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M otiv ation

• I n a  t y p i c a l  el ec t r o ni c  a s s em b l y ,  t h e l ea d  s p a c i ng  o f  
m o s t  c o m p o nent s  i s  l a r g e.   T h e r i s k  o f  a  t i n w h i s k er  t o  
s h o r t  t w o  a d j a c ent  l ea d s  i s  m i ni m a l .

• H o w ev er ,  i f  w h i s k er s  b r ea k  o f f  a nd  m o v e f r eel y  t h ey  
m a y  s h o r t  t h e c o m p o nent s  w i t h  s m a l l  l ea d  s p a c i ng .

• M o s t  p eo p l e a s s um e w h i s k er  w o ul d  b r ea k  o f f ,  b ut  t h er e 
h a s  b een l i t t l e t es t  d a t a .

• W h i s k er s  m i g h t  no t  b r ea k  o f f  und er  no r m a l  s er v i c e 
c o nd i t i o n.

• S n W h i s k er s  o f  s i ng l e c r y s t a l  m i g h t  b e s t r o ng er  t h a n 
p o l y c r y s t a l l i ne S n b ec a us e o f  f ew  c r y s t a l  d ef ec t s .
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Test Sam p les
• 8  T S O P s i n l ea d f r a m e,  b ef o r e b ei ng  c ut  i nt o  i nd i v i d ua l  
p a r t s .   C u l ea d  f r a m e,  c o a t ed  w i t h  3  µm  t h i c k  m a t t e S n.   
N o  p o s t -p l a t e b a k e.   3 0 °C / 6 0 % R H  f o r  8  w eek s .   
N um er o us  w h i s k er s ,  t h ei r  m a x  l eng t h  i s  a b o ut  2 0 0  µm .  
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Test P rocedure
• P h o t o g r a p h ed  w h i s k er s  und er  S E M .
• M ec h a ni c a l l y  S h o c k ed  T S O P s t h r ee t i m e a t  1 5 0 0 G ,  
M i l -s t d -8 8 3 F ,  M et h o d  2 0 0 2 . 4 ,  c o nd i t i o n B .  

• P h o t o g r a p h ed  t h e s a m e w h i s k er s .
• V i b r a t ed  t h e s a m e T S O P s ,  3 0  m i n,  M i l -s t d -8 8 3 F ,  
M et h o d  2 0 0 7 . 3 ,  c o nd i t i o n A ,  p ea k  g  l ev el  =  2 0  g ,  2 0  t o  
2 0 0 0  h z ,  r a nd o m  f r equenc y .

• P h o t o g r a p h ed  t h e s a m e w h i s k er s .
• B l ew  w i nd  o v er  t h e s a m e T S O P s ,  4 0 0  f eet / m i n,  3 0  m i n.
• P h o t o g r a p h ed  t h e s a m e w h i s k er s .
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F ix ture for Shock and Vibration Tests
• T w o  c a r v ed  p l a s t i c  p l a t es ,  s o  t o  h o l d  Q F P s a t  t h ei r  
p l a s t i c  m o l d ,  a nd  t h e o ut s i d e f r a m e.   N o  t o uc h  o n t h e 
l ea d s .

One of the two fixture plates H old  the area in red  c olor
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Shock three tim es >  1 5 0 0  G

A  ty pic al G  v s time plot in shoc k  tests
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Whiskers

• P ic tured  ~  2 0 0  whisk ers of leng th 1 0 0 -2 0 0  µm,  b efore tests.  S ome examples are shown here.
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Whiskers

• T he whisk er d iameter v aries b etween 2  and  5  mic rons.
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Whiskers before and after tests: one bent after shock

A s-rec eiv ed A fter shoc k s

A fter v ib ration A fter wind
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Whiskers before and after tests: one m issing ,  one bent

A s-rec eiv ed A fter shoc k s

A fter v ib ration A fter wind
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Whiskers before and after tests:  one bent

A s-rec eiv ed A fter shoc k s

A fter v ib ration A fter wind
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Whiskers before and after tests:  one tw isted

A s-rec eiv ed A fter shoc k s

A fter v ib ration A fter wind
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Whiskers before and after tests:  tw o bent

A s-rec eiv ed
A fter shoc k s

A fter v ib ration A fter wind
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Whiskers before and after tests:  one m issing

A s-rec eiv ed A fter shoc k s

A fter v ib ration A fter wind
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Whiskers before and after tests:  no chang e

A s-rec eiv ed A fter shoc k s

A fter v ib ration A fter wind
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Whiskers before and after tests:  no chang e

A s-rec eiv ed A fter shoc k s

A fter v ib ration A fter wind
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Whiskers before and after tests:  no chang e

