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A b s t r a c t  

 
Bright tin p l a ting f inishe s ha v e  b e e n w id e l y  u se d  in the  e l e c tro nic s ind u stry  o n v a rio u s ha rd w a re  
a p p l ic a tio ns,  inc l u d ing c o nne c to rs.   I n re c e nt y e a rs,  su p p l ie rs ha v e  gra d u a l l y  tra nsitio ne d  f ro m  the  u se  o f  
b right tin-l e a d  p l a ting to  b right tin p l a ting in o rd e r to  c o m p l y  w ith E U  R o H S  re gu l a tio ns.   H o w e v e r,  
e l e c tro p l a te d  b right tin is k no w n to  gro w  l o ng w hisk e rs ( gre a te r tha n 2m m )  in re a l  l if e  a p p l ic a tio ns [1].  
T his sp o nta ne o u s gro w th o f  w hisk e rs p o se s a  signif ic a nt re l ia b il ity  risk  to  to d a y ’ s e l e c tro nic s.  A s su c h,  it 
is im p e ra tiv e  to  e v a l u a te  tin w hisk e r risk s a nd  d e te rm ine  P b -f re e  ( L e a d -f re e )  re a d ine ss in the  c o nne c to r 
c o m p o ne nt sp a c e .    
 
T his stu d y  is inte nd e d  to  p ro v id e  a  re a l istic  sna p sho t o f  tin w hisk e r gro w th p ro p e nsity  o n c o m m e rc ia l l y  
a v a il a b l e  c o nne c to rs u nd e r J E D S -20 1 [2] te sting c o nd itio ns.   T he  p a rts w e re  c ho se n to  inc l u d e  a  sa m p l ing 
o f  c o nne c to r a ttrib u te s,  su p p l ie rs,  a nd  w hisk e r m itiga tio n m e tho d o l o gie s.   
 
A  su m m a ry  o f  te st re su l ts w il l  e v a l u a te  the  p ro b a b il ity  a nd  im p a c t o f  tin w hisk e rs b a se d  u p o n k e y  
c o nne c to r a ttrib u te s.   Ba se d  o n the  o b se rv e d  tre nd s,  the  a u tho rs w il l  a tte m p t to  p ro v id e  a n a sse ssm e nt o n 
tin w hisk e r risk .   
 
K e y  w o rd s:  b right tin,  tin w hisk e rs,  c o nne c to rs,  risk  m itiga tio n,  l e a d -f re e  
 
Introduction: 
The onset of  E U  R oHS  regu l ations has triggered  a 
w id e range of  stu d ies into potential  rel iab il ity  
concerns.  O ne of  these potential  concerns is the 
grow th of  tin w hisk ers f rom tin pl ated  l ay ers u til ized  
as a repl acement f or tin l ead  pl ated  components.  
 
A f air nu mb er of  connector appl ications hav e 
migrated  to el ectropl ated  b right tin pl ated  f inishes f or 
v ariou s reasons.  This mov e has generated  some 
concern d u e the l ong w hisk er grow th that has 
occu rred  in some real  l if e appl ications [1].  I n some 
cases these w hisk er grow ths hav e resu l ted  in prod u ct 
l ev el  f iel d  f ail u res d u e to shorting b etw een l ead s of  a 
particu l ar component or b etw een mu l tipl e 
components [3]. 
 
Mu ch w ork  has b een perf ormed  to try  to u nd erstand  
the tin w hisk er grow th mechanism. The prev ail ing 
theory  regard ing tin w hisk ering is that stress w ithin 
tin l ay er cau ses the w hisk er to initiate [4].  There are 

a nu mb er of  w ay s this pl ated  l ay er stress can b e 
ind u ced , incl u d ing b u t not l imited  to stress inherent 
in the pl ating, intermetal l ic l ay er f ormation, 
mechanical  stress, or corrosion of  the tin l ay er. 
 
