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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  

____________ 

 
GUIDELINES FOR PRINCIPAL COMPONENT RELIABILITY  

TESTING  FOR LED LIGHT SOURCES AND LED LUMINAIRES 
 

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 c h n i cal  S pe ci f i cat 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  t h i s  p re p arati o n .  I E C  c o l l a b o 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 tt e e s  u n d e rtake  t o  ap p l y I E C  P u b l i cat i 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 t i 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 cat i o n  bo d i e s  p ro 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 cat 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  te ch n i c al  co m m i t te e s  an d  I E C  N ati o n al  C o m m i tt e e s  fo r  a n y p e rs o n al  i n j u ry ,  p ro p e 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 ce  u po n ,  t h i s  I E C  P u bl i c at i o n  o r  a n y o t h 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 at i ve  re f e re n c e s  ci t e d  i n  t h i s  p u b l i c at i o n .  U s e  o f  t h e  re f e re n ce d  p u bl i cati 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  to  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 b l i cati 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 c al  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  th 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 8 6 1 ,  wh i c h  i s  a  Te ch n i cal  S pe c i fi cati o n ,  h as  b e e n  pre p are d  b y s u bc o m m i tte e  3 4 A:  
Lam ps ,  o f  I E C  te ch n i cal  co m m i tte e  3 4 :  Lam ps  an d  re l ate d  e q u i pm e n t.  
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Th e  te x t  o f  th i s  Te c h n i cal  S p e ci f i c ati o n  i s  b as e d  o n  th e  fo 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  

3 4A/1 8 8 4 /D TS  3 4 A/1 9 6 6 /R V D 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 cal  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  th e  c o n te n ts  o f  th i s  p u b l i cati o n  wi l l  re m ai n  u n ch an g e d  u n ti 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 r e . 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 cati 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 ati 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 cati o n  m a y be  i s s u e d  at  a  l ate r d ate .  
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I N TROD U CTI O N  

LE D  pro d u cts  d e p e n d  g e n e ral l y o n  h o w b al an c e d  i ts  p ri n ci pal  c o m po n e n ts  are  i n  te rm s  o f  
th e i r  re l i abi l i t y.  I t  i s  n o t  o n l y th e  LE D  co m po n e n ts  th at  d e te rm i n e  pro d u c t  pe rf o rm an ce ,  bu t  
al s o  o th e r parts  o f  th e  LE D  pro d u c t  p l a y an  e q u al l y i m po rtan t  ro l e .  F o r i n s tan ce ,  e l e ctro n i c  
s u b as s e m bl i e s ,  o pt i cs ,  m e ch an i cs  an d  th e  i n vo l ve d  c o o l i n g  m e th o d  p l a y s u ch  a ro l e .  

Th i s  Te ch n i c al  S p e c i f i cati o n  e n vi s i o n s  a m e th o d o l o g y,  wh i ch  ad d re s s e s  s e parate  
s u bc o m po n e n t  re l i ab i l i t y d ata,  to  pro vi d e  a b as i s  fo r s tati s t i c al  s ys te m  re l i ab i l i t y d e s i g n .  
Stan d ard i z e d  re p o rti n g  fo rm ats  an d  f l o wch arts  are  pre s e n te d .  

N e x t,  p ro to c o l s  b as e d  o n  acce l e rate d  m e th o d s  are  g i ve n  to  e s ti m ate  s ys te m  re l i ab i l i t y o f  th e  
f i n al  pro d u ct  u s i n g  s u bco m po n e n t  d ata.  

Ve ri f i cati o n  o f  LE D  pro d u ct  l i fe ti m e  i s  bas e d  o n  a ‘ te s t  to  p as s ’  p ri n c i pl e ,  wh i c h  m e an s  th e  
co m po n e n ts  o f  th e  pro d u ct  u n d e r te s t  are  e val u ate d  to  g i ve  e q u i val e n t  re l i ab i l i t y c o n fi d e n c e  to  
th at  wh i ch  wo u l d  b e  ac h i e ve d  b y re al - t i m e  l i fe  te s ti n g  o f  th e  c o m pl e te  LE D  pro d u ct.  Th e  te s ts  
d e s cri b e d  i n  th i s  Te c h n i c al  S pe c i f i cati o n  are  d i vi d e d  i n to :  i n i t i al  q u al i f i c ati o n  te s ts  ( I Q T)  g i vi n g  
co n f i d e n ce  o f  b as i c  c o m po n e n t  ro b u s tn e s s ,  b u t  n o t  l i n ke d  to  an y s p e c i f i c  l i fe ti m e  pro j e cti o n ,  
an d  acc e l e rate d  s tre s s  te s ts  ( AS T)  g i vi n g  c o n f i d e n ce  o f  re l i abi l i t y to  a  s p e ci fi c  l i fe ti m e  ( wi th i n  
th e  s p e ci fi e d  co n s trai n ts  o f  th e  te s t) .  

S i n ce  th e  app ro ac h  fo re s e e n  i n  th i s  Te ch n i c al  S pe c i f i cati o n  c o ve rs  a g e n e ri c  m e th o d o l o g y,  i t  
can  b e  s e e n  as  g u i d an ce  re l ate d  to  re l e van t  pro d u ct  p e rfo rm an ce  s tan d ard s ,  s u c h  as  th e  LE D  
l am p pe rfo rm an c e  s tan d ard  I E C  6 2 6 1 2 ,  th e  LE D  m o d u l e  p e rfo rm an c e  s tan d ard  I E C  6 2 7 1 7  
an d  LE D  l u m i n ai re  p e rfo rm an ce  s tan d ard  I E C  6 2 72 2 - 2 - 1 .  Th i s  Te ch n i cal  S pe c i fi cati o n  i s  n o t  
re co m m e n d e d  fo r  u s e  as  a n o rm ati ve  re f e re n ce  to  th e  LE D  pro d u ct  p e rfo rm an c e  s tan d ard s .  

Th i s  Te ch n i cal  S p e c i f i c ati o n  ad d re s s e s  th e  n e e d  fo r a  d o cu m e n t  g i vi n g  g u i d an c e  th at  i s  
d e ve l o p e d  acco rd i n g  to  c o n s e n s u s  pro ce d u re s  an d  i n  i ts e l f  i s  n o rm ati ve  i n  n atu re ,  wh i l e  at  th e  
s am e  t i m e  re co g n i zi n g  th at  LE D  te c h n o l o g y fo r l i g h ti n g  pro d u c ts  i s  s t i l l  i n  an  e m e rg i n g  p h as e .  
Th i s  Te ch n i c al  S p e ci fi c ati o n  ap pro ach e s  an  I n te rn ati o n al  s tan d ard  i n  te rm s  o f  d e tai l  an d  
co m pl e te n e s s .  
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GUIDELINES FOR PRINCIPAL COMPONENT RELIABILITY  
TESTING  FOR LED LIGHT SOURCES AND LED LUMINAIRES 

 
 
 

1  Scope 

Th i s  Te c h n i c al  Sp e c i f i c ati o n  pro vi d e s  g u i d e l i n e s  fo r e s tab l i s h i n g  co n fi d e n ce  i n  pro d u ct  
re l i ab i l i t y u s i n g  pri n ci pal  co m po n e n t  te s t i n g  fo r LE D  l i g h t  s o u rc e s  an d  LE D  l u m i n ai re s  fo r 
g e n e ral  l i g h ti n g .  I t  i n cl u d e s  m e th o d s  an d  cri te ri a  u s i n g  i n i t i al  q u al i f i c ati o n  te s ts  an d  
acce l e rate d  s tre s s  te s ts  o f  th e  pri n c i p al  co m p o n e n ts .  Th e  pe rfo rm an c e  o f  an y pri n ci p al  
co m po n e n t  wi l l  i n f l u e n c e  th e  p e rfo rm an c e  o f  th e  f i n al  pro d u ct.  

Te ch n i q u e s  to  val i d ate  fu l l  l i fe t i m e  cl ai m s  an d  l u m e n  m ai n te n an ce  pro j e c ti o n  are  o u ts i d e  th e  
s co p e  o f  th i s  Te ch n i c al  S pe c i f i cati o n .  

Th e  fo l l o wi n g  pri n c i pal  c o m po n e n ts  are  i n c l u d e d  i n  th e  te s ti n g  i f  th e y are  u s e d  as  an  i n te g ral  
part  f o r  th e  LE D  l i g h t  s o u rce  o r  LE D  l u m i n ai re :  

•  LE D  p ackag e  an d  i n te rc o n n e c ts ;  

•  o p ti cal  m ate ri al s ;  

•  e l e c tro n i c  s u b as s e m b l i e s ;  

•  co o l i n g  s ys te m s ,  bo th  act i ve  ( e . g .  fan s )  an d  pas s i ve  ( e . g .  th e rm al  i n te rface  m ate ri al ) ;  

•  co n s tru cti o n  m ate ri al s .  

Th i s  Te c h n i cal  S pe c i f i cati o n  i s  n o t  re co m m e n d e d  fo r u s e  as  a  n o rm ati ve  r e fe re n c e  to  th e  LE D  
pro d u ct  p e rfo rm an ce  s tan d ard s .  

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 0 0 6 8 - 2 - 2 0 : 2 0 0 8 ,  Environmental testing – Part 2-20: Tests – Test T: Test methods for 
solderability and resistance to soldering heat of devices with leads 

I E C  6 0 0 6 8 - 2 - 2 7 : 2 0 0 8 ,  Basic environmental testing procedures – Part 2: Tests – Test Ea and 
guidance: Shock 

I E C  6 0 0 6 8 - 2 - 3 0 : 2 0 0 5 ,  Environmental testing – Part 2-30: Tests – Test Db: Damp heat,  cyclic 
(12 h + 12 h cycle)  

I E C  6 0 0 6 8 - 2 - 4 2 : 2 0 0 3 ,  Environmental testing – Part 2-42: Tests – Test Kc: Sulphur dioxide 
test for contacts and connections 

I E C  6 0 0 6 8 - 2 - 4 3 : 2 0 0 3 ,  Environmental testing – Part 2-43: Tests – Test Kd: Hydrogen sulphide 
test for contacts and connections 

I E C  6 0 0 6 8 - 2 - 5 8 : 2 0 1 5 ,  Environmental testing – Part 2-58: Tests – Test Td: Test methods for 
solderability,  resistance to dissolution of metallization and to soldering heat of surface 
mounting devices (SMD) 
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I E C  6 0 0 6 8 - 2 - 6 0 : 2 0 1 5 ,  Environmental testing – Part 2-60: Tests – Test Ke: Flowing mixed gas 
corrosion test 

I E C  6 0 5 2 9 : 2 0 1 3 ,  Degrees of protection provided by enclosures (IP Code) 

I E C  6 0 9 2 9 : 2 0 1 1 ,  AC and/or DC-supplied electronic control gear for tubular fluorescent lamps 
– Performance requirements  
I E C  6 0 9 2 9 : 2 0 1 1 /AM D 1 : 2 0 1 5  

I E C  6 2 5 0 4,  General lighting – Light emitting diode (LED) products and related equipment – 
Terms and definitions 

AN S I /E S D A/J E D E C  J S - 0 0 1 - 2 0 1 4,  Electrostatic discharge sensitivity testing human body 
model (HBM) – Component level 

AS TM  D 5 4 7 0  – 1 2 ,  Standard test method for thermal transmission properties of thermally 
conductive electrical insulation materials 

AS TM  D 7 0 2 7 – 1 3 ,  Standard test method for evaluation of scratch resistance of polymeric 
coatings and plastics using an instrumented scratch machine 

AS TM  E 5 9 5  – 0 7,  Standard test method for total mass loss and collected volatile condensable 
materials from outgassing in a vacuum environment 

I P C - 9 5 9 1 ,  Performance parameters (mechanical,  electrical,  environmental and 
quality/reliability) for air moving devices 

J - S TD - 0 0 2 D ,  Solderability tests for component leads,  terminations,  lugs,  terminals and wires 

J - S TD - 0 2 0 E ,  Moisture/reflow sensitivity classification for nonhermetic surface mount devices 

J E S D 2 2 - A1 0 1 C ,  Steady-state temperature humidity bias life test 

J E S D 2 2 - A1 0 4D ,  Temperature cycling 

J E S D 2 2 - A1 0 8 D ,  Temperature,  bias,  and operating life 

J E S D 2 2 - A1 1 3 F ,  Preconditioning of plastic surface mount devices prior to reliability testing 

J E S D 2 2 - B 1 0 3 B ,  Vibration,  variable frequency 

J E SD 5 1 - 5 1 ,  Implementation of the electrical test method (static test method) for the 
measurement of the real thermal resistance and impedance of light emitting diodes with 
exposed cooling surface 

M I L- C - 4 8 49 7 A,  Durability requirements for coating,  single or multilayer,  interference 

3 Terms and  defin i tions  

Fo r th e  p u rpo s e s  o f  th i s  d o c u m e n t,  th e  te rm s  an d  d e f i n i ti o n s  g i ve n  i n  I E C  6 2 5 0 4 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 zati o n  at  th e  fo l l o wi n g  
ad d re s s e s :  



I E C  T S  6 2 8 6 1 : 2 0 1 7 © I E C  2 0 1 7  – 1 1  – 

•  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   
acceleration  factor  
AF 
rat i o  o f  th e  t i m e  i t  take s  fo r a  ce rtai n  fracti o n  o f  th e  p o p u l at i o n  to  f ai l ,  fo l l o wi n g  app l i c ati o n  o f  
on e  s tre s s  o r u s e  c o n d i t i o n ,  to  th e  co rre s p o n d i n g  t i m e  at  a  m o re  s e ve re  s tre s s  o r u s e  
co n d i t i o n  

N o te  1  t o  e n t ry:  T h e  fai l u re  m o d e  an d  t h e  typ e  o f  t h e  fai l u re  d i s t ri b u t i o n  ( l o g n o rm al ,  W e i b u l l ,  e xp o n e n t i al  o r al i ke )  
wi t h i n  t h e  t wo  s tre s s  co n d i t i o n s  s h o u l d  b e  i d e n ti cal .  

N o te  2  t o  e n t ry:  Acce l e rati o n  fact o rs  can  b e  c al cu l at e d  fo r  s e ve ra l  s tre s s e s  t h at  can  aff e ct  t h e  re l i a bi l i t y  o f  t h e  u n i t  
u n d e r  t e s t ,  s u ch  as  te m p e ratu re ,  e l e c t ri cal ,  m e ch a n i cal  l o a d s ,  l i g h t  e xp o s u re ,  ch e m i c al ,  m o i s tu re  o r  o t h e r s t re s s e s .  
An n e x B  pre s e n t s  co m m o n l y kn o wn  ac ce l e rati o n  m o d e l s .  

3.2   
activation  energy 
Ea  
e xce s s  fre e  e n e rg y o ve r  th e  g ro u n d  s tate  th at  i s  re q u i re d  i n  o rd e r th at  a  parti c u l ar pro ce s s  
o ccu rs  

N o te  1  t o  e n t ry:  T h e  ac ti vat i o n  e n e rg y i s  u s e d  i n  t h e  Arrh e n i u s  e q u at i o n  f o r  t h e  th e rm al  acc e l e rat i o n .  

3.3   
Bol tzmann’s  constant  
kB  
co n s tan t  e q u al  to  1 , 3 8 1  ×  1 0−2 3  J /K o r  8 , 6 1 7  ×  1 0−5  e V/K 

N o te  1  t o  e n t ry:  B o l t z m an n ’ s  co n s t an t  i s  u s e d  i n  t h e  Arrh e n i u s  e q u ati o n .  

3.4   
fai lu re  mechanism  
pro c e s s  th at  l e ad s  to  f ai l u re  

N o te  1  t o  e n t ry:  T h e  p ro ce s s  m ay be  p h ys i cal ,  ch e m i c al ,  l o g i cal ,  o r  a  c o m b i n at i o n  t h e re o f.  

[S OU R C E :  I E C  6 0 0 5 0 - 1 9 2 : 2 0 1 5 ,  1 9 2 - 0 3 - 1 2 . ]  

3.5   
fai lu re  mode 
m an n e r i n  wh i c h  fai l u re  o ccu rs  

N o te  1  t o  e n t ry:  A fai l u re  m o d e  m ay b e  d e fi n e d  b y th e  fu n cti o n  l o s t  o r  o th e r s t at e  tran s i t i o n  t h at  o c cu rre d .  

[S OU R C E :  I E C  6 0 0 5 0 - 1 9 2 : 2 0 1 5 ,  1 9 2 - 0 3 - 1 7,  m o d i fi e d  – d o  n o t  u s e  th e  wo rd i n g  
“D E P R E C ATE D :  fau l t  m o d e ” . ]  

3.6   
fai lu re  rate  
pro b ab i l i t y th at  a  s ys te m  wi l l  fai l  d u ri n g  th e  n e xt  s pe c i f i e d  t i m e  i n cre m e n t,  g i ve n  th at  i t  h as  
s u rvi ve d  u p to  th e  c u rre n t  po i n t  i n  t i m e  

N o te  1  to  e n t ry:  Th e  fai l u re  rate  o f  a  s ys t e m  u s u al l y  d e pe n d s  o n  t i m e ,  wi th  th e  rate  varyi n g  o ve r th e  l i fe c ycl e  o f  
th e  s ys t e m .  

N o te  2  t o  e n t ry:  F ai l u re  rat e  i s  e xp re s s e d  i n  %  fai l u re s  pe r t i m e  u n i t .  

http://www.iso.org/obp
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3.7   
appl i cation  profi l e  
m i s s i o n  pro fi l e  
u s e r  pro f i l e  
pro f i l e  d e s cri b i n g  th e  e n vi ro n m e n tal  l o ad s  th at  are  i m po s e d  u po n  th e  pro d u c t  u n d e r n o rm al  
op e rati o n  c o n d i t i o n s  

N o te  1  t o  e n t ry:  An n e x A p re s e n ts  t wo  e xam pl e  a p pl i cati o n  p ro fi l e s .  

3.8   
mean  time  to  fai lure  
M TTF 
ave rag e  pe ri o d  o f  t i m e  fo r a  s ys te m  to  o p e rate  wi th o u t  fai l u re  

3.9   
power factor  
rat i o  o f  th e  re al  po we r f l o wi n g  to  th e  l o ad  to  th e  ap pare n t  p o we r  i n  th e  c i rc u i t  

3. 1 0   
rel iabi l i ty  
< o f  an  i te m >  ab i l i t y to  p e rfo rm  as  re q u i re d ,  wi th o u t  fai l u re ,  fo r  a  g i ve n  t i m e  i n te r val ,  u n d e r 
g i ve n  c o n d i t i o n s  

N o te  1  t o  e n t ry:  Th e  t i m e  i n t e rval  d u rat i o n  m ay b e  e xp re s s e d  i n  u n i ts  ap p ro p ri at e  t o  t h e  i te m  co n c e rn e d  ( e . g .  
cal e n d ar t i m e ,  o p e rati n g  cyc l e s ,  d i s tan c e  ru n )  an d  t h e  u n i ts  s h o u l d  al ways  b e  c l e a rl y  s tate d .  

N o te  2  to  e n try:  G i ve n  c o n d i t i o n s  i n cl u d e  as p e c ts  t h at  affe ct  re l i a bi l i t y,  s u ch  as :  m o d e  o f  o p e rati o n ,  s t re s s  l e ve l s ,  
e n vi ro n m e n tal  co n d i t i o n s ,  an d  m ai n t e n an ce .  

N o t e  3  to  e n t ry:  R e l i ab i l i t y  m ay b e  q u an t i f i e d  u s i n g  m e as u re s  d e fi n e d  i n  S e ct i o n  1 9 2 - 0 5 ,  R e l i abi l i t y  re l at e d  
co n c e p ts :  m e as u re s .  

[S OU R C E :  I E C  6 0 0 5 0 - 1 9 2 : 2 0 1 5 ,  1 9 2 - 0 1 - 2 4. ]  

3.1 1   
sample  size  
re p re s e n tati ve  q u an ti t y o f  u n i ts  u n d e r  te s t  e xtrac te d  fro m  a  batch  o f  re fe re n ce  u n i ts  

3. 1 2   
system  
s e t  o f  i n te racti n g  o r  i n te rd e p e n d e n t  c o m po n e n ts  f o rm i n g  an  i n te g rate d  wh o l e  

3. 1 3   
system  rel iabi l i ty 
pro b ab i l i t y th at  a  s ys te m ,  i n c l u d i n g  al l  h ard ware ,  f i rm ware ,  an d  s o ftware ,  wi l l  s ati s facto ri l y  
pe rf o rm  th e  tas k fo r wh i c h  i t  was  d e s i g n e d  o r i n te n d e d ,  fo r  a  s p e c i f i e d  t i m e  an d  i n  a  s p e c i fi e d  
en vi ro n m e n t  

3.1 4   
solder point  temperature  
ts  
te m pe ratu re  o f  th e  p o i n t  n e ar th e  LE D  p ackag e  i n te rc o n n e ct  as  s p e c i fi e d  b y th e  m an u factu re r  
o f  th e  packag e  

3.1 5   
cool ing  performance  
fu n cti o n  o f  a  d e vi ce  pro vi d i n g  c o o l i n g  i n  an  am o u n t  to  m ai n tai n  th e  pe rf o rm an ce  o f  th e  
com po n e n t  to  wh i ch  i t  p e rtai n s  
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3.1 6   
Weibu l l  d i stribution  
con ti n u o u s  pro b ab i l i t y d i s tri b u t i o n  d e s cri b e d  b y two  param e te rs :  s c al e  param e te r α  an d  s h ap e  
param e te r β  

3.1 7   
accelerated  stress  test  
AST 
te s t  fo r  wh i c h  a re l i ab i l i t y m o d e l  e x i s ts  fo r  as s e s s i n g  re l i ab i l i t y o ve r a s h o rte r t i m e  p e ri o d  th an  
a te s t  u n d e r  n o rm al  ap p l i cati o n  c o n d i t i o n s  b y ap p l yi n g  an  acc e l e rati n g  s tre s s  facto r  

N o te  1  t o  e n t ry:  T h e  re l i ab i l i t y  m o d e l  can  ap pl y to  co m p o n e n t s  an d  m ate ri al s .  

3.1 8   
in i t ial  qual i fication  test  
IQT 
te s t  to  d e m o n s trate  a b as i c  l e ve l  o f  ro b u s tn e s s  b y ap pl yi n g  a n o n - acce l e rati n g  s tre s s  f acto r  

N o te  1  t o  e n t ry:  An  I Q T i s  e m p l o ye d  wh e n  a n  ac ce l e rat e d  re l i abi l i t y  m o d e l  i s  n o t  ap p ro p ri at e .  

3.1 9   
val idated  AST time 
m ath e m ati c al  pro d u ct  o f  th e  AS T d u rati o n  u s e d  fo r  val i d ati o n  an d  th e  acce l e rati o n  facto r  

4 Component  test  condi tions 

C l au s e s  5 ,  6 ,  7,  8  an d  9  s p e ci f y m i n i m u m  s tre s s - te s t  d ri ve n  q u al i f i c ati o n  an d  re l i ab i l i t y 
re q u i re m e n ts  fo r th e  pri n c i p al  co m po n e n ts  o f  LE D  pro d u cts .  I t  i n c l u d e s  re fe re n ce s  to  te s t  
co n d i t i o n s  fo r e ach  c o m po n e n t.  Th e  p u rp o s e  i s  to  g i ve  g u i d an c e  fo r e s tab l i s h i n g  a l e ve l  o f  
re l i ab i l i t y fo r  wh i c h  a pro d u ct  i s  s pe ci f i e d .  W h at  th e  e x act  l e ve l  i s  d e p e n d s  o n  th e  pro d u c t  
s pe c i f i cati o n  an d  d e p e n d s  o n  th e  ap p l i cati o n  pro fi l e .  S tre s s  te s t  q u al i f i cati o n  o f  th e  pri n ci p al  
co m po n e n ts  i s  d e fi n e d  as  s u cce s s fu l  c o m pl e ti o n  o f  th e  te s t  re q u i re m e n ts  o u tl i n e d  i n  e ach  
cl au s e  fo r e ach  pri n c i p al  co m po n e n t.  E ach  c l au s e  s p e c i f i e s  a s e t  o f  q u al i f i cati o n  te s ts  th at  
s h al l  b e  co n s i d e re d  fo r n e w LE D  pro d u c t  q u al i f i cati o n s .  I n  cas e  o f  re q u al i f i cati o n  as s o c i ate d  
wi th  a d e s i g n  o r  pro c e s s  ch an g e ,  a  l i m i te d  s e t  o f  q u a l i f i c ati o n  te s ts  m a y b e  co n s i d e re d .  

Th i s  Te ch n i cal  S p e c i fi cati o n  d e s cri b e s  two  t yp e s  o f  q u al i f i cati o n  te s ts .  A te s t  fo r  wh i ch  a 
re l i ab i l i t y m o d e l  e xi s ts  i s  cal l e d  an  acc e l e rate d  s tre s s  te s t  ( AST)  fo r as s e s s i n g  re l i ab i l i t y  
re s u l ts  o ve r a m u ch  s h o rte r te s t  t i m e  pe ri o d .  W h e n  a  re l i ab i l i t y m o d e l  i s  n o t  ap pro pri ate ,  th e n  
th e  te s t  i s  te rm e d  an  i n i t i al  q u al i f i cati o n  te s t  ( I QT)  an d  u s e d  to  d e m o n s trate  a bas i c  l e ve l  o f  
ro b u s tn e s s .  Te s ts  i n  th i s  Te ch n i cal  S p e c i f i c ati o n  are  c l as s i f i e d  as  e i th e r I Q T o r  AS T.  Th e  
s tre s s o rs  o r  l o ad s  th at  are  i m p o s e d  u p o n  LE D  pro d u c ts  i n  two  e x am pl e  e n vi ro n m e n tal  
co n d i t i o n s  are  d e s cri b e d  i n  An n e x A.  Th e s e  s tre s s o rs  al s o  ap p l y to  th e  pri n ci pal  co m po n e n ts .  

N O TE  I n  g e n e ral ,  i t  i s  as s u m e d  th at  p as s i n g  t h e  h a rs h e r te s t  co n d i t i o n s  i m p l i e s  th at  th e  m o re  re l a xe d  co n d i t i o n s  
wo u l d  al s o  b e  p as s e d .  

Fo r pri n ci p al  c o m po n e n ts  th at  h ave  fai l e d  th e  acce p tan c e  cri te ri a o f  te s ts  re q u i re d  b y th i s  
Te ch n i c al  S p e c i fi c ati o n ,  i t  i s  re c o m m e n d e d  to  u n d e rs tan d  th e  fai l u re  m e ch an i s m ,  d e te rm i n e  
th e  ro o t  cau s e  an d  take  co rre c ti ve  acti o n s .  To  co n fi rm  th at  th e  fai l u re  m e ch an i s m  i s  
u n d e rs to o d  an d  co n tai n e d ,  an d  ap pro pri ate  co rre cti ve  an d  p re ve n ti ve  ac ti o n s  are  e ffe cti ve ,  i t  
i s  re co m m e n d e d  to  re p e at th e  app l i c ab l e  q u al i f i cati o n  te s t( s )  s u cce s s f u l l y.  

Th i s  Te ch n i cal  S p e c i fi c ati o n  m ake s  re fe re n ce  to  o th e r I E C  s tan d ard s  o r s tan d ard s  fro m  o th e r  
o rg an i zati o n s .  W h e re  re l e van t,  fu rth e r  d e tai l s  o n  th e  te s ts  c an  b e  fo u n d  i n  th e s e  d o c u m e n ts .  
Te s t  co n d i t i o n s  i n  th i s  d o cu m e n t m a y d e vi ate  fro m  te s t  co n d i t i o n s  i n  th e  re fe re n c e  d o c u m e n ts .  
I n  s u c h  a c as e ,  fu rth e r s pe c i f i cati o n s  i n  th e  re fe re n ce  d o c u m e n t s h o u l d  s t i l l  b e  ap p l i e d  as  
ap pro p ri ate .  
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5 LED package and  interconnects  

5.1  General  

Th e  pu rp o s e  o f  C l au s e  5  i s  to  d e te rm i n e  th at  an  LE D  packag e  i s  capab l e  o f  p as s i n g  th e  
s pe c i f i e d  s tre s s  te s ts  an d  th u s  c an  b e  e xp e cte d  to  g i ve  a c e rtai n  l e ve l  o f  re l i ab i l i t y i n  g e n e ral  
l i g h ti n g  app l i c ati o n s .  LE D  packag e s  an d  i n te rc o n n e cts  o f  d i ffe re n t  t yp e s  e x i s t.  Th e re  i s  
cu rre n tl y n o  o ffi ci al  LE D  cl as s i f i c ati o n ;  th e y c an  be  c l as s i f i e d  b y co l o u r ( re d ,  o ran g e ,  b l u e ,  
g re e n ) ,  m e ch an i c al  o u tl i n e  ( ro u n d ,  s q u are ,  re ctan g u l ar,  s u rfac e ) ,  b y m ate ri al s  u s e d  ( f u l l  e p o x y 
re s i n  p ackag i n g ,  m e tal  bas e ,  ce ram i c bas e  e p o x y re s i n  p ackag i n g  an d  g l as s  p ackag i n g ) 1  
an d /o r b y l u m i n o u s  i n te n s i t y ( g e n e ral ,  h i g h - bri g h tn e s s ,  u l tra- h i g h  bri g h tn e s s ) .  W h i l e  i t  i s  n o t  
th e  i n te n ti o n  o f  th i s  Te ch n i cal  S pe ci fi c ati o n  to  s p e ci f y an  LE D  cl as s i f i c ati o n ,  th e  fo l l o wi n g  are  
d i ffe re n t  co m m o n  t yp e s  o f  LE D  p ackag e s :  

•  h i g h - po we r LE D s  ( i n c l u d e s  h i g h - bri g h tn e s s ) :  

– wi re - b o n d e d  t yp e s ;  

– f l i p- c h i p  t yp e s ;  

– wafe r  l e ve l  c h i p  t yp e s .  

•  m i d - p o we r LE D s :  

– m ai n l y wi re - b o n d e d  t yp e s ;  

– ch i p- o n - b o ard  t yp e s  ( u s u al l y n o t  re fl o w o r wave  s o l d e ri n g  bu t  m e ch an i cal l y m o u n te d ) .  

•  l o we r- po we r LE D s :  

– m ai n l y wi re - b o n d e d  t yp e s .  

S u bc l au s e s  5 . 1 1 ,  5 . 1 2  an d  5 . 1 3  s pe ci f y a s e t  o f  q u al i f i c ati o n  te s ts  th at  s h al l  b e  c o n s i d e re d  fo r  
n e w LE D  packag e  an d  i n te rc o n n e cts  q u al i f i cati o n s .  W h e re  appro pri ate ,  f am i l y q u al i f i c ati o n s  
can  be  d o n e ,  acc o rd i n g  to :  

•  s am e  ch i p  te c h n o l o g y i n  d i ffe re n t  LE D  p ackag e s ;  

•  s am e  p h o s p h o r s ys te m s  i n  d i ffe re n t  LE D  p ackag e s ;  

•  s am e  p ackag e  fo o tpri n t  i n  d i ffe re n t  LE D  p ackag e s .  

An  e xam p l e  q u al i f i c ati o n  f l o wch art  i s  d e p i cte d  i n  F i g u re  D . 1 .  

5.2  Sampl ing  requ irements  

U n l e s s  s p e c i f i e d  o th e rwi s e ,  a  to tal  o f  at  l e as t  3 0  LE D  p ackag e s  take n  fro m  th re e  d i ffe re n t  
batc h e s  o f  1 0  e ac h  s h al l  be  u s e d .  Fo r  fam i l y q u al i f i cati o n ,  th e  th re e  d i ffe re n t  b atc h e s  s h al l  b e  
co n s i d e re d  to  re pre s e n t  th e  vari e t y o f  th e  q u al i f i cati o n  fam i l y.  

