
C h a p t e r  3

H G A  S y s t e m  A n a l y s i s

3 .  S y s t e m  A n a l y s i s

3 . 1  O v e r v i e w

The HGA s y s t e m  a n a l y s i s  i n  t h i s  s t u d y  i n v o l v e s  u s e r s '  f u n c t i o n ,  
f a c t o r s  t h a t  a f f e c t  t o  t e s t  p e r f o r m a n c e  o f  r e c o r d i n g  h e a d  
p r o d u c t s  a n d  p r o d u c t  m e a s u r e m e n t  a s  d e s c r i b e d  i n  HGA p r o c e s s  
a s p e c t s  i n  i t e m  3 . 2  a n d  p r o c e d u r e s  f o r  p r o b l e m  s o l v i n g .  The  
p u r p o s e  o f  t h e  a n a l y s i s  i s  t o  d e t e r m i n e  w h a t  i n f o r m a t i o n  i s  
r e q u i r e d  t o  i m p r o v e  p r o d u c t  q u a l i t y  a n d  d e c i s i o n  m a k i n g  o r  
p r o b l e m  s o l v i n g  p r o c e s s .

T h e r e  a r e  t h r e e  g r o u p s  o f  p e o p l e  who a r e  i n v o l v e d  i n  p r o d u c t  
p e r f o r m a n c e  t e s t .  T h e y  a r e  o r g a n i z e d  i n t o  f u n c t i o n a l  
d e p a r t m e n t s  a s  f o l l o w s :

1) Q u a l i t y  A s s u r a n c e  g r o u p : T h e y  d e a l  w i t h  a l l  a c t i v i t i e s  
c o n c e r n e d  w i t h  t h e  a c h i e v e m e n t  o f  p r o d u c t  q u a l i t y  
i n c l u d e s  i n s p e c t i o n  a n d  t e s t i n g  a c t i v i t i e s

2 )  P r o c e s s  E n g i n e e r i n g  g r o u p : T h e y  a r e  i n v o l v e d  w i t h  a l l  
a s p e c t s  o f  m a n u f a c t u r i n g  t e c h n o l o g y  i n c l u d i n g  d e s i g n ,  
f a c i l i t i e s  l a y o u t ,  p r o c e d u r e s ,  s p e c i f i c a t i o n ,  p r o c e s s  
/ p r o d u c t  i m p r o v e m e n t ,  p r o d u c t i v i t y  ( y i e l d )  a n d  p r o d u c t  
t e c h n o l o g y ,  p r o d u c t  c o s t ,  p r o d u c t  e v a l u a t i o n  a n d  s o  o n .

3)  T e s t  E n g i n e e r i n g  g r o u p : T h e y  t h e  t e c h n i c a l  o r i e n t e d  
p e o p l e  who s u p p o r t  t e s t i n g  t e c h n o l o g y  i n c l u d i n g  e l e c t r i c  
t e s t e r  d e v e l o p m e n t  a n d  m a i n t e n a n c e ,  t e s t  s t a n d a r d s  a n d  
t e s t  p r o c e s s  a n a l y s i s  a n d  i m p r o v e m e n t .  T h e y  a r e  a l s o  
r e s p o n s i b l e  f o r  e n g i n e e r i n g  i n f o r m a t i o n  s y s t e m  g r o u p ,  
w h i c h  i n c l u d e s  e n g i n e e r i n g  d a t a b a s e  a n d  a p p l i c a t i o n s  f o r  
m o n i t o r i n g  a n d  a n a l y s i s .



Th e c o n c e r n  p e o p l e  i n  t h o s e  t h r e e  g r o u p s  c a n  b e  c a t e g o r i z e d  
i n t o  t w o  s o r t s ,  w h i c h  a r e  m a n a g e r s  a n d  n o n - m a n a g e r s .  T h e y  a l l  
a s s o c i a t e  w i t h  p r o d u c t  t e s t  a n a l y s i s  t o  i d e n t i f y  t h e  p r o b l e m  
a n d  i m p r o v e  p r o d u c t i v i t y  c a l l e d  " y i e l d "  a n d  q u a l i t y .  The  
d i v e r s i t y  o f  t h e s e  p e o p l e  c a u s e s  a n e e d  t o  d e t e r m i n e  a  common  
m o d e l  o f  i n f o r m a t i o n  s y s t e m s  o f  r e c o r d i n g  h e a d  p e r f o r m a n c e  
t e s t  t o  s u p p o r t  t h e i r  a c t i v i t i e s .

3 . 2  HGA P r o c e s s  A s p e c t s

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

R e c o r d i n g  h e a d  m a n u f a c t u r i n g  c o n t a i n s  a c t i v i t i e s  t o  p r o d u c e  
a n d  a d d  v a l u e  t o  p r o d u c t s  t h a t  c a n  b e  d e s c r i b e d  b y  a m o d e l  
d e m o n s t r a t e d  i n  f i g u r e  3 . 1 .  I t  s h o w s  t h e  l i n k a g e ,  r e a c t i o n  
a n d  b a s i s  o f  a c t i v i t i e s .  S u p p o r t i n g  f r o m  e n g i n e e r i n g  g r o u p  t o  
i m p r o v e  p r o d u c t  p e r f o r m a n c e  w h e r e a s  p r o d u c t  r e p o r t s  a n d  
p r o c e s s  c a p a b i l i t i e s  a r e  i t s  s u p p o r t i n g  t o o l s .

F i g u r e  3 . 1  A m o d e l  o f  HGA p r o c e s s  m a n u f a c t u r i n g

E l e c t r i c a l  t e s t  o p e r a t i o n  i s  p e r f o r m e d  a f t e r  a s s e m b l y  o n  e v e r y  
s i n g l e  HGA, t o  make  s u r e  t h e i r  q u a l i t y  b e f o r e  s h i p  o u t  t o
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c u s t o m e r s .  E v e n  t h o u g h ,  t h e  t e s t  o p e r a t i o n  i s  c o n s i d e r e d  a s  
t h e  n o n - v a l u e  a d d e d  o p e r a t i o n ,  i t  h o w e v e r  p r o v i d e s  t h e  
m e a n i n g f u l  i n f o r m a t i o n  a b o u t  t h e  p r o d u c t  p e r f o r m a n c e  u s e d  f o r  
u p s t r e a m  m a n u f a c t u r i n g .  I t  c a n  t e l l  som e p r o b l e m s  i n  so m e  
p a r t s  o f  h a r d  d i s k  a s s e m b l y  p r o c e s s  f l o w  a s  d r a w n  i n  f i g u r e
3 . 2  v i a  t h e  g o o d  m a n a g e d  a n d  u t i l i z e d  e n t i r e  d a t a .  T h e r e  a r e  
h o w e v e r  so m e  r e a s o n s  t e c h n i c a l l y  i n  d a t a  c o n n e c t i o n  o f  t h e  
e n t i r e  h a r d  d i s k  a s s e m b l y  p r o c e s s .  I t  c a n n o t  e s t a b l i s h  
i m m e d i a t e l y  w h e r e  a n d  w h a t  t h e  r o o t  c a u s e  i s .  A n a l y s i s  i s  
t h e r e f o r e  t h e  n e c e s s a r y  a c t i v i t y  t o  u t i l i z e  d a t a  d o w n s t r e a m  t o  
w a f e r  f a b r i c a t i o n .