W hil e the mechanism has b een w id el y  stu d ied  v ery  
l ittl e w ork  has b een pu b l ished  l ook ing into the tin 
w hisk er risk  across a b road  b ase of  actu al  “in 
prod u ction” connectors u til izing an el ectropl ated  
b right tin pl ating.  This stu d y  aims to prov id e a 
snapshot of  w hisk er grow th risk  f or commercial l y  
av ail ab l e connectors.  Ad d itional l y  a nu mb er of  k ey  
connector attrib u tes w ere inv estigated  to b etter 
stratif y  the resu l ts.  These attrib u tes incl u d ed  
u nd erl ay er ( pl ating l ay er b etw een the b ase material  
and  the tin pl ating) , b ase material /u nd erl ay er 
comb ination, pl ating/f orming seq u ence, and  w hether 
the su ppl ier cl assif ies the part as “mitigated ”. 
 
S tatistical  ev al u ations w ere perf ormed  to d etermine 
the ef f ects of  these critical  attrib u tes.  The goal  of  this 
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ev al u ation w as to compare risk  l ev el s ob serv ed .  
Q u ite simpl y , risk  l ev el  can b e ex pressed  as:  
 
R isk  =  P rob ab il ity  ( occu rrence)  *  impact ( sev erity )  
 
F or the pu rposes of  this stu d y  prob ab il ity  w as 
d etermined  b ased  on the f raction of  f ail ed  
manu f actu ring part nu mb er sets.  A l arger percentage 
of  f ail u re is thou ght to impl y  a greater occu rrence in 
the f iel d . 
 
I mpact or sev erity  w as ev al u ated  u til izing a 
comb ination of  tw o resu l ts.  F irst, the max imu m 
l ength of  w hisk ers ob serv ed .  As w hisk er l ength 
increases the risk  of  a w hisk er b rid ging mu l tipl e pins 
or b rid ging to an ad j acent component is increased .  
S econd , the time f or a w hisk er to generate d u ring 
accel eration testing ( incu b ation time)  w as ev al u ated .  
An earl ier onset of  w hisk er grow th can contrib u te to 
heightened  f iel d  l if e impact.   
 
Assessing risk  in this method  w e can comment on 
rel ativ e risk  l ev el s of  the attrib u tes b eing stu d ied . 
 
T e s t M e th od: 
Sample Selection: 
A cross-section of  manu f actu ring part nu mb ers w ere 
chosen to il l u strate the range of  the attrib u tes of  
interest.  Tab l e 1 b reak s d ow n the nu mb er of  
manu f actu rer part nu mb ers incl u d ed  in this test b y  
the v ariou s attrib u tes stu d ied . 
 
F or each of  the sel ected  manu f actu rer part nu mb ers, 
18  stand ard  prod u ction pieces ( connectors)  w ere 
ob tained  f or testing.  S ince the goal  w as to ev al u ate a 
snapshot of  ind u stry  risk , no special  consid eration 
w as mad e as to prod u ction l ot or l ot cod es f or the 
ind iv id u al  pieces in any  manu f actu rer’ s part nu mb er 
set ( the pieces cou l d  b e f rom a singl e prod u ction l ot 
or cou l d  represent mu l tipl e l ots) . 

 
A cceler ation C ond itions : 
To simu l ate the ef f ects of  time ( f iel d  l if e) , each 
manu f actu rer part nu mb er set w hich passed  the time 
zero inspection w as su b j ected  to JE DS -2 0 1 
accel eration test cond itions.  A su b set of  6  pieces w as 
su b j ected  to each of  the 3 testing cond itions ou tl ined  
in Tab l e 2 .   
 
 
Condition D u r a tion F r e q u e nc y  of  

inte r im  ins p . 
Temp cycle -5 5  t o  
8 5 ° C ,  1 0 mi n  s o a k  

1 5 0 0  cycles  5 0 0  cycles  

3 0 ° C / 6 0 %  R H  s t o r a g e 4 0 0 0  h o u r s  1 0 0 0  h o u r s  
5 5 ° C / 8 5 %  R H  s t o r a g e 4 0 0 0  h o u r s  1 0 0 0  h o u r s  
 
I ns pection M eth od : 
P rior to accel eration testing each set of  parts w as 
v isu al  inspected  f or the presence of  tin w hisk ers ( see 
inspection method  f or d etail s) .  Ad d itional l y , interim 
w hisk er inspections w ere perf ormed  at the stated  
interv al s d u ring the testing, as w el l  as. at the end  of  
the accel eration cond ition d u ration.  Any  part nu mb er 
hav ing pieces ex hib iting tin w hisk ers > 40 µm in 
l ength d u ring these inspections w as consid ered  to b e 
f ail ing.  
 