E xc e p ti o n s  to  th e  s pe c i f i e d  s am pl e  s i z e  s h al l  be  n o te d  wi th  th e  re as o n i n g  th at  j u s t i f i e s  
e q u i val e n t  re l i ab i l i t y s t i l l  b e i n g  d e m o n s trate d .  Th i s  m ay be  appro pri ate  wh e re  m u l t i p l e  
LE D  d i e s  are  i n co rp o rate d  i n  th e  p ackag e ,  fo r  e x am pl e  c h i p- o n - b o ard  d e vi c e s .  

5.3  Production  requ i rements  

Al l  q u al i f i cati o n  LE D  p ac kag e s  s h al l  b e  pro d u ce d  o n  to o l i n g  an d  pro ce s s e s  re pre s e n tati ve  fo r  
th o s e  th at  wi l l  b e  u s e d  to  s u p po rt  LE D  packag e  d e l i ve ri e s  at  pro j e cte d  p ro d u c ti o n  vo l u m e s .  
S am pl e  d e tai l s  s h al l  b e  re p o rte d  i n  th e  pri n ci pal  c o m po n e n t  te s t  re p o rt  ( An n e x  F) .  

___________ 

1   Ad apt e d  fro m  s o u rc e :  LE D i n s i d e ,  wi t h  th e  pe rm i s s i o n  o f  th e  a u t h o r( s ) .  
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5.4  Assembly of  LED  packages on  test  boards  

LE D  p ackag e s  m a y n e e d  to  b e  as s e m bl e d  o n  te s t  b o ard s .  An  app ro pri ate  ch o i ce  o f  te s t  
bo ard ,  i n te rc o n n e ct  m ate ri al  an d  pro ce s s  s h al l  b e  m ad e  b y th e  m an u fac tu re r.  Th e  ch o i ce  o f  
te s t  b o ard ,  i n te rc o n n e c t  m ate ri al  an d  pro ce s s  s h al l  b e  d o cu m e n te d  fo r e ach  i n d i vi d u al  te s t  i n  
th e  pri n ci p al  c o m po n e n t  te s t  re p o rt  ( An n e x F) .  

5.5  Moisture precondi t ion ing  

M o i s tu re  p re c o n d i ti o n i n g  i s  ap p l i cab l e  to  s u rfac e - m o u n tab l e  d e vi ce s  d e s i g n e d  fo r re fl o w 
s o l d e ri n g .  LE D  p ackag e s  s h al l  b e  s u bj e c t e d  to  m o i s tu re  pre co n d i t i o n i n g  acco rd i n g  to  J - S TD -
0 2 0 E  fo r te s ts  s p e c i f i e d  i n  5 . 1 1 . 2 . 1 ,  5 . 1 1 . 2 . 2 ,  5 . 1 1 . 2 . 3 ,  5 . 1 1 . 3 . 1 ,  5 . 1 1 . 4. 1  an d  5 . 1 1 . 4 . 2 .  Th e  
ch o i c e  o f  th e  pre co n d i t i o n i n g  l e ve l  s h al l  be  d o cu m e n te d  fo r  e ach  i n d i vi d u al  te s t  i n  th e  
pri n ci p al  c o m po n e n t  te s t  re p o rt  ( s e e  An n e x  F ) .  Th e  i n i ti al  e l e c tri cal  an d  p h o to m e tri c  te s t  ( s e e  
5 . 7)  s h al l  be  e xe c u te d  afte r th e  m o i s tu re  pre co n d i t i o n i n g .  

5.6  Thermal  characteristi cs  

Th e  val u e  o f  e i th e r th e  s o l d e r p o i n t  te m pe ratu re  ( ts ) ,  j u n cti o n  te m pe ratu re  ( tj )  o r  th e rm al  
re s i s tan ce  (RΘ)  s h al l  b e  d e te rm i n e d  acc o rd i n g  to  J E S D 5 1 - 5 1 .  

5.7  Pre-  and  post-stress electrical  and  photometric  requ irements  

E l e c tri c al  an d  p h o to m e tri c  val u e s  s h al l  b e  m e as u re d  at  th e  te s t  co n d i t i o n s  as  s p e c i f i e d  i n  th e  
pro d u ct  s p e c i fi cati o n  b e fo re  an d  afte r s tre s s  te s t i n g .  I n te rm e d i ate  m e as u re m e n ts  ( re ad  p o i n ts )  
are  p e rm i tte d  an d  m ay be  u s e d  fo r d i ag n o s ti c  pu rp o s e s .  Al l  LE D  p ackag e s  u s e d  fo r  
q u al i f i cati o n  s h al l  m e e t  th e  pro d u ct  s pe ci f i cati o n  param e te rs  m e as u re d  at  th e  te s t  co n d i t i o n s  
be f o re  s tre s s  te s ti n g .  LE D  p ackag e s  s h al l  b e  te s te d  at  th e  o p e rati n g  cu rre n t  s p e c i fi e d  i n  th e  
ap pro p ri ate  LE D  packag e  s p e ci fi c ati o n  ( m an u factu re r d atas h e e t)  pri o r  to  an d  afte r  th e  
q u al i f i cati o n s  te s ts .  Th e  fo l l o wi n g  p aram e te rs  s h al l  b e  m e as u re d :  

•  l u m i n o u s  f l u x  o r  rad i an t  p o we r ( wh i ch e ve r i s  ap pro pri ate ) ;  

•  fo rward  vo l tag e ;  

•  co l o u r c o o rd i n ate s  o r  d o m i n an t /p e ak wave  l e n g th  ( wh i ch e ve r i s  ap pro pri ate ) .  

5.8  Pre-  and  post-stress visual  inspection  

Th e  co n s tru c ti o n ,  m arki n g  an d  f i n i s h i n g  o f  th e  LE D  p ackag e  s h o u l d  be  i n s pe c te d  acco rd i n g  to  
J E S D 2 2 - B1 0 1 B pri o r to  an d  afte r  th e  q u al i f i c ati o n  te s ts .  

5.9  Solderabi l i ty and  resistance to  soldering  heat  

5.9. 1  Solderabi l i ty 

Th e  o bj e cti ve  o f  th e  s o l d e rab i l i t y te s t  i s  to  ve ri f y th e  s o l d e rabi l i t y o f  th e  d e vi c e s .  Th i s  
ve ri f i c ati o n  i s  m ad e  o n  th e  ab i l i t y o f  th e  p i n s  to  be  we tt e d  o r  c o ate d  b y s o l d e r.  Th e  
s o l d e rab i l i t y o f  th e  LE D  p ackag e  s h al l  be  te s te d  an d  m e e ti n g  th e  co m pl i an c e  cri te ri a 
acco rd i n g  to  I E C  6 0 0 6 8 - 2 - 5 8 .  Th e  s o l d e rabi l i t y o f  th e  LE D  packag e  wi th  l e ad s  s h al l  b e  te s te d  
an d  m e e t th e  co m pl i an c e  cri te ri a acco rd i n g  to  I E C  6 0 0 6 8 - 2 - 2 0 .  Al te rn ati ve l y J - S TD - 0 0 2 D  m ay 
be  ap p l i e d .  

5.9.2  Resistance  to  soldering  heat  (RSH-reflow)  test  

Th e  o bj e c ti ve  o f  th e  re s i s tan c e  to  s o l d e ri n g  h e at  te s t  i s  to  e val u ate  th e  pe rf o rm an c e  o f  th e  
LE D  p ackag e  u n d e r  s tre s s  d u e  to  s o l d e ri n g  h e at.  Th e  LE D  packag e  s h al l  be  te s te d  an d  m e e t  
th e  c o m pl i an ce  cri te ri a acco rd i n g  to  J - STD - 0 2 0 E .  Th i s  te s t  app l i e s  o n l y to  LE D  p ackag e s  th at  
are  s pe ci fi e d  f or re fl o w s o l d e ri n g .  
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5. 1 0  Fai lu re cri teria  

Th e  LE D  packag e  an d  i n te rco n n e cts  pri n c i p al  co m po n e n ts  are  co n s i d e re d  to  h ave  fai l e d  i f  an y 
o f  th e  fo l l o wi n g  cri te ri a  app l i e s  fo r  e ac h  i te m  i n  th e  te s t.  

a)  Fo rward  vo l tag e  Vf  at  th e  s p e ci fi e d  o p e rati n g  c u rre n t  If  d e vi ate s  b y m o re  th an  ± 1 5  % fro m  
th e  i n i t i al  val u e .  R ad i an t  p o we r o r  l u m i n o u s  f l u x  o r  i n te n s i t y at  th e  s p e ci f i e d  o p e rati n g  
cu rre n t  If  d e vi ate s  b y m o re  th an  ± 2 0  % fro m  th e  i n i t i al  val u e .  

b)  C h ro m ati c i t y (u’v’)  at  th e  s p e c i f i e d  o pe rati n g  cu rre n t  If  o f  LE D  p ackag e s  e m i tt i n g  wh i te  
l i g h t  afte r th e  q u al i f i c ati o n  te s t  d e vi ate s  b y m o re  th an  0 , 0 0 6  fro m  th e  i n i t i al  val u e ,  wh e re  

∆u’v’  =  S Q R T( (∆u’) 2  +  (∆v’) 2 ) .  

N O TE  ∆u’  an d  ∆v’  a re  d e fi n e d  i n  I S O  1 1 6 6 4 - 5 : 2 0 0 9 .  

c)  Th e  LE D  p ackag e  e x h i b i ts  e xte rn al l y vi s i b l e  ph ys i c al  d am ag e  attri bu tab l e  to  th e  
q u al i f i cati o n  te s t.  H o we ve r,  i f  th e  c au s e  o f  fai l u re  i s  ag re e d  to  b e  d u e  to  m i s h an d l i n g  o r  
e l e ctro s tati c  d i s ch arg e  ( E SD ) ,  th e  fai l u re  s h al l  n o t  b e  co u n te d ,  b u t  re p o rte d  as  p art  o f  th e  
pri n c i p al  c o m po n e n t  te s t  re p o rt.  

d )  Th e  LE D  p ackag e  i n te rc o n n e cts  to  th e  te s t  b o ard  fai l e d ,  vi s u al l y o bs e rve d  wi th  z e ro  l i g h t  
o u tpu t.  P e rfo rm  cro s s - s e cti o n al  an al ys i s  o n  fai l e d  s am pl e s  i n  o rd e r to  d i s cri m i n ate  o th e r  
fai l u re  m o d e s  fro m  s o l d e r j o i n t  fai l u re s  ( An n e x  E ) .  

Fo r  LE D  p ackag e s  a d e s tru cti ve  p h ys i cal  an al ys i s  ( D P A)  s h o u l d  b e  p e rfo rm e d  acc o rd i n g  to  
An n e x E  o n  two  ran d o m  s am pl e s  o f  s u rvi vi n g  u n i ts  afte r c o m pl e ti o n  o f  th e  fo l l o wi n g  te s ts  
wh e re  app l i c ab l e  acc o rd i n g  to  th e  ap p l i cati o n  pro fi l e :  TM C L te s t,  W H TOL te s t  an d  H 2 S  te s t.  

Fo r LE D  p ackag e  i n te rc o n n e cts  a  d e s tru c ti ve  p h ys i cal  an al ys i s  ( D P A)  s h o u l d  b e  pe rf o rm e d  
acco rd i n g  to  An n e x  E  o n  two  ran d o m  s am pl e s  o f  s u rvi vi n g  u n i ts  afte r  co m pl e ti o n  o f  th e  
fo l l o wi n g  te s ts  wh e re  ap p l i c ab l e  acc o rd i n g  to  th e  ap p l i cati o n  pro fi l e :  TM C L te s t  an d  VVF  te s t.  
Th e  p o s t  e l e c tri cal  an d  ph o to m e tri c  te s t  o f  th e s e  s am pl e s  s h al l  b e  e xe cu te d  be f o re  th e  
d e s tru cti ve  ph ys i cal  an al ys i s .  

I t  i s  re c o m m e n d e d  th at  fai l u re s  fo u n d  d u ri n g  th e  q u al i f i c ati o n  te s t  b e  fu l l y i n ve s ti g ate d  u n ti l  
th e  ro o t  cau s e  i s  fo u n d .  

5.1 1  In i t ial  qual i fi cation  tests  for  LED  packages  

5. 1 1 . 1  General  

Th e  i n i t i al  q u al i f i c ati o n  te s ts  fo r  LE D  p ackag e s  are  g ro u p e d  as  fo l l o ws :  

•  te m pe ratu re  an d  o p e rati o n  s tre s s :  

– Lo w te m pe ratu re  o p e rati n g  l i fe  ( LTO L) ;  

– H i g h  te m p e ratu re  o p e rati n g  l i fe  ( H TO L) ;  

– P u l s e d  o pe rati n g  l i fe  ( P LT) .  

•  th e rm o - m e ch an i cal  s tre s s :  

– Te m pe ratu re  c yc l i n g  ( TM C L) ;  

– Vi b rati o n s  vari ab l e  fre q u e n c y ( VVF) .  

•  te m pe ratu re  an d  h u m i d i ty s tre s s :  

– W et  h i g h  te m pe ratu re  o p e rati n g  l i f e  (W H TO L) ;  

– D am p h e at  c yc l i n g  ( D H C ) .  

•  e l e c tri cal  s tre s s :  

– E l e c tri c al  s tre s s  – E SD - H B M .  

•  e n vi ro n m e n tal  s tre s s :  

– H yd ro g e n  s u l ph i d e  ( H 2 S ) ;  
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– Fl o wi n g  m i xe d  g as  c o rro s i o n  ( F M G C ) ;  

– S O 2  te s t  ( S O 2 ) .  

5.1 1 .2  Temperature and  operation  stress  

5. 1 1 .2. 1  Low temperature  operating  l i fe  (LTOL)  

Th e  pu rp o s e  o f  th i s  I Q T i s  to  e val u ate  th e  pe rf o rm an c e  o f  th e  LE D  p ackag e  u n d e r s tre s s  d u e  
to  l o w am bi e n t  te m pe ratu re  (tam b)  o p e rati o n .  Th e  te s t  s h al l  b e  co n d u cte d  acc o rd i n g  to  
J E S D 2 2 - A1 0 8 D ;  th e  fo l l o wi n g  te s t  c o n d i t i o n s  ap pl y:  

•  d u rati o n  1  0 0 0  h ;  

•  tam b  =  −4 0  ° C .  

Th e  LE D  p ackag e  s h al l  be  o p e rate d  at  th e  c o rre s po n d i n g  m ax i m u m  rate d  o p e rati n g  cu rre n t  
an d  ts ,  tj  o r  R

Θ
 s h al l  b e  re p o rte d .  

C o m pl i an ce  i s  c h e cke d  b y ap p l yi n g  th e  fai l u re  cri te ri a  o f  5 . 1 0  to  th e  te s t  re s u l ts  o btai n e d  fro m  
th e  pre -  an d  pos t- s tre s s  te s ts  acc o rd i n g  to  5 . 7  an d  5 . 8 .  

5. 1 1 .2.2  H igh  temperature  operating  l i fe  (HTOL)  

Th e  pu rp o s e  of  th i s  I Q T i s  to  e val u ate  th e  pe rfo rm an c e  o f  th e  LE D  p ackag e  u n d e r s tre s s  d u e  
to  h i g h  te m pe ratu re  o p e rati o n .  Th e  t e s t  s h al l  b e  c o n d u cte d  acco rd i n g  to  J E S D 2 2 - A1 0 8 D ;  th e  
fo l l o wi n g  te s t  co n d i t i o n s  ap p l y.  

Fo r e ach  te s t  co n d i t i o n ,  a  m i n i m u m  to tal  o f  78  LE D  packag e s  take n  fro m  3  d i ffe re n t  batch e s  o f  
2 6  e ac h  s h al l  be  u s e d :  

•  d u rati o n  1  0 0 0  h ;  

•  te s t i n g  s h al l  be  d o n e  at:  

– th e  m axi m u m  o pe rati n g  cu rre n t  at  th e  c o rre s p o n d i n g  al l o we d  tam b ;  an d  

– th e  m ax i m u m  tam b  wi th  th e  co rre s p o n d i n g  al l o we d  o p e rati n g  c u rre n t.  

N O TE  Th e  m a xi m u m  o pe rati n g  cu rre n t  a n d  th e  m a xi m u m  tam b  c an  o ccu r at  th e  s am e  co n d i t i o n .  

I n  al l  cas e s  ts ,  tj  o r  R
Θ

 s h al l  be  re p o rte d .  

C o m pl i an ce  i s  ch e cke d  b y ap p l yi n g  th e  fai l u re  cri te ri a  o f  5 . 1 0  to  th e  te s t  re s u l ts  o btai n e d  fro m  
th e  pre -  an d  po s t- s tre ss  te s ts  acc o rd i n g  to  5 . 7  an d  5 . 8 .  

5. 1 1 .2.3  Pu lsed  operating  l i fe  (PLT)  

Th e  pu rp o s e  o f  th i s  I QT i s  to  e val u ate  th e  pe rfo rm an c e  o f  th e  LE D  p ackag e  u n d e r s tre s s  d u e  
to  p u l s e d  o p e rati o n ,  fo r  e xam p l e  f o r p u l s e d  wi d th  m o d u l ati o n .  Th e  LE D  p ackag e  s h al l  b e  
te s te d  acco rd i n g  to  J E SD 2 2 - A1 0 8 D ,  th e  fo l l o wi n g  te s t  co n d i t i o n s  ap p l y:  

•  d u rati o n  1  0 0 0  h ;  

•  tam b  =  5 5  ° C ;  

•  pu l s e  wi d th  1 0 0  µs ,  d u t y c yc l e  3  %.  

Th e  LE D  p ackag e  s h al l  b e  o pe rate d  at  th e  co rre s p o n d i n g  m axi m u m  rate d  o pe rati n g  c u rre n t.  

C o m pl i an ce  i s  ch e cke d  b y ap p l yi n g  th e  fai l u re  cri te ri a  o f  5 . 1 0  to  th e  te s t  re s u l ts  o btai n e d  fro m  
th e  pre -  an d  po s t- s tre s s  te s ts  acc o rd i n g  to  5 . 7  an d  5 . 8 .  
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5.1 1 .3  Thermo-mechanical  stress  

5. 1 1 .3. 1  Temperature cycl ing  (TMCL)  

Th e  p u rpo s e  o f  th i s  I Q T i s  to  e val u ate  th e  p e rfo rm an ce  o f  th e  LE D  packag e ,  c h i p  an d  
wi re /ch i p  b o n d  i n te g ri t y u n d e r m e ch an i c al  s tre s s  d u e  to  e xtre m e  te m pe ratu re  c ycl e s  wi th o u t  
o p e rati o n  o f  th e  LE D  packag e .  Th e  LE D  packag e  s h al l  b e  te s te d  acc o rd i n g  to  
J E S D 2 2 - A1 0 4D .  A m i n i m u m  to tal  o f  7 8  LE D  p ackag e s  take n  fro m  th re e  d i ffe re n t  batc h e s  o f  2 6  
e ac h  s h al l  be  u s e d .  Th e  f o l l o wi n g  te s t  c o n d i t i o n s  app l y:  

•  d u rati o n  wi th  a  m i n i m u m  o f  5 0 0  c ycl e s ;  

•  s o ak m o d e  4  ( m i n i m u m  so ak t i m e  1 5  m i n ) .  

Th e  fo l l o wi n g  m i n i m u m  an d  m axi m u m  te m pe ratu re s  fo r tam b  s h al l  b e  ch o s e n  b y th e  
m an u factu re r:  

•  TM C L c o n d i t i o n :  tam b , m i n  =  −4 0  ° C ;  tam b , m ax  as  s pe ci f i e d  b y th e  m an u factu re r wi th  th e  
m i n i m u m  val u e  o f  8 5  ° C .  

Th e  TM C L co n d i t i o n  cl o s e s t  to  th e  m an u f actu re r’ s  o p e rati n g  te m pe ratu re  ran g e  acco rd i n g  to  
th e  ap pro pri ate  LE D  p ackag e  s p e ci fi c ati o n  ( ap pl i cati o n  pro fi l e ,  m an u f actu re r d atas h e e t)  s h al l  
be  ch o s e n  u n l e s s  th e  m an u factu re r wi s h e s  to  te s t  co m p l i an ce  wi th  a  m o re  s e ve re  c ycl e  
co n d i t i o n .  Th e  ch o i ce  o f  th e  TM C L c ycl e  co n d i t i o n  an d  th e  tran s fe r  t i m e  s h al l  b e  re p o rte d .  

C o m pl i an ce  i s  c h e cke d  b y ap p l yi n g  th e  fai l u re  cri te ri a  o f  5 . 1 0  to  th e  te s t  re s u l ts  o btai n e d  fro m  
th e  pre -  an d  po s t- s tre s s  te s ts  acc o rd i n g  to  5 . 7  an d  5 . 8 .  

5. 1 1 .3.2  Vibrations variable  frequency (VVF)  

Te s ti n g  th e  LE D  p ackag e s  u n d e r vari abl e  fre q u e n c y vi brati o n s  i s  i n  g e n e ral  e x e cu te d  wh e n  
m o u n te d  o n  a pri n te d  ci rcu i t  bo ard .  S u bc l au s e  5 . 1 2  d e s cri b e s  th e  te s t  p aram e te rs  
acco rd i n g l y.  

P re co n d i t i o n i n g  acco rd i n g  to  5 . 5  i s  n o t  re q u i re d .  

C o m pl i an ce  i s  ch e cke d  b y ap p l yi n g  th e  fai l u re  cri te ri a  o f  5 . 1 0  to  th e  te s t  re s u l ts  o btai n e d  fro m  
th e  pre -  an d  po s t- s tre s s  te s ts  acc o rd i n g  to  5 . 7  an d  5 . 8 .  

5.1 1 .4  Temperature and  humid i ty stress  

5. 1 1 .4. 1  Wet  h igh  temperature  operating  l i fe  (WHTOL)  

Th e  pu rp o s e  o f  th i s  I Q T i s  to  e val u ate  th e  pe rfo rm an ce  o f  th e  LE D  p ackag e  u n d e r s tre s s  d u e  
to  te m pe ratu re  an d  h u m i d i t y d u ri n g  o p e rati o n .  Te m pe ratu re ,  h u m i d i t y an d  o p e rati n g  cu rre n t  
are  u s e d  to  acce l e rate  th e  p e n e trati o n  o f  m o i s tu re  th ro u g h  an y pro te cti ve  m ate ri al  to  r e ve al  
co rro s i o n  o r  m i g rati o n  m e ch an i s m s  cau s e d  b y m ate ri al  i n c o m pati b i l i t y,  m i s pro c e s s i n g  o r  
m i s h an d l i n g  wh i ch  m a y l e ad  to  re d u ce d  re l i ab i l i t y.  Th e  LE D  p ackag e  s h al l  be  te s te d  acc o rd i n g  
to  J E S D 2 2 - A1 0 1 C .  A m i n i m u m  to tal  o f  7 8  LE D  p ackag e s  take n  fro m  3  d i ffe re n t  b atc h e s  o f  2 6  
e ac h  s h al l  be  u s e d .  Th e  f o l l o wi n g  te s t  c o n d i t i o n s  app l y:  

•  d u rati o n  1   0 0 0  h ;  

•  tam b  =  8 5  ° C ;  

•  8 5  % re l ati ve  h u m i d i t y;  

•  po we r c yc l e  1  h  o n /1  h  o f f.  

Th e  te s ts  s h al l  b e  p e rfo rm e d  at  th e  c o rre s p o n d i n g  m ax i m u m  rate d  o p e rati n g  cu rre n t  ( i . e .  
rati n g  at  tam b  =  6 0  ° C  o r  tam b  =  8 5  ° C ) .  



I E C  T S  6 2 8 6 1 : 2 0 1 7 © I E C  2 0 1 7  – 1 9  – 

C o m pl i an ce  i s  c h e cke d  b y app l yi n g  th e  fai l u re  cri te ri a  o f  5 . 1 0  to  th e  te s t  re s u l ts  o btai n e d  fro m  
th e  pre -  an d  po s t- s tre s s  te s ts  acc o rd i n g  to  5 . 7  an d  5 . 8 .  

5. 1 1 .4.2  Damp heat  cycl ing  (DHC)  

Th e  pu rp o s e  o f  th i s  I QT i s  to  e val u ate  th e  pe rfo rm an c e  o f  th e  LE D  p ackag e  u n d e r s tre s s  d u e  
to  te m pe ratu re  an d  h u m i d i t y c yc l i n g .  Th e  LE D  packag e  s h al l  b e  te s te d  acco rd i n g  to  
I E C  6 0 0 6 8 - 2 - 3 0 ,  th e  f o l l o wi n g  te s t  c o n d i t i o n s  ap pl y:  

•  −1 0  ° C /2 5  ° C  d ry;  

•  2 5  ° C /6 5  ° C ,  9 0  % re l at i ve  h u m i d i t y;  

•  1 0  c yc l e s ;  

•  2 4  h /c yc l e .  

C o m pl i an ce  i s  c h e cke d  b y app l yi n g  th e  fai l u re  cri te ri a  o f  5 . 1 0  to  th e  te s t  re s u l ts  o btai n e d  fro m  
th e  pre -  an d  po s t- s tre s s  te s ts  acc o rd i n g  to  5 . 7  an d  5 . 8 .  

5.1 1 .5  Electrical  stress  – ESD-HBM  

E l e ctri cal  s tre s s  i s  te s te d  b y an  e l e ctro s tati c  d i s ch arg e ,  h u m an  b o d y m o d e l  te s t  ( E S D - H B M ) .  
Th e  o bj e cti ve  o f  th i s  I QT i s  to  ve ri f y th at  th e  pro d u ct  i s  ro b u s t  ag ai n s t  e l e ctro s tati c  d i s ch arg e  
as  s p e c i fi e d .  Th e  H B M  s i m u l ate s  th e  e l e ctro s tati c  d i s ch arg e  wh i ch  i s  t yp i c al l y o bs e rve d  d u ri n g  
m an u al  h an d l i n g  o f  d e vi c e s  b y a pe rs o n  wi th o u t  an y E S D  pro te cti o n .  Th e  LE D  p ackag e  s h al l  
be  te s te d  acc o rd i n g  to  AN S I /E S D A/J E D E C  J S - 0 0 1 ,  u s i n g  th e  h u m an  b o d y m o d e l .  Th e  H B M  
E S D  co m po n e n t  c l as s i f i cati o n  l e ve l  ( vo l tag e  l e ve l )  s h al l  b e  re p o rte d  i n  th e  pri n ci p al  
co m po n e n t  te s t  re p o rt,  s e e  An n e x F .  

5. 1 1 .6  Envi ronmental  stress  

5. 1 1 .6. 1  General  

P re co n d i t i o n i n g  acco rd i n g  to  5 . 5  i s  n o t  re q u i re d .  

Th e  fai l u re  cri te ri o n  i n  5 . 1 0  a)  fo r  rad i an t  p o we r o r  l u m i n o u s  f l u x  o r  i n te n s i t y at  th e  s pe c i f i e d  
o p e rati n g  cu rre n t  d o e s  n o t  app l y.  I n s te ad ,  th e  rad i an t  p o we r o r l u m i n o u s  f l u x  o r  i n te n s i t y s h al l  
n o t  d e cre as e  b y m o re  th an  3 0 % fro m  th e  i n i t i al  val u e .  

5.1 1 .6.2  Hydrogen  su lph ide  (H2S)  

Th e  o bj e cti ve  o f  th i s  I Q T i s  to  d e te rm i n e  th e  c o rro s i ve  i n f l u e n c e  o f  t yp i c al  o p e rati n g  an d  
s to rag e  e n vi ro n m e n ts .  

Th e  re s i s tan c e  to  h yd ro g e n  s u l p h i d e  s h al l  b e  te s te d  acco rd i n g  to  I E C  6 0 0 6 8 - 2 - 4 3 ;  th e  
fo l l o wi n g  te s t  c o n d i t i o n s  ap p l y:  

•  a i r  te m pe ratu re  2 5  ° C ;  

•  75  %  re l ati ve  h u m i d i t y;  

•  H 2 S  c o n ce n trati o n :  1 0  ×  1 0−6  to  1 5  ×  1 0−6  vo l /vo l  ( parts  p e r m i l l i o n ) ,  bal an ce  ai r;  

•  d u rati o n  5 0 4  h .  

C o m pl i an ce  i s  c h e cke d  b y ap p l yi n g  th e  fai l u re  cri te ri a  o f  5 . 1 0  to  th e  te s t  re s u l ts  o btai n e d  fro m  
th e  pre -  an d  po s t- s tre s s  te s ts  acc o rd i n g  to  5 . 7  an d  5 . 8 .  

5. 1 1 .6.3  Flowing  m ixed  gas  corrosion  (FMGC)  

Th e  re s i s tan c e  to  c o rro s i ve  g as  atm o s ph e re  s h al l  be  te s te d  acco rd i n g  to  I E C  6 0 0 6 8 - 2 - 6 0 ;  th e  
fo l l o wi n g  I Q T c o n d i ti o n s  ap p l y:  
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•  te s t  m e th o d  4 ;  

•  a i r  te m pe ratu re  2 5  ° C ;  

•  75  %  re l ati ve  h u m i d i t y;  

•  co n c e n trati o n s :  

– H 2 S  c o n ce n trati o n :  1 0  ×  1 0−9  vo l /vo l  ( p arts  pe r b i l l i o n ) ,  bal an ce  ai r;  

– N O 2  co n c e n trati o n :  2 0 0  ×  1 0−9  vo l /vo l  ( p arts  p e r  b i l l i o n ) ,  bal an ce  ai r;  

– C l 2  c o n ce n trati o n :  1 0  ×  1 0−9  vo l /vo l  ( parts  p e r b i l l i o n ) ,  b al an c e  ai r;  

– S O 2  c o n c e n trati o n :  2 0 0  ×  1 0−9  vo l /vo l  ( p arts  p e r  b i l l i o n ) ,  bal an ce  ai r;  

•  d u rati o n  5 0 0  h .  

C o m pl i an ce  i s  c h e cke d  b y ap p l yi n g  th e  fai l u re  cri te ri a  o f  5 . 1 0  to  th e  te s t  re s u l ts  o btai n e d  fro m  
th e  pre -  an d  po s t- s tre s s  te s ts  acc o rd i n g  to  5 . 7  an d  5 . 8 .  

5. 1 1 .6.4  SO2  test  (SO2)  

Th e  re s i s tan ce  to  co rro s i ve  S O 2  atm o s p h e re  s h al l  b e  te s te d  acc o rd i n g  to  I E C  6 0 0 6 8 - 2 - 4 2 ;  th e  
fo l l o wi n g  I QT c o n d i ti o n s  ap p l y:  

•  d u rati o n  1 6 8  h ;  

•  a i r  te m pe ratu re  2 5  ° C ;  

•  75  %  re l ati ve  h u m i d i t y;  

•  S O 2  c o n c e n trati o n  2 5  ×  1 0−6  vo l /vo l  ( parts  p e r m i l l i o n ) ,  b al an ce  ai r.  

C o m pl i an ce  i s  c h e cke d  b y ap p l yi n g  th e  fai l u re  cri te ri a  o f  5 . 1 0  to  th e  te s t  re s u l ts  o btai n e d  fro m  
th e  pre -  an d  po s t- s tre s s  te s ts  acco rd i n g  to  5 . 7  an d  5 . 8 .  

5. 1 2  In i t ial  qual i fi cation  test  for  LED  package in terconnects – VVF 

LE D  p ackag e  i n te rco n n e cts  are  te s te d  b y a vi brati o n s  vari abl e  fre q u e n c y te s t  ( VVF) .  Th e  
o bj e cti ve  o f  th i s  I Q T i s  to  d e te rm i n e  th e  e ffe c t  o f  vi brati o n  o n  co m po n e n t  parts  i n  th e  s p e ci f i e d  
fre q u e n c y ran g e .  Th e  LE D  p ackag e  s h al l  be  te s te d  acc o rd i n g  to  J E S D 2 2 - B 1 0 3 B ;  th e  fo l l o wi n g  
te s t  co n d i ti o n s  app l y.  