A s-rec eiv ed A fter shoc k s

A fter v ib ration A fter wind
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Whiskers before and after tests:  no chang e

A s-rec eiv ed A fter shoc k s

A fter v ib ration A fter wind
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Whiskers before and after tests:  no chang e

A s-rec eiv ed A fter shoc k s

A fter v ib ration A fter wind
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E stim ation of the stress in shock test

x

y

dF

T he stress in a whisk er d uring  shoc k  is mod eled  as b end ing  of a rod .  A n 
uniformly  d istrib uted  forc e,  d F ,  is applied  on the whisk er,  d F =  d m*  G ,  
where d m is the d ifferential mass,  and  G  is the ac c eleration measured  
d uring  shoc k  test.
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E stim ation of the stress in shock test ( continu e)
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∫ ∫

G  is the ac c eleration,  ρ d ensity ,  L  
the whisk er leng th,  and  R  the 
rad ius.  T he stress is proportional 
to L 2 ,  and  inv ersely  to R .
A ssume:
G = 1 5 0 0  g ,  g = 9 .8  m/ sec ^ 2
ρ=  7 3 0 0  k g / m̂ 3
L  =  2 0 0  µm,  R  =  1  µm
T hen:  σx =  8 .6  M P aL ess than the y ield  stress of 
poly c ry stalline S n of 2 0  M P a.  T he 
y ield  stress of a sing le c ry stalline 
S n is not k nown to us.
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Estimation of the stress in wind tunnel test

- U sed  N av ier S tok es/ C F D  to 
c ompute the pressure d rop 
ac ross the whisk er.
-T he pressure d rop is prac tic ally  
uniform ac ross the leng th of the 
whisk er ( pic ture on the left) .
-T he av erag e pressure d rop for 
air flow of 4 0 0  ft/ m is 2 1 .7  P a,  
assuming  whisk er leng th of 1 5 0  
µm and  d iameter of 5  µm.
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E stim ation of the stress in w ind tu nnel  test ( continu e)

x

y

dF

T he amount of forc e applied  on the 
whisk er d ue to the airflow is 
estimated  b y  c antilev er b eam with 
uniform pressure.
A ssume,  P = 2 1 .7  P a,  L = 1 5 0  µm,  R  
=  2 .5 µm,  σx =  0 .1  M P a.M uc h less than the y ield  stress of 
poly c ry stalline S n of 2 0  M P a.
W e d id n’t d o the c alc ulation for 
L = 2 0 0  µm,  R  =  1  µm.  B ut this 
result should n’t c hang e our 
c onc lusion sinc e the stress is so 
low for L = 1 5 0 µm R  =  2 .5 µm.  
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N atural freq uenc y  during  v ib ration

 

ρπ

ρπ
π

π

4

2

2

4

3

3

4

3

2

1
)(

2

1
)(

4

3
3

L

ER
natualf

LRm

m

K
natualf

R
I

L

EI

y

P
K

EI

PL
y

=

=

=

=

==

=

Assume:
E  =  5 0  G P a ,  R  =  1  µm,  L  =  2 0 0  µm
ρ =  7 3 0 0  k g / m^ 3
f ( n a t ur a l ) =  9 0 2 2  H z
> >  2 0 0 0  H z  used  i n  t h e v i b r a t i o n  t est
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Summary and Conclusion
• A m o n g  ~ 2 0 0  w h i s k e r s  o f  1 0 0  – 2 0 0  µm  l e n g t h  a n d  2 – 5  
µm  d i a m e t e r ,  o n l y  1  o r  2  w h i s k e r s  w e r e  m i s s i n g ,  a n d  a  
f e w  w h i s k e r s  w e r e  b e n t  a f t e r  3  s h o c k  t e s t s  a t  1 5 0 0  g .   

• N o  m i s s i n g  o r  s h a p e  c h a n g e  w e r e  o b s e r v e d  d u r i n g  
s u b s e q u e n t  3 0  m i n  v i b r a t i o n  a t  2 0  g  w i t h  r a n d o m  
f r e q u e n c y  o f  2 0  t o  2 0 0 0  h z ,  a n d  3 0  m i n  w i n d  b l o w i n g  a t  
4 0 0  f t / m i n .

• M a x i m u m  s t r e s s  i n  a  2 0 0  µm  l o n g  2  µm  d i a m e t e r  
w h i s k e r  d u r i n g  a  1 5 0 0  g  s h o c k  t e s t  i s  e s t i m a t e d  t o  b e  8  
M P a ,  l e s s  t h a n  a  p o l y c r y s t a l l i n e  S n y i e l d  s t r e s s  o f  2 0  
M P a .   T h e  y i e l d  s t r e s s  o f  a  s i n g l e  c r y s t a l  S n m a y  b e  
h i g h e r .

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