V isu al  inspection w as perf ormed  u til izing a stereo 
microscope w ith 6 7 x  magnif ication and  a ring l ight 
sou rce.  The inspection area w as 5 0 %  of  v isu al l y  
accessib l e b right tin pl ated  casing and /or hard w are 
area and  al l  v isu al l y  accessib l e b right tin pl ated  pins.  
Any  part w hich ex hib ited  w hisk er or nod u l e 
f ormation w as S E M inspected  f or conf irmation.  The 
nu mb er of  parts ex hib iting conf irmed  tin w hisk ers 
greater than 40 µm in l ength w as d ocu mented  as w el l  
as the l ength of  the l ongest w hisk er. 
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T a b l e  2 :  Detail s of  accel eration cond itions u til ized  

T a b l e  1 :  B reak d ow n of  parts b y  k ey  attrib u tes.  
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Di s c u s s i o n : 
 
Underla y er Ty p e:  
P l a t i ng  a n u nd e r l a y e r  ( l a y e r  o f  p l a t i ng  b e t w e e n t h e  
b a s e  m a t e r i a l  a nd  t h e  f i na l  f i ni s h )  i s  a  c o m m o n 
p r a c t i c e  f o r  c o nne c t o r s  u t i l i z i ng  a  t i n f i ni s h
a r e  a  f e w  r e a s o ns  f o r  t h e  u s e  o f  a n u nd e r
t w o  m o s t  c o m m o n b e i ng :  a d h e s i o n p r o m o t i o n
c o p p e r  s t r i k i ng  o f  s t e e l  c a s i ng s  f o r  d -
b a r r i e r  f o r  m e t a l l i c  m i g r a t i o n ( a  ni c k e l  u nd e r
c o m m o nl y  u s e d  f o r  t h i s  r e a s o n)  [5].  F o r  t h e  l a t t e r  
r e a s o n,  t h e  u nd e r l a y e r  i s  t y p i c a l l y  u t i l i z e d  
w h i s k e r  m i t i g a t i o n p u r p o s e s .  
 
T h e  r e s u l t s  f r o m  t h e  m a nu f a c t u r i ng  p a r t  s e t s  a r e  
p r e s e nt e d  i n a  m o s a i c  p l o t  ( F i g u r e  1 ) .  F r o m  t h i s  p l o t  
w e  c a n s e e  t h a t  f o r  t h e  p a r t s  t e s t e d  a  ni c k e l  
u nd e r l a y e r  r e d u c e s  t h e  p r o b a b i l i t y  o f  w h i s k e r  g r o w t h .  
T h i s  s u p p o r t s  t h e  b a r r i e r  l a y e r  m i t i g a t i o n t h e o r y ,  b u t  
i t  i s  i m p o r t a nt  t o  no t e  t h a t  t h e  m i t i g a t i o n w a s  no t  
f o u nd  t o  b e  1 0 0 %  e f f e c t i v e . 

 
 
C o nv e r s e l y  a l l  p a r t  s e t s  u t i l i z i ng  a  C u  u nd e r l a y e r  
f a i l e d  ( 2  o f  6  h a d  w h i s k e r s  i n t h e  a s  r e c e i v e d  s t a t e )
T h i s  r e s u l t  i s  no t  s u r p r i s i ng  a s  c o p p e r  i s  k no w n t o  
m i g r a t e  i nt o  t i n f a i r l y  r e a d i l y . 
 