U s e  a co n s tan t  d i s p l ac e m e n t o f  1 , 5  m m  ( d o u b l e  am pl i tu d e )  o ve r th e  ran g e  o f  2 0  H z  to  1 0 0  H z  
an d  a  2 0 0  m /s 2  c o n s tan t  pe ak acce l e rati o n  o ve r th e  ran g e  o f  1 0 0  H z  to  2  kH z .  

C o m pl i an ce  i s  ch e cke d  b y 5 . 1 0 .  

5.1 3  Accelerated  stress  tests  for  LED  package in terconnects  

5. 1 3. 1  General  

P re d i ct i o n  m o d e l s  are  n e e d e d  to  pro j e ct  th e  ac ce l e rate d  te s t  co n d i t i o n s  to  th e  ap p l i cati o n  
pro f i l e s  ( An n e x A) .  Th e  avai l ab l e  acc e l e rati o n  m o d e l s  are  d e s cri b e d  i n  An n e x B .  Tab l e  1  
m aps  th e  q u al i fi c ati o n  te s t  fo r  th e  LE D  p ackag e  i n te rco n n e cts  wi th  th e  acce l e rati o n  m o d e l  th at 
i s  app l i c ab l e  f o r th i s  te s t.  

Table  1  – Mapping  the LED  package in terconnects  qual i ficat ion  tests  to  the  
useable acceleration  model  wi th  typical  range of  the acceleration  factor  

Qual i fi cation  test  Acceleration  model  Typical  range of  acceleration  factor  

I n te rco n n e c t  te m p e ratu re  cyc l i n g  
( TM C L )  

C o ff i n - M an s o n  o r N o rri s - L an d z be rg  5  t o  1 5  
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5.1 3.2  In terconnect  temperature  cycl ing  (TMCL)  

Th e  o bj e cti ve  o f  th i s  AS T i s  to  d e m o n s trate  th at  th e  s o l d e r j o i n ts '  i n te g ri ty i s  s tab l e  ag ai n s t  
m e ch an i cal  s tre s s  c au s e d  b y e xtre m e  te m pe ratu re  vari at i o n s .  Th e  TM C L co n d i t i o n  c l o s e s t  to  
th e  m an u factu re r’ s  o p e rati n g  te m pe ratu re  ran g e  acco rd i n g  to  th e  ap pro pri ate  LE D  p ackag e  
s pe c i f i cati o n  ( app l i c ati o n  pro f i l e ,  m an u factu re r  d atas h e e t)  s h al l  be  ch o s e n  u n l e s s  th e  
m an u factu re r wi s h e s  to  te s t  c o m pl i an ce  wi th  a m o re  s e ve re  c yc l e  c o n d i t i o n .  Th e  te m p e ratu re  
ch an g e  rate  s h al l  b e  b e twe e n  1 0  ° C /m i n  an d  1 5  ° C /m i n .  Th e  ch o i ce  o f  th e  TM C L c yc l e  
co n d i t i o n  an d  i n cl u d i n g  ch an g e  rate  s h al l  b e  re p o rte d .  Th e  LE D  p ackag e  i n te rc o n n e cts  s h al l  
be  te s te d  acco rd i n g  to  J E SD 2 2 - A1 0 4D ;  th e  fo l l o wi n g  te s t  co n d i t i o n s  ap p l y:  

•  d u rati o n :  acc o rd i n g  to  Tab l e  2 ;  

Table  2  – Duration  (cycles)  of  temperature  appl ication  

Maximum  solder poin t  temperatu re 
range i n  appl i cation  

Duration  (number of  cycles)  

°  C   

ts  ≤  75  5 0 0  

75  <  ts  ≤  8 5  7 5 0  

8 5  <  ts  ≤  9 0  1   5 0 0  

9 0  <  ts  ≤  9 5  2   0 0 0  

9 5  <  ts  ≤  1 0 0  2   5 0 0  

ts  >  1 0 0  >  3   0 0 0  

 

•  s o ak m o d e  4  ( m i n i m u m  so ak t i m e  1 5  m i n ) ;  

•  TM C L co n d i t i o n  fo r tam b :  −4 0  ° C  to  th e  h i g h e s t  s pe c i f i e d  te m p e ratu re  wi th  a  m i n i m u m  o f  
8 5  ° C .  

C o m pl i an ce  i s  ch e cke d  b y ap p l yi n g  th e  fai l u re  cri te ri a o f  5 . 1 0  c)  an d  5 . 1 0  d )  to  th e  te s t  re s u l ts  
o b tai n e d  fro m  th e  p re -  an d  po s t- s tre s s  te s ts  acco rd i n g  to  5 . 7  an d  5 . 8 .  

6 Optical  materials  

6.1  General  

Th e  p u rp o s e  o f  C l au s e  6  i s  to  d e te rm i n e  th at  an  o pti c al  m ate ri al  i s  cap ab l e  o f  p as s i n g  th e  
s pe c i f i e d  s tre s s  te s ts  an d  th u s  c an  b e  e xp e cte d  to  g i ve  a c e rtai n  l e ve l  o f  re l i ab i l i t y i n  g e n e ral  
l i g h ti n g  app l i c ati o n s .  P ri m ary o p ti cs  are  an  i n te g ral  p art  o f  th e  LE D  p ackag e .  Se co n d ar y 
op ti cs  are  al l  o th e r o pti c al  parts  re m o te  fro m  th e  LE D  p ackag e .  Al l  s e co n d ar y o p ti c al  p arts  
an d  co m po n e n ts  are  c o n s i d e re d ,  i n c l u d i n g :  

•  l i g h t- tran s m i tt i n g  parts  ( e . g .  l e n s e s ,  d i ffu s o rs ) :  

– po l yc arbo n ate ;  

– po l ym e th yl m e tacryl ate  ( P M M A) ;  

– s i l i co n e s .  

•  l i g h t- re f l e ct i n g  p arts  ( e . g .  re f l e c to rs ) :  

– d i ch ro i c- co ate d  g l as s ;  

– al u m i n i u m - co ate d  g l as s ;  

– al u m i n i u m - co ate d  p l as t i c ;  

– wh i te  p l as ti c /n o n - c o ate d  m ate ri al ;  

– m e tal l i c  re f l e c to rs ;  

– s i l ve r  c o ate d  p l as ti c ;  
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•  o p ti cal  co n ve rte rs  ( e . g .  re m o te  p h o s ph o r an d  co l o u r f i l te rs ) .  

E xcl u d e d  fro m  th i s  p ri n c i pal  c o m po n e n t  are  th e  o p ti cal  c o m po n e n ts  d i re ctl y m o u n te d  to  th e  
LE D  p ackag e  ( pri m ary o pti cs ) ;  th e y are  p art  o f  C l au s e  5 .  M ai n  s tre s s o rs  fo r o p ti cal  m ate ri al s  
are :  pro ce s s - i n d u ce d ;  te m pe ratu re ;  h u m i d i t y;  l i g h t  i n te n s i t y;  c h e m i cal  attack an d /o r  
m e ch an i c al  ( s e e  al s o  An n e x  A) .  S u bcl au s e s  6 . 8  an d  6 . 9  s p e ci f y a  s e t  o f  q u al i f i c ati o n  te s ts  
th at  s h al l  b e  c o n s i d e re d :  

•  wh e n  a  n e w m ate ri al  i s  s e l e c te d ;  

•  wh e n  a  n e w s u p pl i e r  i s  s e l e c te d ;  

•  wh e n  an  e xi s t i n g  s u p p l i e r  ch an g e s :  

– th e  pro ce s s ,  

– th e  l i s t  o f  m ate ri al s /p arts ;  

– th e  m an u factu ri n g  l o cati o n s .  

An  e xam p l e  q u al i f i c ati o n  f l o wch art  i s  d e p i cte d  i n  F i g u re  D . 2 .  

6.2  Optical  material  test  samples  

A m i n i m u m  o f  th re e  o pti cal  m ate ri al  s am p l e s  fro m  d i ffe re n t  batch e s  s h al l  be  u s e d  fo r e ac h  
q u al i f i c ati o n  te s t.  O p ti c al  te s t  s am pl e s  m a y h ave  an y g e o m e tri cal  s i ze ,  b u t  th i s  s h al l  b e  
re p o rte d  i n  th e  pri n ci p al  co m po n e n t  te s t  re p o rt  ( An n e x  F) .  Th e  pre fe rre d  s am pl e  g e o m e tr y i s  a  
f l at  p l ate ,  wi th  a  2 , 0  m m  th i ckn e s s .  

Al l  q u al i f i c ati o n  o pti c al  m ate ri al s  s h al l  b e  pro d u ce d  o n  to o l i n g  an d  pro ce s s e s  re pre s e n tati ve  
fo r  th o s e  th at  wi l l  b e  u s e d  to  s u pp o rt  LE D  pro d u c t  d e l i ve ri e s  at  pro j e c te d  p ro d u cti o n  vo l u m e s .  
Th e  pro ce s s  co n d i t i o n s  fo r  th e  o pti cal  m ate ri al s  fro m  s u pp l i e rs  s h al l  b e  re co rd e d .  D e vi ati o n s  
sh al l  b e  re p o rte d  i n  th e  p ri n ci p al  c o m po n e n t  te s t  re p o rt  ( An n e x  F) .  

Te s t  o ve n s /cab i n e ts  s h al l  be  cl e an  to  avo i d  c o n tam i n ati o n  o f  th e  s am pl e s  d u ri n g  q u al i f i c ati o n  
te s ti n g .  

6.3  Moisture precondi t ion ing  

M o i s tu re  pre c o n d i t i o n i n g  s h al l  b e  e xe c u te d  acco rd i n g  to  J E S D 2 2 - A1 1 3 F .  Th e  i n i t i al  
ph o to m e tri c  te s ts  acc o rd i n g  to  6 . 4  s h al l  b e  e xe c u te d  b e fo re  an d  afte r th e  m o i s tu re  
pre c o n d i t i o n i n g .  

6.4  Pre-  and  post-stress photometric  measurements  

At  re ad  p o i n ts  0  h ,  5 0 0  h  an d  1   0 0 0  h ,  th e  s p e c tral  tran s m i ttan ce  an d  re fl e ctan ce  s h al l  b e  
m e as u re d .  Th e s e  m e as u re m e n ts  are  a to o l  fo r  e val u ati n g  th e  d e g rad ati o n  o f  o p t i cal  pro p e rti e s  
d u ri n g  th e  pro d u c t  ag i n g  pro c e s s .  

Th e  tran s m i ttan ce  o f  th e  s am pl e s  i s  m e as u re d  u s i n g  a  U V- Vi s  s p e ctral  ph o to m e te r.  1 0 0  % 
tran s m i s s i o n  i s  cal i brate d  wi th  n o  s am pl e  i n  th e  be am  ( o n l y ai r  i n  th e  l i g h t  path ) ,  0  %  
tran s m i s s i o n  i s  c al i brate d  b y fu l l y b l o cki n g  th e  be am .  M e as u re m e n t  acc o rd i n g  to  I S O  1 3 46 8 - 1  
i s  al l o we d .  Th e  m e as u re m e n t  accu rac y o f  th e  tran s m i ttan c e  i n  th e  ran g e  fro m  3 0 0  n m  to  
80 0  n m  s h al l  be  wi th i n   0 , 2  %.  

Th e  re fl e ctan ce  o f  th e  s am pl e s  i s  m e as u re d  u s i n g  a d i ffu s e  re fl e cti o n  s pe ctro m e te r.  0  %  
re fl e ct i o n  i s  c al i brate d  wi th  n o  s am pl e  i n  th e  b e am  ( o n l y ai r  i n  th e  l i g h t  path ) ,  1 0 0  % re f l e ct i o n  
i s  c al i brate d  b y f u l l y b l o c ki n g  th e  b e am .  Th e  m e as u re m e n t accu rac y o f  th e  re fl e ctan c e  i n  th e  
ran g e  fro m  3 0 0  n m  to  8 0 0  n m  s h al l  b e  wi th i n  ± 0 , 2  %.  
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6.5  Adhesion  test  

Th e  ad h e s i o n  o f  co ati n g s  o n  th e  s am p l e s  s h al l  b e  m e as u re d  acco rd i n g  to  M I L- C - 48 4 9 7 A 
u s i n g  an  ad h e s i ve  tap e  o r e q u i val e n t  ( ad vi s e d  i s  S c o tch  S u p e r 3 3 + 2  tap e ,  fo r  co ati n g s  
s h o wi n g  h yd ro p h o b i c  s u rface ,  i t  i s  pre fe rab l e  to  u s e  a h yd ro p h o b i c  t yp e  o f  ad h e s i ve  tap e ) .  
Th i s  tap e  i s  ap pl i e d  to  th e  c o ate d  s u rface  an d  re m o ve d  wi th  a s n ap  acti o n ;  n o  vi s i b l e  p o rti o n  
o f  th e  c o ati n g  s h al l  be  re m o ve d ,  d i s re g ard i n g  pi n h o l e s .  

N O TE  D i g s  acc o rd i n g  to  M I L - C - 4 8 4 9 7 A a re  c o n s i d e re d  p i n h o l e s .  

6.6  Pre-  and  post-stress visual  inspection  

Th e  co n s tru c ti o n  an d  f i n i s h i n g  o f  th e  o pti cal  m ate ri al  s h o u l d  be  i n s pe c te d  p ri o r  to  an d  afte r  
th e  q u al i f i c ati o n  te s ts  i n  o rd e r  to  j u d g e  th e  vi s u al  s tate  o f  th e  s am pl e s .  

6.7  Fai lu re cri teria  

Th e  o pti cal  m ate ri al  pri n ci pal  co m p o n e n ts  are  c o n s i d e re d  to  h ave  fai l e d  i f  an y o f  th e  fo l l o wi n g  
cri te ri a  app l i e s  fo r  e ac h  i te m  i n  th e  te s t.  

•  M ax i m u m  1 0  % re d u c ti o n  i n  tran s m i ttan c e /re fl e ctan ce  at  an y wave l e n g th  ( i n  5  n m  
i n te rval s )  o ve r  th e  ran g e  3 8 0  n m  to  78 0  n m  ( co m p are d  to  0  h  val u e ) .  

•  Th e  o pti c al  m ate ri al  e xh i b i ts  e x te rn al l y vi s i b l e  p h ys i cal  d am ag e  attri bu tab l e  to  th e  
q u al i f i cati o n  te s t.  N o  vi s u al  o r  m e ch an i cal  d e fe cts  are  al l o we d .  Th i s  i n c l u d e s  d e f o rm ati o n s  
an d /o r d e l am i n ati o n ,  m e an i n g  th at  co ati n g s  s h al l  s h o w n o  e vi d e n ce  o f  f l aki n g ,  pe e l i n g ,  
cracki n g  o r  b l i s te ri n g .  

•  Th e  o pti c al  m ate ri al  e x h i b i ts  an  e xte rn al l y vi s i b l e  c o l o u r ch an g e  ( e . g .  ye l l o wi n g  o r  
bro wn i n g ) .  

D e s tru cti ve  ph ys i cal  an al ys i s  ( D P A)  s h o u l d  b e  p e rfo rm e d  fo r o pti c al  m ate ri al s  acco rd i n g  to  
An n e x E  o n  two  ran d o m l y s e l e cte d  s am pl e s  o f  g o o d  u n i ts  afte r co m p l e ti o n  o f  e ac h  te s t  
s pe c i f i e d  i n  6 . 1 0 ,  6 . 1 1  an d  6 . 1 2 .  Th e  p o s t  p h o to m e tri c  te s t  o f  th e s e  s am pl e s  s h al l  be  
e xe c u te d  b e fo re  th e  d e s tru cti ve  p h ys i c al  an al ys i s .  

I t  i s  re c o m m e n d e d  th at  fai l u re s  fo u n d  d u ri n g  th e  q u al i f i c ati o n  te s t  b e  fu l l y  i n ve s ti g at e d  u n t i l  
th e  ro o t  cau s e  i s  fo u n d .  

6.8  In i t ial  qual i fication  tests  

6.8. 1  Relative  humid i ty (RH)  

Th e  p u rp o s e  o f  th i s  I Q T i s  to  e val u ate  th e  pe rfo rm an ce  o f  co ate d  g l as s  m ate ri al  u n d e r s tre s s  
d u e  to  re l at i ve  h u m i d i ty.  T h e  te s t  s h al l  b e  c o n d u cte d  acco rd i n g  t o  th e  fo l l o wi n g  te s t  
pro c e d u re :  

•  e xp o s u re  to  a  te m pe ratu re  o f  40  ° C  an d  >  9 3  % re l ati ve  h u m i d i t y;  

•  d u rati o n :  2 4 0  h ;  

•  a i r  d r y an d  pe rf o rm  th e  ad h e s i o n  te s t  acco rd i n g  to  6 . 5 .  

C o m pl i an ce  i s  ch e cke d  b y ap p l yi n g  th e  fai l u re  cri te ri a o f  6 . 7  to  th e  te s t  re s u l ts  o b tai n e d  fro m  
th e  pre -  an d  po s t- s tre s s  te s ts  acc o rd i n g  to  6 . 6 .  

___________ 

2  S co tch ® S u p e r  3 3 +  i s  an  e xam pl e  o f  a  s u i t a bl e  p ro d u ct  a va i l a b l e  co m m e rci al l y.  Th i s  i n fo rm at i o n  i s  g i ve n  fo r th e  
c o n ve n i e n c e  o f  u s e rs  o f  t h i s  d o cu m e n t  a n d  d o e s  n o t  co n s ti t u t e  a n  e n d o rs e m e n t  b y I E C  o f  th i s  p ro d u ct.  
E q u i val e n t  p ro d u ct s  m ay be  u s e d  i f  th e y can  b e  s h o wn  t o  l e a d  to  t h e  s am e  re s u l ts .  
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6.8.2  Boi l ing  water (BW)  

Th e  p u rp o s e  o f  th i s  I Q T i s  to  e val u ate  th e  pe rfo rm an ce  o f  co ate d  g l as s  m ate ri al  u n d e r s tre s s  
d u e  to  b o i l i n g .  Th e  te s t  s h al l  b e  c o n d u c te d  acc o rd i n g  to  th e  fo l l o wi n g  pro ce d u re :  

•  e xp o s u re  to  b o i l i n g  wate r  fo r 1 0  m i n ;  

•  a i r  d ry an d  pe rf o rm  th e  ad h e s i o n  te s t  acco rd i n g  to  6 . 5 .  

C o m pl i an ce  i s  ch e cke d  b y ap p l yi n g  th e  fai l u re  cri te ri a o f  6 . 7  to  th e  te s t  re s u l ts  o b tai n e d  fro m  
th e  pre -  an d  po s t- s tre s s  te s ts  acco rd i n g  to  6 . 6 .  

6.8.3  Oven  water (OW)  

Th e  pu rp o s e  o f  th i s  I QT i s  to  e val u ate  th e  pe rfo rm an ce  o f  co ate d  m ate ri al  u n d e r s tre s s  d u e  to  
wate r  i n g re s s .  Th e  te s t  s h al l  b e  c o n d u c te d  acc o rd i n g  to  th e  fo l l o wi n g  pro c e d u re :  

•  s am pl e s  are  s u bm e rg e d  fo r 1 5  m i n  i n  d e i o n i z e d  wate r;  

•  h e ate d  i n  an  o ve n  to  3 0 0  ° C  fo r  3 0  m i n ;  

•  co o l  d o wn  to  ro o m  te m pe ratu re ;  

•  a i r  d ry an d  pe rf o rm  th e  ad h e s i o n  te s t  acco rd i n g  to  6 . 5 .  

Co m pl i an ce  i s  ch e cke d  b y ap p l yi n g  th e  fai l u re  cri te ri a  o f  6 . 7  to  th e  te s t  re s u l ts  o b tai n e d  fro m  
th e  pre -  an d  po s t- s tre s s  te s ts  acc o rd i n g  to  6 . 6 .  

6.8.4  H igh  temperature  exposure  (HTE)  

Th e  pu rp o s e  o f  th i s  I QT i s  to  e val u ate  th e  pe rfo rm an c e  o f  co ate d  m ate ri al  u n d e r s tre s s  d u e  to  
h i g h  te m pe ratu re s .  Th e  te s t  s h al l  b e  c o n d u cte d  acco rd i n g  to  th e  fo l l o wi n g  pro ce d u re :  

•  s am pl e s  are  s u bj e cte d  to  a  te m pe ratu re  o f  2 5 0  ° C ;  

•  d u rati o n :  1   0 0 0  h ;  

•  a i r  d ry an d  pe rf o rm  th e  ad h e s i o n  te s t  acco rd i n g  to  6 . 5 .  

C o m pl i an ce  i s  ch e cke d  b y ap p l yi n g  th e  fai l u re  cri te ri a o f  6 . 7  to  th e  te s t  re s u l ts  o b tai n e d  fro m  
th e  pre -  an d  po s t- s tre s s  te s ts  acco rd i n g  to  6 . 4  an d  6 . 6 .  

6.9  Accelerated  stress  tests  

6.9. 1  Prediction  models  

P re d i c t i o n  m o d e l s  are  n e e d e d  to  pro j e ct  th e  ac ce l e rate d  te s t  co n d i t i o n s  to  th e  ap p l i c ati o n  
pro f i l e s  ( An n e x A) .  S o m e  o f  th e  avai l abl e  acc e l e rati o n  m o d e l s  are  d e s cri be d  i n  An n e x B .  
Tabl e  3  m aps  th e  q u al i f i cati o n  te s ts  fo r  th e  o pti cal  m ate ri al s  wi th  s u i tab l e  m o d e l s  fro m  
An n e x B  fo r  th e s e  te s ts .  

Table  3  – Mapping  of  the optical -material  related  accelerated  stress  tests  

Accelerated  stress  test  Acceleration  model  Typi cal  range of  acceleration  factor  

Te m pe rat u re  an d  h u m i d i ty  ( TH )  P e ck m o d e l  o r g e n e ral i z e d  E y ri n g  
m o d e l  

6  t o  6 0  

Te m p e ratu re  an d  l i g h t  e xpo s u re  
( TL )  

G e n e ra l i z e d  E yri n g  m o d e l  2 0  t o  8 0  
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6.9.2  Temperature and  humid i ty (TH)  

6.9.2.1  General  

Th e  o bj e cti ve  o f  th i s  AS T i s  to  e val u ate  th e  p e rfo rm an c e  o f  th e  o pti c al  m ate ri al  u n d e r  s tre s s  
d u e  to  m o i s tu re  an d  te m pe ratu re .  Th e  P e ck m o d e l  i s  o n e  o f  th e  m o d e l s  th at  can  b e  u s e d  f o r 
acce l e rate d  te s t i n g ,  s e e  B. 7 .  

6.9.2.2  Model  parameters  

I f  th e  p aram e te rs  o f  th e  P e ck m o d e l  (Ea ,  q)  are  avai l ab l e  th e n  th i s  m o d e l  m ay b e  app l i e d  o ve r  
th e  val i d ate d  ran g e  o f  co n d i t i o n s  fo r  re l at i ve  h u m i d i t y an d  te m pe ratu re  (RHm i n  ≤  RH ≤  RHm a x  
an d  Tm i n  ≤  T ≤  Tm a x) .  Th e  act i vati o n  e n e rg y Ea  an d  h u m i d i t y e x p o n e n t  q  are  d e te rm i n e d  b y 
e xp e ri m e n tal  te s ti n g .  Th e  an al ys i s  o b tai n i n g  Ea  an d  q  i s  o u ts i d e  th e  s co pe  o f  th i s  Te ch n i cal  
S pe c i f i cati o n .  I f  th e s e  p aram e te rs  are  n o t  avai l ab l e ,  th i s  m o d e l  can n o t  b e  ap p l i e d  an d  te s ti n g  
fo r th e  fu l l  val i d ati o n  t i m e  o f  th e  pro d u c t  o r  co m po n e n t  i s  re q u i re d .  

N O TE  Th e  m o d e l  p aram e te rs  co u l d  c o m e  fro m  th e  co m p o n e n t  s u pp l i e r.  

6.9.2.3  Appl ication  variables  

Th e  ap p l i cati o n  vari abl e s  fo r th e  P e ck m o d e l  are  th e  te m p e ratu re  T an d  th e  re l ati ve  h u m i d i t y 
RH.  Ts tre s s 1  an d  RHs t re s s 1  are  th e  an ti ci p ate d  m axi m u m  app l i cati o n  val u e s  fo r th e  i n  u s e  
co m po n e n t  c o n d i ti o n s .  Ts t re s s 2  an d  RHs t re s s 2  are  th e  te s t  val u e s  u s e d  i n  th e  acce l e rate d  
s tre s s  te s t.  App l i c ati o n  an d  te s t  s tre s s  l e ve l s  s h al l  be  s e l e c te d  wi th i n  th e  val i d ate d  ran g e :  

RHm i n  ≤  RHs t re s s 1  <  RHs tre s s 2  ≤  RHm a x  an d  Tm i n  ≤  Ts tre s s 1  <  Ts tre s s 2  ≤  Tm a x.  

Th e  acc e l e rati o n  facto r i s  cal c u l ate d  b y ap p l yi n g  E q u ati o n  ( B. 7)  wi th  th e  m o d e l  p aram e te rs  
m e n ti o n e d  i n  6 . 9 . 2 . 2  an d  ap p l i cati o n  vari ab l e s  m e n ti o n e d  i n   6 . 9 . 2 . 3 .  Th e  re d u ce d  te s ti n g  t i m e  
i s  c al cu l ate d  b y th e  d e s i re d  co m po n e n t  val i d ati o n  t i m e ,  f o r  e xam pl e  6   0 0 0  h  o r  2 5  %  o f  rate d  
l i fe  o f  th e  pro d u ct,  d i vi d e d  b y th e  acc e l e rati o n  facto r.  Th e  te s ti n g  t i m e,  tte s t ,  s h al l  b e  th e  
g re ate r  o f  th e  c al c u l ate d  re d u c e d  te s t  t i m e  o r  1  0 0 0  h .  

6.9.2.4  TH  accelerated  stress test  

Th e  te s t  pro ce d u re  i s  to  s u bj e ct  th e  s am pl e s  to  Ts tre s s 2  an d  at  RHs tre s s 2  fo r  tte s t  h o u rs .  

6.9.2.5  Compl iance cri teria  

C o m pl i an ce  i s  ch e cke d  b y ap p l yi n g  th e  fai l u re  cri te ri a o f  6 . 7  to  th e  te s t  re s u l ts  o b tai n e d  fro m  
th e  pre -  an d  po s t- s tre s s  te s ts  acc o rd i n g  to  6 . 6 .  

6.9.3  Temperature and  l ight  exposure (TL)  

Th e  o bj e cti ve  o f  th i s  AS T i s  to  e val u ate  th e  p e rfo rm an c e  o f  th e  o pti c al  m ate ri al  u n d e r  s tre s s  
d u e  to  te m pe ratu re  an d  e xpo s u re  to  l i g h t.  Th e  fo l l o wi n g  te s t  c o n d i t i o n s  ap pl y:  

•  I rrad i ati o n  wi th  wave  l e n g th :  4 4 5  n m  ( ± 5  n m )  fro m  a s o u rc e  wh o s e  i n frare d  co m po n e n t  h as  
be e n  f i l te re d  o u t.  Al te rn ati ve l y e xci tat i o n  wave l e n g th  i n  ap p l i c ati o n  ± 5  n m .  

•  I rrad i an ce  l e ve l :  m axi m u m  i rrad i an ce  l e ve l  i n  ap p l i cati o n  o f  th e  pro d u c t  d e cl are d  b y th e  
m an u factu re r s e ts  th e  te s t  l e ve l  as  fo l l o ws .  Th e  te s t  i rrad i an c e  s h al l  b e  twi ce  th e  m ax i m u m  
ap p l i cati o n  i rrad i an c e .  Th i s  i s  t yp i cal l y b e twe e n  3 5 0  m W /cm 2  to  1   0 0 0  m W /cm 2 .  Th e  
i rrad i an ce  l e ve l  s h al l  b e  m e as u re d  b e fo re  s tart i n g  th e  te s t  an d  re c o rd e d  i n  th e  pri n c i p al  
co m po n e n t  te s t  re p o rt  ( An n e x  F ) .  

•  D u rati o n :  1  0 0 0  h .  

•  M ax i m u m  ap pl i cati o n  te m pe ratu re  o f  th e  p ro d u c t  d e c l are d  b y th e  m an u f actu re r s e ts  th e 
te s t  te m pe ratu re  as  fo l l o ws .  Th e  te s t  te m pe ratu re  s h al l  b e  th e  te m p e ratu re  of  th e  
co m po n e n t  wh e n  o p e rati n g  at  th e  m axi m u m  ap p l i cati o n  te m pe ratu re  p l u s  2 0  ° C .  

Th e  o p ti cal  m ate ri al s  c an  b e  e x po s e d  to  l i g h t  vi a  e i th e r o f  th e  fo l l o wi n g  two  s e t- u ps :  
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•  U s i n g  a  s tan d ard  te m pe ratu re - co n tro l l e d  c ab i n e t  wi th  an  o p ti cal  wi n d o w to  s u p p l y th e  l i g h t  
e xp o s u re .  Th e  o p ti cal  wi n d o w s h o u l d  b e  ch o s e n  s u ch  th at  i t  d o e s  n o t  ch an g e  th e  i n te n s i t y 
an d  wave l e n g th  o f  th e  l i g h t  e x p o s u re .  Th e  wave l e n g th  d i s tri bu ti o n  an d  i n te n s i t y s h al l  b e  
m e as u re d  afte r  th e  l i g h t  h as  pas s e d  th e  wi n d o w.  

•  U s i n g  a te m pe ratu re - c o n tro l l e d  h o tp l ate  fo r th e  o p ti c al  m ate ri al  s am p l e s  an d  th e  l i g h t  
e xp o s e d  to  i t  fro m  th e  to p,  e i th e r  wi th  o r  wi th o u t  a  l e n s  o r d i ffu s e r  s ys te m .  

C o m pl i an ce  i s  ch e cke d  b y ap p l yi n g  th e  fai l u re  cri te ri a o f  6 . 7  to  th e  te s t  re s u l ts  o b tai n e d  fro m  
th e  pre -  an d  po s t- s tre s s  te s ts  acc o rd i n g  to  6 . 4  an d  6 . 6 .  

6. 1 0  Light-transmitting  materials  

Fo r l i g h t- tran s m i tt i n g  m ate ri al s ,  a  pre c o n d i t i o n i n g  s h al l  be  pe rfo rm e d  acco rd i n g  to  J - S TD -
0 2 0 E  wi th  8 5  ° C  an d  8 5  % re l at i ve  h u m i d i t y c o n d i ti o n s .  

Afte r pre co n d i t i o n i n g ,  th e  AS T o f  6 . 9 . 2  an d  6 . 9 . 3  s h al l  b e  co n d u c te d .  

C o m pl i an ce  i s  ch e cke d  b y ap p l yi n g  th e  fai l u re  cri te ri a o f  6 . 7  to  th e  te s t  re s u l ts  o b tai n e d  fro m  
th e  pre -  an d  po s t- s tre s s  te s ts  acco rd i n g  to  6 . 6 .  

6. 1 1  Light-reflecting  materials  

6. 1 1 . 1  Dichroic-coated  g lass  and  alumin ium-coated  g lass  

F o r d i c h ro i c- co ate d  g l as s  an d  al u m i n i u m - co ate d  g l as s  th e  I QT o f  6 . 8 . 1 ,  6 . 8 . 2 ,  6 . 8 . 3  an d  6 . 8 . 4  
s h al l  b e  c o n d u c te d .  

I n  o rd e r to  j u d g e  th e  d u rab i l i t y o f  th e  c o ati n g ,  th e  s am pl e s  s h al l  b e  s u bj e cte d  to  th e  ad h e s i o n  
te s t  acc o rd i n g  to  6 . 5  afte r e ac h  I QT as  s p e c i f i e d  i n  6 . 8 .  P re s s  th e  ad h e s i ve  s u rface  of  th e  
tap e  f i rm l y ag ai n s t  th e  c o ate d  s u rfac e  an d  q u i ckl y re m o ve  i t  at  an  an g l e  n o rm al  to  th e  co ate d  
s u rfac e .  