F i g u r e  3 . 2  H ard  D i s k  A s s e m b l y  (HDA) P r o c e s s  F l o w  
(FA E n g i n e e r i n g  STTH-T [ 5 ] )

3 . 2 . 1  HGA A s s e m b l y  P r o c e s s  F l o w

I n  HGA a r e a ,  t h e  p r o c e s s  f l o w  c a n  b e  d r a w n  s i m p l y  a s  s h o w n  i n  
f i g u r e  3 . 3 .  I t  d e s c r i b e s  how t h e  m a t e r i a l  f l o w s  i n c l u d i n g  
r e j e c t s  f r o m  e i t h e r  v i s u a l  i n s p e c t i o n  o r  e l e c t r i c a l  t e s t  
o p e r a t i o n s .  F o r  t h e  r e w o r k e d  m a t e r i a l ,  t h e y  w i l l  b e  r e - f l o w  
b a c k  t o  t h e  a s s e m b l y  l i n e .  I f  t h i s  c a s e ,  e n g i n e e r s  u s u a l l y  
m o n i t o r  i t s  p e r f o r m a n c e ,  w h i c h  i s  p o o r e r  t h a n  new m a t e r i a l .

B e s i d e s ,  i t  s h o w e d  t h e  HGA p e r f o r m a n c e  d a t a  f r o m  t h e  
e l e c t r i c a l  t e s t  o p e r a t i o n ,  i s  c o l l e c t e d  i n  d a t a b a s e  a n d  b e  
t y p i c a l l y  u s e d  b y  e n g i n e e r i n g .  H o w e v e r ,  t h e r e  w a s  c o n s t r a i n t  
i n  t h e  e x i s t i n g  s y s t e m  u s i n g  i s  u s i n g  t o  s u p p o r t  d a y - t o - d a y  
a c t i v i t i e s  o r  f u r t h e r  i m p r o v e m e n t  o n l y  i n s t e a d  o f  t a k i n g  
a c t i o n  r e a l  t i m e .
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H G A  M a n u fa c tu r in g

Finished goods shipped 
toHSA

F i g u r e  3 . 3  HGA A s s e m b l y  P r o c e s s  F l o w  
(FA E n g i n e e r i n g  STTH-T [ 5 ] )

3 . 2 . 2  HGA Q u a l i t y  A s p e c t s

Q u a l i t y  i s  d e f i n e d  i n  v a r i o u s  w a y s .  I n  a g e n e r a l  s e n s e ,  i t  
may b e  d e f i n e d  a s  m e e t i n g  t h e  c u s t o m e r s '  e x p e c t a t i o n s  b u t  m o r e  
s p e c i f i c  r e q u i r e d  i n  c u s t o m e r  m i n d .  I n  p r a c t i c a l  p u r p o s e ,  
q u a l i t y  h a s  s e v e r a l  d i m e n s i o n s ,  may b e  u s e d  a n y t i m e  s u c h  a s  
s u p p o r t ,  f i t n e s s  f o r  u s e ,  v a l u e  a n d  c o n f o r m a n c e  t o  
s p e c i f i c a t i o n s .

T o d a y ' s  q u a l i t y  b e c o m e s  a r e s p o n s i b i l i t y  w i t h i n  o r g a n i z a t i o n .  
E v e r y o n e  i n  t h e  o r g a n i z a t i o n  m u s t  a w a r e  o f  q u a l i t y  c o n t r o l .  
E r r o r s  o r  d e f e c t s  s h o u l d  b e  c a u g h t  a n d  c o r r e c t e d  a t  t h e  s e n s e
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n o t  p a s s e d  a l o n g  t o  a n  c u s t o m e r .  Th e f i r m  s h o u l d  a v o i d  t o  g e t  
r i d  o f  d e f e c t i v e  p r o d u c t s  a f t e r  a l l  o p e r a t i o n s  p e r f o r m e d .  
S i m i l a r  t o  HGA m a n u f a c t u r i n g ,  i t  p e r f o r m s  e l e c t r i c a l  t e s t  o n  
e v e r y  s i n g l e  u n i t  o f  HGA, b e f o r e  s h i p  o u t  t o  a s s e m b l y  a s  HSA 
t h e  n e x t  o p e r a t i o n .  H o w e v e r ,  a c c o r d i n g  t o  som e  t e c h n i c a l  
r e a s o n s  t o  c o n n e c t  t h e  i n f o r m a t i o n  among w a f e r ,  s l i d e r  a n d  HGA 
s i t e s  a s  m e n t i o n e d  i n  i t e m  3 . 2 ,  i t  i s  a l l o w e d  t o  l e t  som e  
d e f e c t i v e s  f l o w .  The f o c u s  c a n  b e  now r e d u c i n g  t h e  d e f e c t i v e  
b y  f e e d  b a c k  t o  t h e  p r e v i o u s  o p e r a t i o n s  ( w a f e r  a n d  s l i d e r  
m a n u f a c t u r i n g ) . H e n c e ,  t h e  wa y t o  f e e d  b a c k  i s  d e t e r m i n i n g  
t h e  s u s p e c t e d  r o o t  c a u s e  t h a t  c a n  b e  c l a s s i f i e d  i n t o  2 
c a t e g o r i e s  a s  i n t e r n a l  a n d  e x t e r n a l  p r o b l e m s .  I n t e r n a l  
p r o b l e m  i s  r e s u l t s  f r o m  d e f e c t s  t h a t  a r e  d i s c o v e r e d  d u r i n g  t h e  
p r o d u c t i o n  o f  a  p r o d u c t .  E x t e r n a l  p r o b l e m  i s  a r e s u l t  f r o m  
d e f e c t s  t h a t  c o n t r i b u t e s  t o  q u a l i t y  o f  d e s i g n  o r  ra w m a t e r i a l ,  
w h i c h  c a n  b e  e i t h e r  w a f e r  o r  s l i d e r .  B o t h  o f  t h e m  a f f e c t s  t o  
y i e l d  l o s s  w h i c h  w i l l  b e  d i s c u s s e d  i n  t h e  f o l l o w i n g  i t e m s .

As  f i g u r e  3 . 4  s h o w s ,  s e v e r a l  r o o t  c a u s e s  i m p a c t  t o  y i e l d  
l o s s e s  c a n  b e  g r o u p e d  i n t o  i n t e r n a l  a n d  e x t e r n a l  c a u s e s .

F i g u r e  3 . 4  R o o t  c a u s e  c a t e g o r i e s  i n  HGA o p e r a t i o n

3 . 2 . 2 . 1  W a f e r  a n d  S l i d e r

W a f e r  a n d  s l i d e r ,  t h e  i n c o m i n g  m a t e r i a l  o f  HGA, h a s  m o s t  
e f f e c t  t o  HGA t e s t  p e r f o r m a n c e .  I t s  p e r f o r m a n c e  i s  w e l l  
e s t a b l i s h e d  b y  HGA p a r a m e t r i c  t e s t  a n d  y i e l d .
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E a c h  p r o d u c t  h a s  i t s  s p e c i f i c  p r o d u c t  c o d e .  Some p r o d u c t s  may  
h a v e  m o r e  t h a n  o n e  p r o d u c t  c o d e  a c c o r d i n g  t o  t h e  p u r p o s e s  o f  
e i t h e r  d i f f e r e n t  d e s i g n  o r  s e q u e n t i a l  t r a c k i n g .  I t  i s  f o u n d  
t h a t  t h e  q u a l i t y  o r  p e r f o r m a n c e  o f  d i f f e r e n t  p r o d u c t  c o d e  o n  
t h e  sa m e  p r o d u c t  i s  s o m e t i m e s  d i f f e r e n t .  T h e r e f o r e ,  i t  i s  
c o n s i d e r e d  a s  a v a r i a b l e  t h a t  a f f e c t s  t o  HGA p e r f o r m a n c e  a n d  
m u s t  b e  r e p o r t e d .  S e e  f i g u r e  3 . 5  s h o w s  e l e c t r i c a l  t e s t  y i e l d  
o f  2 d i f f e r e n t  p r o d u c t  c o d e  o f  C h e e t a h  18 p r o d u c t .