I t  i s  u ne x p e c t e d  t h a t  t h e  f a i l u r e  p e r c e nt a g e  
no t  u t i l i z i ng  a n u nd e r l a y e r  i s  q u i t e  c l o s e  t o  t h
p a r t s  u t i l i z i ng  ni c k e l .  T h e s e  p a r t s  p r e d o m i na nt l y  
u t i l i z e d  a  c o p p e r  a l l o y  b a s e  m a t e r i a l .  T h u s  i t  w o u l d  
b e  e x p e c t e d  t h a t  t h e  f a i l u r e  p e r c e nt a g e  
m u c h  h i g h e r .  I ni t i a l  c r o s s -s e c t i o na l  a na l y s i s  h a s  
d e m o ns t r a t e d  t h a t  o t h e r  f a c t o r s  ( i nc l u d i ng  ni c k e l  
l a y e r  q u a l i t y )  m a y  b e  c o nt r i b u t i ng  t o  t h e  f a i l u r e  r a t e
o f  t h e  ni c k e l  u nd e r l a y e r  p a r t s  ( F i g u r e  2 )
w o r k  w i l l  i nv e s t i g a t e  t h i s  i n m o r e  d e p t h . 
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1 .00

C u N i N o n e
U n d e r l a y e rF i g u r e  1 : F a i l u r e  r a t e  e v a l u a t e d  b y  u nd e r l a y e r

( l a y e r  o f  p l a t i ng  b e t w e e n t h e  
b a s e  m a t e r i a l  a nd  t h e  f i na l  f i ni s h )  i s  a  c o m m o n 

u t i l i z i ng  a  t i n f i ni s h .  T h e r e  
a  f e w  r e a s o ns  f o r  t h e  u s e  o f  a n u nd e r l a y e r ,  t h e  

a d h e s i o n p r o m o t i o n ( e .g . 
-s u b s )  a nd  

u nd e r l a y e r  i s  
F o r  t h e  l a t t e r  

t y p i c a l l y  u t i l i z e d  f o r  t i n 

T h e  r e s u l t s  f r o m  t h e  m a nu f a c t u r i ng  p a r t  s e t s  a r e  
p r e s e nt e d  i n a  m o s a i c  p l o t  ( F i g u r e  1 ) .  F r o m  t h i s  p l o t  
w e  c a n s e e  t h a t  f o r  t h e  p a r t s  t e s t e d  a  ni c k e l  

r e d u c e s  t h e  p r o b a b i l i t y  o f  w h i s k e r  g r o w t h .  
l a y e r  m i t i g a t i o n t h e o r y ,  b u t  

i t  i s  i m p o r t a nt  t o  no t e  t h a t  t h e  m i t i g a t i o n w a s  no t  

 

a l l  p a r t  s e t s  u t i l i z i ng  a  C u  u nd e r l a y e r  
f a i l e d  ( 2  o f  6  h a d  w h i s k e r s  i n t h e  a s  r e c e i v e d  s t a t e ) .  
T h i s  r e s u l t  i s  no t  s u r p r i s i ng  a s  c o p p e r  i s  k no w n t o  

t a g e  f o r  p a r t s  
q u i t e  c l o s e  t o  t h a t  o f  
p a r t s  p r e d o m i na nt l y  

a  c o p p e r  a l l o y  b a s e  m a t e r i a l .  T h u s  i t  w o u l d  
b e  e x p e c t e d  t h a t  t h e  f a i l u r e  p e r c e nt a g e  w o u l d  b e  

s e c t i o na l  a na l y s i s  h a s  
h a t  o t h e r  f a c t o r s  ( i nc l u d i ng  ni c k e l  

l a y e r  q u a l i t y )  m a y  b e  c o nt r i b u t i ng  t o  t h e  f a i l u r e  r a t e  
o f  t h e  ni c k e l  u nd e r l a y e r  p a r t s  ( F i g u r e  2 ) .  F u t u r e  

 

 
 
 
 