C o m pl i an ce  i s  ch e cke d  b y ap p l yi n g  th e  fai l u re  cri te ri a  o f  6 . 7  to  th e  te s t  re s u l ts  o b tai n e d  fro m  
th e  pre -  an d  po s t- s tre s s  te s ts  acc o rd i n g  to  6 . 6 .  

6. 1 1 .2  Alumin ium-coated  plastic  

Fo r al u m i n i u m - co ate d  p l as t i cs  a pre co n d i t i o n i n g  s h al l  be  pe rf o rm e d  acc o rd i n g  to  J - STD - 0 2 0 E  
wi th  40  ° C  an d  9 3  %  re l ati ve  h u m i d i t y c o n d i t i o n s .  

Afte r th e  pre co n d i t i o n i n g  th e  AS T o f  6 . 9 . 2  s h al l  b e  co n d u cte d .  

To  j u d g e  th e  d u rab i l i t y o f  th e  co ati n g ,  th e  s am pl e s  s h al l  be  s u bj e cte d  to  th e  ad h e s i o n  te s t  
acco rd i n g  to  6 . 5 .  

C o m pl i an ce  i s  ch e cke d  b y ap p l yi n g  th e  fai l u re  cri te ri a o f  6 . 7  to  th e  te s t  re s u l ts  o b tai n e d  fro m  
th e  pre -  an d  po s t- s tre s s  te s ts  acco rd i n g  to  6 . 6 .  

6. 1 1 .3  Whi te  plastic/non-coated  plastic  

Fo r wh i te  ( n o n - co ate d )  p l as ti cs ,  a  pre co n d i t i o n i n g  s h al l  be  p e rfo rm e d  acc o rd i n g  to  J - S TD - 2 0 E  
wi th  8 5  ° C  an d  8 5  %  re l ati ve  h u m i d i t y co n d i t i o n s .  

Afte r th e  pre co n d i t i o n i n g ,  th e  AS T o f  6 . 9 . 2  an d  6 . 9 . 3  s h al l  b e  c o n d u cte d .  

C o m pl i an ce  i s  ch e cke d  b y ap p l yi n g  th e  fai l u re  cri te ri a  o f  6 . 7  to  th e  te s t  re s u l ts  o b tai n e d  fro m  
th e  pre -  an d  po s t- s tre s s  te s ts  acc o rd i n g  to  6 . 6 .  
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6. 1 2  Optical  converters  

Opti c al  co n ve rte rs  co n s i s t  e i th e r o f  a  ph o s ph o r l a ye r d e p o s i te d  o n to  c arri e r m ate ri al ,  o r  o f  
ph o s ph o r p arti cl e s  d i s pe rs e d  wi th i n  th e  b u l k o f  a  c arri e r m ate ri al ,  o r  a  c o l o u r f i l te r.  Th e  carri e r  
m ate ri al  c an  e i th e r b e  p l as ti c  co m p o u n d s  ( e .  g .  p o l ycarb o n ate  o r s i l i c o n e )  o r  a  t yp e  o f  g l as s  o r  
ce ram i c .  

I n  th e  cas e  o f  a  pl as ti c  c o m po u n d  carri e r,  wi th  o r  wi th o u t  ph o s p h o r l a ye r,  th e  o p ti cal  m ate ri al  
can  b e  re g ard e d  as  a l i g h t- tran s m i tt i n g  m ate ri al  an d  th e  q u al i f i c ati o n  te s ts  as  d e n o te d  i n  6 . 1 0  
ap p l y.  

I n  th e  c as e  o f  a  g l as s  carri e r,  th e  o p ti c al  m ate ri al  c an  b e  re g ard e d  as  a d i c h ro i c - co ate d  
m ate ri al .  Th e  te s ts  acc o rd i n g  to  6 . 9 . 2  an d  6 . 9 . 3  s h al l  be  p e rfo rm e d  an d  i n  bo th  cas e s  fo l l o we d  
b y a s cratch  te s t  acco rd i n g  to  AS TM  D 7 0 2 7 .  

C o m pl i an ce  i s  ch e cke d  b y ap p l yi n g  th e  fai l u re  cri te ri a  o f  6 . 7  to  th e  te s t  re s u l ts  o b tai n e d  fro m  
th e  pre -  an d  po s t- s tre s s  te s ts  acc o rd i n g  to  6 . 6 .  

7 Electronic subassembl ies  

7.1  General  

Th e  pu rp o s e  o f  C l au s e  7  i s  to  d e te rm i n e  th at  th e  e l e ctro n i c  s u b as s e m bl y i s  cap ab l e  o f  
pas s i n g  th e  s p e c i f i e d  s tre s s  te s ts ,  an d  th u s  can  b e  e xp e c te d  to  g i ve  a ce rtai n  l e ve l  o f  
re l i ab i l i t y i n  g e n e ral  l i g h t i n g  ap p l i cati o n s .  

M ai n  s tre s s o rs  f o r e l e ctro n i c  e q u i pm e n t are :  te m pe ratu re ,  m ai n s  vo l tag e  vari at i o n s  an d  
h u m i d i t y.  S u bc l au s e s  7 . 7  an d  7. 8  s p e c i f y a  s e t  o f  q u al i f i c ati o n  te s ts  th at  s h al l  be  co n s i d e re d :  

•  wh e n  a n e w ci rcu i t  d e s i g n  i s  s e l e cte d ;  

•  wh e n  a n e w s u p pl i e r  i s  s e l e c te d ;  

•  wh e n  i n  an  e xi s t i n g  ci rcu i t  d e s i g n  th e  f o l l o wi n g  i s  c h an g e d :  

– a  c o m po n e n t;  

– a  s m al l  ad aptati o n  o f  th e  P C B  l a yo u t ;  

– th e  i n te rc o n n e ct  te ch n o l o g y ( b e  i t  pro c e s s ,  m ate ri al  an d /o r m e ch an i c al ) .  

W h e re  ap pro pri ate  f am i l y q u al i f i cati o n s  c an  b e  d o n e ,  acc o rd i n g  to :  

•  s am e  to p o l o g y o r c i rcu i t  l a yo u t;  

•  s am e  co m po n e n t  s e t  o r  co m po n e n t  fam i l y.  

Th e  q u al i f i c ati o n  f l o wch art  i s  d e p i cte d  i n  F i g u re  D . 3 .  

7.2  Sampl ing  requ i rements  

U n l e s s  o th e rwi s e  s p e c i f i e d ,  a  m i n i m u m  o f  3 0  e l e c tro n i c  s u bas s e m bl i e s  p e r  te s t  s h al l  b e  u s e d .  
I n  o rd e r to  i n cl u d e  th e  e ffe cts  o f  c o m po n e n t  vari at i o n ,  th e  s am pl e  s e t  s h al l  be  e ve n l y s e l e cte d  
fro m  at  l e as t  th re e  d i ffe re n t  co m po n e n t  b atch e s  wh e n  s u ch  e x i s t.  F o r e x am pl e ,  i f  a  3 0 - s am pl e  
s e t  i s  s e l e cte d ,  th e n  1 0  s am pl e s  fro m  e ach  o f  th re e  d i ffe re n t  co m po n e n t  batch e s  wo u l d  be  
s e l e c te d .  Fo r fam i l y q u al i f i cati o n ,  th e  u n i ts  s h al l  b e  s e l e cte d  to  re pre s e n t  th e  wh o l e  vari e t y o f  
th e  q u al i f i c ati o n  fam i l y.  

7.3  Production  requ i rements  

Al l  e l e c tro n i c  s u bas s e m b l i e s  f o r q u al i f i c ati o n  p u rp o s e s  s h al l  b e  pro d u ce d  o n  to o l i n g  an d  
pro ce s s e s  at  th e  m an u factu ri n g  s i te  th at  wi l l  b e  u s e d  to  s u p p o rt  e l e ctro n i c  s u bas s e m bl y 
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d e l i ve ri e s  at  p ro j e cte d  pro d u cti o n  vo l u m e s .  D e vi ati o n s  s h al l  b e  re p o rte d  i n  th e  pri n ci p al  
co m po n e n t  te s t  re p o rt  ( An n e x  F) .  

7.4  Pre-  and  post-stress electrical  requ i rements  

Th e  e l e c tri c al  val u e s  b e l o w s h al l  b e  m e as u re d  at  th e  te s t  c o n d i t i o n s  as  s p e ci f i e d  i n  th e  
pro d u ct  s p e c i f i c ati o n  b e fo re  an d  afte r s tre s s  te s ti n g .  I n te rm e d i ate  m e as u re m e n ts  ( re ad  p o i n ts )  
m i g h t  b e  u s e f u l .  Al l  e l e ctro n i c  s u b as s e m bl i e s  u s e d  fo r q u al i f i c ati o n  s h al l  m e e t  th e  pro d u c t  
s pe c i f i cati o n  p aram e te rs  be f o re  te s t i n g :  

•  pro d u ct  i n p u t  an d  o u tpu t  po we r;  

•  pro d u ct  o u tp u t  vo l tag e  an d  c u rre n t;  

•  po we r facto r an d  h arm o n i c  d i s to rti o n  o f  th e  m ai n s  cu rre n t  i n p u t ;  

•  re l e van t  o u tp u t  cu rre n t  p aram e te rs  fo r e x am pl e  ri pp l e  c u rre n t  o r  pe ak cu rre n t.  

7.5  Pre-  and  post-stress visual  inspection  

Th e  co n s tru cti o n ,  m arki n g  an d  f i n i s h i n g  o f  th e  e l e ctro n i c  s u b as s e m bl i e s  s h o u l d  be  i n s p e cte d  
pri o r  to  an d  afte r  th e  q u al i f i cati o n  te s ts  i n  o rd e r  to  j u d g e  th e  vi s u al  s tate  o f  th e  u n i ts .  

7.6  Fai lu re cri teria  

Th i s  pri n c i p al  co m po n e n t  i s  c o n s i d e re d  to  h ave  f ai l e d  i f  an y o f  th e  fo l l o wi n g  cri te ri a app l i e s  fo r  
e ach  i te m  i n  th e  te s t.  

•  An y d e vi at i o n  fro m  rate d  e l e c tri cal  p aram ete rs  c o m pare d  to  0  h  val u e s ,  i n  parti cu l ar:  

– an y d e vi ati o n s  i n  po we r f acto r  b y m o re  th an  1 5  %;  

– an y d e vi ati o n s  i n  th e  h arm o n i c  d i s to rt i o n  o f  th e  cu rre n t  m ai n s  i n p u t  b y m o re  th an  1 5  % .  

•  Th e  e l e c tro n i c  s u b as s e m bl y e xh i b i ts  an y e xte rn al l y vi s i b l e  e vi d e n ce  o f  e xte rn al  cracks ,  
m e ch an i cal  d am ag e  an d /o r c o rro s i o n .  

Th e re  are  c o m po n e n ts  i n  e l e c tro n i c  s u b as s e m b l i e s  th at  can n o t  o pe rate  wi th o u t  fai l u re  i n  h i g h  
te m pe ratu re s  o r h u m i d i t y.  Th e s e  t yp e s  o f  fai l u re s  wi l l  n o  l o n g e r fo l l o w an  acce l e rati o n  m o d e l .  
Th e y wi l l  i n  fact  b e  s p e c i al  c au s e  fai l u re s  f o r wh i c h  n o  acce l e rati o n  c an  b e  cal cu l ate d .  

P h ys i c al  an al ys i s  ( P A)  s h o u l d  be  p e rfo rm e d  fo r e l e ctro n i c  s u b as s e m bl i e s  acco rd i n g  to  
C l au s e  E . 4  o n  al l  u n i ts  afte r  co m p l e ti o n  o f  al l  te s ts .  Th e  p o s t- e l e ctri c al  te s t  o f  al l  s am pl e s  
s h al l  b e  e x e cu te d  b e fo re  an y d e s tru cti ve  ph ys i c al  an al ys i s .  

I t  i s  re co m m e n d e d  th at  fai l u re s  fo u n d  d u ri n g  th e  q u al i f i c ati o n  te s t  b e  fu l l y i n ve s ti g ate d  u n t i l  
th e  ro o t  cau s e  i s  fo u n d .  

7.7  In i t ial  qual i fication  tests  

7.7. 1  Temperature and  operation  stress (PTC)  

Th e  o bj e cti ve  o f  th i s  I Q T i s  to  ve ri f y th at  th e  pro d u ct  wi l l  o p e rate  fo r a  s pe c i f i e d  n u m be r o f  
c yc l e s  u n d e r p o we re d  c o n d i t i o n s  i n  a  te m p e ratu re  c yc l i n g  e n vi ro n m e n t.  Th e  te s t  i s  re fe rre d  to  
as  po we r th e rm al  c yc l i n g  ( P TC )  an d  i n c l u d e s  fas t  p o we r c ycl i n g  o f  th e  e l e c tro n i c  
s u b as s e m bl y.  Th e  te s t  s h al l  b e  co n d u cte d  acc o rd i n g  to  1 5 . 2  o f  I E C  6 0 9 2 9 : 2 0 1 1 ;  th e  fo l l o wi n g  
m o d i fi e d  te s t  co n d i t i o n s  ap p l y.  

•  Te m pe ratu re  c ycl i n g  ran g e :  −2 0  ° C  to  th e  h i g h e s t  s pe ci f i e d  te m pe ratu re  wi th  a m i n i m u m  o f  

5 0  ° C  wi th  dT/d t  >  1 0  K/m i n .  Th e  te m pe ratu re  re f e rs  to  th e  am bi e n t  te m p e ratu re  (tam b)  i n  
th e  te s t  c ab i n e t.  

•  P o we re d :  ye s ,  te s t  vo l tag e  i s  rate d  vo l tag e  ± 1 0  %.  
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C o m pl i an ce  i s  ch e cke d  b y ap p l yi n g  th e  fai l u re  cri te ri a o f  7. 6  to  th e  te s t  re s u l ts  o b tai n e d  fro m  
th e  pre -  an d  po s t- s tre s s  te s ts  acc o rd i n g  to  7. 4  an d  7 . 5 .  

7.7.2  Humid i ty and  operation  stress  (HOT)  

Th e  o bj e cti ve  o f  th i s  I Q T i s  to  ve ri f y th at  th e  pro d u c t  wi l l  o pe rate  fo r a  s pe ci f i e d  t i m e  u n d e r  
po we re d  co n d i t i o n s  i n  a  h u m i d i t y e n vi ro n m e n t.  Th e  te s t  i s  re fe rre d  to  as  h i g h  h u m i d i t y 
o p e rati o n  ( H OT) ,  wi th  n o  c yc l i n g .  Th e  h u m i d i t y co n d i t i o n s  s h al l  be  co n d u cte d  acc o rd i n g  to  
J E S D 2 2 - A1 1 3 F ;  th e  f o l l o wi n g  g e n e ral  te s t  c o n d i ti o n s  ap p l y:  

•  d u rati o n :  2 5 0  h ;  

•  h u m i d i t y c o n d i t i o n :  8 5  %  re l ati ve  h u m i d i t y at  8 5  ° C ;  

•  po we re d :  ye s ,  te s t  vo l tag e  i s  rate d  vo l tag e  ± 1 0  %.  

C o m pl i an ce  i s  ch e cke d  b y ap p l yi n g  th e  fai l u re  cri te ri a o f  7. 6  to  th e  te s t  re s u l ts  o b tai n e d  fro m  
th e  pre -  an d  po s t- s tre s s  te s ts  acco rd i n g  to  7. 4  an d  7 . 5 .  

7.8  Accelerated  stress  tests  

7.8. 1  Prediction  models  

P re d i c t i o n  m o d e l s  are  n e e d e d  to  pro j e ct  th e  ac ce l e rate d  te s t  co n d i t i o n s  to  th e  ap p l i c ati o n  
pro f i l e s  ( An n e x A) .  S o m e  o f  th e  avai l abl e  acc e l e rati o n  m o d e l s  are  d e s cri be d  i n  An n e x B .  
Tabl e  4  m aps  th e  q u al i f i c ati o n  te s t  f o r  e l e c tro n i c  s u bas s e m bl i e s  wi th  s u i tab l e  m o d e l s  fro m  
An n e x B  fo r  th i s  te s t.  

Fo r e l e ctro n i c  s u b as s e m bl i e s  i t  i s  c o m m o n  to  cal c u l ate  o ve ral l  fai l u re  i n  t i m e  ( FI T)  rate  
n u m be rs  bas e d  o n :  

•  tab l e s  o f  o p e rati n g  an d /o r n o n - o p e rati n g  co n s tan t  fai l u re  rate  val u e s  arran g e d  b y part  
typ e ;  

•  m u l t i p l i c ati ve  fac to rs  fo r d i ffe re n t  e n vi ro n m e n tal  p aram e te rs  to  cal c u l ate  th e  o p e rati n g  o r  
n o n - o p e rati ve  co n s tan t  fai l u re  rate ;  

•  m u l t i p l i c ati ve  fac to rs  th at  are  app l i e d  to  a bas e  o p e rati n g  co n s tan t  fai l u re  rate  to  o btai n  
n o n - o p e rati n g  c o n s tan t  f ai l u re  rate .  

Th i s  pro c e s s  i s  we l l  d e s cri b e d  i n  s e ve ral  s tan d ard s ,  am o n g  wh i c h  are  I P C - 9 5 9 2 B  an d  
Te l co rd i a Te ch n o l o g i e s  S R - 3 3 2 .  B e i n g  a p u re  ad d  u p  o f  co m po n e n t  F I T  rate s ,  th e  
acce l e rati o n  te s ts  i n  7. 8 . 2  s e rve  as  an  e x pe ri m e n tal  c h e ck.  Th e  o ve ral l  e l e c tro n i c  
s u b as s e m bl y F I T  rate  s h al l  be  s u p p l i e d  bas e d  o n  th e  co m b i n ati o n  o f  e i th e r o f  th e  two  
pre d i cti ve  m e th o d s  an d  th e  e xp e ri m e n tal  re s u l ts .  

Table  4  – Mapping  the electron ic  subassembly qual i fication  tests  to  the useable 
acceleration  model  wi th  typical  range of  the  acceleration  factor  

Qual i fi cation  test  Acceleration  model  Typical  range of  acceleration  factor  

Te m p e ratu re ,  h u m i d i ty  a n d  o pe rat i o n  
s t re s s  

G e n e ra l i z e d  E y ri n g  m o d e l  o r  

N o rri s - La n d z b e rg  m o d e l  

2 0  t o  6 0  

 

7.8.2  Temperature,  humid i ty and  operation  stress  (sequential  ALT)  

Th e  o bj e cti ve  o f  th i s  ALT i s  to  ve ri f y th at  th e  e l e ctro n i c  s u b as s e m b l y wi l l  o p e rate  fo r  a  
s pe c i f i e d  l i fe ti m e  u n d e r p o we re d  co n d i t i o n s  i n  a  c yc l i c  te m pe ratu re  an d  h u m i d i t y e n vi ro n m e n t.  
Th e  te s t  i s  re fe rre d  to  as  acce l e rate d  l i fe  te s t  ( ALT) .  I n  an  ALT,  th e  po we r,  te m pe ratu re  an d  
h u m i d i t y c o n d i t i o n s  m ay var y acco rd i n g  to :  

•  po we r:  1 8 0  m i n  o n  an d  2 0  m i n  o ff  fo r  a  2 0 0  m i n  c ycl e ;  
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•  h u m i d i t y:  be twe e n  2 0  %  re l at i ve  h u m i d i t y an d  8 5  % re l ati ve  h u m i d i t y;  

•  te m pe ratu re :  be twe e n  0  ° C  an d  1 0 0  ° C .  

D e p e n d i n g  o n  th e  acce l e rati o n  facto r  ( An n e x B  an d  7. 8 . 1 ) ,  o n e  s h al l  u s e  th e  ALT pro f i l e  th at  
m atch e s  th e  pro d u c t  an d  ap p l i cati o n  b e i n g  te s te d .  An  e x am pl e  pro fi l e  i s  l i s te d  i n  Tab l e  5 .  Th e  
acce l e rati o n  fac to r  fo r th i s  ALT pro fi l e  can  be  c al c u l ate d  u s i n g  th e  N o rri s - Lan d zb e rg  m o d e l  
( An n e x  B ) .  I t  i s  pre fe rab l e  th at  s e ve ral  ALT pro fi l e s  are  u s e d  i n  o rd e r to  q u al i f y th e  e l e ctro n i c  
s u b as s e m bl i e s .  

C o m pl i an ce  i s  ch e cke d  b y ap p l yi n g  th e  fai l u re  cri te ri a o f  7. 6  to  th e  te s t  re s u l ts  o b tai n e d  fro m  
th e  pre -  an d  po s t- s tre s s  te s ts  acco rd i n g  to  7. 4  an d  7 . 5 .  

Table  5  – Example  ALT profi l e  for an  electron ic  subassembly 

Segment  Segment  t ime  Total  t ime  Temperature  Relati ve  humid i ty 

 m i n  m i n  ° C  %  

S t art  0  0  0  40  

1  3 0  3 0  8 5  40  

2  1 5  45  8 5  8 5  

3  5 70  6 1 5  8 5  8 5  

4  1 5  6 3 0  8 5  40  

5  3 0  6 6 0  3 0  40  

6  6 0  72 0  3 0  40  

 

8 Active and  passive cool ing  systems 

8.1  General  

Th e  p u rpo s e  o f  C l au s e  8  i s  to  d e te rm i n e  th at  a  co o l i n g  s ys te m  i s  cap ab l e  o f  pas s i n g  th e  
s pe c i f i e d  s tre s s  te s ts ,  an d  th u s  c an  b e  e x pe c te d  to  g i ve  a c e rtai n  l e ve l  o f  re l i ab i l i t y i n  g e n e ral  
l i g h ti n g  ap p l i c ati o n s .  C o o l i n g  s ys te m s  i n  l i g h ti n g  ap p l i cati o n s  can  b e  e i th e r pas s i ve  o r ac t i ve .  
P as s i ve  co o l i n g  s ys te m s  tran s p o rt  h e at  th ro u g h  n atu ral  p h ys i c al  m e an s  o f  co n d u cti o n ,  
co n ve c ti o n  ( b u o yan c y)  an d /o r rad i at i o n  wi th o u t  ap p l i cati o n  o f  a  s e parate  p o we r s o u rc e  o r  
acti ve  e l e m e n ts .  

E x am pl e s  are  th e rm al  i n te rfac e  m ate ri al s  ( TI M ,  s u ch  as  p as te s ,  p h as e - ch an g e  m ate ri al s ,  
po tt i n g  m ate ri al s ) ,  h e at  s i n ks  fro m  d i ffe re n t  m ate ri al s  ( al u m i n i u m ,  co pp e r,  th e rm o - co n d u c ti ve  
pl as ti cs ,  h e at- p i p e s ) ,  d i f fe re n t  f i n i s h i n g  ( m ate ri al  p ai n t i n g ,  s u rface  f i n i s h ) ,  s o l d e r j o i n ts  o n  
P C Bs  an d  d i ffe re n t  s u bs trate s .  

Acti ve  co o l i n g  s ys te m s  u s e  a p o we r s o u rc e  o r act i ve  e l e m e n t to  i n c re as e  th e  h e at  tran s fe r  
rate ,  o fte n  b y i n cre as i n g  m as s  f l o w o r ai r  ve l o ci ty o r  rai s i n g  te m pe ratu re  g rad i e n ts .  Acti ve  
s ys te m s  can  b e  d i vi d e d  f u rth e r i n to  th e  fo l l o wi n g  th re e  cate g o ri e s :  

•  fo rce d  ai r  o r  f l u i d  ci rcu l ati o n  ( e . g .  fan s ,  p u m ps ) ;  

•  two - p h as e  co o l i n g  s ys te m  ( e . g .  ai r- c o n d i t i o n i n g ) ;  

•  th e rm o e l e ctri c  co o l i n g  ( e . g .  P e l ti e r  e l e m e n ts /h e at  pu m ps ) .  

E xc l u d e d  fro m  th i s  pri n ci pal  c o m po n e n t  are  th e  LE D  p ackag e  s o l d e r  j o i n ts  o n  P C B s .  Th e y are  
part  o f  C l au s e  5  ( LE D  packag e  an d  i n te rc o n n e cts ) .  M ai n  s tre s s o rs  an d  th e i r  e ffe cts  o n  c o o l i n g  
s ys te m s  are  n o te d  i n  Tab l e  6 .  Th e  m o s t  co m m o n  e ffe ct  i s  th e  d e g rad ati o n  o f  th e  co o l i n g  
pe rf o rm an c e  d u e  to  s e ve ral  c au s e s ,  s u ch  as  m ate ri al  d e g rad ati o n ,  crac ks ,  o r  d e l am i n ati o n  
an d /o r  l o s s  o f  ro tati o n al  s p e e d .  Th u s ,  i t  i s  vi tal  th at  th i s  d e g rad ati o n  i s  captu re d  b y th e  
acce l e rati o n  te s ts .  C o m m o n l y u s e d  p as s i ve  c o o l i n g  s ys te m s  m ake  u s e  o f  th e rm al  i n te rface  
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m ate ri al s .  M o re  ad van c e d  c o o l i n g  s ys te m s  are  s ys te m s  wi th  pu l s ate d  ai r - j e t  te c h n o l o g y an d  
ai r- co o l e d  fan s .  Acce l e rati o n  te s ts  fo r  p as s i ve  co o l i n g  s ys te m s  s h o u l d  fo cu s  o n  th e  i n cre as e  
of  th e  th e rm al  i n te rf ace  re s i s tan c e .  Acc e l e rati o n  te s ts  fo r ac ti ve  co o l i n g  s ys te m s  s h o u l d  f o cu s  
on  th e  d e g rad ati o n  o f  p e rfo rm an ce  p aram e te rs  s u ch  as  ro tat i o n al  s pe e d .  S u bc l au s e s  8 . 9  an d  
8 . 1 0  s p e c i f y a  s e t  o f  q u al i f i cati o n  te s ts  th at  s h al l  be  co n s i d e re d  fo r n e w co o l i n g  s ys te m s .  
W h e re  ap pro pri ate ,  fam i l y q u al i f i cati o n s  c an  b e  d o n e  acco rd i n g  to :  

•  s am e  p as s i ve  c o o l i n g  t yp e  o f  m ate ri al  b u t  d i ffe re n t  g e o m e try ( s i z e  o r th i ckn e s s ) ;  

•  s am e  ac ti ve  co o l i n g  te ch n o l o g y bu t  d i ffe re n t  pe rf o rm an ce .  

C are  s h o u l d  b e  take n  to  e n s u re  th at  th e rm al  s tre s s  i n tro d u ce d  b y th e  co o l i n g  s ys te m  d o e s  n o t  
cau s e  th e  pro d u ct  to  fai l .  

Th e  q u al i f i c ati o n  f l o wch art  i s  d e p i c te d  i n  F i g u re  D . 4.  

Table  6  – Examples of  stressors,  affected  part   
of  the cool ing  systems and  i ts  rel iabi l i ty effect.  

Stressors  Which  part  of  the  cool ing  
system  i s  affected?  

What  i s  the  effect?  

Te m p e ratu re  TI M ,  po tt i n g ,  P e l t i e r e l e m e n t ,  
p u l s at e d  ai r- j e ts ,  fan ,  h e at  
p i pe ,  th e rm o p l as t i cs  

– C h a n g e  i n  m ate ri a l  ch aract e ri s t i cs  (R
Θ

 ch an g e )  

– F an  u s e d  o n  h i g h  t e m pe rat u re  c au s e s  an  
i n cre as e  i n  n o i s e  l e ve l  

– I n  g e n e ral ,  m e ch an i cal  frac tu re s ,  crac ks ,  t h e rm al  
te n s i o n ,  d e g ra d at i o n  o f  i n t e rfac e  co n t act s ,  
d e l am i n at i o n ,  e tc .  can  b e  o bs e rve d  

– O u tg as s i n g  an d  /o r  o th e r ch e m i c al  re act i o n s  

– TI M  d e g rad at i o n  re s u l t i n g  i n  l o we r m ate ri al  
pro pe rti e s  

– D e g ra d ati o n  o f  b e a ri n g s  an d  e l e ct ro n i cs  

H u m i d i ty  TI M ,  po tt i n g ,  t h e rm o pl as ti cs ,  
fan s ,  p u l s at e d  ai r- j e t s  

Ab s o rp ti o n  o f  m o i s tu re  th at  re s u l ts  i n  c h an g e  o f  
m at e ri al  c h a rac te ri s t i cs ,  d e l am i n at i o n ,  co rro s i o n  

Li g h t  rad i at i o n  Th e rm o p l as t i cs ,  s u b s trate s  C h a n g e  i n  m at e ri a l  c h arac te ri s t i cs  ( c racks ,  
d e l am i n ati o n ,  b ri t t l e n e s s )  

D u s t  accu m u l ati o n  F an s ,  p u l s at e d  ai r  j e t s ,  
h e at s i n k f i n s  

C o o l i n g  pe rfo rm an ce  d e g ra d e s ,  n o i s e  i m pact  fo r  
fan s  

Vi b rati o n  Al l  C o o l i n g  pe rfo rm an ce  d e g ra d e s  

E l e ctri cal  s tre s s  ( vo l t a g e  
s pi ke s ,  l i n e  i n te rru p ti o n s ,  
s u p pl y vo l t ag e  ch a n g e s ,  
o ve rvo l t ag e s )  

Al l  C o o l i n g  pe rfo rm an ce  d e g ra d e s ,  o ve rvo l tag e  m ay 
o ve rs t re s s  TI M  m ate ri al  

C h e m i cal  ( s al t y  at m o s ph e re ,  
s al t  wate r,  s u l ph i d e s ,  
c h l o ri n e s ,  e tc . )  

Al l  e xce p t  c l o s e d  s ys t e m s ,  
s pe ci al  m at e ri a l  f i n i s h e s  

E xc e s s i ve  c o rro s i o n  

 

8.2  Cool ing  system  test  samples  

C o o l i n g  s ys te m  te s t  s am p l e s  s h o u l d  b e  take n  i f  re pre s e n tati ve  o f  th e  actu al  ap p l i cati o n .  Al l  
q u al i f i c ati o n  co o l i n g  s am p l e s  s h al l  b e  pro d u ce d  o n  to o l i n g  an d  pro c e s s e s  th at  wi l l  e ve n tu al l y 
be  u s e d  to  m an u fac tu re  th e  LE D  pro d u c t.  D e vi at i o n s  s h al l  be  re po rte d  i n  th e  pri n ci p al  
co m po n e n t  te s t  re p o rt  ( An n e x  F ) .  

W h e n  an al ys i n g  a pas s i ve  c o o l i n g  c o m po n e n t  l i ke  a TI M ,  th e  P C B wi th  LE D s  s h o u l d  b e  
m o u n te d  to  a h e ats i n k wi th  th e  c h o s e n  TI M  m ate ri al  i n  be twe e n .  A th e rm o co u p l e  s h o u l d  be  
attach e d  u n d e rn e ath  th e  TI M  o n  th e  to p  s i d e  o f  th e  h e ats i n k p l ate  i n  o rd e r to  m e as u re  th e  
d e g rad ati o n  o f  th e  m ate ri al .  F o r pas s i ve  co o l i n g  co m po n e n t s  l i ke  TI M s ,  an y P C B  s i z e  o r  LE D  
co u n t  m ay b e  u s e d  b u t  th i s  s h al l  b e  re p o rte d  i n  th e  pri n c i p al  co m p o n e n t  te s t  re po rt  ( An n e x F) .  
A m i n i m u m  o f  th re e  s am p l e s  o f  s i z e  5 0 0  m m 2  s h al l  b e  u s e d  fo r e ach  q u al i f i cati o n  te s t.  
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W h e n  an al ys i n g  an  act i ve  c o o l i n g  s ys te m  l i ke  a pu l s ate d  ai r  j e t  o r  a  fan ,  th e  c o o l i n g  s ys te m  
i ts e l f  m ay b e  d e g rad e d  s e p arate l y ( e .  g .  b y pl aci n g  i t  i n to  a d u s t  ch am b e r)  bu t  th e  th e rm al  
e ffe ct  o f  th i s  d e g rad ati o n  s h al l  b e  an al ys e d  o n  th e  LE D  pro d u ct.  Th e  c h an g e  i n  pe rf o rm an ce  
param e te rs  m ay b e  m e as u re d  o n  th e  te s te d  u n i t  i ts e l f .  A m i n i m u m  o f  2 0  ac ti ve  co o l i n g  
s am pl e s  s h al l  b e  u s e d  fo r e ac h  q u al i f i c ati o n  tes t.  