.a 30 ซ 20

date
F i g u r e  3 . 5  E l e c t r i c a l  t e s t  y i e l d  c o m p a r i s o n  o f  d i f f e r e n t  

p r o d u c t  c o d e  o f  C h e e t a h  18 p r o d u c t

3 . 2 . 2 . 2  M a t e r i a l  T y p e

M a t e r i a l  t y p e s  a r e  c a t e g o r i z e d  b a s e d  on  s l i d e r s  b a s e  w h i c h  c a n  
b e  g r o u p e d  i n t o  3 m a j o r  t y p e s ;  p r i m e ,  r e c l a i m e d  a n d  e v a l u a t i o n  
g r o u p s  a s  l i s t e d  b e l o w .
1) P r i m e  s l i d e r s  a r e  t h e  new s l i d e r s  w h i c h  i s  n e v e r  u s e d  

b e f o r e .
2)  R e c l a i m e d  s l i d e r s  a r e  p r i m e  HGA f a i l u r e s  t h a t  b e  s e n t  t o  

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

3) E v a l u a t i o n  s l i d e r s  a r e  p r i m e  s l i d e r s  b u t  b e  u s e d  f o r  
e v a l u a t i o n  p u r p o s e .
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A l l  t y p e s  a b o v e  may p e r f o r m  p r o d u c t  t e s t  p e r f o r m a n c e  
d i f f e r e n t l y .  H o w e v e r ,  i n  s e p a r a t i n g  t e s t  p e r f o r m a n c e  o f  e a c h  
m a t e r i a l  t y p e  i n  t h e  i n f o r m a t i o n  s y s t e m ,  t h e  s t a n d a r d  
i n s t r u c t i o n  i s  r e q u i r e d  a n d  a c k n o w l e d g e d  t o  t h e  c o n c e r n e d  
p e o p l e .  As  a r e s u l t ,  TMWI ( T r a c k i n g  M a n u f a c t u r i n g  Work  
I n s t r u c t i o n )  i s  t h e  s t a n d a r d  t o o l  u s e d .

As  s h o w n  i n  f i g u r e  3 . 6  i s  an  e x a m p l e  o f  C h e e t a h l 8  p r o d u c t ,  
y i e l d  i m p a c t e d  b y  r e c l a i m  m a t e r i a l

Eletric test yield / Cheetah 1 8  Product

1____1 ratio prime 1 1 ratio reclaim —A— yield reclaim
0 AILyield •  yield_prime

F i g u r e  3 . 6  s h o w s  e l e c t r i c  t e s t  y i e l d  i m p a c t  b y  
r e c l a i m e d  m a t e r i a l  u s e d

3 . 2 . 2 . 3  A s s e m b l y  L i n e

An a s s e m b l y  l i n e  f o r  p r o d u c i n g  HGA i s  s t a r t e d  f r o m  l o a d i n g  
s l i d e r s ,  a s s e m b l y  w i t h  FOS a n d  s u s p e n s i o n ,  t e s t  a n d  v i s u a l  
i n s p e c t i o n .  I t  c o v e r s  t h e  e n t i r e  a s s e m b l y  p r o c e s s  f l o w  i n  a 
s i n g l e  a s s e m b l y  l i n e  c a l l e d  a c e l l  a s  d e s c r i b e d  i n  f i g u r e  3 . 7 ,  
w h i c h  a l s o  c o n t a i n  5 - 6  e l e c t r i c a l  t e s t e r s  i n  e a c h  c e l l .

E a c h  p r o d u c t  may h a v e  m o r e  t h a n  o n e  a s s e m b l y  l i n e  ( c e l l )  
d e p e n d s  o n  t h e  v o l u m e  b u i l d  o r  c u s t o m e r  r e q u i r e m e n t .  One
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S o m e t i m e s ,  t h e r e  may b e  p r o b l e m s  o b s e r v e d  a s  a s s e m b l y  l i n e  
d e p e n d e n t  w h i c h  p o s s i b l y  c o n t r i b u t e d  b y  a s s e m b l y  p r o c e s s e s ,  
o p e r a t o r s ,  e l e c t r i c a l  t e s t e r s  a n d  s o  o n .  C o n s e q u e n t l y ,  
a s s e m b l y  l i n e  n u m b e r  i s  r e q u e s t e d  f r o m  p r o c e s s  e n g i n e e r i n g  t o  
r e c o r d  a n d  r e p o r t  i n  t h e  i n f o r m a t i o n  s y s t e m .  The p u r p o s e  i s  
t o  s i m p l i f y  a n a l y s i s ,  w h i c h  s c o p e  o f  p r o b l e m .  A t  t h i s  s t a g e ,  
TMWI i s  a l s o  u s e d .  As  sh o w n  i n  f i g u r e  3 . 8 ,  HGA p e r f o r m a n c e  i s  
a s s e m b l y  l i n e  d e p e n d e n t ;  a s s e m b l y  l i n e  #1  ( t h e  p i n k  c o l o r )  i s  
t h e  p o o r e s t  o n e .

assem bly  l i n e  t y p i c a l l y  has a c a p a c i t y  a t  100,000 HGA b u i l d
p e r  day. T h e r e f o r e ,  t h e  h i g h e r  th e  volume b u i l d ,  t h e  h i g h e r
th e  number o f  assembly  l i n e s .

Cell 1

Cell 2

Assembly InspectionA ¥H iijfaVniwiiiTk 1X g j -EJ E3 0 ธ
E le c t r ic a l t e s t e r  c e ll

Assembly Inspection______ I __tfit fit G a e  fit

Finished
good

K Finished
good

E le c t r ic a l t e s t e r  c e ll

Cell ท

F i g u r e  3 . 7  A s s e m b l y  f l o w  l a y o u t  o f  e a c h  p r o d u c t
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Electric Test Yield / Cheetah 1 8  Product

F i g u r e  3 . 8  HGA p e r f o r m a n c e  a f f e c t e d  b y  c e l l  d e p e n d e n t

3 . 2 . 2 . 4  T e s t e r s

E l e c t r i c a l  t e s t e r  i s  e l e c t r o m e c h a n i c a l  t e s t  e q u i p m e n t  f o r  
p e r f o r m i n g  HGA p a r a m e t r i c  t e s t s  u t i l i z i n g  r o t a t i n g  d i s k  m e d i a  
a n d  e l e c t r o m a g n e t i c  r e c o r d i n g  t e c h n o l o g y .  The d e s i g n  i s  s u c h  
t h a t  m o d u l a r i t y ,  a d a p t i v e l y  a n d  p r o g r a m m a b i l i t y  a l l o w  t h e  
e l e c t r i c a l  t o  t e s t  a w i d e  r a n g e  o f  HGA p r o d u c t  f a m i l i e s  
w i t h o u t  t h e  n e e d  o f  m a j o r  a n d  c o s t l y  r e d e s i g n .  The  e l e c t r i c a l  
t e s t e r  c o n s i s t s  o f  2 m a i n  p a r t s .  The  f i r s t  p a r t  c a l l e d  " s p i n -  
s t a n d " ,  i s  common t o  a l l  m o d e l s  w i t h  n o  m o d i f i c a t i o n  e v e n  
t h o u g h  t h e  t e s t  r e q u i r e m e n t  may c h a n g e  f r o m  o n e  p r o d u c t  f a m i l y  
t o  a n o t h e r .

The s e c o n d  p a r t  i s  c a l l e d  " P r o d u c t  M o d u l e " .  The  p r o d u c t  
m o d u l e  i s  d e d i c a t e d  p a c k a g e  n e c e s s a r y  t o  f a c i l i t a t e  t h e  
s p e c i f i c  p h y s i c a l  r e q u i r e m e n t  o f  d i f f e r e n t  HGA f a m i l i e s .  The  
p r o d u c t  m o d u l e  w i l l  i n c l u d e  e l e c t r i c  a n d  s o f t w a r e  p a c k a g e  
m o d i f i c a t i o n s .

The e l e c t r i c a l  t e s t e r  p l a y s  a m a j o r  r o l e  i n  t h e  d i s k  d r i v e  
m a n u f a c t u r i n g .  F o l l o w i n g  a r e  som e p r o c e s s  i m p r o v e m e n t
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a c t i v i t i e s  f o r  which t h e  HGA i s  a c c o u n t a b l e .