I n a s s e s s i ng  t h e  s e v e r i t y  o f  t h e  r e s u l t a nt  f a i l u r e s  t h e  
m a x i m u m  w h i s k e r  l e ng t h s  w e r e  c o m p a r e d  ( F i g u r e  3
T w o  i nt e r e s t i ng  i t e m s  w e r e  no t e d .  F i r s t ,  w h i l e  t h e  
a v e r a g e  m a x i m u m  w h i s k e r  l e ng t h  o f  t h e  C u  
u nd e r l a y e r  p a r t s  w a s  g r e a t e r  t h a n t h a t  o f  t h e  ni c k e l  
u nd e r l a y e r  p a r t s  i t  w a s  no t  s t a t i s t i c a l l y  s i g ni f i c a nt .  
S e c o nd ,  t h e  p a r t s  w i t h  no  u nd e r l a y e r
w h i s k e r s  ( u p  t o  ~ 1 .5m m ) .  S i nc e  t h e s e  l e ng t h s  a r e  
s t a t i s t i c a l l y  l o ng e r  t h a n t h o s e  o f  b o t h  t h e  
c o p p e r  u nd e r l a y e r  p a r t s ,  w e  c a n s a y  t h e  i m p a c t  i s  
g r e a t e r . 
 

 
 
A d d i t i o na l l y  a  W e i b u l l  p l o t  ( F i g u r e  4
a s s e s s  t h e  t i m e  t o  f a i l u r e  f o r  e a c h  
c o nd i t i o n ( u t i l i z i ng  t h e  e l e v a t e d  t e m p e r a t u r e  a nd  
h u m i d i t y  t e s t i ng  d a t a ) .   T h e  ni c k e l  c o nd i t i o n s h o w s  
t h e  g r e a t e s t  c h a r a c t e r i s t i c  l i f e  f o l l o w e d  b y  t h e  
c o nd i t i o n. 
 

F a i l

P a s s

0
2 5 0
5 00
7 5 0
1 000
1 2 5 0
1 5 00

Wh
isk

er
Le
ng
th 
(um

)

Cu N i None
U n d e r l a y e r

l a y e r  

F i g u r e  3 :  W h i s k e r  l e ng t h  e v a l u a t e d  b y  

F i g u r e  2 : C r o s s -s e c t i o n p i c t u r e  d e m o ns t r a t i ng  
ni c k e l  l a y e r  a nd  b a s e  m a t e r i a l  a b no r m a l i t i e s  .

 

I n  a s s e s s i n g  t h e  s e v e r i t y  o f  t h e  r e s u l t a n t  f a i l u r e s  t h e  
c o m p a r e d  ( F i g u r e  3 ).   

T w o  i n t e r e s t i n g  i t e m s  w e r e  n o t e d .   F i r s t ,  w h i l e  t h e  
w h i s k e r  l e n g t h  o f  t h e  C u  

p a r t s  w a s  g r e a t e r  t h a n  t h a t  o f  t h e  n i c k e l  
p a r t s  i t  w a s  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .   

l a y e r  g r e w  v e r y  l o n g  
w h i s k e r s  ( u p  t o  ~ 1 . 5 m m ).   S i n c e  t h e s e  l e n g t h s  a r e  
s t a t i s t i c a l l y  l o n g e r  t h a n  t h o s e  o f  b o t h  t h e  n i c k e l  a n d  

s a y  t h e  i m p a c t  i s  

 

( F i g u r e  4 ) w a s  m a d e  t o  
a s s e s s  t h e  t i m e  t o  f a i l u r e  f o r  e a c h  u n d e r l a y e r  
c o n d i t i o n  ( u t i l i z i n g  t h e  e l e v a t e d  t e m p e r a t u r e  a n d  
h u m i d i t y  t e s t i n g  d a t a ).    T h e  n i c k e l  c o n d i t i o n  s h o w s  