8.3  Moisture precondi t ion ing  

M o i s tu re  p re co n d i ti o n i n g  s h al l  b e  e xe cu te d  acc o rd i n g  to  J E S D 2 2 - A1 1 3 F .  Th e  i n i ti al  th e rm al  
re s i s tan ce  ( fo r pas s i ve  co o l i n g  s ys te m s )  or  pe rf o rm an c e  p aram e te r  ( fo r acti ve  c o o l i n g  
s ys te m s )  te s ts  s p e c i f i e d  i n  8 . 4  an d  8 . 5  s h al l  b e  e x e c u te d  b e fo re  an d  afte r th e  m o i s tu re  
pre c o n d i t i o n i n g .  

8.4  Thermal  resistance test  

Th e  th e rm al  re s i s tan c e  o f  p as s i ve  co o l i n g  c o m po n e n ts  s h al l  b e  te s te d  acco rd i n g  to  
AS TM  D 5 4 7 0 .  Th e  re s u l ti n g  RΘ  s h al l  b e  re po rte d  i n  th e  pri n c i pal  co m po n e n t  te s t  re p o rt,  
An n e x F.  

8.5  Performance parameter test  

Fo r acti ve  co o l i n g  s ys te m s  u s i n g  ai r  m o ve m e n t,  th e  pe rfo rm an c e  param e te rs  s h al l  b e  te s te d  
acco rd i n g  to  I P C - 9 5 9 1 .  

F o r act i ve  co o l i n g  s ys te m s  u si n g  l i q u i d s ,  th e  pe rfo rm an ce  p aram e te rs  s h al l  be  te s te d  
acco rd i n g  to  th e  g u i d e l i n e s  fro m  th e  m an u factu re r.  

8.6  Pre-  and  post-stress cool ing  performance requ irements  

Th e rm al  re s i s tan c e  an d  pe rf o rm an c e  p aram e te rs  o f  th e  co o l i n g  s ys te m  s h al l  be  m e as u re d  
be f o re  an d  afte r s tre s s  te s t i n g .  I n te rm e d i ate  m e as u re m e n ts  ( re ad  p o i n ts )  m i g h t  b e  u s e fu l .  Al l  
te s te d  u n i ts  u s e d  fo r q u al i f i cati o n  s h al l  m e e t  th e  pro d u c t  s pe c i f i c ati o n  param e te rs  be f o re  
te s ti n g .  Al l  te s te d  u n i ts  s h al l  b e  te s te d  fo r d e vi at i o n s  i n  th e  fo l l o wi n g  wa ys  fro m  th e  rate d  
pe rf o rm an c e  s pe c i f i cati o n  pri o r to  an d  afte r th e  q u al i f i c ati o n  te s ts :  

•  co o l i n g  pe rf o rm an ce ;  

•  aco u s ti c  e m i s s i o n s ;  

•  po we r c o n s u m pti o n .  

8.7  Pre-  and  post-stress visual  inspection  

Th e  co n s tru c ti o n ,  m arki n g  an d  f i n i s h i n g  o f  th e  co o l i n g  u n i ts  s h o u l d  b e  i n s pe c te d  pri o r to  an d  
afte r  th e  q u al i f i c ati o n  te s ts  i n  o rd e r to  j u d g e  th e  vi s u al  s tate  o f  th e  u n i ts .  

8.8  Fai lu re cri teria  

Th i s  pri n ci p al  co m po n e n t  i s  c o n s i d e re d  to  h a ve  f ai l e d  i f  an y o f  th e  fo l l o wi n g  cri te ri a app l i e s  fo r  
e ac h  i te m  i n  th e  te s t.  

•  Lo s s  o f  co o l i n g  p e rfo rm an ce  o ve r  1 0  % .  

•  N o ti ce abl y i n cre as e d  ac o u s ti c  e m i s s i o n s ,  m o re  th an  3  d B .  

•  P o we r c o n s u m pti o n  e xce e d i n g  th e  i n i t i al  m e as u re d  val u e  b y m o re  th an  2 0  %.  

•  Th e  co o l i n g  u n i t  e x h i b i ts  e xtern al l y vi s i b l e  p h ys i c al  d am ag e  ( cracks ,  d e fo rm ati o n s )  d u e  to  
th e  q u al i f i c ati o n  te s t.  

•  Th e  th e rm al  i n te rf ace  e x h i b i ts  an  i n te rf ace  d e l am i n ate d  s u rfac e  are a l arg e r th an  2 5  %  o f  
th e  to tal  i n te rface  are a .  

•  Th e  c o o l i n g  u n i t  e x h i b i ts  e xte rn al l y vi s i b l e  s i g n s  o f  co rro s i o n  d u e  to  th e  q u al i f i cati o n  te s t.  
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•  Vi s i b l e  l e akag e  o f  co o l i n g  l i q u i d s  s u c h  as  o i l ,  g re as e  an d /o r  wate r.  

An  ac ti ve  co o l i n g  s ys te m ,  s u ch  as  a p u l s ate d  ai r- j e t  o r  a  fan ,  m a y b e  d e g rad e d  s e p arate l y 
( e . g .  b y p l ac i n g  i t  i n to  a  d u s t  ch am be r) ,  b u t  th e  th e rm al  e ffe ct  o f  th i s  d e g rad ati o n  s h al l  b e  
an al ys e d  o n  th e  LE D  pro d u c t.  

I t  i s  re co m m e n d e d  th at  fai l u re s  fo u n d  d u ri n g  th e  q u al i f i c ati o n  te s t  b e  fu l l y i n ve s ti g ate d  u n ti l  
th e  ro o t  cau s e  i s  fo u n d .  

P h ys i c al  an al ys i s  ( P A)  s h o u l d  b e  pe rfo rm e d  fo r th e  te s te d  u n i ts  acco rd i n g  to  An n e x E  o n  al l  
u n i ts  afte r c o m pl e ti o n  o f  al l  tes ts .  Th e  p o s t  th e rm al  an d  p e rfo rm an ce  p aram e te r  te s ts  
acco rd i n g  to  8 . 4  an d  8 . 5  re s p ecti ve l y s h al l  b e  e xe c u te d  be fo re  an y d e s tru cti ve  p h ys i c al  
an al ys i s .  

8.9  In i t ial  qual i fication  tests  

8.9. 1  General  

Qu al i f i cati o n  te s ts  fo r c o o l i n g  s ys te m s  ad d re s s  th e  fo l l o wi n g  s tre s s o rs  ( s e e  Tab l e  6 ) .  

a)  E l e vate d  te m pe ratu re  i n  th e  te m p e ratu re  l i fe  te s t  ( TLT)  s pe ci f i e d  i n  8 . 1 0 . 3 .  F o r e ach  
s pe ci f i c  co o l i n g  te ch n i q u e ,  th e  m axi m u m  an d  m i n i m u m  al l o wab l e  te m pe ratu re  i s  d i ffe re n t  
an d  s h o u l d  be  take n  i n to  acco u n t.  Th i s  te s t  m ai n l y ap p l i e s  to  c o o l i n g  s ys te m s  l i ke  p o tti n g ,  
P e l t i e r e l e m e n ts ,  pu l s ate d  ai r  j e t ,  fan s ,  h e at  p i p e s  an d  th e rm o p l as ti cs .  

b)  C ycl i c  te m pe ratu re  i n  th e  p o we r te m pe ratu re  c ycl i n g  te s t  ( C T)  s pe c i f i e d  i n  8 . 1 0 . 2 .  F o r  
e ac h  s p e ci fi c  c o o l i n g  te c h n i q u e  th e  m axi m u m  an d  m i n i m u m  al l o wab l e  te m p e ratu re  an d  th e  
al l o wab l e  c yc l i n g  t i m e  i s  d i ffere n t  an d  s h o u l d  b e  take n  i n to  acc o u n t.  

c)  E x po s u re  to  m o i s tu re ,  wh i ch  i s  take n  as  a  p re co n d i t i o n i n g  s te p pri o r to  th e  p o we r 
te m pe ratu re  c yc l i n g  te s t  ( C T) .  

d )  E x po s u re  to  l i g h t  ( TL) .  Th i s  m ai n l y h o l d s  fo r th e rm o p l as ti cs  an d  th e  te s t  as  d e s cri be d  
u n d e r 6 . 9 . 3  ( te m pe ratu re  an d  l i g h t  e xp o s u re )  ap p l i e s .  

e )  E x po s u re  to  d u s t  p arti c l e s ,  i n  th e  d u s t  te s t  s p e ci fi e d  i n  8 . 9 . 2 .  Th i s  te s t  o n l y app l i e s  to  
act i ve  co o l i n g  co m p o n e n ts  s u ch  as  fan s ,  p u l s ate d  ai r  j e ts  an d  p as s i ve  co o l i n g  co m po n e n ts  
s u ch  as  h e ats i n k f i n s .  

f )  E x po s u re  to  vi brati o n  s tre s s .  D u ri n g  n o rm al  o p e rati o n ,  as  we l l  as  i n  s h i p p i n g ,  acti ve  
co o l i n g  s ys te m s  s u ch  as  fan s  an d  pu l s ate d  ai r  j e ts  m ay e xp e ri e n ce  m e ch an i c al  vi brati o n .  
Ve ri f i c ati o n  o f  vi brati o n  s tre ss  s h al l  b e  c arri e d  o u t  acc o rd i n g  to  I E C  6 0 0 6 8 - 2 - 2 7.  I t  i s  n o t  
fu rth e r  d e s cri be d  i n  C l au s e  8 .  

g )  E x po s u re  to  e l e c tri c al  s tre s s ,  wh i c h  c an  be  cap tu re d  b y po we ri n g  th e  u n i ts  as  i s  
pre s c ri b e d  i n  th e  p o we r te m peratu re  c yc l i n g  te s t  o f  8 . 1 0 . 2 .  

h )  E x po s u re  to  ch e m i cal  s tre s s .  Te s ti n g  i n  c h e m i cal  e n vi ro n m e n ts  i s  part  o f  th e  ve ri f i cati o n  
o n  a s ys te m  l e ve l ,  s e e  C l au s e  1 0 .  I t  i s  n o t  fu rth e r  d e s cri b e d  i n  C l au s e  8 .  

8.9.2  Dust  

Th e  o bj e cti ve  o f  th i s  I Q T i s  to  e val u ate  th e  pe rf o rm an c e  o f  th e  ac ti ve  c o o l i n g  s ys te m  wh e n  
s u bj e cte d  to  d u s t  p arti c l e s .  S i n ce  d u s t  an d  c o n tam i n ati o n  h e avi l y affe ct  th e  re l i ab i l i t y o f  
co o l i n g  pro d u c ts ,  i n c l u d i n g  fan s ,  th e  u n i ts  s h o u l d  be  te s te d  i n  h ars h  d u s t  e n vi ro n m e n ts .  D u s t  
te s t i n g  s h al l  b e  co n d u cte d  acco rd i n g  to  I P 5 X i n  I E C  6 0 5 2 9 .  Th e  fo l l o wi n g  te s t  co n d i t i o n s  
ap p l y:  

•  d u s t  t yp e :  tal c u m  po wd e r;  

•  part i cl e  s i ze :  < 7 0  µm ;  i d e al l y d i s tri b u te d  wi th i n  1  µm  to  1 0  µm ;  

•  d u rati o n :  8  h ;  

•  o p e rati n g  c o n d i t i o n :  co n ti n u o u s  o n .  

Te s t  to  b e  e x e cu te d  i n  a  d u s t  c h am be r acc o rd i n g  to  I E C  6 0 5 2 9 .  
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C o m pl i an ce  i s  ch e cke d  b y ap p l yi n g  th e  fai l u re  cri te ri a  o f  8 . 8  to  th e  te s t  re s u l ts  o b tai n e d  fro m  
th e  pre -  an d  po s t- s tre s s  te s ts  acco rd i n g  to  8 . 6  an d  8 . 7 .  

8.1 0  Accelerated  stress  tests  

8. 1 0. 1  General  

P re d i ct i o n  m o d e l s  are  n e e d e d  to  pro j e ct  th e  ac ce l e rate d  te s t  co n d i t i o n s  to  th e  ap p l i c ati o n  
pro f i l e s  ( An n e x A) .  S o m e  o f  th e  avai l abl e  acce l e rati o n  m o d e l s  are  d e s cri be d  i n  An n e x B .  
Tabl e  7  m aps  th e  q u al i f i c ati o n  te s ts  fo r co o l i n g  s ys te m s  wi th  s u i tab l e  m o d e l s  fro m  An n e x  B  fo r  
th e s e  te s ts .  

Table  7  – Mapping  the cool ing  system  qual i fi cation  tests  to  the  useable  
acceleration  model  wi th  typical  range of  the  acceleration  factor  

Qual i fi cation  test  Acceleration  model  Typical  range of  acceleration  factor  

Te m p e ratu re  l i f e  te s t  ( TLT )  P a s s i ve  Arrh e n i u s  2  to  1 0  

Te m p e ratu re  l i f e  te s t  ( TLT )  Ac t i ve  I P C  9 5 9 1  1 , 5 ×  p e r 1 0  ° C  te m pe ratu re  i n cre as e  

C ycl i c  t e m pe rat u re  t e s t  ( C T )  P as s i ve  C o ffi n - M an s o n  o r  N o rri s - L an d z b e rg  5  to  1 5  

C ycl i c  t e m pe rat u re  t e s t  ( C T )  A ct i ve  C o ffi n - M an s o n  o r  N o rri s - L an d z b e rg  
o r  I n ve rs e  po we r l a w 

5  to  2 0  

 

8.1 0.2  Cycl i c  temperature  test  (CT)  wi th  humid i ty and  wi th /wi thout  operational  stress  

Th e  o bj e cti ve  o f  th i s  AS T i s  to  e val u ate  th e  pe rf o rm an c e  o f  th e  c o o l i n g  s ys te m  i n  a  c yc l i c  
te m pe ratu re  e n vi ro n m e n t.  

•  S te p 1 :  1 6 8  h  te s t  at  8 5  ° C  an d  8 5  % re l ati ve  h u m i d i t y ( M S L1  co n d i t i o n s  i n  J E S D 2 2 - A1 1 3 F  
M S L cl as s i f i cati o n s ) .  

•  Ste p  2 :  1   0 0 0  h  ( p o we r)  te m pe ratu re  c yc l i n g  ( n u m be r o f  c yc l e s  i s  u n d e r  co n s i d e rati o n ) .  
Te m pe ratu re  ran g e  s tro n g l y d e p e n d s  o n  th e  co o l i n g  te c h n i q u e .  

– Fo r pas s i ve  c o o l i n g  ( TI M ,  p o tt i n g ,  th e rm o pl as ti c s ) :  −4 0  ° C  to  a  m ax i m u m  app l i cati o n  
te m pe ratu re  o f  th e  pro d u ct  d e cl are d  b y th e  m an u factu re r s e ts  th e  te s t  te m pe ratu re  as  
fo l l o ws .  Th e  te s t  te m pe ratu re  s h al l  b e  th e  te m pe ratu re  o f  th e  co m po n e n t  wh e n  
o p e rati n g  at  th e  m axi m u m  app l i cati o n  te m pe ratu re  p l u s  2 0  ° C .  

– Fo r act i ve  co o l i n g  ( fan s ,  p u l s ate d  ai r- j e ts ,  P e l ti e r e l e m e n ts ) :  −40  ° C  to  + 8 5  ° C ,  
i n cl u d e s  po we ri n g  th e  c o o l i n g  s ys te m .  M axi m i z e  th e  po we r o n /o ff  cycl e s  s u ch  as  to  
o b tai n  s tab l e  te m pe ratu re s  fo r  at  l e as t  5  m i n .  

Te s t  s h al l  b e  e x e cu te d  i n  s tan d ard  c ab i n e t /o ve n  wi th  co n tro l l e d  te m pe ratu re .  

C o m pl i an ce  i s  ch e cke d  b y ap p l yi n g  th e  fai l u re  cri te ri a o f  8 . 8  to  th e  te s t  re s u l ts  o b tai n e d  fro m  
th e  pre -  an d  po s t- s tre s s  te s ts  acco rd i n g  to  8 . 6  an d  8 . 7 .  

8. 1 0.3  Temperature l i fe  test  (TLT)  passive  cool ing  system  

8. 1 0.3. 1  General  

Th e  o bj e cti ve  o f  th i s  AS T i s  to  e val u ate  th e  p e rfo rm an ce  o f  th e  p as s i ve  c o o l i n g  m ate ri al  u n d e r 
stre s s  d u e  to  te m pe ratu re .  Th e  Arrh e n i u s  m o d e l  i s  u s e d  fo r acc e l e rate d  te s t i n g ,  s e e  
C l au s e  B . 2 .  

8.1 0.3.2  Model  parameters  

I f  th e  param e te r o f  th e  Arrh e n i u s  m o d e l  (Ea)  i s  avai l ab l e  th e n  th i s  m o d e l  m a y b e  ap p l i e d  o ve r 
th e  val i d ate d  ran g e  o f  c o n d i t i o n s  fo r te m pe ratu re  (Tm i n  ≤  T ≤  Tm a x) .  Th e  acti vati o n  e n e rg y Ea  
i s  g e n e rate d  b y e x pe ri m e n tal  te s t i n g  o u ts i d e  th e  s co p e  o f  th i s  T e ch n i cal  S pe c i fi cati o n .  I f  th i s  
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param e te r i s  n o t  avai l ab l e ,  th i s  m o d e l  c an n o t  b e  app l i e d  an d  te s t i n g  fo r  th e  fu l l  val i d ati o n  t i m e  
o f  th e  pro d u ct  o r  c o m po n e n t  i s  re q u i re d .  

N O TE  Th e  m o d e l  p aram e te r (E
a

)  co u l d  co m e  fro m  th e  co m po n e n t  s u p pl i e r.  

8.1 0.3.3  Appl ication  variables  

Th e  app l i cati o n  vari ab l e  fo r  th e  Arrh e n i u s  m o d e l  i s  th e  te m p e ratu re  T.  Ts tre s s 1  i s  th e  
an t i c i p ate d  m axi m u m  ap p l i c ati o n  val u e  f o r th e  i n  u s e  co m p o n e n t  co n d i t i o n .  Ts t re s s 2  i s  th e  te s t  
val u e  u s e d  i n  th e  acc e l e rate d  s tre s s  te s t.  Ap p l i c ati o n  an d  te s t  s tre s s  l e ve l  s h al l  be  s e l e cte d  
wi th i n  th e  val i d ate d  ran g e :  Tm i n  ≤  Ts t re s s 1  <  Ts tre s s 2  ≤  Tm a x.  

N O TE  Th e  m o d e l  p aram e te r T
m a x

 i s  s e t  b e l o w th e  m ate ri al  ph as e  ch an g e  te m p e ratu re .  

Th e  acc e l e rati o n  fac to r  i s  c al cu l ate d  b y ap p l yi n g  th e  e q u ati o n  i n  C l au s e  B . 2  wi th  th e  
param e te r an d  vari ab l e s  abo ve .  Th e  re d u ce d  te s ti n g  t i m e  i s  c al cu l ate d  b y th e  d e s i re d  
co m po n e n t  val i d ati o n  t i m e ,  fo r e x am pl e  6   0 0 0  h  o r  2 5  % o f  rate d  l i fe  o f  th e  pro d u ct,  d i vi d e d  b y 
th e  acce l e rati o n  fac to r.  Th e  te s ti n g  t i m e ,  tt e s t ,  s h al l  b e  th e  g re ate r o f  th e  c al cu l ate d  re d u c e d  
te s t  t i m e  o r  1  0 0 0  h .  

8.1 0.3.4  TLT accelerated  stress test  

Th e  te s t  pro ce d u re  i s  to  s u bj e ct  th e  s am pl e s  to  Ts tre s s 2  fo r  tt e s t  h o u rs .  

C o m pl i an ce  i s  ch e cke d  b y ap p l yi n g  th e  fai l u re  cri te ri a o f  8 . 8  to  th e  te s t  re s u l ts  o b tai n e d  fro m  
th e  pre -  an d  po s t- s tre s s  te s ts  acco rd i n g  to  8 . 6  an d  8 . 7 .  

8. 1 0.4  Temperature l i fe  test  (TLT)  active  cool ing  system  

Th e  o bj e cti ve  o f  th i s  AS T i s  to  e val u ate  th e  p e rfo rm an c e  o f  th e  co o l i n g  s ys te m  u n d e r h i g h -
te m pe ratu re  s tre s s .  Th e  p e rfo rm an ce  p aram e te rs  s h al l  be  tes te d  acc o rd i n g  to  8 . 5  wi th  th e  
fo l l o wi n g  te s t  c o n d i t i o n s :  

•  d u rati o n :  2  0 0 0  h ;  

•  te m pe ratu re :  

– fo r acti ve  c o o l i n g ,  te m pe ratu re  i s  l i m i te d  to  t ≤  9 5  ° C ,  u n l e s s  s pe ci fi e d  o th e rwi s e  b y th e  
m an u factu re r;  

– fo r fan s ,  te m pe ratu re  i s  l i m i te d  to  t  ≤  75  ° C ,  u n l e ss  s p e ci f i e d  o th e rwi s e  b y th e  
m an u factu re r;  

– fo r p u l s ate d  ai r  j e ts ,  te m pe ratu re  i s  l i m i te d  to  t  ≤  8 5  ° C ,  u n l e s s  s p e ci f i e d  o th e rwi s e  b y 
th e  m an u fac tu re r.  

C o m pl i an ce  i s  ch e cke d  b y ap p l yi n g  th e  fai l u re  cri te ri a o f  8 . 8  to  th e  te s t  re s u l ts  o b tai n e d  fro m  
th e  pre -  an d  po s t- s tre s s  te s ts  acc o rd i n g  to  8 . 6  an d  8 . 7 .  

9 Construction  materials  

9.1  General  

Th e  p u rp o s e  o f  C l au s e  9  i s  to  d e te rm i n e  th at  th e  m ate ri al s  u s e d  to  c o n s tru ct  th e  m e ch an i c al  
s ys te m  are  cap abl e  o f  p as s i n g  th e  s p e ci f i e d  s tre s s  l e ve l s  an d  th u s  can  b e  e xp e cte d  to  g i ve  a  
ce rtai n  l e ve l  o f  re l i ab i l i t y i n  g e n e ral  l i g h ti n g  ap p l i c ati o n s .  

Th e  q u al i f i cati o n  f l o wch art  i s  d e p i cte d  i n  F i g u re  D . 5 .  Th e  s am pl e s  take n  s h o u l d  b e  
re p re s e n tati ve  o f  th e  actu al  app l i c ati o n .  Al l  q u al i f i cati o n  s am p l e s  s h al l  b e  pro d u c e d  o n  to o l i n g  
an d  pro ce s s e s  th at  wi l l  e ve n tu al l y b e  u s e d  to  m an u factu re  th e  LE D  pro d u c ts .  D e vi ati o n s  s h al l  
be  re p o rte d  i n  th e  p ri n c i p al  c o m po n e n t  te s t  re p o rt  ( An n e x  F) .  
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D P A o r P A s h o u l d  b e  p e rfo rm e d  fo r  m e ch an i cal  u n i ts  acc o rd i n g  to  i ts  as s o c i ate d  c ate g o r y 
fro m  An n e x  E ,  o n  al l  u n i ts  afte r co m pl e ti o n  o f  al l  te s ts .  

9.2  Mechan ical  components and  in terconnects  

C ate g o ri e s  o f  m e ch an i c al  co m po n e n ts  an d  i n te rco n n e c ts  th at  c an  be  fo u n d  i n  a n  LE D  pro d u c t  
i n cl u d e  th e  fo l l o wi n g .  

•  S tru c tu ral  co m po n e n ts  

– Th i s  cate g o ry re l ate s  to  parts  o u ts i d e  o f  th e  LE D  pro d u c t  th at  are  u s e d  to  h o l d  th e  
co m po n e n ts  to g e th e r.  An  e xam p l e  i s  th e  p l as ti c  h o u s i n g .  Q u al i f i cati o n  te s ts  fo r th e s e  
co m po n e n ts  c an  b e  fo u n d  i n  th e  I E C  l am p s afe t y s tan d ard s .  

•  Fas te n e rs  

– A fas te n e r i s  a  co m po n e n t  th at  m e ch an i c al l y j o i n s  o r  aff i x e s  two  o r m o re  o bj e c ts  
to g e th e r.  An  e xam p l e  i s  an  LE D  h o l d e r o r,  e ve n  s i m pl e r,  a  s cre w.  O b vi o u s l y th e re  are  
m an y t yp e s  an d /o r te ch n i q u e s  to  m e ch an i cal l y j o i n  two  o r  m o re  o bj e cts  to g e th e r.  I n  a n  
LE D  pro d u c t,  th e  m ai n  f u n c ti o n  o f  j o i n i n g  o bj e cts  to g e th e r i s  to  o btai n  an d  m ai n tai n  a  
ce rtai n  l e ve l  o f  th e rm al  m an ag e m e n t.  Th e re fo re ,  th e rm al  i n te rfac e  re l i ab i l i t y i s  th e  
o bj e ct  o f  te s ti n g  u n d e r C l au s e  8  ( co o l i n g  s ys te m s ) .  

•  Ad h e s i ve s  

– Ad h e s i ve s  can  e i th e r fu n cti o n  as  a  th e rm al  i n te rf ace  an d /o r a m e ch an i c al  co n n e cti o n .  
I n  bo th  cas e s ,  th e  ad h e s i o n  d u rab i l i t y i s  th e  o bj e ct  o f  te s t i n g  u n d e r 8 . 1 0 . 2  ( c yc l i c  
te m pe ratu re  te s t) .  

– O u tg as s i n g  o f  th e s e  m ate ri al s  can  cau s e  ch e m i cal  i n te racti o n s  be twe e n  o r  wi th i n  LE D  
pro d u cts  an d  i m pact  th e i r  pe rfo rm an ce .  C h e m i c al  e ffe cts  o n  th e  LE D  pac kag e  are  to  
th e  o bj e ct  o f  te s t i n g  u n d e r  C l au s e  5  ( LE D  p ac kag e s  an d  i n te rc o n n e cts ) .  C h e m i cal  
i n te rac ti o n s  o n  a s ys te m  l e ve l  are  th e  o bj e ct  o f  te s ti n g  u n d e r 8 . 1 0 . 2  ( c yc l i c  
te m pe ratu re  te s t) .  

•  S e al i n g  g as ke ts  

– S e al an ts  are  u s e d  to  p re ve n t  th e  pe n e trati o n  o f  l i q u i d s ,  g as  an d /o r d u s t  fro m  o n e  
l o cati o n  th ro u g h  a barri e r  i n to  an o th e r.  Se al an ts  are  l i m i te d  to  LE D  pro d u cts  fo r s p e c i al  
ap p l i cati o n s ,  fo r  e x am pl e  u n d e r- wate r s wi m m i n g  po o l  l am ps .  Th e y can  be  re g ard e d  
an d  te s te d  as  a th e rm al  i n te rfac e  m ate ri al  an d  s u bj e cte d  to  d u rab i l i t y te s t i n g  u n d e r  
8 . 1 0 . 2 ,  th e  c yc l i c  te m pe ratu re  te s t  ( C T)  wi th  h u m i d i t y,  u s i n g  th e  s e al an t  capac i t y as  
th e  pre -  an d  po s t- s tre s s  te s t i n g  m e as u re .  

•  E l e c tri c al  te rm i n al s /wi re s  

– An  e l e ctri cal  te rm i n al 3  o r  wi re  i s  an  e l e c tro - m e ch an i c al  d e vi ce  fo r  j o i n i n g  e l e ctri c al  
ci rc u i ts  as  an  i n te rfac e  u s i n g  a m e ch an i c al  as s e m b l y.  Th e re  are  s e ve ral  s tan d ard s  th at  
d e al  wi th  th e s e  c o m po n e n ts :  

•  I E C  6 1 9 9 5  ( al l  p arts ) ;  

•  I E C  6 0 8 1 1 - 5 0 8 ;  

•  I E C  6 0 8 1 1 - 5 0 9 ;  

•  I E C  6 1 2 4 9  ( al l  p arts ) .  

– Th e  re l i abi l i t y o f  e l e c tri c al  te rm i n al s  an d  wi re s  are  te s te d  u n d e r C l au s e  7  ( e l e c tro n i c  
s u b as s e m bl i e s ) .  

9.3  Mechan ical  in terfaces  between  d i fferent  components  

C ate g o ri e s  o f  m e ch an i c al  i n te rfac e s  th at  c an  be  fo u n d  i n  a n  LE D  p ro d u c t  i n c l u d e  th e  
fo l l o wi n g .  

___________ 

3  Ad apt e d  fro m  S O U R C E :  P o we r co n n e ct o r,  W i ki pe d i a:  T h e  F re e  E n c yc l o p e d i a,  wi t h  t h e  p e rm i s s i o n  o f  th e  
au t h o r( s ) .  
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•  M e ch an i cal  i n te rfac e s  

M e ch an i cal  i n te rfac e s  are  th o s e  i n te rface s  th at  co n n e ct  two  d i ffe re n t  part  o f  a n  LE D  
pro d u ct  to g e th e r,  e x am pl e s  are  ( b u t  n o t  l i m i te d  to ) :  

– LE D  e m i tte r to  s u bs trate ;  

– s u bs trate  to  TI M ;  

– TI M  to  h e ats i n k;  

– s u bs trate  to  c o n tro l g e ar;  

– co n tro l g e ar to  h o u s i n g ;  

– LE D  l i g h t  s o u rc e /l e n s  to  l am p;  

– cap  to  l am p.  

Th e  i n te rface s  m ai n l y ac t  o n  a  s ys te m  l e ve l  an d  are  s u bj e ct e d  to  te s ti n g  u n d e r C l au s e  1 0  
( f i n al  pro d u ct) .  

•  E l e c tri c al  i n te rfac e s  

E l e c tri c al  i n te rf ace s  are  i n te rfac e s  th ro u g h  wh i c h  an  e l e ctri c al  cu rre n t  i s  d ri ve n .  I n  a n  LE D  
pro d u ct,  th e  m ai n  e l e ctri cal  i n te rfac e s  are :  

– S o l d e re d  j o i n ts  

S o l d e re d  j o i n ts  are  u s e d  i n  s e ve ral  p arts  o f  th e  LE D  pro d u ct.  Th o s e  th at  are  u s e d  i n  
s o l d e ri n g  th e  LE D  packag e  to  th e  pri n te d  c i rcu i t  bo ard  are  s u bj e c te d  to  te s t i n g  u n d e r  
C l au s e  5  ( LE D  p ackag e  an d  i n te rc o n n e cts ) :  t e m pe ratu re  c ycl i n g  ( TM C L) .  Th o s e  th at  
are  u s e d  i n  s o l d e ri n g  th e  e l e ctro n i c  co m po n e n ts  to  th e  pri n te d  c i rcu i t  bo ard  are  
s u bj e cte d  to  te s ti n g  u n d e r 7 . 7 . 1 ( e l e ctro n i c  s u bas s e m bl i e s ) :  Te m pe ratu re  an d  o p e rati o n  
s tre s s  ( P TC )  

– C ap- to - c o n tro l g e ar an d  c o n tro l g e ar- to - LE D  p ackag e  co n n e cti o n s  

Th e  c ap- to - co n tro l g e ar  an d  co n tro l g e ar- to - LE D  p ackag e  c o n n e cti o n s  are  te s te d  u n d e r  
C l au s e  7  ( e l e ctro n i c  s u b as s e m b l i e s ) .  