1) I m p r o v e  c o m m u n i c a t i o n  w i t h  d e s i g n  e n g i n e e r
2)  I m p r o v e  f e e d b a c k  b e t w e e n  s u b a s s e m b l i e s  a n d  d r i v e s
3) I m p r o v e  f a i l u r e  a n a l y s i s
4) C o n t r o l  HGA b u i l d  p r o c e s s
5) HGA c h a r a c t e r i s t i c s  a r e  known
6) R e d u c e  d r i v e  r e w o r k
7)  I m p r o v e  p r o c e s s  p r o b l e m  r e s p o n s e  t i m e
8) I n c r e a s e  q u a l i t y  a n d  s a v e  c o s t

As  s h o w n  i n  f i g u r e  3 . 9  i s  t h e  e l e c t r i c a l  t e s t e r  u s e d  f o r  
t e s t i n g  HGA i n  p r o d u c t i o n  l i n e .
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C o m p u te r M o n ito r

Sony Monitor 
Wage Asjembk 

Air Hase Assembly

AC Box
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Receiver

Wafer Code Reader
Dover Bax

Motor <X)

Motor Spindle

A ir  Hore R/W Control
Board

Motor (Y) Emergent}
Stop

Son} Monitor

พ ago Strip

Piezo Box

Disk for 
testing HGA

Preamp Board

Top View

F i g u r e  3 . 9  E l e c t r i c a l  t e s t e r  u s e d  f o r  t e s t i n g  HGA 
i n  p r o d u c t i o n  l i n e  (FA E n g i n e e r i n g  STTH-T [ 5 ] )

T y p i c a l l y ,  a n  e l e c t r i c a l  t e s t e r  m u s t  b e  q u a l i f i e d  p r i o r  t o  
r e l e a s e  t o  m a n u f a c t u r i n g  t o  m i n i m i z e d  u n e x p e c t e d  i m p a c t  w h i c h  
c a n  b e  d r a w n  i n t o  t h e  s i m p l i f i e d  w o r k f l o w  i n  f i g u r e  3 . 1 0 .
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F i g u r e  3 .1 0  E l e c t r i c a l  t e s t e r  r e l e a s e  f l o w

(FA E n g i n e e r i n g  STTH-T [ 5 ] )

A f t e r  t e s t e r s  a r e  r e l e a s e d  t o  p r o d u c t i o n ,  t h e r e  a r e  c h a n g e s  i n  

m a n u f a c t u r i n g  e n v i r o n m e n t  t h a t  t h e r e f o r e  r e q u i r e s  c o n t i n u a l l y  

e x e r c i s e s  o f  f a c t o r i n g  m e d ia ,  m e d ia  c h a n g e s  a n d  t e s t e r  

o p t i m i z a t i o n  a c t i v i t i e s  p e r f o r m e d  on  t e s t e r s .  H o w e v e r ,  t h o s e  

a c t i v i t i e s  may i m p a c t  n e g a t i v e l y  t o  HGA. s i n c e  i t  r e q u i r e s  

v e r y  h i g h  s k i l l  and  t e c h n i c a l  k n o w le d g e  p e o p l e ,  w h i c h  i s  now 

b e h i n d  t h e  t e c h n o l o g y  i n c l u d i n g  t h e  d e s i g n  c e n t e r  a r e a .

27



As d e m o n s t r a t e s  i n  f i g u r e  3 . 1 1 ,  t h e  n e g a t i v e  y i e l d  i m p a c t  i s  

c a u s e d  b y  t e s t e r  a s s o c i a t i o n  w h ic h  i s  m e d ia  l o t  #311  c o m p a re d  

t o  l o t  # 3 1 2 ,  -2 .6 %  e l e c t r i c a l  t e s t  y i e l d  i m p a c t e d .

Media Lot Num be 3 1 1 3 1 2 D ifferent
Eletric test yield 72.70% 75.38% -2.68%
Quantity 46,303 18,322

F i g u r e  3 .1 1  I m p a c t  f r o m  m e d ia  l o t  # 3 1 1 ,  y i e l d  l o s s  -2 .6 8 %

From  a l l  a b o v e ,  i t  can  be  d ra w n  i n  t h e  s i m p l y  d ia g r a m  o f  t h e  

c o n t r i b u t i o n  f r o m  i n t e r n a l  a n d  e x t e r n a l  v a r i a b l e s  as  show n i n  

f i g u r e  3 . 1 2 .

V a r i a b l e , ... V vl, 1 
; ! 1 C o n t r i b u t i o n

E x t e r n a l 1 ) W a fe r P r o c e s s  v a r i a t i o n

2 ) S l i d e r P r o c e s s  v a r i a t i o n

I n t e r n a l 1 ) M a t e r i a l  l o a d i n g  r a t i o H i g h / l o w

2 ) I n  p r o c e s s M e c h a n i c a l , 

O p e r a t o r ,  

E l e c t r o s t a t i c  

d i s c h a r g e

3 ) T e s t e r H a r d w a r e ,  s o f t w a r e

4 ) T e s t e r  a s s o c i a t e s M e d ia ,  f a c t o r i n g ,  

O p t i m i z a t i o n

5 ) E n v i r o n m e n t s N o is e ,  v i b r a t i o n ,  

c o n t a m i n a t i o n

F i g u r e  3 .1 2  C o n t r i b u t i o n  f r o m  i n t e r n a l  a n d  e x t e r n a l  v a r i a b l e s

The a n a l y s i s  t o  d e t e r m i n e  r o o t  c a u s e  o f  lo w  e l e c t r i c a l  t e s t  

y i e l d  o f  HGA i s  s o m e t im e s  v e r y  c o m p l i c a t e  s u c h  a s  tw o  c a s e  

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

i n f o r m a t i o n  s y s te m  t o  s u p p o r t  e n g i n e e r i n g  g r o u p s .  H e n ce ,
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i n t e r n a l / e x t e r n a l  a n a l y s i s  b a s e  i s  u s e d  i n  t r o u b l e s h o o t i n g  

p r o b l e m s .

The f i r s t  e x a m p le  show ed  HGA t e s t  y i e l d  i m p a c t e d  -14% f r o m  

s l i d e r s  p r o c e s s e d  a t  s l i d e r  p r o c e s s  i n  t h e  t i m e  f r a m e  o f  

b e y o n d  1st M ay. The p h y s i c a l  d im e n s io n  d o e s  n o t  i n d i c a t e  

e v id e n c e  o f  d e f e c t s  as show n i n  f i g u r e  3 . 1 3 .

Slider at >lst May Slider at cist May Different

HGA Eletric Yield 71.50% 85.60% -14.10%

Pole tip dimension average (น") -0.26 -0.23

Top pole length average(u") -0.3 -0.3

Share pole length average(u") -0.2 -0.2

Pole tip dimension sigma (น") 0.01 0.01

Top pole length sigma (น") 0.01 0.01

Share pole length sigma (น") 0.01 0.01

F i g u r e  3 . 1 3  HGA y i e l d  a n a l y s i s  im p a c t e d  b y  u n kn o w n  r o o t  c a u s e ,  

n o t  o b s e r v e  e v id e n c e  o f  p h y s i c a l  d im e n s io n  d e f e c t s

The s e c o n d  e x a m p le  shown b e lo w  a l s o  s u g g e s t s  u n kn o w n  r o o t  

c a u s e  f r o m  d a t a  a n a l y s i s .

E l e c t r i c a l  t e s t  y i e l d  was d r o p p e d  c o n t i n u a l l y  s t a r t i n g  f r o m  

2 4 th Dec o n w a rd s  as  show n i n  f i g u r e  3 . 1 4 .  A n a l y s i s  s t e p s  a r e  

show n b e lo w  t o  d e t e r m i n e  t h e  r o o t  c a u s e ,  w h ic h  i s  c o m p l i c a t e  

a c c o r d i n g  t o  c o m p l i c a t e  s t r u c t u r e  o f  r e c o r d i n g  h e a d .