c h a r a c t e r i s t i c  l i f e  f o l l o w e d  b y  t h e  c o p p e r  

None A l l  P a i r s
T u k e y - K r a m e r
0. 05

e v a l u a t e d  b y  u n d e r l a y e r  

t u r e  d e m o n s t r a t i n g  
s e  m a t e r i a l  a b n o r m a l i t i e s  .  
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M i t i g a t e d  v s  n o n -m i t i g a t e d : 
S o m e  o f  t h e  m a nu f a c t u r i ng  p a r t  nu m b e r s w e r e  
c l a ssi f i e d  b y  t h e  su p p l i e r  a s b e i ng  “ w h i sk e r  
m i t i g a t e d ” .  Th e  m i t i g a t i o n st r a t e g i e s e m p l o y e d  o n 
t h e se  p a r t s w e r e  no t  u ni f o r m ,  b u t  i nst e a d  h a d  
d i f f e r e nt  a t t r i b u t e s o r  c o m b i na t i o ns o f  a t t r i b u t e s.  
Th e se  i nc l u d e d ,  b u t  w e r e  no t  l i m i t e d  t o  u se  o f  a n 
u nd e r l a y e r  l a y e r  a nd  w h i sk e r  m i t i g a t e d  b r i g h t  t i n 
p l a t i ng  b a t h s. 
 

  
 
I n a sse ssi ng  t h e  p r o b a b i l i t y  o f  w h i sk e r  f a i l u r e  t h e se  
p a r t s d i d  p r o v e  t o  h a v e  a  m i t i g a t i ng  e f f e c t  ( F i g u r e  5) .  
W h i l e  t h i s m i t i g a t i o n i s si g ni f i c a nt ,  i t  d i d  no t  f u l l y  
e l i m i na t e  w h i sk e r  g r o w t h  i n o u r  t e st i ng . 
 
F o r  t h e  f a i l e d  p a r t s t h e  “ w h i sk e r  m i t i g a t e d ”  sh o w e d  
no  st a t i st i c a l  i m p r o v e m e nt  i n m a x i m u m  w h i sk e r  
l e ng t h s o b se r v e d  ( F i g u r e  6) .  Th u s i m p a c t  i s 
c o nsi d e r e d  c o m p a r a b l e . 
 

  
 
F o r m i n g / P l a t i n g  S e q u e n c e : 
Th e  r e su l t s b e t w e e n p a r t s w h i c h  w e r e  p l a t e d  p r i o r  t o  
f o r m i ng  w e r e  c o m p a r e d  t o  t h o se  f o r m e d  a f t e r  p l a t i ng .  
F o r  t h e se  c a se s t h e  d i f f e r e nc e s w e r e  ne g l i g i b l e  f o r  
b o t h  f a i l u r e  p e r c e nt a g e  a nd  r e su l t i ng  m a x  w h i sk e r  
l e ng t h  o f  f a i l u r e s ( F i g u r e s 7 a nd  8) .  Th i s r e su l t  i s a  
b i t  su r p r i si ng  a s i t  w a s e x p e c t e d  t h a t  t h e  f o r m i ng  a f t e r  
p l a t i ng  sa m p l e s w o u l d  h a v e  a  g r e a t e r  f a i l u r e  r a t e  d u e  
t o  t h e  m e c h a ni c a l  st r e ss t o  t h e  t i n l a y e r  f r o m  t h e  
f o r m i ng  p r o c e ss [ 6] . 
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Figure 4: W e i b u l l  p l o t  f o r  i nc u b a t i o n t i m e  b y  u nd e r l a y e r  

Figure 5:  F a i l u r e  r a t e  e v a l u a t e d  b y  m i t i g a t e d  

Figure 6: W h i sk e r  l e ng t h  e v a l u a t e d  b y  m i t i g a t e d  

Figure 7: F a i l u r e  r a t e  e v a l u a t e d  b y  f o r m i ng  se q u e nc e  

