kV 

푭�(푽)  ,  formula  (4)  ln(V)   
x
i
 for  l east  
squares  

퐥퐥 �퐥퐥 � ퟏ
ퟏ − 푭�(푽) � �  

yi  for  l east  squares  

1      

2      

3      

4      

5      

 

Th e  be s t  e s ti m ate  fo r a  l i n e ar  f i t  o f  x i  an d  y i  i s  pro vi d e d  b y f o rm u l a ( 5 ) :  

 푦� = 푚푚 + (푦� − 푚푚̅)  ( 5 )  

wh e re  

 푚̅ = ∑ 푥푖푛푖=1
푛                 푦� =

∑ 푦푖푛푖=1
푛    ( 6 )  

an d  
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 푚 =
푛 ∑ 푥푖푦푖푛푖=1 −�∑ 푥푖푛푖=1 ��∑ 푦푖푛푖=1 �

푛 ∑ 푥푖2푛푖=1 −�∑ 푥푖푛푖=1 �2  ( 7)  

Th e  re g re s s i o n  m a y be  u s e d  to  e x trap o l ate  th e  re s u l ts  to  d i ffe re n t  l e ve l s  o f  app l i e d  s u rg e  
vo l tag e  o th e r  th an  th o s e  u s e d  i n  th e  e xp e ri m e n tal  pro g ram .  

9 Report  

Th e  re p o rt  s h al l  c o n tai n  i n f o rm ati o n  n e ce s s ar y to  re p ro d u ce  te s t  re s u l ts  an d  th e  d e tai l s  o f  th e  
s am pl e s  te s te d .  S pe c i f i cal l y,  m ake  n o te  o f  th e  fo l l o wi n g :  

•  I d e n ti f i cati o n  o f  th e  D U T  an d  d ate  c o d e s  as s o ci ate d  wi th  th e  s am pl e s  te s te d .  F o r  th e 
pu rp o s e  o f  i n te rl abo rato ry c o m pari s o n ,  th i s  i n fo rm ati o n  m ay b e  m ad e  g e n e ri c.  

•  Te s t  re s u l ts  an d  g rap h  i n cl u d i n g  m e th o d  o r pro g ram  u s e d  to  o btai n  th o s e  re s u l ts  ( e . g . ,  
8 . 3 ) .  

•  I d e n ti f i c ati o n  o f  te s t  e q u i pm e n t  b y b ran d ,  m o d e l  an d  s e ri al  n u m be r.  

•  C al i brati o n  i n fo rm ati o n  o r  m e th o d  u s e d  to  val i d ate  d ata.  

•  Actu al  e n vi ro n m e n tal  co n d i t i o n s  o f  am bi e n t  te m p e ratu re  an d  re l at i ve  h u m i d i t y d u ri n g  th e  
te s ti n g  p e ri o d .  

•  An y e ffe cts  o bs e rve d  wi th  th e  D U T d u ri n g  th e  c o u rs e  o f  te s t i n g  i f  o th e r th an  o p e rati o n al  o r  
fai l u re  i n  an  e l e ctri c al l y s h o rt- c i rcu i t  ( e . g . ,  o p e n - c i rcu i t ,  cracke d ,  e tc . ) .  

•  P i ctu re  o f  an y f ai l e d  D U T,  bu t  o n l y i n  th e  e ve n t  th e  f ai l u re  can  b e  vi s u al l y o bs e rve d  from  
ch an g e s  i n  th e  app e aran ce .  

•  R ati o n al e  fo r an y d e vi ati o n s  u s e d  i n  th e  te s t  m e th o d .  
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Annex A 
( i n fo rm ati ve )  