1) Y ie ld  A n a ly s is :

I n t e r n a l / e x t e r n a l  a n a l y s i s  show ed  t h e  c o n t r i b u t i o n  b y  e x t e r n a l  

s o u r c e .  F u r t h e r  a n a l y s i s  p e r f o r m e d  i n d i c a t e d  e l e c t r i c  

p e r f o r m a n c e  was d e g r a d e d  on  t h e  h i g h e r  s e q u e n c e  o f  w a f e r  

s e r i a l  n u m b e r .  As shown i n  f i g u r e  3 . 1 6 ,  t h e  w a f e r  s e r i a l  

n u m b e r  p o s t  HVXE was d e g r a d e d  c o m p a re d  t o  t h e  p r e  HVXE.
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50.0
21-032 22-Dec 23-Da: 24-Dr 25-Dec 26-Dec 27-Dr (พ-Jan

EFEI Ratio Post HYXE 0 0 1 D 16 21 Ï 85
1 1 Ratio Pæ PWXE 100 100 99 91 84 79 65 55
-A-'Yield of Post l-fi/XE 67.7 75 3 75.6 78,6 76.2 76.5
—0—Yield of Pre HVXE: 34.7 16.3 88. 8-1.0 88.0 83.9 88.2 83.3
—0— Gin ] Yield 54.3 85.3 84.6 8:1 85.0 85.2 81.8 80.3

F i g u r e  3 .1 4  E l e c t r i c  T e s t  y i e l d  o f  C h e e t a h l8  R hods p r o d u c t ;  

y i e l d  was d e g r a d e d  on  p o s t  HVXE w a f e r  s e q u e n c e  

c o m p a re d  t o  p r e  HVXE

P a r a m e t r i c  p e r f o r m a n c e  was c o m p a re d  b e tw e e n  HVXD ( p r e )  a n d  

HVXE ( p o s t ) , r e s u l t e d  9% y i e l d  d i f f e r e n c e  as show n i n  f i g u r e  

3 .1 5 .
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20 - 27 DEC Data
HVXE HVXD DIFF

ว OU NT 80683 633730
ET_YLD 75.818 84.925 9.108
31 I y 5.451 4.581 -0.870
HFA_Y 95.961 97.637 1.676
DAGJY 89.251 92.079 2.829
JEFJY 92.863 94.990 2.126
j OfI y 99.632 99.517 -0.115
วพ vLy 99.427 99.517 0.090
^dw I y 99.220 99.351 0.131
A/RWJY 99.515 99.258 -0.257
วพ 5o1y 99.715 99.605 -0.110
HFA_ผิ 1046.103 1083.960 37.857
DAGผ ิM 16.234 16.610 0.376
ว efI m -8.269 -8.389 -0.121
ว 0 -14.637 -14.536 0.102
DWVJ -32.603 -32.111 0.492
9D พผิ M 70.619 72.273 1.654
DW5CI_M 11.767 11.847 0.080
AfRพผิพ 98.061 98.506 0.445
HFA_ ร 127.811 124.715 -3.097
วAGผิร 4 777 4.259 -0.518
ว EFJ3 0J72 0.694 -0.077
ว OF_S 5.549 5.436 -0.112
วพv is 1.673 1.631 -0.042
9อพผิร 7.087 3.067 0.980
วพ 5(โร 1.877 32.129 30.251

F i g u r e  3 .1 5  Y i e l d  a n d  p a r a m e t r i c  p e r f o r m a n c e  c o m p a re d  b e tw e e n  

HVXD ( p r e )  a n d  HVXE ( p o s t ) ,  r e s u l t e d  9% y i e l d  d i f f e r e n c e

Y i e l d  b y  w a f e r  s e q u e n c e  i s  t h e r e f o r e  p l o t t e d  i n  f i g u r e  3 . 1 8 .  

I t  sh o w e d  y i e l d  d e g r a d a t i o n  i n  t h e  r a n g e  o f  w a f e r  HVXE00 -  

HVXEGW.
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F i g u r e 3 . 1 6  Y i e l d  b y  w a f e r  q u a d  s e q u e n c e ;  w o r s t  y i e l d  

a t  t h e  r a n g e  o f  HVXEOO -  HVXEGW

2) I n te r n a l  s t r u c tu r e  A n a ly s is :

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

F a i l u r e s  w e re  t h e r e f o r e  s u b m i t t e d  t o  v e r i f y  i n t e r n a l  s t r u c t u r e  

t h a t  f o u n d  i n t e r n a l  c r a c k  a t  t h e  a r e a  B show n i n  f i g u r e  3 . 1 7 .

F i g u r e  3 .1 7  I n t e r n a l  s t r u c t u r e  o f  s l i d e r ,  f o u n d  s e p a r a t i o n  

a t  a r e a  B due  t o  w a f e r  p r o c e s s  f a b r i c a t i o n  

a f f e c t e d  t o  HGA p e r f o r m a n c e
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3 . 2 . 2 . 5  M e a s u r e m e n t

The i m p o r t a n c e  o f  m e a s u re m e n t  i s  t h a t  t h e  p e r f o r m a n c e  m e a s u re s  

m u s t  s u p p o r t  m a n u f a c t u r i n g  a n d  r e f l e c t  o p e r a t i o n a l  o b j e c t i v e  

m e a s u r e s  i . e .  o p e r a t i n g  c o s t  p e r  u n i t ,  s c r a p  c o s t  p e r  u n i t  a n d  

s c h e d u l i n g .

T h e r e  a r e  s e v e r a l  m e t r i c s  i n  m e a s u r in g  p e r f o r m a n c e .  H o w e v e r ,  

y i e l d  i s  u s e d  i n  m e a s u r in g  q u a l i t y  a s p e c t  o f  HGA p e r f o r m a n c e .  

I t  i s  t h e  r a t i o  o f  p a s s e d  HGA f r o m  e l e c t r i c a l  t e s t  o p e r a t i o n  

f r o m  t o t a l  i n p u t  q u a n t i t y  as  shown i n  e q u a t i o n  ( 1 ) .

Y ie ld  = (T o ta l passed HGA /  T o ta l in p u t)  X  100 (1)

Y i e l d  i s  m o s t  l i k e l y  u s e d  i n  d e t e c t i n g  a n d  i n v e s t i g a t i n g  

c h a n g e s  o c c u r  on  v a r i a b l e s  f r o m  ra w  m a t e r i a l ,  p r o c e s s e s ,  

t e s t e r s  a n d  e n v i r o n m e n t  w h i c h  a r e  v e r y  c o m p l i c a t e d  t o  p r o d u c t  

s e n s i t i v i t y .  T h e r e f o r e ,  y i e l d  i s  u s e d  i n  a n a l y s i s  o f  c h a n g e  

d e t e r m i n a t i o n .