•  Th e rm al  i n te rfac e  m ate ri al s  

Th e rm al  i n te rfac e  m ate ri al s ,  al s o  b e l o n g i n g  to  th i s  g ro u p ,  are  s u bj e c t  to  te s ti n g  u n d e r  
C l au s e  8  ( c o o l i n g  s ys te m ) .  

9.4  Chemical  in teractions  

Ou tg as s i n g  o f  m ate ri al s  i n  an  LE D  pro d u c t  c an  cau s e  ch e m i cal  i n te racti o n  th at  c an  l e ad  to  th e  
fo l l o wi n g .  

•  Tarn i s h  o f  s i l ve r- pl ate d  are as  

– Tarn i s h 4  i s  a  th i n  l a ye r o f  co rro s i o n  th at  fo rm s  o ve r co p pe r,  bras s ,  s i l ve r,  al u m i n i u m ,  
an d  o th er  s i m i l ar  m e tal s  as  th e i r  o u te rm o s t  l a ye r u n d e rg o e s  a  c h e m i cal  re acti o n .  LE D  
packag e s  wi th  s i l ve r- p l ate d  l e ad  fram e s  can  d e cre as e  i ts  l i g h t i n g  p e rfo rm an ce  an d  tu rn  
b l ack ( o r tarn i s h )  wh e n  e xp o s e d  to  s u bs tan c e s  s u ch  as  s u l ph u r,  ch l o ri n e  o r o th e r  
h al o g e n  c o m po u n d s .  E n vi ro n m e n tal  te s ts  fo r LE D  packag e s  an d  i n te rco n n e cts  s h al l  be  
co n d u cte d  acco rd i n g  to  5 . 1 1 . 6 .  

•  D e g rad ati o n  o f  l u m i n o u s  f l u x  i n  LE D  pro d u c ts  d u e  to  c o n tam i n ati o n  o f  o p ti cal  m ate ri al s  b y 
vo l at i l e  o rg an i c  ch e m i cal s  

– Th i s  ph e n o m e n o n  o ccu rs  i n  ph ys i cal l y c l o s e d  s ys te m s ,  wh i c h  m e an s  s p ace  wi th o u t  ai r  
m o ve m e n t.  W i th i n  th e  LE D  pro d u c t,  th e  o p e rati o n  l e ad s  to  e l e vate d  te m pe ratu re s  i n  
th e  c l o s e d  s ys te m  cau s i n g  vo l ati l e  o rg an i c  c h e m i c al s  ( VOC s )  to  vap o ri z e  an d  d i ffu s e  
wi th i n  th e  s ys te m .  Th i s  d i ffu s i o n  o f  VOC s  c an  affe ct  n o rm al  o p e rati o n  i n  LE D  p ro d u cts  
b y d e p o s i t i o n  o n to  th e  o pti cal  s ys te m  co m po n e n ts .  VO C s  can  b e  g e n e rate d  fro m  th e  

___________ 

4  Ad apt e d  fro m  S O U R C E :  Tarn i s h ,  W i ki p e d i a:  Th e  F re e  E n c ycl o p e d i a,  wi th  t h e  p e rm i s s i o n  o f  t h e  au th o r( s ) .  
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s i l i co n e  e n c aps u l an t  i ts e l f  an d  o th e r m ate ri al s ,  s u ch  as  g l u e s  ( s e al i n g  m ate ri al ) ,  l ab e l  
s to ck co ati n g s ,  th e rm al  p ad s ,  th e  O - ri n g  an d /o r  p o tt i n g  m ate ri al s .  

Ou tg as s i n g  o f  VO C s  s h al l  b e  te s te d  acco rd i n g  to  AS TM  E 5 9 5 .  

Tabl e  8  l i s ts  th e  ch e m i cal s  th at  s h o u l d  n o t  be  u s e d  i n  LE D  pro d u c ts  fo r  g e n e ral  l i g h t i n g  
ap p l i cati o n s .  

Table  8  – List  of  undesi red  chemicals  in  LED products for g eneral  l igh ting .  

Category Chemical  name  

S o l ve n ts  To l u e n e ,  xyl e n e ,  be n z e n e ,  ch l o ro m e th an e ,  ch l o ro fo rm ,  e th yl  a ce tate ,  bu t yl  ace tat e ,  ac e t o n e ,  M E K,  
M I B K 

Aci d  H C l ,  H
2

S O
4

,  H N O
3

 

Al kal i  KO H ,  N aO H ,  Li O H ,  C a ( O H )
2

 

O i l  D i e s e l  o i l ,  pe t ro l e u m ,  h yd ro  ca rbo n s  

Ad h e s i ve s  C yan o acryl ate s  

 

1 0  Final  product  testing  

1 0. 1  General  

Th e  pu rp o s e  o f  C l au s e  1 0  i s  to  u ti l i s e  th e  i n fo rm ati o n  fro m  th e  co m p o n e n t  te s ts  an d  ap p l y i t  to  
th e  f i n al  pro d u c ts  vi a kn o wl e d g e  o f  p ri n c i pal  co m po n e n t  re l i ab i l i t y i n  th e  f i n al  as s e m bl y.  I t  i s  
u n d e rs to o d  th at  th e  as s e m bl y wi l l  h ave  i n te rac ti o n s  b e twe e n  c o m po n e n ts  an d  th e re f o re  i s  n o t  
n e ce s s ari l y re pre s e n tati ve  o f  th e  fu l l  pro d u c t  p e rfo rm an ce ,  b u t  g i ve s  g u i d an c e  o n  th e  m o s t  
vu l n e rab l e  c o m po n e n ts .  

Ve ri f i c ati o n  o f  th e  f i n al  p ro d u c t  i s  bas e d  o n  a  ‘ te s t- to - pas s ’  pri n ci p l e  ( C l au s e  C . 3 )  to  ad d re s s  
po s s i b l e  e arl y i n te racti o n s  be twe e n  th e  pri n ci p al  c o m po n e n ts  th at  we re  n o t  ad d re s s e d  d u ri n g  
th e  q u al i f i cati o n  te s ts  fo r  th e  pri n ci p al  co m po n e n ts .  Th e  te s t - to - p as s  m e th o d  to  ve ri f y th e  f i n al  
pro d u ct  i s  l i m i te d  b y th e  fact  th at  d e te ri o rati o n  c u rve s  fo r e ac h  co m po n e n t  can n o t  be  e xactl y 
d e te rm i n e d .  D i ffe re n t  s ys te m  re l i ab i l i t y m e th o d s  are  e x pl ai n e d  i n  An n e x  C .  

Th e  ve ri f i cati o n  te s ts  fo r  th e  f i n al  pro d u cts  c an  b e  d o n e  u n d e r acc e l e rate d  s tre s s  c o n d i t i o n s  
bu t  are  l i m i te d  b y th e  m ax i m u m  al l o wab l e  s tre s s e s  acco rd i n g  to  al l  m ate ri al  s p e c i f i c ati o n s .  
Fam i l y q u al i f i c ati o n s  can  b e  d o n e  o n  th e  f i n al  pro d u c t  l e ve l ,  acco rd i n g  to  th e  s am e  pri n c i p al  
co m po n e n ts  u s e d  fo r  th e  n e w pro d u c t,  pro vi d e d  th at  acce l e rati o n  d ata f o r th e  p ri n c i pal  
co m po n e n ts  i s  avai l abl e .  

1 0.2  Principal  component  rel i abi l i ty in  the final  product  

P ri n ci p al  co m p o n e n ts  can  i n f l u e n ce  s e ve ral  p e rfo rm an ce  param e te rs  i n  th e  LE D  pro d u ct ,  s e e  
Tabl e  9 .  Oth e r ke y pe rf o rm an ce  p aram e te rs  n o t  l i s te d  i n  Tab l e  9  m ay e xi s t  th at  s h o u l d  b e  
co n s i d e re d  i n  th e  c o n te x t  o f  th e  pri n c i p al  co m po n e n ts .  
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Table  9  – In fluence of  the principal  components on  the  final  product.  

 Principal  componen t  

Performance 
Parameter  

LED package 
and  

i n terconnects  

Optical  materi als  E lectron ic  
subassembl ies  

Cool ing  Systems  Construction  
Materials  

Lu m e n  d e pre ci ati o n       

Ab ru p t  fai l u re s       

C o l o u r po i n t  s h i ft       

E l e ct ri c al  
d e vi ati o n s  

     

D arke r c e l l s  i n  T ab l e  9  i n d i cat e  a  h i g h e r i n f l u e n ce  o n  t h e  p ro d u c t  p e rfo rm an ce  p aram e te rs .  F o r e xam pl e ,  l u m i n o u s  
f l u x d e p re ci at i o n  i n  a n  LE D  p ro d u ct  i s  s t ro n g l y  re l at e d  t o  t h e  l u m i n o u s  f l u x d e c a y i n  t h e  LE D  an d  th e  o pt i cal  
m at e ri al ,  bu t  l e s s  re l ate d  t o  e l e c tri cal  d e vi ati o n s  i n  t h e  e l e c tro n i c  s u b as s e m bl y  ( can  l e ad  t o  l o we r fo rwa rd  
cu rre n t s ) ,  d e g rad at i o n  o f  t h e  c o o l i n g  s ys te m  ( can  d e cre as e  e ff i ci e n c y o f  th e  LE D  p ac kag e s ) ,  an d  t h e  d e g rad at i o n  
i n  th e  m e ch an i c a l  p ri n c i p al  co m p o n e n t  ( c a n  l e ad  t o  re f l e c ti vi t y  l o s s ) .  

 

1 0.3  M in imum  val idated  AST time 

W i th  th e  kn o wn  acc e l e rati o n  fac to rs  fo r th e  p ri n ci p al  co m po n e n ts  an d  th e i r  as s o c i ate d  
val i d ate d  AS T t i m e ( s )  th e  fo l l o wi n g  s te ps  are  take n  to  q u al i f y th e  f i n al  pro d u ct.  

•  Ste p  1 :  D e d u c e  th e  co n d i t i o n s  o f  e ac h  pri n c i pal  co m po n e n t  wh e n  o pe rati n g  i n  th e  
ap p l i cati o n .  

– Th i s  i n vo l ve s  m axi m u m  an d  m i n i m u m  te m pe ratu re s ,  h u m i d i t y c o n d i t i o n s ,  m axi m u m  
po we r an d  o th e r i n p u t  param e te rs .  An n e x A l i s ts  th e  co n d i t i o n s  fo r two  e x am pl e  
ap p l i cati o n  pro fi l e s ,  b u t  te m p e ratu re s  i n  th e  p ri n ci p al  c o m po n e n ts  s h al l  b e  e i th e r  
m e as u re d  o r d e te rm i n e d  fro m  th e rm al  s i m u l ati o n s .  F o r e x am pl e :  m e as u re  o r c al c u l ate  
th e  LE D  j u n c ti o n  te m pe ratu re  (tj ) ,  th e  m axi m u m  te m pe ratu re  o f  th e  o pti c al  s ys te m ,  an d  
th e  e l e ctro n i c  s u b as s e m b l y i n  an  o n - s tate  fo r  th e  LE D  pro d u c t.  

•  S te p 2 :  F o r  e ach  pri n c i pal  c o m po n e n t  cal cu l ate  th e  acce l e rati o n  fac to r .  

– Th i s  i n vo l ve s  th e  u s e  o f  th e  acce l e rati o n  m o d e l s  an d  Tab l e  1  ( LE D  p ackag e  an d  
i n te rco n n e cts ) ,  Tab l e  3  ( o p ti cal  m ate ri al s ) ,  Tab l e  4  ( e l e c tro n i c  s u b as s e m bl i e s )  an d  
Tabl e  7  ( c o o l i n g  s ys te m s ) .  An  e x am pl e  acc e l e rati o n  facto r  cal cu l ati o n  fo r an  o pti cal  
m ate ri al  i s  d e pi c te d  i n  C l au s e  B . 1 1 .  I m ag i n e  an  LE D  pro d u c t  fo r  i n d o o r pu rp o s e s .  
Acco rd i n g  to  th e  ap p l i cati o n  profi l e ,  th e  ave rag e  re l ati ve  h u m i d i t y i s  6 0  %.  Th e rm al  
m e as u re m e n ts  s h o w th at  th e  m axi m u m  te m pe ratu re  i n  th e  o pti c al  m ate ri al  i s  e q u al  to  
1 0 0  ° C .  R e ad i n g  fro m  Tab l e  B . 2  th i s  m e an s  th at  th e  AF =  6 .  R e pe at th i s  fo r e ac h  
co m po n e n t  an d  e ach  po s s i bl e  s tre s s o r.  

•  Ste p 3 :  C al c u l ate  an d  l i s t  al l  th e  val i d ate d  AS T t i m e ( s )  i n  a  tab l e .  

– Th i s  s h o u l d  be  d o n e  f o r e ac h  pri n ci p al  co m po n e n t.  Th e  e xam p l e  i n  Tab l e  1 0  co m pri s e s  
a s ys te m  wi th  a  l i g h t  tran s m i tti n g  p l as t i c  as  an  o pti c al  m ate ri al ,  an d  a th e rm al  i n te rface  
m ate ri al  as  th e  c o o l i n g  c o m po n e n t .  
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Table  1 0  – Example l i st  of  val idated  AST t imes.  

Principal  component  Val idated  AST time  

LE D  p ac ka g e  – 

LE D  p ac ka g e  i n t e rco n n e ct s  Th e rm o - m e ch an i cal  s tre s s ,  TM C L:  4  0 0 0  h  

O pti c al  m at e ri al s  Te m p e ratu re  an d  h u m i d i t y  s tre s s ,  TH :  3  0 0 0  h  

Te m p e ratu re  an d  l i g h t  e xpo s u re ,  TL:  6  0 0 0  h  

E l e ct ro n i c  s u b as s e m bl i e s  Te m p e ratu re ,  h u m i d i t y  a n d  o pe rat i o n  s tre s s ,  s e q .  
ALT:  1 0  0 0 0  h  

C o o l i n g  s ys te m s  Te m p e ratu re  l i f e  te s t ,  TLT:  5  0 0 0  h  

C ycl i c  te m p e rat u re  t e s t ,  C T:  7   5 0 0  h  

C o n s tru ct i o n  m at e ri al s  – 

 

1 0.4  Final  product  qual i fication  for  rel iabi l i ty  

Fi n al  p ro d u ct  q u al i f i cati o n  i s  th e  re s p o n s i b i l i t y o f  th e  i n d i vi d u al  m an u f actu re r.  Th i s  Te c h n i c al  
S pe ci fi c ati o n  pro vi d e s  a  te s t  re g i m e  to  as s i s t  i n  th i s  e ffo rt.  B y co m pl e ti n g  al l  o f  th e  re l e van t  
te s ts  th e  pri n ci p al  c o m po n e n ts  h ave  be e n  te s te d  fo r  re l i abi l i t y.  Th e  f i n al  pro d u c t  as s e m b l y 
s h o u l d  b e  te s te d  wi th  co n s i d e rati o n  o f  th e  i n fo rm ati o n  i n  T abl e  8  an d  Tabl e  1 0 .  Th e  f i n al  
pro d u ct  te s ti n g  s h o u l d  i d e n ti f y th e  e ffe cts  o f  o th e r  co m po n e n ts  an d  i n te racti o n s .  An n e x C  m a y 
be  u s e d  as  g u i d an ce  i n  d e ve l o pi n g  a f i n al  pro d u c t  q u al i f i cati o n  pl an .  

E n d u ran ce  te s ts  to  d e m o n s trate  b as i c  ro bu s tn e s s  o f  f i n al  pro d u c t  are  s pe ci f i e d  i n  th e  re l e van t  
pro d u ct  p e rfo rm an c e  s tan d ard s  ( e . g .  I E C  6 2 6 1 2 ,  I E C  6 2 7 1 7 an d  I E C  6 2 7 2 2 - 2 - 1 ) .  Th e  
obs e rvati o n s  fo r th e s e  te s ts  s h o u l d  b e  u s e d  to g e th e r  wi th  th e  g ath e re d  co m po n e n t  re l i abi l i t y 
d ata to  g u i d e  th e  e xte n t  o f  fu rth e r re l i ab i l i t y te s ti n g  o f  th e  f i n al  p ro d u ct  as  a c o m pl e te  
as s e m b l y.  F i n al  pro d u cts  u s e d  fo r ve ri f i cati o n  s h al l  b e  p ro d u ce d  o n  to o l i n g  an d  p ro c e s s e s  at  
th e  m an u fac tu ri n g  s i te  th at  wi l l  be  u s e d  fo r  p ro d u ct  d e l i ve ri e s  at  pro j e cte d  pro d u cti o n  
vo l u m e s .  

1 1  Product  updates  

I n  cas e  o f  re q u al i f i c ati o n  as s o c i ate d  wi th  a  m ate ri al ,  d e s i g n  an d /o r p ro c e s s  ch an g e ,  a  l i m i te d  
s e t  o f  q u al i f i cati o n  te s ts  s h o u l d  be  c o n s i d e re d .  Fo r an y ch an g e ,  e vi d e n ce  s h al l  b e  s u pp l i e d  
th at  th e  ch an g e  h as  n o  n e g ati ve  i n f l u e n ce .  A c h an g e  i n  a  pri n c i pal  co m p o n e n t  can  b e  m aj o r o r  
m i n o r.  I n  cas e  o f  a  m aj o r  ch an g e ,  al l  q u al i f i cati o n  te s ts  s h al l  b e  p e rfo rm e d .  I n  cas e  o f  a  m i n o r  
ch an g e ,  a  l i m i te d  s e t  o f  te s ts ,  as  d e c i d e d  b y th e  m an u factu re r,  s h al l  be  pe rf o rm e d .  A l i s t  o f  
m i n o r/m aj o r  d i ffe re n c e s  be twe e n  th e  m o d i f i e d  pri n c i pal  c o m po n e n t( s )  acco m pan i e s  th e  
pri n ci p al  c o m po n e n t  te s t  re p o rt  ( An n e x  F ) .  

Tabl e  1 1  l i s ts  th e  ch an g e s  th at  are  c o n s i d e re d  to  b e  m i n o r o r  m aj o r  fo r e ac h  pri n ci p al  
co m po n e n t  an d  f o r th e  f i n al  LE D  pro d u c t.  
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Table  1 1  – M inor and  major  change l i st  per principal  component.  

Principal  
component  

M inor change Major change  

LE D  pac ka g e  a n d  
i n t e rco n n e c ts  

U s i n g  t h e  s am e  part /m at e ri a l  l i s t  wi th  a:  

-  d i ffe re n t  packag e  fo o t p ri n t  an d /o r 
d i m e n s i o n ,  

-  a  s l i g h t l y  d i ffe re n t  ( i m pro ve d )  p ro ce s s .  

O th e r m an u f act u ri n g  l o c at i o n  

I n te rc o n n e ct  t e c h n o l o g y ( p ro ce s s  o r m at e ri al )  

E p o xy te ch n o l o g y ( p ro c e s s  o r  m ate ri al )  

D e s i g n  ch an g e s  ( an y t h i ckn e s s ,  s i z e ,  t racks )  

P art /m ate ri al  l i s t  

D i e  t e ch n o l o g y ( pro c e s s  o r  m at e ri al )  

O p ti c al  m at e ri al s  O t h e r ad d i t i ve s  

O t h e r m an u f act u ri n g  l o c ati o n  

D e s i g n  c h an g e s  ( an y t h i c kn e s s  o r s i z e )  

P ro ce s s  ch an g e  

M at e ri al  ch a n g e  

e l e ct ro n i c  
s u bas s e m b l i e s  

C o m p o n e n t  ch an g e  wi t h  e q u al  o r  b e tt e r 
pe rf o rm an ce  

S m al l  c i rcu i t  ( P C B )  d e s i g n  a d a pt at i o n  

C i rcu i t  re - d e s i g n  

I n t e rco n n e ct  t e ch n o l o g y ( p ro c e s s ,  m ate ri al  o r  
m e ch an i cal )  

C o o l i n g  s ys te m s  D e s i g n  c h an g e s  ( an y t h i c kn e s s  o r s i z e )  

P e rfo rm an ce  ch an g e s  ( e . g .  ro t ati o n al  s p e e d ,  
po we r)  

P ro ce s s  ch an g e  

M at e ri al  ch a n g e  

Te ch n o l o g y ch a n g e  

C o n s tru ct i o n  
m ate ri al s  

S am e  c at e g o ry wi t h  d e s i g n  ch a n g e  ( an y s i z e )  

S am e  c at e g o ry wi t h  p e rfo rm an ce  ch an g e  

O t h e r m an u f act u ri n g  l o c ati o n  

P ro c e s s  c h an g e  

M at e ri al  ch a n g e  

C ate g o ry ch an g e  

LE D  P ro d u c t  S am e  p ri n ci p a l  co m p o n e n t  wi th  t
p

 po i n t  b e l o w 
m an u fact u re r s p e c i f i e d  val u e  

O t h e r m an u f ac tu ri n g  l o c ati o n  

S m al l  ch an g e  i n  d e s i g n  

P e r p ri n c i p al  c o m p o n e n t :  u s e  o f  a  n e w 
t e c h n o l o g y  

S i g n i f i can t  ch an g e  i n  d e s i g n  
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Annex A 
( i n fo rm ati ve )  

 
Appl ication  profi les  

Th e  app l i c ati o n  pro fi l e  d e s cri b e s  th e  e n vi ro n m e n tal  l o ad s  ( o r s tre s s o rs )  th at  are  i m po s e d  
u p o n  th e  pro d u c t  u n d e r n o rm al  o p e rati o n  c o n d i t i o n s .  I n  th e s e  co n d i t i o n s ,  LE D  pro d u cts  are  
s u bj e cte d  to  th e  fo l l o wi n g  i d e n ti f i e d  l o ad s :  

•  te m pe ratu re :  am b i e n t  te m pe ratu re s  d i ffe r p e r are a i n  th e  wo rl d  an d  s i g n i f i can tl y affe ct  th e  
re l i ab i l i t y o f  LE D  pro d u c ts  b y d e g rad ati o n  an d  e l e vate d  l e ve l s .  

•  h u m i d i t y:  h u m i d i t y i s  kn o wn  to  i n g re s s  LE D  pro d u cts  an d  cau s e  c o rro s i ve  ki n d  o f  f ai l u re s .  

•  m e ch an i c al :  s tati c  an d  d yn am i c  fo rc e s  ( s u ch  as  vi brati o n )  are  i m p o s e d  u p o n  th e  LE D  
pro d u ct  an d  c an  c au s e  fati g u e  ki n d  o f  fai l u re s .  

•  ch e m i cal :  u n d e r h ars h  e n vi ro n m e n t,  as  i n  o u td o o r,  ch e m i c al  s u bs tan c e s  can  re ac t  wi th  th e  
pri n ci p al  co m po n e n ts  i n  th e  LE D  pro d u c t.  

•  e l e ctri cal :  u n s tab l e  m ai n s  can  c au s e  s p i ke s  th at  can  d am ag e  th e  e l e ctri c al  c o m po n e n ts  i n  
th e  LE D  pro d u ct.  

•  l i g h t  i n te n s i t y:  U V- l i g h t  fro m  th e  s u n  an d  b l u e  l i g h t  fro m  th e  LE D  c an  c au s e  d e g rad ati o n  o f  
th e  o pti c al  c o m po n e n t.  

Th e  p ro f i l e s  g i ve n  i n  Tab l e  A. 1  are  e x am pl e s .  Oth e r pro f i l e s  m ay b e  d e ve l o p e d  d e p e n d i n g  o n  
s pe c i f i c  c o n d i t i o n s  o f  u s e  fo r wh i c h  th e  p arti cu l ar  LE D  pro d u ct  i s  s pe c i f i e d .  

Table  A. 1  – Example  of  two  appl ication  profi les  

Appl ication  profi l es  for  LED products  Appl ication  area  

Stressor Attribu te  Un i t  Profi l e  1  Profi l e  2  

Temperature  m i n i m u m  º C  −2 0  1 0  

m axi m u m  º C  3 0  to  4 0  ( o ff )  
7 0  ( o n )  

2 0  ( o ff)  
9 0  to 1 0 0  ( o n )  

cycl e s /d a y  – 1  1  t o  4  

n u m be r o f  o pe rat i n g  h /ye ar  4   0 0 0  to  8   0 0 0  1   0 0 0  t o  9   0 0 0  

Relative 
Humid i ty 

m i n i m u m  %  re l at i ve  h u m i d i t y  3 0  3 0  

m axi m u m  %  re l ati ve  h u m i d i t y  9 0  6 0  

ave rag e  %  re l ati ve  h u m i d i t y  6 0  4 5  

Mechanical  s h o ck am pl i t u d e  ( i m pact )  g ,  g rm s  3 0   

s h o ck n u m b e r  – 2   

vi b rati o n  cyc l e s  – 3 0   

fre q u e n c y  H z  1 0  to  5 5   

Chemical  e xp o s u re  – S u l p h i d e ,  H yd ro g e n ,  
C h l o ri d e ,  

S u l p h i d e ,  C h l o ri d e  

Electri cal  ave ra g e  vo l t ag e  V  1 1 0  t o  2 3 0  1 1 0  t o  2 3 0  

ran g e  V  1 1 0  t o  2 77  (−6  % ,  + 8  % )  1 1 0  t o  2 7 7  (−6  % ,  + 8  % )  

o ve r vo l ta g e  %  −1 0  % ,  + 1 0  %  −1 0  % ,  + 1 0  %  

Light  i n t e n s i t y  W /m 2  8 0 0  2 5 0  
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Annex B  
( i n fo rm ati ve )  

 
Acceleration  models 5  

B.1  General  

Acc e l e rate d  te s ts  are  p e rfo rm e d  to  acc e l e rate  a ph ys i c al  fai l u re  m e ch an i s m  wi th o u t  i n d u c i n g  
n e w f ai l u re  m e ch an i s m s th at  d o  n o t  e x i s t  i n  th e  ap p l i cati o n  pro fi l e .  Acc e l e rati o n  facto rs  u s e  
ti m e - to - fai l  at  a  p art i c u l ar  acce l e rate d  s tre s s  l e ve l  fo r  a  p arti c u l ar fai l u re  m e ch an i s m  to  pre d i ct  
th e  e q u i val e n t  t i m e  to  fai l  at  th e  ap pl i c ati o n  pro fi l e  f i e l d  s tre s s  l e ve l .  U n d e r l i n e ar acc e l e rati o n  
we  d e fi n e  acc e l e rati o n  facto r  (AF)  as :  

 
( )
( )2fai ltoTime

1fai ltoTime

Stress

Stress
AF =  ( B . 1 )  

wh e re  

Stress2  ˃  Stress1  

Acc e l e rati o n  m o d e l s  are  u s u al l y b as e d  o n  th e  s ci e n ce u n d e rl yi n g  a  parti c u l ar fai l u re  
m e ch an i s m .  S u cc e s s fu l  e m pi ri cal  m o d e l s  are  cl o s e  ap pro x i m ati o n s  o f  a  n u m be r o f  
co m pl i c ate d  ph ys i cs  o r  ki n e ti cs  m o d e l s  as  to  d e te rm i n e  wh e n  th e  th e o ry o f  th e  fai l u re  
m e ch an i s m  i s  e ve n tu al l y u n d e rs to o d .  N o te  th at  i n  th e  cas e  o f  l i n e ar acce l e rati o n ,  wh i l e  
pre d i cti n g  t i m e - to - fai l  fo r  th e  ap p l i cati o n  pro fi l e ,  th e  t yp e o f  l i fe  d i s tri bu ti o n  ( Lo g n o rm al ,  
W e i bu l l ,  E x p o n e n ti al ,  e tc. )  an d  th e  s l o p e  p aram e te rs  d o  n o t  c h an g e  b u t  th e  l o cati o n  
param e te rs  ch an g e .  I n  S u bc l au s e s  B . 2  to  B . 8 ,  acce l e rati o n  m o d e l s  fo r  fai l u re  m e ch an i s m s 
acce l e rate d  b y te m pe ratu re ,  h u m i d i t y,  m e ch an i cal ,  e l e c tri cal  an d  ch e m i cal  s tre s s o rs  are  
pre s e n te d .  

B.2  Arrhenius model  

Th e  Arrh e n i u s  m o d e l  h as  b e e n  u s e d  s u cc e s s fu l l y fo r m an y ch e m i cal  an d  ph ys i cal  fai l u re  
m e ch an i s m s  ( ch e m i cal  re ac ti o n s ,  d i ffu s i o n  pro ce s s e s  o r m i g rati o n  pro ce s s e s )  acce l e rate d  b y 
te m pe ratu re .  Th e  acce l e rati o n  fac to r  i s  g i ve n  b y:  

 

























−=

21

11
exp

stressstressB

a

TTk

E
AF  ( B . 2 )  

wh e re  

Ea  i s  th e  ac ti vati o n  e n e rg y ( e V) ;  

kB  i s  a  B o l tzm an n ’ s  co n s tan t;  

T i s  th e  te m pe ratu re  i n  K.  

N o te  th at  th e  o n l y e m p i ri cal  param e te r i n  E q u ati o n  ( B . 2 )  i s  th e  act i vati o n  e n e rg y.  B y co l l e ct i n g  
d ata at  m u l t i pl e  s tre s s  c o n d i t i o n s ,  th e  act i vati o n  e n e rg y fo r a  s pe ci f i c  fai l u re  m e ch an i s m  can  
be  e s t i m ate d .  T yp i cal  acti vati o n  e n e rg y (Ea)  val u e s  are  i n  th e  ran g e  o f  0 , 2  e V to  2 , 0  e V 
d e p e n d i n g  o n  th e  fai l u re  m e ch an i s m .  

___________ 

5  Ad apt e d  fro m  Solid mechanics and its applications,  wi t h  th e  p e rm i s s i o n  o f  t h e  a u th o r( s )  ( s e e  B i bl i o g ra ph y) .  
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B.3  Eyring  model  

An  e x te n s i o n  o f  th e  Arrh e n i u s  m o d e l ,  E yri n g ’ s  m o d e l  m ay b e  u s e d  to  d e s cri be  th e  e ffe ct  th at  
te m pe ratu re  h as  o n  c o m p l e x  ch e m i cal  re acti o n  rate s .  Th e  acc e l e rati o n  fac to r i s  g i ve n  b y:  

 Arrhenius

m

stress

stress AF
T

T
AF ×








=

1

2  ( B . 3 )  

wh e re  

T i s  th e  te m pe ratu re  i n  K;  

m  i s  th e  re ac ti o n  d e p e n d e n t  p aram e te r;  

AFArrhenius  i s  th e  Arrh e n i u s  acce l e rati o n  acco rd i n g  to  E q u ati o n  ( B . 2 ) .  

Val u e s  fo r  th e  p aram e te r  m  ran g e  fro m  0  to  1 ,  wi th  0 , 3 3  as  t yp i cal  val u e .  

B.4  Coffin-Manson  model  

A po p u l ar  m o d e l  u s e d  fo r th e rm al - c yc l i n g - re l ate d  fai l u re s  i s  th e  C o ffi n - M an s o n  m o d e l .  
Th e rm al  c ycl i n g  cau s e s  th e rm al  e xp an s i o n  an d  c o n tracti o n  wi th i n  th e  pro d u c t,  wh i c h  i n d u ce  
m e ch an i c al  s tre s s e s .  Th e s e  ch an g i n g  m e ch an i cal  s tre s s e s  can  e ve n tu al l y cau s e  fat i g u e  
fai l u re s  ( cracks ) .  C o ffi n - M an s o n  i n  i ts  s i m pl e s t  fo rm  take s  i n to  acc o u n t  th e  te m pe ratu re  
ch an g e s  wi th i n  th e  p ro d u ct.  Th e  acce l e rati o n  f acto r i s  g i ve n  b y:  

 

n

stress

stress

T

T
AF

−









=

2

1

∆
∆

 ( B . 4)  

wh e re  

∆T i s  th e  e n ti re  te m pe ratu re  c yc l e  ran g e  wi th i n  wh i c h  a d e vi c e  o p e rate s ;  

n  i s  th e  m ate ri al - d e p e n d e n t  param e te r.  

Val u e s  fo r th e  p aram e te r  n  ran g e  fro m  1  to  5 ,  wi th  2 , 0  as  t yp i c al  val u e .  