 
Guidel ines for appl ication  

Qu al i t y e xc u rs i o n s  h ave  be e n  o bs e rve d  i n  p h o to vo l tai c  m o d u l e  m an u factu ri n g  l i n e s  th at  h ave  
be e n  trace d  to  batch  fai l u re  o f  b yp as s  d i o d e s .  I t  was  o bs e rve d  th at  th e  m aj o ri t y o f  fai l u re s  
o ccu rre d  d u ri n g  th e  m an u factu ri n g  as s e m bl y p ro ce s s  i ts e l f,  h o we ve r,  a  s m al l  pe rce n tag e  o f  
m o d u l e s  th at  s e e m i n g l y h ad  fu n cti o n al  d i o d e s  o n  s h i pm e n t  we re  fo u n d  i n  th e  f i e l d  wi th  fai l e d  
d i o d e s  s u g g e s ti n g  th at  d am ag e  h ad  o ccu rre d  d u ri n g  tran s p o rt,  i n s tal l ati o n ,  o r  as  a 
co n s e q u e n ce  o f  cu m u l ati ve  d am ag e  s u ffe re d  fro m  th e  m an u f actu ri n g  th ro u g h  i n s tal l at i o n  
pro c e s s .  Th i s  t yp e  o f  d i o d e  fai l u re  d i ffe rs  s i g n i f i can tl y fro m  l i g h tn i n g - i n d u ce d  d i o d e s  fai l u re  
d am ag e  an d  i s  ch aracte ri ze d  b y i n d i vi d u al  m o d u l e  d i o d e  f ai l u re  ve rs u s  th e  fai l u re  o f  m o s t  
d i o d e s  as s o c i ate d  wi th  o n e  o r m o re  s o u rc e  ci rc u i ts  i n  th e  P V arra y.  

Th i s  te s ti n g  s pe c i f i cati o n  e s tab l i s h e s  th e  d i o d e ' s  s u rg e  to l e ran c e  vo l tag e  co n s i s te n t  wi th  an  
E S D  e ve n t  an d  m a y b e  u s e f u l  f o r  o n e  o r  m o re  o f  th e  fo l l o wi n g  e l e m e n ts  o f  a  m an u factu ri n g  
q u al i t y s ys te m :  

•  I n c o m i n g  q u al i t y co n tro l .  

•  As  part  o f  e i th e r a co n tro l  pro g ram  pl an  o r co m pl i an ce  ve ri f i c ati o n  p l an  as  re q u i re d  i n  
I E C  6 1 3 4 0 - 5 - 1 : 2 0 1 6 .  

•  E s tab l i s h i n g  th e  m i n i m u m  re q u i re d  l e ve l  o f  d i o d e  s u rg e  to l e ran c e  fo r  a  p arti c u l ar fac i l i t y i f  
th i s  te s t  s p e c i fi cati o n  i s  c o m bi n e d  wi th  p e ak E S D  vo l tag e  ch aracte ri zati o n  e q u i pm e n t  s u ch  
as  th e  3 M  E M  E ye .  
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Annex B  
( i n fo rm ati ve )  

 
Example of appl ication  

I n  th e  e x am pl e  b e l o w,  a  s e t  o f  te n  d i o d e s  are  te s te d  acc o rd i n g  to  th e  te s t  m e th o d  d e s c ri b e d  i n  
C l au s e  7.  Th e  d ata,  an al ys e s  an d  ap p l i c ati o n  are  s h o wn  i n  Tab l e  B . 1  an d  Fi g u re  B . 1  b e l o w.   

Table  B . 1  – Example  of  data  analysis  

Fai lure  order  
Vol tage at  fai l u re,  V  

i n  kV 
F(V),  Med ian  rank l n (V)  l n { ln [1 /(1 -F(V) )] }  

1  2 0  0 , 0 6 7  3 , 0 0  –2 , 6 6  

2  2 0  0 , 1 6 3  3 , 0 0  –1 , 7 2  

3  2 0  0 , 2 6 0  3 , 0 0  –1 , 2 0  

4  2 5  0 , 3 5 6  3 , 2 2  –0 , 8 2  

5  2 5  0 , 4 5 2  3 , 2 2  –0 , 5 1  

6  3 0  0 , 5 4 8  3 , 4 0  –0 , 2 3  
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Figure B. 1  – Chart  of  sample data  
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B as e d  u po n  th e  an al ys i s ,  i t  i s  e s t i m ate d  th at  wh e n  p l ac e d  i n  an  e n vi ro n m e n t wh e re  2  kV E S D  
e ve n ts  are  pre s e n t,  th e  fracti o n  o f  u n i ts  fai l i n g ,  F,  i n  a  l arg e  po pu l ati o n  wo u l d  be  
ap pro x i m ate l y 7  p arts  p e r  m i l l i o n .  
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