As show n i n  f i g u r e  3 .1 8  i s  t h e  y i e l d  r e p o r t  d i s c u s s e d  d a i l y  

a n d  w e e k l y  b a s i s  i n  t h e  m anagem e n t m e e t i n g .
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HGA. Yield S ta tu s  W W .38 (T eparuk )
MODEL Tast ( EIS ) CUM FRI Scrap MTD

WW.37 BOT FCST Sat รนท Mon Tue Wad Thu Fri FCST ACT T arget Act
310 BEAR Prime 81 33 77 00 78 50 87.96 84 63 85.02 85 14 66.52 65.25 78.11 64.93 1 60 1.10
งบLL(เท.) / NULL (Total) / EOS (ET) ว 72 / 0.05 0.95 0.58 0.77 0.81 0.41 1.10 1.18 44.20 35.20
CU DA36-STRHO (Prime-Teal) 73 09 75 00 73.00 66.82 66.78 52.90 3.50 3.80
งบLL(เท.) / NULL (Total) / EOS (ET) 1.74 / 0 03 1.00 2.07 1.63 1.35 70.70 147.00
CUDA 36-Yamaha (Prime-Tast) 50 18 75 00 51.00 51.93 42.62 44.93 47.93 52.08 57.32 50.49 59.91
---------------- ►  Ra-Test 58 31 48.95 49.70 68.00 63.31 61.62 58.60
---------------- ►  Cum-Tatt 51 20 55.13 45 46 47.15 51 42 55.40 60.29

งบLL(เท.) / NULL (Total) / EOS (ET) 1 09 / 0 04 1.00 1.19 1.12 1.14 1.00 1.05 1.20

<EYSTONE-STRHO 81 88 80 00 82 00 84.03 83 23 83.92 83.45 84 57 83.32 81 18 82.35 3 30 3.30
^S1 (HOLD) 6 23 3.90 3.76 3.32 3.18 2.80 3.27 52.40 51.20

งบLL(เท.) / NULL (Total) / EOS (ET) ) 69 1 0 01 0.65 0.65 0.58 0.55 0.55 0.53 0.53
<E YSTONE-ALPS 67.31 80 00 63.00 73.53 69.24 72.13 75.34 67.60 69.59 62.37 68.78
งบLL(เท.) / NULL (Total) / EOS (ET) 0 66 0 65 0.55 0.62 0.59 0 59 0.42 0.51

y  e'«â» 'ฯ.— ~

J4 83 37 91 10 78 00 80 31 81.06 82.37 80.61 80.28 83.93 77.22 83 33 4 50 3.80
งบLL(เท.) /NULL (Total) 0 97 1.00 0.90 0 66 0.68 0 76 0.53 0.48 20 00 46.30

CHEETAH 18/RHODS (Prime-Test) 79 56 78 00 78 20 81 23 80 03 77.87 78.64 79.42 77.79 76.79 79 19 3.10 3.30
---------------- ►Re-Test 69 78 77.11 65.91 60.60 69 10 62.42 66.63 60.60 57 70

Ĉum-Test 80 64 82.32 81 30 79.12 80 46 81 35 79.72
---------------- ►si 1 80 1 56 2.04 2 24 2 62 3 21 2.97

งบLL(เท.) / NULL (Total) 5 45 1 00 4 17 4 40 4.88 2 82 2 50 2.40
CHEETAH 18/HW (Prima-Taat) 77 88 78 00 81 50 76 03 79.67 76 36 82 23 81 83 78.18 80 03 79 38

---------------- ►Re-Test 52 1 1 64 31 52.89 42.34 45 40 45 96 47.18
►  urn-Test 79 39 77.61 81.40 78.80 83.53 83.86 79.92

---------------- ►si 3 01 2.70 3.33 5.88 2.82 4.52 3.75
งบLL(เท.) / NULL (Total) 1.70 1.00 1.44 1.24 1.20 1.11 1.03 1.33
CUDA 50-RHD 60 87 76 40 63.70 67.53 70.44 56.75 64.10 6.70 7.40
งบLL(เท.)/NULL (Total) 2.25 1 00 1.55 0.31 1.03 0.14 123.70 187.70
:UDA 50-HVY 59 87 76 40 53.23 56.87 4.20 7.40
งบLL(เท.) / NULL (Total) 1.73 1.39 1.40 77.80 133.20
CHEETAH 36-RHD 69 00 68 00 66.76 76.45 68.75 76.39 66.56 67 46 66.16 3.50 5.20
งบLL(เท.) / NULL (Total) 1.00 4.83 7.24 6.60 3.49 5.47 100.80 101.70
CUDA CLOCK 77.90 77 25
งบLL 1.23 161
ALPHA CERT 73 50 84.67 82.55งบLL 0.42 0 24
THETA CERT 46 76 63 05 38 46 31.72 44.90 56.96 65.21 70.43 37 88 70.02 7.20 2.10
งบLL 1 18 1.59 141 8.42 0.23 1.19 127.60 112 903URNISH 100 00 100 00 100 00 100.00 100 00 0 00 2.30
งบLL
OTA CERT 58 66 61.00
งบLL
ZETA CERT 56 32 77 60 69 12 82.14 68.08 ' 82.14 6.20 1.80
งบLL 0 50 0.81 62 80 -194.90
.APAZ 68.00 85 76 64.32 74.16 80.52 83.56 66.64 82.65 2 40 2.30งบLL 11 00 14.004 AUI 2 63 62 84 47 68 00 57.19 49 86 56.18 58 74 64.37 63 85 66 64 ;63.28 2.70 3.10
งบLL 1 81 2.36 3.11 3.37 2.34 1.53 1.45 29.80 87.00
10 K 47 74 38 58 ..... ~ 0.00 9 30งบLL 3 70 5.37 0.00 301.90
3ALI 88 00 84.59 86 10 90.57 88 58 88.31 89.15 86.24 88.25งบLL 0.79 0.94 0.80 0.88 0 82 0.74
)URANGO-STRHO 50 00 69 42 60.71 61 05 47.12 20.20 4.90
งบLL(เท.) / NULL (Total) 0 65 1.51 1.26 1.39 781 60 444 10
J8 30 80 0 00 0 00
งบLL(เท.) / NULL (Total) 0 00 0.00
MR 75 77 ;79 55 i73 62 75 16 74 46 73 50 73 00 75 05 74 97 72 7 1 74 33 39^1 4 92
NULL 1 51 1 1 00 : 1 34 1 17 117 0.97 0 90 0.99 1 65 50 ! 61 60
SPECIALTY 59 53 73 93 159 09 j 31 72 53.47 72.67 80 76 75 44 71.52 58.17 71.02 ^5 0 *" 10.07
NULL 0 94 1.59 1.41 6.34 0 87 0 24 1.08 167.50 -0 42
CSR 65 35 84 47 74.50 57 05 69 14 69 20 72 32 76 17 77.31 73 01 76.55 3 20 5 70
NULL 2 31 2.50 1.77 1.97 1.55 117 1.08 44 30 69.36
NPT 69 42 60.71 61.05 38.50 0 00 0.00

F i g u r e  3 .1 8  Y i e l d  r e p o r t  u s e d  i n  o u t p u t  m e e t i n g  among 

m anagem en t d a i l y  b a s i s

( R e f e r e n c e :  S e a g a te  T h a i l a n d  D a i l y  Y i e l d  R e p o r t )
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3 . 3 W o r k f lo w  S t r u c t u r e

W o r k f l o w  s t r u c t u r e  p r e s e n t s  t h e  i n t e r a c t i o n  o f  a c t i v i t y  o f  

p r o c e s s  e n g i n e e r i n g ,  t e s t  e n g i n e e r i n g  a n d  q u a l i t y  a s s u r a n c e  

g r o u p s  c o r r e s p o n d  t o  t h e i r  r e s p o n s i b i l i t y .  I t  d e s c r i b e s  t h e  

u s e r  a c t i v i t i e s ,  w h i c h  a s s o c i a t e  t o  t h e  m o d e ls  t o  be 

d e v e l o p e d .

B a s i c a l l y ,  p r o c e s s  e n g i n e e r i n g  f r a m e w o r k  i s  t o  c o n t r o l  

p r o c e s s e s ,  y i e l d  m o n i t o r i n g  and  a n a l y s i s ,  a n d  y i e l d  

im p r o v e m e n t  t o  im p r o v e  HGA q u a l i t y .  I t  r e q u i r e s  s u p p o r t i n g  

f r o m  t e s t  e n g i n e e r i n g  g r o u p  who r e s p o n d s  i n  t e s t e r  c o n t r o l  a n d  

t e s t e r  a s s o c i a t e s .

T e s t  e n g i n e e r i n g  r o l e  i s  a l s o  c o v e r  t e s t e r s  b u i l t ,  t e s t e r  

c o n v e r s i o n ,  i t s  s p a r e  p a r t s ,  t e s t e r  p r e v e n t i v e  m a in t e n a n c e  

i n c l u d i n g  s t a n d a r d  p a r t s  u s e d  f o r  c o n t r o l l i n g  t e s t e r s .  