B.5  Norris-Landzberg  model  

Th e  s i m pl e  fo rm  o f  th e  C o ff i n - M an s o n  e q u ati o n  d o e s n ’ t  acc o u n t  fo r th e  t i m e - d e pe n d e n t  
e ffe cts .  To  acc o u n t  fo r th e  e ffe ct  o f  th e s e  t i m e - d e p e n d e n t  pro p e rt i e s  ( s trai n  rate  e ffe cts ,  
s tre s s  re l axati o n ,  e tc. )  o n  f at i g u e  l i fe ,  N o rri s  an d  Lan d zb e rg  ( I B M ,  1 9 6 9 )  i n tro d u ce d  an  
e m pi ri cal  fre q u e n c y fac to r  i n to  th e  o ri g i n al  C o ffi n - M an s o n  e q u ati o n .  Th e  acce l e rati o n  facto r  i s  
g i ve n  b y:  
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exp

stressstressB

a

o

stress

stress

n

stress

stress

TTk

E

f

f

T

T
AF

∆
∆

 ( B . 5 )  

wh e re  

∆T i s  th e  e n ti re  te m pe ratu re  c yc l e  ran g e  wi th i n  wh i c h  a d e vi c e  o p e rate s ;  

T i s  th e  te m pe ratu re  i n  K;  

f i s  th e  fre q u e n c y o f  ap p l i e d  th e rm al  c yc l e  s tre s s ;  

n  i s  th e  m ate ri al - d e p e n d e n t  param e te r;  

o  i s  th e  fre q u e n c y- d e pe n d e n t  p aram e te r;  
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Ea  i s  th e  ac ti vati o n  E n e rg y ( e V) ;  

kB  i s  a  B o l tzm an n ’ s  co n s tan t.  

Val u e s  fo r th e  p aram e te r  o  ran g e  fro m  0  to  1 ,  wi th  0 , 3 3  as  t yp i cal  val u e .  

B.6  (Inverse)  power law 

I n cre as i n g  e l e ctri c al  s tre s s  ( vo l tag e  o r  c u rre n t)  i s  a  co m m o n  m e th o d  to  ac ce l e rate  fai l u re s  i n  
e l e ctri cal  m ate ri al s  an d  co m po n e n ts .  Th e  ( i n ve rs e )  po we r l aw i s  fre q u e n tl y u s e d  to  d e s cri b e  
th e  e ffe ct  th at  th e s e  e l e ctri c al  s tre s s e s  h ave  o n  re l i ab i l i t y.  Th e  acc e l e rati o n  facto r  i s  g i ve n  b y:  

 

p

stress

stress

ES

ES
AF

−









=

1

2  ( B. 6 )  

wh e re  

ES  i s  th e  e l e ctri cal  s tre s s ;  

p  i s  th e  e l e ctri cal  d e p e n d e n t  p aram e te r.  

I n ve rs e  p o we r l aw d e n o te s  p  >  0 ,  an d  po we r l aw p  <  0 .  Th u s ,  val u e s  fo r th e  p aram e te r p  ran g e  
fro m  −2 0  to  2 0  ( z e ro  i s  e xcl u d e d ) .  

B.7 Peck model  

C o rro s i o n  i n d u c e d  b y th e  m o i s tu re  i n  th e  e n vi ro n m e n t i s  o n e  o f  th e  c o m m o n l y s e e n  fai l u re  
m e ch an i s m s  i n  e l e ctro n i cs  pro d u cts .  H u m i d i t y al s o  i s  re s p o n s i b l e  f o r  cau s i n g  s o m e  o f  th e  
i n te rfac i al  d e l am i n ati o n  f ai l u re s  i n d u ce d  b y h yg ro - th e rm al  s tre s s e s .  Th e  acce l e rati o n  m o d e l  
wi d e l y u s e d  to  m o d e l  th e  e ffe ct  o f  re l ati ve  h u m i d i t y o n  fai l u re s  i s  th e  P e c k m o d e l .  Th e  
acce l e rati o n  fac to r  i s  g i ve n  b y:  
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wh e re  

RH i s  th e  re l at i ve  h u m i d i t y ( %) ;  

q  i s  th e  h u m i d i t y d e p e n d e n t  param e te r;  

Ea  i s  th e  ac ti vati o n  e n e rg y ( e V) ;  

kB  i s  a  B o l tzm an n ’ s  co n s tan t;  

T i s  th e  te m pe ratu re  i n  K.  

Val u e s  fo r th e  p aram e te r  q  ran g e  fro m  0  to  3 ,  wi th  2 , 5  as  t yp i c al  val u e .  

B.8 General ized  Eyring  model  

S o m e ti m e s  i n  ad d i t i o n  to  h i g h  te m pe ratu re  an d  re l ati ve  h u m i d i t y,  an o th e r s tre s s  i s  al s o  
i n f l u e n ti al  i n  d ri vi n g  fai l u re s .  E xam pl e s  are  th e  co m bi n ati o n  o f  acce l e rati o n  b y te m pe ratu re ,  
h u m i d i t y an d  vo l tag e  o r l i g h t  e x po s u re .  I n  th e s e  c as e s ,  th e  g e n e ral i z e d  E yri n g  m o d e l  
co m bi n e s  th e  E yri n g  m o d e l  ( re ad :  Arrh e n i u s  m o d e l )  wi th  an  ad d e d  i n ve rs e  po we r l aw te rm .  
Th e  acce l e rati o n  fac to r  i s  g i ve n  b y:  
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wh e re  

r  i s  th e  ad d e d  s tre s s  d e p e n d e n t  p aram e te r;  

L  i s  th e  ad d e d  s tre s s  l e ve l ;  

RH i s  th e  re l ati ve  h u m i d i t y ( %) ;  

q  i s  th e  h u m i d i t y d e p e n d e n t  param e te r;  

Ea  i s  th e  ac ti vati o n  e n e rg y ( e V) ;  

kB  i s  a  B o l tzm an n ’ s  co n s tan t;  

T i s  th e  te m pe ratu re  i n  K.  

Val u e s  fo r th e  p aram e te r  r  can  ran g e  fro m  − 1 0  to  1 0  ( ze ro  i s  e xc l u d e d ) .  

B.9  Sample size calculation 6  

Th e re  are  m an y d i ffe re n t  wa ys  to  d e te rm i n e  th e  s am pl e  s i ze  fo r a n  acc e l e rate d  te s t.  Th e  
s am pl e  s i ze  i s  an  i m po rtan t  fe atu re  o f  an y te s t  i n  wh i ch  th e  g o al  i s  to  m ake  i n f e re n c e s  ab o u t  a  
po p u l ati o n  fro m  a s am p l e .  I n  practi c e ,  th e  s am pl e  s i ze  u s e d  i n  a  re l i ab i l i ty te s t  i s  d e te rm i n e d  
bas e d  o n  th e  e xp e n s e  o f  d ata c o l l e c ti o n ,  an d  th e  n e e d  to  h ave  s u ff i ci e n t  s tati s t i c al  p o we r.  A 
ch o i c e  o f  s m al l  s am pl e  s i ze s ,  th o u g h  s o m e ti m e s  n e ce s s ary,  can  re s u l t  i n  l o w c o n fi d e n c e  
l e ve l s ,  wi d e  c o n fi d e n ce  i n te rval s  o r  r i s ks  o f  e rro rs  i n  s tati s ti c al  h yp o th e s i s  te s t i n g .  

W h e n  u s i n g  acce l e rate d  te s ti n g  th e  s am p l e  s i z e ,  as s u m i n g  an  e x p o n e n ti al  d i s tri bu t i o n ,  can  b e  
cal cu l ate d  u s i n g :  
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wh e re :  

L  i s  th e  s p e ci fi e d  pro d u ct  l i fe  i n  h ;  

T i s  th e  to tal  te s t  t i m e  i n  h ;  

AF i s  th e  acce l e rati o n  facto r;  

CL  i s  th e  co n fi d e n c e  l e ve l  ( 0  <  CL  <  1 ) ;  

R  i s  th e  re l i abi l i t y l e ve l  ( 0  <  R  <  1 ) .  

D e p e n d i n g  o n  th e  c o n f i d e n ce  an d  re l i abi l i t y l e ve l ,  th e  s am pl e  s i z e  m ay var y s i g n i f i can tl y.  
As s u m i n g  th at  L  =  T ×  AF s o  th at  th e  f i rs t  te rm  e q u al s  to  1 ,  Tabl e  B . 1  l i s ts  th e  val u e  o f  th e  
s e co n d  te rm  as  a fu n cti o n  o f  th e  c o n fi d e n ce  an d  re l i ab i l i t y l e ve l .  

___________ 

6  Ad apt e d  fro m  Sample size determination,  W i ki p e d i a:  Th e  F re e  E n cyc l o pe d i a,  wi t h  th e  p e rm i s s i o n  o f  th e  
au t h o r( s ) .  
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Table  B . 1  – Sample sizes versus confidence and  rel i abi l i ty l evel  assuming  L  =  T ×  AF  

 Rel i abi l i ty l evel  (R)  

Confidence l evel  (CL)  0 , 6  0 , 7  0 , 8  0 , 9  0 , 9 5  0 , 9 9  

0 , 6  2  3  4  9  1 8  9 1  

0 , 7  2  3  5  1 1  2 3  1 2 0  

0 , 8  3  5  7  1 5  3 1  1 6 0  

0 , 9  5  6  1 0  2 2  4 5  2 2 9  

0 , 9 5  6  8  1 3  2 8  5 8  2 9 8  

0 , 9 9  9  1 3  2 1  44  9 0  4 5 8  

 

B.1 0  Basic gu idel ines 7  

S o m e  g u i d e l i n e s  fo r th e  u s e  o f  acc e l e rati o n  m o d e l s  i n c l u d e  th e  fo l l o wi n g .  

•  Acc e l e rati o n  te s ts  s h al l  g e n e rate  th e  s am e  fai l u re  m o d e  o cc u rri n g  i n  th e  f i e l d .  G e n e ral l y,  
acce l e rate d  te s ts  are  u s e d  to  o btai n  i n fo rm ati o n  ab o u t  o n e  p arti cu l ar,  re l at i ve l y s i m pl e  
fai l u re  m e ch an i s m  ( o r co rre s p o n d i n g  d e g rad ati o n  m e as u re ) .  I f  th e re  i s  m o re  th an  o n e  
fai l u re  m o d e ,  i t  i s  po s s i b l e  th at  th e  d i ffe re n t  fai l u re  m e ch an i s m s  wi l l  b e  acce l e rate d  at  
d i ffe re n t  rate s .  Th e n ,  u n l e s s  th i s  i s  acco u n te d  fo r  i n  th e  m o d e l l i n g  an d  an al ys i s ,  e s ti m ate s  
co u l d  b e  s e ri o u s l y i n c o rre ct  wh e n  e xtrapo l ati n g  to  l o we r u s e - l e ve l s  o f  th e  acce l e rati n g  
vari ab l e s .  

•  Acce l e rati n g  vari ab l e s  s h o u l d  b e  ch o s e n  to  c o rre s p o n d  wi th  vari ab l e s  th at  c au s e  ac tu al  
fai l u re s .  

•  W i th  co n tro l l e d  c h an g e s  i n  th e  pri n c i p al  co m po n e n ts ,  th e  acc e l e rati o n  param e te rs  m ay n o t  
ch an g e  s i g n i f i c an tl y.  O n l y o n e  ve ri f i c ati o n  te s t  i s  re q u i re d  fo r  i d e n ti cal  acce l e rati o n  
param e te rs .  

•  Acce l e rate d  te s ts  s h o u l d  be  d e s i g n e d ,  as  m u ch  as  p o s s i b l e ,  to  m i n i m i ze  th e  am o u n t  o f  
e xtrapo l ati o n  re q u i re d .  H i g h  l e ve l s  o f  acce l e rati n g  vari ab l e s  c an  cau s e  e xtran e o u s  fai l u re  
m o d e s  th at  wo u l d  n e ve r  o ccu r at  u s e - l e ve l s  o f  th e  acce l e rati n g  vari ab l e s .  I f  e xtran e o u s  
fai l u re s  are  n o t  re c o g n i z e d  an d  pro pe rl y h an d l e d ,  th e y can  l e ad  to  s e ri o u s l y i n co rre c t  
co n c l u s i o n s .  Al s o ,  th e  re l at i o n s h i p  m ay n o t  b e  accu rate  e n o u g h  o ve r a  wi d e  ran g e  o f  
acce l e rati o n .  

•  Acce l e rate d  te s t  pro g ram s  s h o u l d  b e  p l an n e d  an d  c o n d u cte d  b y te am s  i n cl u d i n g  
i n d i vi d u al s  kn o wl e d g e ab l e  ab o u t  th e  pro d u c t  an d  i ts  u s e  e n vi ro n m e n t,  th e  ph ys i c al ,  
ch e m i c al  o r  m e ch an i c al  as p e c ts  o f  th e  fai l u re  m o d e ,  an d  th e  s tati s t i cal  as p e c ts  o f  th e  
d e s i g n  an d  an al ys i s  o f  re l i ab i l i t y e x p e ri m e n ts .  

B.1 1  Example  

As s u m e  th e  re l e as e  o f  a  p l as t i c  m ate ri al  th at  h as  i ts  m e l t i n g  po i n t  at  1 4 0  ° C .  Th e  pro d u ct  w i l l  
be  u s e d  i n  an  i n d o o r an d  o u td o o r e n vi ro n m e n t.  A s e t  o f  acce l e rati o n  te s ts  are  c o n d u cte d  wi th  
th e  f o l l o wi n g  co n d i t i o n s :  

•  th re e  re l ati ve  h u m i d i t y val u e s ,  wi th  RHt e s t  =  3 0  % ,  6 0  %  an d  9 0  %;  

•  th re e  te m pe ratu re s  wi th  tt e s t  =  1 0 0  ° C ,  1 1 0  ° C  an d  1 2 0  ° C .  

F o r th e s e  s tre s s o rs ,  th e  P e ck m o d e l  i n  B . 7  can  b e  u s e d .  Th e  te s t  p as s /fai l  cri te ri o n  i s :  
m axi m u m  o f  1 0  % re d u c ti o n  i n  tran s p are n c y ( co m pare d  to  0  h  val u e ) .  U s i n g  th e  te s t  re s u l ts ,  
th e  p aram e te rs  q  an d  Ea  can  be  d e d u ce d  an d  are  cal cu l ate d  to  b e :  

___________ 

7  Ad apt e d  fro m  A Review of Accelerated Test Models,  wi t h  th e  p e rm i s s i o n  o f  t h e  au th o r( s )  ( s e e  B i bl i o g rap h y) .  
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•  q  =  2 ;  

•  Ea  =  0 , 6  e V.  

AF c al c u l at i o n s  are  d o n e  fo r u s e r te m pe ratu re s  i n  th e  ran g e  o f  7 0  ° C  ( o u td o o r)  to  1 0 0  ° C  
( i n d o or)  an d  a  re l at i ve  h u m i d i t y o f  4 5  %  ( ave rag e  i n d o o r)  an d  6 0  % ( ave rag e  o u td o o r) .  Th e  
re s u l ts  are  l i s te d  i n  Tab l e  B . 2 .  

Table  B .2  – Example  of  calcu lated  acceleration  factors  

 t
use

 ( ° C )  

RH
use

 ( % )  70  80  90  1 00  

45  5 3  3 0  1 7  1 0  

5 0  4 3  2 4  1 4  8  

5 5  3 5  2 0  1 2  7  

6 0  3 0  1 7  1 0  6  
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Annex C  
( i n fo rm ati ve )  

 
System  rel iabi l i ty8  

C.1  General  

M an y te x tb o o ks  are  avai l ab l e  th at  d e s cri be  re l i ab i l i t y pri n ci p l e s ,  ran g i n g  fro m  i ts  h i s to r y,  
( acce l e rate d )  te s t i n g ,  s ys te m  re l i ab i l i t y,  re l i ab i l i t y  pre d i c ti o n s  to  re l i ab i l i t y s tan d ard s .  I t  i s  n o t  
th e  i n te n ti o n  to  re p e at  an d /o r s u m m ari z e  th i s  e x te n s i ve  n u m be r o f  pu b l i s h e d  p ag e s  i n  
An n e x C .  I n  th i s  an n e x ,  o n l y th e  b as i c  pri n c i p l e s  an d  th o s e  d e tai l e d  re l i ab i l i ty th e o ri e s  th at  are  
i m po rtan t  fo r  LE D  pro d u c ts  are  d i s c u s s e d .  

C.2  Basic principles  

A s ys te m  i s  a  c o l l e ct i o n  o f  co m po n e n ts ,  s u bs ys te m s  an d /o r as s e m bl i e s  arran g e d  to  a s pe ci f i c  
d e s i g n  i n  o rd e r to  ac h i e ve  d e s i re d  fu n cti o n s  wi t h  acce p tab l e  p e rfo rm an c e  an d  re l i abi l i t y.  Th e  
typ e s  o f  co m po n e n ts ,  th e i r  q u an ti t i e s ,  th e i r  q u al i t i e s  an d  th e  m an n e r  i n  wh i c h  th e y are  
arran g e d  wi th i n  th e  s ys te m  h ave  a d i re ct  e ffe ct  o n  th e  s ys te m ' s  re l i ab i l i t y.  Ofte n ,  th e  
re l ati o n s h i p  b e twe e n  a  s ys te m  an d  i ts  co m p o n e n ts  i s  m i s u n d e rs to o d  o r  o ve rs i m pl i f i e d .  

Fro m  a s ys te m  re l i ab i l i ty p o i n t  o f  vi e w,  th e  ch al l e n g e  i s  to  m as te r th e  re l i abi l i t y o f  i ts  
co m po n e n ts .  C l e arl y,  e ach  s ys te m ,  wh ate ve r  th e  c o m pl e xi t y,  can  o n l y l as t  as  l o n g  as  i ts  
l o we s t- l i fe  co m p o n e n t.  Th e  re l i ab i l i t y m a y b e  m e as u re d  i n  d i ffe re n t  wa ys  d e pe n d i n g  o n  th e  
part i cu l ar  s i tu ati o n ,  e xam p l e s  are :  

•  M TTF;  

•  n u m be r o f  fai l u re s  p e r t i m e  u n i t  ( fai l u re  rate  o r  f i e l d  c al l  rate ) ;  

•  th e  pro b ab i l i t y th at  th e  i te m  d o e s  n o t  fai l  i n  a  t i m e  i n te rval  ( 0 ,  t)  ( s u rvi val  pro b ab i l i t y) ;  

•  th e  pro b ab i l i t y th at  th e  i te m  i s  abl e  to  fu n c ti o n  at  t i m e  t  ( avai l ab i l i t y at  t i m e  t) .  

I f  th e  i te m  i s  n o t  re p ai re d  afte r f ai l u re ,  th e  th i rd  an d  fo u rth  s i tu ati o n s  co i n ci d e .  Fo r pre c i s e  
m ath e m ati c al  d e f i n i t i o n s ,  re fe r  to  th e  te x t  b o o ks  l i s te d  i n  th e  Bi b l i o g raph y.  

W h ate ve r  th e  co m p l e x i t y o f  th e  s ys te m ,  i ts  re l i ab i l i t y i s  d e te rm i n e d  b y i ts  c o m po n e n ts  an d  th e  
i n te rac ti o n  be twe e n  th e m .  Th e  o ve ral l  s ys te m  re l i ab i l i t y i s  a  c o m bi n ati o n  o f  al l  fai l u re  m o d e s  
i n  e ac h  co m p o n e n t.  W i th  th e  g i ve n  app l i cati o n  pro fi l e ,  o n e  can  cal c u l ate  th e  re l i abi l i t y 
pe rf o rm an c e  o f  th e  s ys te m .  N o te  th at  i n ve s ti g ati o n s  i n to  th e  p h ys i cs  o f  fai l u re  are  n e e d e d  to  
u n d e rs tan d  th e  fai l u re  m o d e s ,  c o m bi n e d  wi th  an y s o rt  o f  te s t i n g .  Ve ri f i c ati o n  te s ti n g  i s  n e e d e d  
o n  a pro d u ct  l e ve l .  

C.3  Testing  on  the system  level  

To  co ve r s ys te m  re l i ab i l i t y,  o n e  wo u l d  n e e d  to  te s t  th e  re l i ab i l i t y p e rfo rm an ce  o f  bo th  th e  
co m po n e n ts  an d  th e  to tal  s ys te m .  I f  th e  to tal  s ys te m  i s  ai m e d  fo r l o n g  l i fe t i m e s ,  wh i ch  i s  th e  
cas e  fo r LE D  pro d u cts ,  a  co m m o n  wa y o f  tackl i n g  th i s  re q u i re m e n t  i s  to  e x po s e  th e  d e vi c e  to  
s u ffi ci e n t  o ve rs tre s s  to  bri n g  th e  t i m e  to  fai l u re  to  an  acce p tab l e  l e ve l .  Th e re afte r ,  o n e  tr i e s  to  
“e xtrapo l ate ” ,  fro m  th e  i n fo rm ati o n  o btai n e d  u n d e r o ve rs tre s s ,  to  n o rm al  u s e  co n d i t i o n s .  
D e p e n d i n g  o n  th e  ki n d  o f  d e vi c e  i n  q u e s ti o n ,  th e  acce l e rate d  te s t i n g  c o n d i t i o n s  m ay i n vo l ve  a  
h i g h e r l e ve l  o f  te m pe ratu re ,  pre s s u re ,  vo l tag e ,  l o ad ,  vi brati o n ,  an d  s o  o n ,  th an  th e  
co rre s p o n d i n g  l e ve l s  o cc u rri n g  i n  n o rm al  u s e  co n d i t i o n s .  Th e s e  vari ab l e s  are  c al l e d  s tre s s o rs .  

___________ 

8  Ad apt e d  fro m  Solid State Lighting Reliability,  wi t h  th e  p e rm i s s i o n  o f  t h e  au th o r( s )  ( s e e  B i b l i o g rap h y ) .  
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Th i s  appro ach  i s  cal l e d  acce l e rate d  l i f e  te s ti n g  ( ALT)  o r  o ve rs tre s s  te s t i n g .  Th e re  are  
bas i c al l y two  d i ffe re n t  re l i ab i l i t y te s t  ap pro ach e s :  

•  Te s t- to - p as s  

Te s t- to - p as s ,  d e m o n s trati o n  te s t i n g  o r  z e ro  fai l u re  acce p tan c e  te s ti n g  i s  an  ap pro ach  i n  
wh i c h  a c e rtai n  n u m be r o f  te s t  c yc l e s  are  n e e d e d  wi th o u t  th e  o ccu rre n ce  o f  fai l u re s .  Te s t  
to  p as s  o n l y p ro vi d e s  p as s - fai l  re s u l ts ;  th e  re s u l ts  d o  n o t  g i ve  an y i n f o rm ati o n  wi th  re s p e ct  
to  th e  re l i ab i l i t y as  a fu n cti o n  o f  t i m e  ( o r ki l o m e tre s  o r  c ycl e s ) .  Th e s e  l i m i tat i o n s  ar e  
ad d re s s e d  b y te s t  to  fai l u re .  

•  Te s t- to - fai l u re  

Te s t- to - fai l u re  i s  an  ap pro ac h  i n  wh i ch  th e  te s ts  are  c o n ti n u e d  u n ti l  at  l e as t  6 5  % o f  th e  
po p u l ati o n  fai l e d .  Th i s  ap pro ach  wi l l  g i ve  m o re  i n fo rm ati o n  o n  fai l u re  m o d e s ,  b u t  th e  
l i m i tat i o n  co u l d  be  l o n g  d u rati o n  o f  th e  te s t.  

Fo r th e  pri n c i p al  co m po n e n ts  i n  a n  LE D  pro d u c t,  i t  i s  ad vi s e d  to  fo l l o w a te s t- to - fai l  appro ac h ,  
pre f e rab l y u s i n g  m e an i n g fu l  acce l e rate d  te s ts .  F o r LE D  pro d u c ts  as  a s ys te m ,  a  te s t- to - p as s  
ap pro ach  i s  ad vi s e d .  S o m e  g e n e ri c  ru l e s  fo r  th at  are :  

•  e ach  pri n c i p al  c o m po n e n t  i n  a  s ys te m  e xh i b i ts  i ts  o wn  fai l u re  m o d e s  th at  n e e d s  to  b e 
cap tu re d  b y:  

– e xp e ri m e n ts  u s i n g  at  l e as t  th re e  acce l e rate d  te s t i n g  c o n d i t i o n s ;  

– n u m e ri cal /an al yti c al  m o d e l s  th at  d e s cri be  th e  re l i ab i l i t y p h ys i cs  o r  ph ys i c s  o f  fai l u re  
( s e e  An n e x B ) .  

•  i n te rac ti o n s  b e twe e n  th e  co m po n e n ts  s h al l  b e  c ap tu re d  b y:  

– te s t i n g  th e  to tal  s ys te m ;  

– s l i g h tl y acce l e rati n g  e n vi ro n m e n tal  u s e r  c o n d i t i o n s  i n  a  p h ys i c al l y co rre c t  m an n e r.  

I n  m o s t  i n d u s tri e s ,  s tan d ard  te s ts  are  u s e d  i n  o rd e r to  q u an ti f y th e  re l i abi l i t y p e rfo rm an c e  o f  
th e  co m po n e n ts  an d  s ys te m s .  E x am pl e s  are  th e  M I L s tan d ard s  fo r th e  m i l i tary an d  th e  J E D E C  
s tan d ard s  f o r  e l e c tro n i cs .  

C.4  System  rel iabi l i ty prediction  

C.4.1  General  

I n  s ys te m  re l i ab i l i t y,  o n e  wi l l  a l wa ys  h ave  to  wo rk wi th  m o d e l s  o f  th e  s ys te m .  I n  practi c al  
s i tu ati o n s ,  th e  an al ys t  wi l l  h ave  to  d e ri ve  ( s to ch as ti c)  m o d e l s  o f  th e  s ys te m  at  h an d ,  o r  at  
l e as t  h ave  to  ch o o s e  fro m  s e ve ral  p o s s i bl e  m o d e l s  b e fo re  an  an al ys i s  c an  be  pe rf o rm e d .  To  
be  “re al i s t i c” ,  th e  m o d e l s  s h al l  d e s cri b e  th e  e s s e n ti al  f e atu re s  o f  th e  s ys te m ,  b u t  d o  n o t  
n e ce s s ari l y h ave  to  b e  e xact  i n  al l  d e tai l s .  Al wa ys  b e ar  i n  m i n d  th at  o n e  i s  wo rki n g  wi th  an  
i d e al i z e d ,  s i m pl i f i e d  m o d e l  o f  th e  s ys te m .  Trad i ti o n al  h an d b o o k- b as e d  re l i ab i l i t y pre d i c ti o n  
m e th o d s  f o r e l e c tro n i c  pro d u c ts  i n cl u d e  M I L- H D B K- 2 1 7 ,  Te l co rd i a S R - 3 3 2  ( fo rm e rl y B e l l co re ) ,  
P R I S M ,  F I D E S  an d  th e  C h i n e s e  G J B 2 9 9 B .  Th e s e  m e th o d s  re l y o n  an al ys i s  o f  fai l u re  d ata  
co l l e cte d  fro m  th e  f i e l d  an d  as s u m e  th at  th e  c o m po n e n ts  o f  a  s ys te m  h ave  i n h e re n t  co n s tan t  
fai l u re  rate s  th at  are  d e ri ve d  fro m  th e  co l l e cte d  d ata.  

M u c h  l i te ratu re  i s  avai l ab l e  o n  th e  pre d i c ti o n  o f  s ys te m  re l i ab i l i t y;  i t  i s  n o t  th e  i n te n ti o n  to  
s u m m ari ze  o r to  re pe at  th i s  i n f o rm ati o n .  An n e x  C  o n l y l i s ts  th o s e  te c h n i q u e s  th at  can  be  
ap p l i e d  fo r s ys te m  re l i abi l i t y pre d i cti o n  o f  LE D  pro d u c ts .  

C.4.2  Block d iag rams 

R e l i ab i l i t y b l o ck d i ag ram s  are  d e s cri b e d  as  a  m e an s  to  re pre s e n t  th e  l o g i c al  s ys te m  
arch i te c tu re  an d  cre ate  s ys te m  re l i ab i l i t y m o d e l s .  P o s s i b l e  l o g i c al  s tru ctu re s  are  s e ri al ,  
paral l e l  an d /o r  co m b i n ati o n s  o f  th e s e  two .  I n  a  s e ri al  s tru c tu re  wi th  n  i n d e pe n d e n t  
co m po n e n ts ,  th e  s ys te m  re l i ab i l i t y i s  cal cu l ate d  as  th e  m u l t i p l i cati o n  o f  th e  i n d i vi d u al s ,  as  
s h o wn  i n  E q u ati o n  ( C . 1 ) :  
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C o n s i d e r  a  s e ri e s  s tru ctu re  o f  fo u r i n d e p e n d e n t  c o m po n e n ts .  At  a  s p e c i f i e d  p o i n t  o f  t i m e ,  th e  
co m po n e n t  re l i ab i l i t i e s  are  R1  =  R2  =  0 , 9 9 ,  R3  =  0 , 9 7 ,  an d  R4  =  0 , 9 4 .  Th e  s ys te m  re l i ab i l i t y at  
t i m e  t  i s  th e n  e q u al  to  0 , 9 9  ×  0 , 9 9  ×  0 , 9 7  ×  0 , 9 4  =  0 , 8 9 .  I n  a s e ri al  s ys te m ,  th e  p ro d u ct  i s  at  
m o s t  as  re l i ab l e  as  th e  l e as t  re l i ab l e  co m po n e n t.  I n  a  paral l e l  s tru c tu re  wi th  n  i n d e p e n d e n t  
co m po n e n ts ;  th e  s ys te m  re l i ab i l i t y i s  cal c u l ate d  as  s h o wn  i n  E q u ati o n  ( C . 2 ) :  

 ∏
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−−=
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i

itotal RR

1

)1(1  ( C . 2 )  

C o n s i d e r a p aral l e l  s tru ctu re  o f  fo u r i n d e p e n d e n t  c o m po n e n ts .  At  a  s pe c i f i e d  p o i n t  o f  t i m e ,  th e  
co m po n e n t  re l i ab i l i t i e s  are  R1  =  R2  =  0 , 9 9 ,  R3  =  0 , 9 7 ,  an d  R4  =  0 , 9 4 .  Th e  s ys te m  re l i ab i l i t y at  
t i m e  t  i s  th e n  e q u al  to  1  −  ( 1  −  0 , 9 9 )  ×  ( 1  −  0 , 9 9 )  ×  ( 1  −  0 , 9 7)  ×  ( 1  −  0 , 9 4)  =  0 , 9 9 9 .  S o ,  paral l e l  
s ys te m s  are  i n  pri n c i p l e  m o re  re l i abl e  th an  s e ri al  s ys te m s .  

LE D  pro d u c ts  are  co m pri s e d  o f  a  co m bi n ati o n  o f  s e ri al  an d  paral l e l  s tru c tu re s  ( o r  
co m po n e n ts ) .  I t  m ake s  th e  s tru ctu re  fu n c ti o n s  m o re  co m pl e x .  Th e  co m pl e x i t y i n cre as e s  e ve n  
m o re  wh e n  re d u n d an c y i s  pre s e n t,  wh e n  pro d u ct  re p ai r  i s  an  o p ti o n ,  an d /o r wh e n  i n te rac ti o n s  
p l a y a d o m i n an t  ro l e  ( m e an i n g  th at  th e  as s u m pti o n s  o f  i n d e pe n d e n c y d i s ap p e ar) .  I n  s u ch  
cas e s ,  i t  b e co m e s  i n e vi tab l e  to  u s e  d e d i cate d  s o ftware  to  d e te rm i n e  th e  s tru c tu ral  d i ag ram  o f  
th e  s ys te m  an d  c al cu l ate  i ts  re l i ab i l i t y.  