Figure 8:  W h i sk e r  l e ng t h  e v a l u a t e d  b y  p l a t i ng  se q u e nc e  
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B a s e  M a t e r i a l / U n d e r l a y e r  C o m b i n a t i o n : 
Th e  b a se  m a t e r i a l / u nd e r l a y e r  c o m b i na t i o ns w e r e  
a na l y z e d  t o  e v a l u a t e  r i sk .  F i g u r e s 9-1 1  sh o w  t h e  
f a i l u r e  p e r c e nt a g e  d a t a .  Th e  t w o  i t e m s t h a t  sh o w  
p r o m i ne nt l y  a r e  t h a t  st e e l  w i t h  a  c o p p e r  u nd e r l a y e r  
a nd  b r a ss ( w i t h  o r  w i t h o u t  a  ni c k e l  u nd e r l a y e r )  
a c c o u nt  f o r  a l l  o f  t h e  f a i l u r e s f o u nd  i n t h i s st u d y .  
A d d i t i o na l l y  i t  i s w o r t h  no t i ng  t h a t  t h e  p r e se nc e  o f  a  
ni c k e l  b a r r i e r  o n a  b r a ss b a se  m a t e r i a l  d i d  no t  
si g ni f i c a nt l y  r e d u c e  t h e  p r o b a b i l i t y  o f  w h i sk e r  
g r o w t h .  F u r t h e r  c r o ss-se c t i o na l  a na l y si s ( S E M  a nd  
E D X  m a p p i ng )  h a s b e e n i ni t i a t e d  o n t h e se  sa m p l e s t o  
b e t t e r  u nd e r st a nd  t h i s m e c h a ni sm .  Th e se  r e su l t s w i l l  
b e  p r e se nt e d  a t  a  f u t u r e  t i m e . 
 

 
 
 
 

 
 
 
 
 

  
 
 
Th e  i m p a c t  o f  b r a ss b a se  m a t e r i a l  f a i l u r e s w e r e  
c o m p a r e d  u t i l i z i ng  w h i sk e r  l e ng t h s ( F i g u r e  1 2 ) .  Th e  
ni c k e l  b a r r i e r  d i d  si g ni f i c a nt l y  r e d u c e  t h e  w h i sk e r  
l e ng t h s o b se r v e d  o n f a i l e d  p a r t s.  Th u s t h e  p r e se nc e  
o f  a  ni c k e l  b a r r i e r  i s a n e f f e c t i v e  m i t i g a t i o n t o  t i n 
w h i sk e r  i m p a c t . 
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Figure 9 :  F a i l u r e  r a t e  e v a l u a t e d  b y  b a se  m a t e r i a l  
f o r  c o p p e r  u nd e r l a y e r  p a r t s 

Figure 1 1 :  F a i l u r e  r a t e  e v a l u a t e d  b y  b a se  
m a t e r i a l  f o r  p a r t s w i t h o u t  a n u nd e r l a y e r  

Figure 1 2 : W h i sk e r  l e ng t h  e v a l u a t e d  b y  b a se  m a t e r i a l  
a nd  b a r r i e r  l a y e r  c o m b i na t i o n 

Figure 1 0 :  F a i l u r e  r a t e  e v a l u a t e d  b y  b a se  
m a t e r i a l  f o r  p a r t s w i t h  a  ni c k e l  u nd e r l a y e r  
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Conclusion: 
Tin whisker testing was performed  on a b road  b ase of 
b right tin pl ated ,  c ommerc ial l y  av ail ab l e c onnec tor 
part nu mb ers.  The resu l ts were anal y z ed  b ased  u pon 
sev eral  key  attrib u tes to d etermine risk l ev el s.  K ey  
find ings from this stu d y  were:  

• S u ppl ier d esignation of parts as “ whisker 
mitigated ”  d emonstrates onl y  a partial  
mitigate.  “ W hisker mitigated ”  parts hav e a 
red u c ed  oc c u rrenc e and  sev erity  of tin 
whisker growth. 

• I nc l u sion of a nic kel  u nd erl ay er effec tiv el y  
mitigates impac t when whisker growth 
oc c u rs.  The resu l ts d id  not show that a N i 
u nd erl ay er signific antl y  mitigated  the 
prob ab il ity  of whisker growth.  I nitial  c ross-
sec tional  anal y sis ind ic ates that the q u al ity  
of the nic kel  u nd erl ay er may  b e c ontrib u ting 
to the higher than ex pec ted  fail u re rate.  
F u tu re work wil l  inv estigate this in more 
d etail . 

• F orming seq u enc e ( pre or post pl ating)  has 
insignific ant effec t on whisker risk. 

• B ase material  has a signific ant effec t on tin 
whisker risk. B rass and  steel  b ase material s 
ac c ou nted  for al l  fail u res in this stu d y .  
F u rther work need s to b e performed  
( spec ific al l y  for b rass)  to b etter u nd erstand  
the signific anc e of this resu l t. 
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