T h e r e f o r e ,  i t  re s u m e s  a l l  e x e r c i s e s  i n  a s s o c i a t i o n  w i t h  

t e s t e r s  i n c l u d i n g  t e c h n i c a l  d e v e lo p m e n t .

A n o t h e r  r o l e  o f  t e s t  e n g i n e e r i n g  i s  p l a y i n g  i t s  r o l e  as  t h e  

s u p p o r t i n g  g r o u p  o f  p r o c e s s  e n g i n e e r i n g ,  i t  c o n s e q u e n t l y  

r e l a t e s  t o  HGA y i e l d  a n d  q u a l i t y  im p r o v e m e n t ,  q u a l i f i c a t i o n  

a n d  i m p l e m e n t a t i o n .

As show n i n  f i g u r e  3 . 1 9 ,  t h e i r  f r a m e w o r k s  t h a t  i n t e r a c t  e a c h  

o t h e r .

35



►  Activity

F i g u r e  3 . 1 9  Fram e w o r k  t o  s u p p o r t  HGA m a n u f a c t u r i n g

3 . 3 . 1  A n a ly s is  and Communication Flow

W i t h  t h e  f r a m e w o r k  show n i n  f i g u r e  3 . 1 9 ,  t h e y  a r e  p r i m a r y  

a c t i v i t i e s  o f  p e o p le  w i t h i n  HGA o r g a n i z a t i o n .  I t  i s  t h e  b a s e  

f o r  e s t a b l i s h i n g  a n a l y s i s  f l o w  show n i n  f i g u r e  3 . 2 0  t h a t  make 

t h e  c l e a r  c o m m u n ic a t io n  a n d  w o r k  e f f e c t i v e l y .  B e s i d e s ,  i t  

s u p p o r t s  y i e l d  a n d  p r o d u c t  p e r f o r m a n c e  im p r o v e m e n t  a n d  

a c t i v i t i e s  b a s e d  m a n a g e m e n t.
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F i g u r e  3 .2 0  A n a l y s i s  a n d  c o m m u n ic a t io n  f l o w

3 . 3 . 2  In fo rm a tio n  F in d in g

A c c o r d i n g  t o  t h e  r e s p o n s i b i l i t y  o f  e a c h  d e p a r t m e n t ,  i t  i s  n o t  

s i m p l e  t o  f i n d  i n f o r m a t i o n  w i t h i n  l i m i t a t i o n  o f  t i m e s  a n d  

s e v e r a l  r e s p o n d e d  a c t i v i t i e s  t o  do i n  p a r a l l e l .  Some g r o u p s  

h a v e  t o  a s s i g n  s p e c i f i c  e m p lo y e e s  t o  w o r k  on  t h i s  f u n c t i o n  

f u l l  t i m e .  Some e m p lo y e e s  s p e n d  50% o f  t h e i r  t i m e s  i n  f i n d i n g  

t h e  r e q u i r e d  i n f o r m a t i o n .  T h e r e f o r e ,  o b t a i n i n g  a c c u r a t e  a n d  

c u r r e n t  i n f o r m a t i o n  f r o m  t h e  d e v e lo p e d  i n f o r m a t i o n  s y s te m  make 

th e m  w o r k  e a s i l y  a n d  c o m m u n ic a te  m o re  e f f e c t i v e l y .

The d ia g r a m  show n f i g u r e  3 .2 1  i l l u s t r a t e s  how t h e y  f i n d  

i n f o r m a t i o n  c u r r e n t l y  w h ic h  q u e r y  i t  e v e r y  t i m e  i t  i s  n e e d e d .
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Test engineering

F i g u r e  3 .2 1  C r u n c h in g  d a t a  f r o m  d a ta b a s e  

w h e n e v e r  i t  i s  r e q u i r e d

3 .4  D iagnose A n a ly s is  and P rocedures in  HGA Perform ance T e s ts

HGA p e r f o r m a n c e  i s  a f f e c t e d  b y  e i t h e r  i n t e r n a l  o r  e x t e r n a l  

v a r i a b l e s  as  d e s c r i b e d  e a r l i e r .  W a fe r s  a r e  f l o w e d  t o  HGA 

o p e r a t i o n  r a n d o m ly .  The p o o r  w a f e r s  s c r e e n e d  o u t  a t  w a f e r  

f a c t o r y  a r e  o n l y  t h e  c o n t i n u i t y  c i r c u i t s  d e f e c t s .  T h e y  a r e  

d e t e c t e d  b y  HGA t e s t i n g  m o s t  e f f e c t i v e l y  w h i c h  i s  t h e  d y n a m ic  

t e s t  w i t h  e l e c t r o m a g n e t i c  a p p l i c a t i o n  p e r f o r m e d  on  r o t a t i n g  

d i s k  s i m i l a r  t o  d i s k  d r i v e  w o r k i n g .  F o r ,  t h e  i n t e r n a l  

c o n t r i b u t o r s  o c c u r  i n  HGA p r o c e s s  w h ic h  i s  d e t e c t e d  a t  

e l e c t r i c a l  t e s t  o p e r a t i o n  s u c h  as  c o n t a m i n a t i o n ,  m e d ia ,  HGA 

m e c h a n i c a l  d e f e c t s ,  ESD e t c ,  make HGA p e r f o r m e d  i t s  f u n c t i o n s  

a b n o r m a l l y .  The p a r a m e t r i c  r e a d i n g  may be  so p o o r  t h a t  i t  

f a i l s  s p e c i f i c a t i o n s .

C h e e ta h  18 p r o d u c t  i s  an  a n a l y s i s  e x a m p le  o f  HGA t e s t  

d i a g n o s i s .

I t s  p a r a m e t r i c  was a n a l y z e d  on r u n  c h a r t ,  w h i c h  i s  t o  p l o t  

i n d i v i d u a l  HGA b y  t i m e  s e r i e s  s o r t e d .  The p a r a m e t e r s  s e l e c t e d  

w e re  m a j o r  d e f e c t s ,  w h i c h  w e re  OVW_AVG a n d  OTC_AVG a s  show n  i n  

f i g u r e  3 .2 2
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E le c t r ic  D e f e c t  P a r e t o

F i g u r e  3 .2 2  E l e c t r i c a l  d e f e c t  p a r e t o  o f  C h e e t a h l8  p r o d u c t

Run c h a r t  was t h e n  p l o t t e d  t o  t e s t  i t s  p a r a m e t r i c  t r e n d  t o  

d e t e c t  t h e  s p e c i a l  c a u s e s  a n d  i t s  s t a b i l i t y .  As show n i n  

f i g u r e  3 . 2 3  a n d  3 . 2 4 ,  t h e  c h a r t s  p l o t t e d  f o r  2 h o u r s  p e r i o d  o f  

tw o  e l e c t r i c  t e s t e r s  o u t  o f  14 t e s t e r s .  T h e y  i l l u s t r a t e d  

s i m i l a r  t r e n d  o f  b o t h  p a r a m e t e r s  a n d  t e s t e r s .
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TEST 1. One point more than 3.00 sigmas from center line. 
Test Failed at points: 38 54 91 104 131

I C h a r t  for OV W _A V G TEST 2. 9 points เท a row on same side of center line 
Test Failed at points: 86 87 88 145 146 147 148 149 163 164 165 166 167 
168
TEST 5 2 out of 3 points more than 2 sigmas from center line 

(on one side of CL).
Test Failed at points: 81
TEST 6 4 out of 5 points more than 1 sigma from center line 

(on one side of CL).
Test Failed at points: 74 84 85 87 88
TEST 7 15 points within 1 sigma of center line (above and below CL) 
Test Failed at points: 16 17