C.4.3  Fau l t  tree  

Fau l t- tre e  an al ys i s  ( FTA)  i s  a  d e d u cti ve  m e th o d o l o g y to  d e te rm i n e  th e  po te n ti al  cau s e s  o f  
fai l u re s  an d  to  e s ti m ate  th e  fai l u re  pro b ab i l i t i e s  ( I E C  6 1 0 2 5) .  F au l t- tre e  an al ys i s  ad d re s s e s  
s ys te m  d e s i g n  as p e cts  an d  po te n ti al  fai l u re s ,  tracks  d o wn  s ys te m  fai l u re s  d e d u cti ve l y,  
d e s cri b e s  s ys te m  fu n cti o n s  an d  b e h avi o u rs  g raph i cal l y,  fo c u s e s  o n  o n e  e rro r at  a  t i m e ,  an d  
pro vi d e s  q u al i tat i ve  an d  q u an ti tati ve  re l i ab i l i t y an al ys e s .  Th e  pu rp o s e  o f  a  fau l t  tre e  i s  to  s h o w 
th e  s e ts  o f  e ve n ts  – p arti c u l arl y th e  p ri m ar y fai l u re s  – th at  wi l l  cau s e  th e  to p  e ve n t  i n  a  
s ys te m .  I n  an  F TA,  s tan d ard  s ym b o l s  to  d e n o te  s o - c al l e d  e ve n ts  an d  g ate s  are  u s e d  to  
cal cu l ate  th e  fai l u re  pro b ab i l i t y o f  th e  s ys te m .  

C.4.4  Markov chains  

A M arko v ch ai n  i s  a  s to ch as ti c  pro c e s s  th at  d e s cri be s  tran s i t i o n s  i n  t i m e  b e twe e n  d i s cre te  
n u m be rs  o f  s tate s  ( s e e  I E C  6 1 1 6 5 ) .  M arko v ch ai n s ,  n am ed  afte r  An d re y M arko v,  are  a  
m ath e m ati c al  s ys te m  th at  u n d e rg o e s  tran s i t i o n s  fro m  o n e  s tate  to  an o th e r,  be twe e n  a  f i n i te  o r  
co u n tab l e  n u m be r o f  p o s s i bl e  s tate s .  M arko v c h ai n s  d e s cri be  th e  fai l u re  d i s tri b u ti o n  ch an g e  
b y t i m e .  M o n te  C arl o  s i m u l at i o n s  o fte n  g o  h an d  i n  h an d  wi th  M arko v c h ai n s  i n  o rd e r to  u p d ate  
th e  s tate  o f  th e  s ys te m  ( re ad :  fai l u re  pro b ab i l i t y)  at  a  ce rtai n  t i m e .  Th e  c h an g e s  o f  s tate  o f  th e  
s ys te m  are  cal l e d  tran s i t i o n s ,  an d  th e  pro bab i l i t i e s  as s o ci ate d  wi th  vari o u s  s tate - c h an g e s  are  
cal l e d  tran s i ti o n  pro b ab i l i t i e s .  Th e o re ti c al l y,  wh e n  th e  s ys te m  h as  n  co m po n e n ts ,  an d  e ac h  
co m po n e n t  h as  two  s tate s  ( fu n c ti o n i n g  an d  fai l e d ) ,  th e  s ys tem  wi l l  h ave  at  m o s t  2n  d i ffe re n t  
s tate s .  

C.4.5  Bayesian  networks  

Larg e  s ys te m s  be co m e  d i ff i cu l t  to  m o d e l  wi th  M arko v ch ai n s  be c au s e  th e y i n d u ce  a 
co m bi n ato ry e x p l o s i o n  o f  s tate s .  F au l t  tre e s  are  al s o  d i ff i cu l t  to  i m p l e m e n t  i n  l arg e  s ys te m s 
an d  p art i c u l arl y i f  th e  s tu d i e d  s ys te m  pre s e n ts  re d u n d an t  f ai l u re s .  I n  th i s  co n te xt,  B a ye s i an  
n e two rks  ( B N )  i s  a  ve ry i n te re s ti n g  m e th o d o l o g y.  Th e y al l o w th e  s to c h as ti c  m o d e l l i n g  o f  
re l i ab i l i t y i n  a  co m pac t an d  g rap h i c  fo rm .  Th e  g rap h i c al  fo rm  co m m o n l y u s e d  fo r B N  i s  th e  
d i re c te d  ac yc l i c  g raph s  ( D AG s )  wh o s e  n o d e s  re pre s e n t  ran d o m  vari ab l e s  an d  wh o s e  arcs  
re p re s e n t  d i re ct  i n f l u e n c e s  be twe e n  ad j ace n t  n o d e s .  M o d e l l i n g  wi th  a B N  i s  re al i z e d  wi th  a  
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s i n g l e  ‘ V s tru ctu re ’  i n  wh i c h  th e  c o n d i t i o n al  pro bab i l i t y tabl e  co n tai n s  th e  fai l u re  p ro p ag ati o n  
m e ch an i s m s  th ro u g h  th e  fu n cti o n al  arch i te c tu re  o f  th e  s ys tem .  B N s  b u i l d  th e  re l ati o n s h i ps  
be twe e n  th e  n o d e s  an d  cal cu l ate  th e  n o d al  i n f l u e n c e  b y s u ch  re l at i o n s h i ps .  Th e  i n f l u e n c e s  
re p re s e n te d  b y th e  arc  o f  a  Ba ye s i an  n e two rks  can  b e  pro b abi l i s ti c  o r  d e te rm i n i s t i c.  

C.4.6  Ch i -square9  

Th e  C h i - s q u are  d i s tri bu t i o n  c an  b e  u s e d  to  f i n d  th e  co n fi d e n c e  i n te rval s  o n  th e  fai l u re  rate  
an d  th e  M TTF o f  th e  e x po n e n ti al  d i s tri b u t i o n s .  Th e  d i s tri b u t i o n  can  al s o  be  ap pl i e d  to  th e  
W e i bu l l  d i s tri bu t i o n  wh e n  th e  s h ap e  p aram e te r  (β)  i s  kn o wn  ( s o  cal l e d  W e i B aye s  m e th o d ) .  
Th i s  fe atu re  fo c u s e s  o n  co n fi d e n c e  i n te rval s  wh e n  th e  u n d e rl yi n g  f ai l u re  d i s tri b u ti o n  i s  
e xp o n e n ti al .  Th e  e s t i m ate  fo r fai l u re  rate  (λ)  i s  cal cu l ate d  as  th e  rati o  o f  th e  n u m be r o f  fai l u re s  
to  th e  to tal  te s ti n g  t i m e .  Al te rn at i ve l y,  th e  e s ti m ate  o f  M TTF i s  cal cu l ate d  as  th e  rati o  o f  th e  
to tal  te s ti n g  t i m e  to  th e  n u m be r o f  fai l u re s .  I f  n o  f ai l u re s  are  o bs e rve d  d u ri n g  a te s t  o n  n  u n i ts  
o ve r  a  d u rati o n  o f  t i m e t,  th e n  b as e d  o n  c o n fi d e n c e  l e ve l s ,  th e  u pp e r b o u n d  o f  th e  fai l u re  rate  
can  be  cal c u l ate d  as  s h o wn  i n  E q u ati o n  ( C . 3 ) :  

 
tn×

= l evelconfidence

2

upperbound

c
l  ( C . 3 )  

wh e re :  

λu p pe rbo u n d  i s  th e  u p pe r  val u e  f o r th e  fai l u re  rate ;  

c  i s  th e  C h i - s q u are  val u e  at  a  g i ve n  c o n f i d e n ce  l e ve l ,  e q u al  to  2 , 3  ( 9 0  %) ;  3 , 0  
( 9 5  %) ;  4 , 6 1  ( 9 9  %) ;  

n  i s  th e  n u m be r o f  u n i ts ;  

t   i s  th e  te s t  t i m e .  

Al te rn ati ve l y,  th e  l o we r b o u n d  fo r th e  M TTF i s  th e  re ci pro cal  o f  th e  fai l u re  rate  (λ) .  I f  m u l t i p l e  
te s ts  m,  wi th  n  s am pl e s  an d  d u rati o n  t  are  e xe c u te d ,  an d  ze ro  f ai l u re s  are  fo u n d ,  th e n  th e  
te rm  n  ×  t  i s  to  b e  re p l ac e d  b y th e  e q u i val e n t  te rm ,  be i n g  as  s h o wn  i n  E q u ati o n  ( C . 4) :  

 ∑
=
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m
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iiequivalent tnnt

1

)()(
 ( C . 4)  

I f  acc e l e rati o n  te s ts  are  u s e d ,  th e n  th e  acce l e rati o n  facto r  fo r th e  ith  te s t  can  b e  ad d e d  i n  th e  
e q u i val e n t  te rm .  

E x am pl e :  

Tabl e  C . 1  s h o ws  a te s t  s ch e m e  wi th  te s t  h o u rs  an d  n u m be r o f  u n i ts  fo r  an  LE D - b as e d  
pro d u ct.  Th re e  te s ts  are  co n d u cte d ,  two  wi th  n o  acce l e rati o n  an d  o n e  wi th  an  acce l e rati o n  
facto r  e q u al  to  2 .  N o  f ai l u re s  are  fo u n d  i n  al l  te s ts .  F o r e ac h  te s t,  th e  l as t  co l u m n  g i ve s  th e  
e q u i val e n t  h o u rs  an d  th e  s u m  o f  th e  e q u i val e n t  te rm  i s  e q u al  to  90  0 0 0  h .  Th i s  n u m be r can  
n o w b e  u s e d  to  cal c u l ate  th e  u p p e r b o u n d  o f  th e  fai l u re  rate  o f  th e  LE D - bas e d  pro d u c t,  b y 
u s i n g  th e  C h i - s q u are  E q u ati o n  ( C . 3 ) .  

___________ 

9  Ad apt e d  fro m  Calculating MTTF When You Have Zero Failures,  wi th  th e  p e rm i s s i o n  o f  t h e  au t h o r( s )  ( s e e  
B i bl i o g ra ph y) .  
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Table  C. 1  – Example  test  scheme and  resu l ts  for Ch i -square.  

Test  i  Number of  un i ts  i n  test  Test  hours  
h  

Equivalent  term  n  ×  T ×  AF  

1 ,  n o  acc el e rat i o n  5  6   0 0 0  3 0   0 0 0  

2 ,  wi th  AF =  2 , 0  2 0  1   0 0 0  40   0 0 0  

3 ,  n o  acc el e rat i o n  5  4   0 0 0  2 0   0 0 0  

To t al  9 0   0 0 0  
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Annex D  
( i n fo rm ati ve )  

 
Qual i fication  flowcharts  

D.1  General  

Th e  f l o wch arts  pre s e n te d  i n  F i g u re s  D . 1  to  D . 5  re fe r to  C l au s e  4 .  Th e s e  f l o wc h arts  can  b e  
u s e d  as  a g u i d e l i n e  fo r  th e  acce l e rati o n  te s t  s c h e m e s  o f  th e  pri n ci pal  co m po n e n ts .  Th e  te s t  
ab bre vi at i o n s  re fe r to  th e  te xt  i n  C l au s e  4 .  

D.2  Qual i fication  flowcharts of  principal  components  

 

a  F o r th e  te s t s  VVF ,  H 2 S ,  F M C G  an d  S 0 2 ,  m o i s t u re  pre co n d i t i o n i n g  i s  n o t  re q u i re d .  

Figure D. 1  – Qual i fi cation  f lowchart  for LED  package and  in terconnects  

IEC  
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Figure D.2  – Qual i fication  flowchart  for optical  materials  

IEC  

Sel ect  qual i fi cati on sam pl es,  6. 2

M oi sture precondi ti oni ng,  6. 3

P re-photom etri c,  6. 4

Post-photom etri c,  6. 4

Pos t-vi s ual ,  6. 6

P ri nci pal  com ponent tes t  report for opti cal  m ateri al s

Annex F

Li ght-refl ecti ng m ateri al s,  6. 1 1

P re-photom etri c,  6. 4

Pre-vi s ual ,  6. 6

Fai l ure cri teri a,  6. 7

Al um i num -coated pl as ti c,  6. 1 1 . 2

TH,  6. 9. 2

AST

Whi te pl as ti c  &

Non-coated m ateri al ,  6. 1 1 . 3

TH,  6. 9. 2

TL,  6. 9. 3

AST

Di chroi c-coated gl as s  & 

Al um i num -coated gl as s ,  6. 1 1 . 1

RH,  6. 8. 1

BW,  6. 8. 2

OW,  6. 8. 3

HTE ,  6. 8. 4

I QT

Li ght-trans m i tti ng m ateri al s,  6. 1 0

TH,  6. 9. 2

TL,  6. 9. 3

AST

Opti cal  converters ,  6. 1 2

TH,  6. 9. 2

TL,  6. 9. 3

AST
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Figure D.3  – Qual i fi cation  flowchart  for electronic  subassembl ies  

IEC  

Sel ect qual i fi cati on s am pl es ,  7. 2

P re-el ectri cal ,  7. 4

P re-vi s ual ,  7. 5

P os t-el ectri cal ,  7. 4

P os t-vi s ual ,  7. 5
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Figure D.4  – Qual i fication  f lowchart  for active and  passive cool ing  systems 
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Figure D.5  – Qual i fi cation  f lowchart  for construction  materials  
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Annex E  
( i n fo rm ati ve )  

 
Physical  analysis  for principal  components 1 0  

E.1  General  

Th e  pu rp o s e  o f  p h ys i c al  an al ys i s  b o th  d e s tru c ti ve  ( D P A)  an d  n o n - d e s tru cti ve  ( P A) ,  i s  to  
d e te rm i n e  th e  cap ab i l i t i e s  o f  ke y i n te rco n n e cts '  i n te rn al  m ate ri al s ,  d e s i g n ,  an d  f i n i s h i n g  to  
wi th s tan d  fo rce s  i n d u c e d  b y vari o u s  s tre s s e s  i n d u ce d  d u ri n g  q u al i f i c ati o n  te s t i n g .  

E.2  DPA for LED packages and  interconnects  

Th e  D P A e q u i pm e n t  n e e d e d  fo r LE D  packag e s  are :  

•  o p t i cal  m i cro s c o p e  h avi n g  m ag n i f i c ati o n  c ap ab i l i t y o f  u p  to  5 0 × ;  

•  d e - c aps u l ati o n  e q u i pm e n t.  

R e p o rt  th e  t yp e ,  c al i brati o n  ran g e  an d  re s o l u t i o n  o f  th e  D P A e q u i pm e n t.  Th e  D P A pro ce d u re  
fo r LE D  p ackag e s  i s  as  fo l l o ws .  

a)  LE D  p ackag e s  s e l e cte d  fo r th i s  te s t  s h al l  h ave  s u cce s s f u l l y co m pl e te d  te m pe ratu re  an d  
m e ch an i c al ,  an d  te m pe ratu re  an d  h u m i d i t y s tre s s  an d  e n vi ro n m e n tal  s tre s s  te s t i n g  as  
s pe c i f i e d  i n  5 . 1 1  ( TM C L te s t,  W H TO L te s t  an d  H 2 S  te s t) .  

b)  Th e  s o l d e r j o i n ts  s h al l  b e  pre pare d  b y cro s s  s e c ti o n al  cu ts  i n  o rd e r to  e x po s e  th e  cro s s  
s e cti o n  o f  th e  s o l d e r j o i n t  an d  to  d e te rm i n e  th e  e xte n t  o f  an y m e ch an i c al  d am ag e /crack.  
Th e  pro c e s s  u s e d  to  d e - caps u l ate  th e  LE D  packag e  s h al l  e n s u re  th at  i t  d o e s  n o t  cau s e  
d e g rad ati o n  o f  th e  l e ad s  an d  bo n d s .  Th e  i n te rn al  d i e  o r  s u bs trate  s h al l  be  c o m pl e te l y 
e xp o s e d  an d  fre e  o f  p ackag i n g  m ate ri al .  

c)  Th e  LE D  p ackag e s  s h al l  b e  e x am i n e d  u n d e r a m ag n i f i c ati o n  o f  u p  to  5 0 ×  to  th e  cri te ri a  
l i s te d  be l o w.  

d )  Fai l e d  LE D  packag e s  s h al l  b e  an al ys e d  to  d e te rm i n e  th e  cau s e  o f  th e  fai l u re .  A fai l u re  
an al ys i s  re p o rt  d o c u m e n ti n g  th i s  an al ys i s  s h al l  b e  pre p are d  o n  al l  fai l u re s .  I f  th e  an al ys i s  
s h o ws  th at  th e  fai l u re  was  cau s e d  b y th e  p ac kag e  o p e n i n g  pro ce s s ,  th e  te s t  s h al l  be  
re p e ate d  o n  a  s e c o n d  g ro u p  o f  LE D  p ackag e s .  

LE D  p ackag e s  s h al l  be  c o n s i d e re d  to  h ave  fai l e d  i f  th e y e x h i b i t  an y o f  th e  fo l l o wi n g :  

•  vi s i b l e  e vi d e n ce  o f  n o n - c o n f o rm i t y to  th e  LE D  pac kag e s ’  ce rti f i c ate  o f  d e s i g n ,  co n s tru c ti o n  
an d  q u al i f i cati o n ;  

•  vi s i b l e  e vi d e n ce  o f  co rro s i o n ,  c o n tam i n ati o n ,  d e l a m i n ati o n  o r  m e tal l i z at i o n  vo i d s ;  

•  vi s i b l e  e vi d e n ce  o f  d i e /s u bs trate  cracks  o r d e f e cts ;  

•  vi s i b l e  e vi d e n ce  o f  wi re ,  d i e ,  o r  te rm i n ati o n  bo n d  d e f e cts ;  

•  vi s i b l e  e vi d e n ce  o f  d e n d ri te  g ro wth  o r  e l e ctro - m i g rati o n .  

Th e  D P A e q u i pm e n t  n e e d e d  fo r LE D  packag e  i n te rco n n e cts  i s :  

•  o p ti cal  m i cro s c o p e  h avi n g  m ag n i fi c ati o n  c ap ab i l i t y o f  u p  to  5 0 × ;  

•  s can n i n g  e l e ctro n  m i cro s co p e  ( S E M ) ;  

•  X- ra y;  

___________ 

1 0  Ad apt e d  fro m  AE C - Q 1 0 1 - R E V- C ,  Stress test qualification for automotive grade discrete semiconductors,  wi t h  
t h e  p e rm i s s i o n  o f  t h e  a u th o r( s )  ( s e e  B i b l i o g ra p h y) .  
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•  cro s s - s e cti o n al  pre p arati o n .  

R e p o rt  th e  t yp e ,  c al i brati o n  ran g e  an d  re s o l u t i o n  o f  th e  D P A e q u i pm e n t.  Th e  D P A pro ce d u re  
fo r LE D  i n te rc o n n e cts  i s :  

a)  LE D  packag e s  s e l e c te d  fo r th i s  D P A s h al l  h ave  s u cce s s f u l l y co m pl e te d  m e ch an i c al  an d  
q u al i f i c ati o n  i n te rc o n n e ct  s tre s s  te s ti n g  as  s p e ci fi e d  i n  5 . 1 1  ( TM C L te s t,  VVF te s t,  R S H  
te s t  an d  H 2 S  te s t) .  

b)  I n te rc o n n e c ts  can  be  e xam i n e d  b y X- ra y to  co m pare  s o l d e r j o i n t  co n n e cti o n  fro m  
u n s tre s s e d  LE D  packag e s  an d  s tre s s e d  LE D  p ackag e s  acco rd i n g  to  th e  c ri te ri a  l i s te d  i n  
5 . 1 0 .  Th e  X- ra y s h al l  be  d o n e  o n  m o u n te d  LE D  p ackag e s  fro m  two  d i re c ti o n s  wi th  
m axi m u m  po s s i b l e  re s o l u ti o n .  

c)  I n te rc o n n e cts  s h al l  b e  p re p are d  fo r cro s s - s e c ti o n al  e x am i n ati o n ,  b y pre pari n g  a cro s s -
s e cti o n al  cu t  al o n g s i d e  th e  as s e m bl e d  LE D  p ackag e .  

d )  Th e  cro s s - s e cti o n al  c u t  s h al l  be  e xam i n e d  u n d e r a m ag n i f i c ati o n  o f  u p  to  5 0 ×  wi th  o pti cal  
m i cro s co pe  o r,  i f  b y S E M ,  acco rd i n g  to  th e  cri te ri a  l i s te d  b e l o w.  

e)  F ai l e d  i n te rc o n n e cts  s h al l  b e  an al ys e d  to  d e te rm i n e  th e  c au s e  o f  th e  fai l u re .  A f ai l u re  
an al ys i s  re p o rt  d o c u m e n ti n g  th i s  an al ys i s  s h al l  b e  pre pare d  o n  al l  fai l u re s .  I f  th e  an al ys i s  
s h o ws  th at  th e  fai l u re  was  cau s e d  b y th e  pre parati o n  pro c e s s  fo r  an al ys i s ,  th e  d e s tru cti ve  
ph ys i c al  an al ys i s  s h al l  be  re p e ate d  o n  a  s e c o n d  g ro u p  o f  LE D  p ackag e s .  

Th e  LE D  p ackag e  i n te rc o n n e cts  s h al l  be  co n s i d e re d  to  h ave  fai l e d  i f  th e y e x h i b i t  an y o f  th e  
fo l l o wi n g :  

•  vi s i b l e  e vi d e n c e  o f  cracks  i n  th e  s o l d e r j o i n t;  

•  vi s i b l e  e vi d e n c e  o f  vo i d s  i n  th e  s o l d e r;  

•  vi s i b l e  e vi d e n c e  o f  LE D  p ackag e  cracks  o r  d e fe c ts .  

E.3  DPA for optical  materials  

Th e  D P A e q u i pm e n t  n e e d e d  fo r o p ti cal  m ate ri al s  i s  an  o p ti cal  m i cro s co pe  h avi n g  
m ag n i f i c ati o n  c ap abi l i t y o f  u p  to  5 0 × .  

R e p o rt  th e  t yp e ,  c al i brati o n  ran g e  an d  re s o l u ti o n  o f  th e  D P A e q u i pm e n t.  Th e  D P A pro c e d u re  
fo r o p ti c al  m ate ri al s  i s :  

a)  o p t i cal  m ate ri al s  s e l e c te d  fo r  th i s  D P A s h al l  h ave  s u cce s s fu l l y c o m pl e te d  th e  q u al i f i c ati o n  
te s t i n g  as  s p e ci fi e d  i n  6 . 8 ,  6 . 9 ,  6 . 1 0 ,  6 . 1 1  an d  6 . 1 2 ;  

b)  th e  o p ti cal  m ate ri al  s am p l e s  s h al l  b e  e x am i n e d  u n d e r  th e  m ag n i f i c ati o n  o f  u p  to  5 0 ×  to  th e  
cri te ri a l i s te d  b e l o w.  

Opti c al  m ate ri al s  s h al l  b e  co n s i d e re d  to  h ave  fai l e d  i f  th e y e x h i b i t  an y o f  th e  fo l l o wi n g :  

•  vi s i b l e  e vi d e n c e  o f  co l o u r  ch an g e ;  

•  vi s i b l e  e vi d e n c e  o f  cracks  o r  d e l am i n ati o n ;  

•  vi s i b l e  e vi d e n c e  o f  m e ch an i cal  d am ag e  ( d e f o rm ati o n ) .  

E.4  PA for electronics  

Th e  p h ys i cal  an al ys i s  e q u i pm e n t n e e d e d  fo r e l e ctro n i cs  i s  ap pro pri ate  p o we r an al ys e r  
e q u i pm e n t.  

R e p o rt  th e  t yp e ,  cal i brati o n  ran g e  an d  re s o l u ti o n  o f  th e  ph ys i c al  an al ys i s  e q u i pm e n t.  Th e  P A 
pro c e d u re  fo r e l e ctro n i cs  i s :  
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a)  e l e ctro n i c  s u b as s e m b l i e s  s e l e cte d  s h al l  h ave  s u cce s s f u l l y c o m pl e te d  th e  q u al i f i cati o n  
te s ti n g  as  s p e ci fi e d  i n  7. 7  an d  7 . 8 ;  

b)  po we r an al ys e r e q u i pm e n t  i s  u s e d  to  m e as u re  an y d e vi ati o n s  fro m  th e  i n i t i al  pro d u ct  
s pe c i f i cati o n  p aram e te rs ,  i n  p art i c u l ar:  

– an y d e vi at i o n s  i n  po we r f acto r;  

– an y d e vi at i o n s  i n  th e  h arm o n i c  d i s to rti o n  o f  th e  c u rre n t  m ai n s  i n p u t .  

c)  fai l e d  e l e ctro n i c  s u bas s e m bl i e s  s h al l  be  an al ys e d  to  d e te rm i n e  th e  c au s e  o f  th e  fai l u re .  

E l e c tro n i c  s u b as s e m bl i e s  s h al l  b e  co n s i d e re d  to  h ave  fai l e d  i f  th e y e xh i b i t  an y o f  th e  
fo l l o wi n g :  

•  vi s i b l e  e vi d e n c e  o f  e x te rn al  cracks ;  

•  vi s i b l e  e vi d e n c e  o f  m e ch an i c al  d am ag e  ( d e f o rm ati o n s ) ;  

•  vi s i b l e  e vi d e n c e  o f  co rro s i o n .  

E.5  PA for active and  passive cool ing  systems 

Th e  P A e q u i pm e n t n e e d e d  fo r  c o o l i n g  s ys te m s  are :  

•  o p t i cal  m i cro s c o p e  h avi n g  m ag n i f i c ati o n  c ap ab i l i t y o f  u p  to  5 0 × ;  

•  ap pro p ri ate  th e rm al  an al ys e r e q u i pm e n t,  ad vi s e d  are :  

– th e rm al  tran s i e n t  m e as u re m e n t  e q u i pm e n t;  

– I R  c am e ra o f  th e  l o n g  wave  t yp e  ( 7  µm  to  1 4  µ  m  wave l e n g th ) ;  

– th e rm o co u p l e s  o f  t yp e  O m e g a AW G  40 ;  

•  ap pro p ri ate  p o we r an al ys e r e q u i pm e n t ;  

•  s ti l l  ai r  ch am be r;  

•  h e ate r/co o l e r p l ate .  

R e p o rt  th e  t yp e ,  c al i brati o n  ran g e ,  e m i s s i vi t y s e tti n g s  an d  re s o l u ti o n  o f  th e  P A e q u i pm e n t.  
Th e  P A pro c e d u re  fo r  c o o l i n g  s ys te m s  i s  as  fo l l o ws .  

a)  Te s te d  u n i ts  s e l e cte d  s h al l  h ave  s u cce s s fu l l y co m pl e te d  th e  q u al i f i c ati o n  te s ti n g  as  
s pe c i f i e d  i n  8 . 9  an d  8 . 1 0 .  

b)  Th e rm al  an d  p o we r an al ys e r e q u i pm e n t  i s  u s e d  to  m e as u re  an y d e vi at i o n s  fro m  th e  i n i t i al  
pro d u ct  s p e ci fi c ati o n  p aram e te rs  acco rd i n g  to  8 . 8 .  

c)  Fai l e d  te s te d  u n i ts  s h al l  be  an al ys e d  to  d e te rm i n e  th e  c au s e  o f  th e  f ai l u re .  

Te s te d  u n i ts  s h al l  be  c o n s i d e re d  to  h ave  f ai l e d  i f  th e y e xh i b i t  an y o f  th e  f o l l o wi n g :  

•  vi s i b l e  e vi d e n c e  o f  e x te rn al  cracks ;  

•  vi s i b l e  e vi d e n c e  o f  m e ch an i c al  d am ag e  ( d e f o rm ati o n s ) ;  

•  vi s i b l e  e vi d e n c e  o f  i n te rface  d e l am i n ati o n  o ve r  2 5  % o f  th e  s u rfac e  are a;  

•  vi s i b l e  e vi d e n c e  o f  co rro s i o n ;  

•  vi s i b l e  l e akag e  o f  co o l i n g  l i q u i d s  l i ke  o i l ,  g re as e  an d /o r wate r.  

E.6  DPA for mechanical  

S u bc l au s e  9 . 3  d e n o te s  th e  cate g o ri e s  fo r th e  m e ch an i c al  pri n ci p al  co m po n e n ts .  D P A an d  P A 
s h al l  b e  f o l l o we d  acco rd i n g  to  C l au s e  E . 1  to  C l au s e  E . 5 .  
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Annex F 
(n o rm ati ve )  

 
Principal  component test  report  

Te s t  an d  m o d e l l i n g  d ata i s  o n l y m e an i n g f u l  i f  a l l  th e  p e rti n e n t  te s t  co n d i ti o n  i n fo rm ati o n  i s  
pro vi d e d  wi th  th e  actu al  te s t  an d  pre d i c t i o n  re s u l ts .  Th e re fo re ,  th e  e xam p l e  fo rm at  i n  
Tabl e  F. 1  s h al l  be  u s e d  fo r  e ach  pri n c i p al  co m po n e n t  i n  o rd e r  to  s u p p l y th e  f o l l o wi n g  
i n fo rm ati o n :  

•  re fe re n c e  d ata:  

– typ e  o f  pri n ci p al  co m po n e n t  ( e . g .  LE D  packag e ) ;  

– fam i l y i t  be l o n g s  to  ( e . g .  th e rm al  i n te rface  m ate ri al ) ;  

– u n i q u e  re p o rt  n u m be r,  d ate  an d  p o s s i b l e  re vi s i o n .  

•  re s t  d ata:  

– te s t  i te m  an d  e q u i pm e n t  th at  i s  u s e d  ( e . g .  th e rm al  te s t  c h am be r) ;  

– te s t  c o n d i ti o n s ;  

– s am pl e  s i ze ;  

– te s t  d u rati o n .  

•  re s t  re s u l ts :  

– s u m m ary o f  th e  re s u l ts ;  

– fu l l  re po rt,  i n cl u d i n g  al l  an al ys i s  ( e . g .  f ai l u re  an al ys i s ) .  

•  pre d i ct i o n  m o d e l  re s u l ts :  

– ch o s e n  pre d i c ti o n  m o d e l  an d  th e  m o d e l  param e te rs ;  

– pre d i cti o n  re s u l ts  s u m m ary an d  fu l l  re p o rt .  

Fo r e ach  pri n ci p al  co m po n e n t,  th e  abo ve  i n f o rm ati o n  s h al l  be  s u p p l i e d  i n  a  o n e - pag e  e x am pl e  
o ve rvi e w re p o rt i n g  fo rm at  as  g i ve n  i n  Tab l e  F . 1 .  D e tai l s  c an  b e  d o cu m e n te d  ad j ace n t  to  th i s  
on e - pag e  o ve rvi e w.  
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Table  F.1  – Example  overview reporting  format  

Reference product  data  

P ri n ci p al  co m p o n e n t :  … .  R e p o rt  n u m be r:  … .  

F am i l y:  … .  D ate :  … .  

Test  data  

Te s t  i te m :  … .  

S am p l e  &  as s e m bl y d e tai l s :  … .  

Te s t  e q u i p m e n t:  … .  

Te s t  co n d i t i o n s :  … .  

S am p l e  s i z e :  … .  

Te s t  d u rati o n :  … .  

Test  resu l ts  

Te s t  re s u l t  s u m m ary:  … .  

D e s tru c ti ve  a n al ys i s  s u m m ary:  … .  

F ai l u re  a n al ys i s  s u m m ary:  … .  

Pred iction  resu l ts  

P re d i c ti o n  m o d e l :  … .  

M o d e l  p aram e te rs :  … .  

P re d i c t i o n  re s u l t:  … .  

O ve ral l  re s u l t:  P AS S   ( X)  F AI L   ( X)  
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B i bl i o g raph y 

I E C  6 0 3 0 0 - 3 - 1 ,  Dependability management – Application guide – Analysis techniques for 
dependability – Guide on methodology 

I E C  6 0 8 1 1 - 5 0 8 : 2 0 1 2 ,  Electric and optical fibre cables – Test methods for non-metallic 
materials – Part 508: Mechanical tests – Pressure test at high temperature for insulation and 
sheaths 
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