I C h a r t for O T C

3 0SL=30 83 

2 0SL=27.15 

1 0SL=23.46 

x=19 78 

-1 0SL=16.09 

-2 0SL=12.41 
•3 0SL=8722

0 50 100 150
Observation Number

TEST 1 One point more than 3.00 sigmas from center line.
Test Failed at points: 38 44 46 54 94 104 122
TEST 2 9 points เท a row on same side of center line
Test Failed at points: 9 10 152 153 154 155 156 157 158 159 160 161 162
163 164 165 166 167 168
TEST 4 14 points in a row alternating up and down 
Test Failed at points: 38 39
TEST 5. 2 out of 3 points more than 2 sigmas from center line 

(on one side of CL).
Test Failed at points: 46 72 122
TEST 6.4 out of 5 points more than 1 sigma from center line 
Test Failed at points: 164 166 166 167 168
TEST 7.15 points within 1 sigma of center line (above and below CL). 
Test Failed at points: 17 18

F i g u r e  3 . 2 3  OVWJWG and OTC_AVG p a r a m e t e r s  o f  t e s t e r  SGF

I Chart for OVW_AVG

X-.26.75

Observation Number

ovw
TEST 1 One point more than 3.00 sigmas from center line 
TestFailed at points: 142 190
TEST 2. 9 points in a row on same side of center line.
Test Failed at points 158 159 160 161
TEST 5. 2 out of 3 points more than 2 sigmas from center line 

(on one side of CL).
Test Failed at points: 140 142
TEST 6.4 out of 5 points more than 1 sigma from center line 
Test Failed at points: 22 108 109 111 135 195 196 197

OTC
TEST 1. One point more than 3.00 sigmas from center line. 
TestFailed at points 12 37 76 90 92 100 109 124 133 138 182 

Test Failed at points: 22 108 109 111 135195 196 197 
TEST 2 9 points in a row on same side of center line 
Test Failed at points 23 107 108 109 110 111 158 159 160
TEST 5. 2 out of 3 points more than 2 sigmas from center line 

(on one side of CL).
TestFailed at points: 92 109 182
TEST 6.4 out of 5 points more than 1 sigma from center line
TestFailed at points: 155 156 157 158 159 160 195 196 197
TEST 7 15 points within 1 sigma of center line (above and below CL) 
Test Failed at points: 177 178 179

F i g u r e  3 .2 4  OVW_AVG a n d  OTC_AVG p a r a m e t e r s  o f  t e s t e r  S4F
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F u r t h e r  a n a l y s i s  t o  d e t e r m i n e  t h e  s p e c i a l  c a u s e s  ๐ท b o t h  

t e s t e r s  b y  i n v e s t i g a t i n g  t h e  s u s p e c t e d  v a r i a b l e s  b y  c o m p a re  

w i t h  o t h e r  t e s t e r s .  I t  was f o u n d  t h a t  a l l  t e s t e r s  u s i n g  t h e  

same l o t  o f  d i s k s  a n d  s t a n d a r d  p a r t s  f o r  s e t  up  t e s t e r s .

H e n c e ,  i t  may be e f f e c t s  f r o m  ra w  m a t e r i a l .  HGA b u i l t  f r o m  

same b a r s  o f  s l i d e r s  a n d  t e s t e d  on  o t h e r  t e s t e r s  was t h e r e f o r e  

i n v e s t i g a t e d  w h ic h  f o u n d  v a r i a t i o n  w i t h i n  same b a r s .  W a fe r  

p r o c e s s  was s u s p e c t e d  t h e  e f f e c t ,  w h ic h  c a n  be  c o n f i r m e d  f r o m  

t h e  HGA p h y s i c a l l y  e i t h e r  e x t e r n a l  o r  i n t e r n a l  s t r u c t u r e .  As 

show n i n  f i g u r e  3 .2 5  same b a r  c o m p a r i s o n  b e tw e e n  t h e  s e l e c t e d  

t e s t e r s  a n d  o t h e r s .

Parameter Tester #  SGF Other testers Delta
ov w -30.75 -29.82 -0.93
OTC_AVG 18.11 20.26 -2.15

F i g u r e  3 . 2 5  Same b a r s  c o m p a r i s o n  b e tw e e n  SGF t e s t e r ,  w h i c h  

show h i g h  f l u c t u a t i o n  o f  o v w  and  OTC p a r a m e t e r s ,  

w i t h  o t h e r  t e s t e r s .  B a r  v a r i a t i o n  was f o u n d  

( t e s t e r  p r o b le m )  i s  n o t  s u s p e c t e d .

F rom  t h e  a b o v e  a n a l y s i s ,  i t  i n d i c a t e d  e f f e c t s  o f  s p e c i a l  c a u s e  

t h a t  r e s u l t s  t o  i n s t a b i l i t y  o b s e r v e d  i n  HGA p e r f o r m a n c e .  ooc 
e v e n t s  o c c u r r e d  h i g h l y  a t  29 t i m e s  a v e r a g e  o f  b o t h  t e s t e r s  a n d  

p a r a m e t e r s  d u r i n g  2 h o u r s  p e r i o d .  P r o c e d u r e s  e s t a b l i s h e d  a r e  

t h e r e f o r e  p r o p o s e d  t o  im p r o v e  i t s  s t a b i l i t y  b y  i d e n t i f y  t h e  

d i s e a s e  f r o m  t h e  s i g n s  and  sym p tom s as d e s c r i b e d  i n  f i g u r e  

3 . 2 6 .
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F i g u r e  3 . 2 6  W o r k f l o w  d ia g r a m  t o  i n v e s t i g a t e  s p e c i a l  c a u s e s

M o v in g  a v e r a g e  m e th o d  c a n  be  u s e d  i n  c a l c u l a t i n g  y i e l d  t o  

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

f o r  r e a l - t i m e  a c t i o n  as  shown b e lo w .  The r a n g e  o f  t i m e  t  i n  

t h e  c a l c u l a t i o n  i s  recom m ended  a t  60 u n i t s ,  w h i c h  i s  t h e  

a v e r a g e  o f  u n i t s  p e r  h o u r  o f  e l e c t r i c  t e s t e r .  T h e r e f o r e ,
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e v e r y  60 u n i t s  o f  HGA t e s t e d  w i l l  be  u s e d  i n  c a l c u l a t i n g  

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

t h e  s p e c i a l  c a u s e  i f  f i n d  f a i l u r e s  f a i l  c o n s e c u t i v e l y .  H e n ce ,  

f r o n t  l i n e  p e o p le  c a n  t a k e  c o r r e c t i v e  a c t i o n  m o re  r e a l - t i m e .

Yield (%) = (quantity of output / quantity of input ) X 100

Yield t = (Pt+Pt-1 + Pt-2 + .... + Pt-n-i) /  (Dt + Dt-1 + Dm + .... + Dt-n-i) *100

WHERE ;
Pt = Passed HGA at time t ; not count for failure 
Dt = HGA test in at time t

A n o t h e r  common t e s t  t h a t  c a n  be  made on  r u n  c h a r t s  t o  d e t e c t  

s y s t e m a t i c  c h a n g e s  i s  a r u n  o f  7 p o i n t s  as  f o l l o w s :

A c c o r d i n g  t o  M a rk  [1 0 ]  ะ

" A  r u n  o f  7 o r  m o re  i n t e r v a l s  i s  s t e a d i l y  i n c r e a s i n g  o r  

d e c r e a s i n g  w i t h o u t  r e v e r s a l s  i n  d i r e c t i o n .  S uch  a 

p a t t e r n  i s  n o t  l i k e l y  t o  o c c u r  b y  c h a n c e ,  t h e r e b y  

i n d i c a t i n g  s o m e th in g  n e e d s  t o  be i n v e s t i g a t e d . "

C o n s e q u e n t l y ,  t h e  w o r k f l o w  d ia g r a m  e s t a b l i s h e d  was show n i n  

f i g u r e  3 . 2 7 ,  a r u n  o f  s e v e n - p o i n t  t e s t  i s  a l s o  a d d e d .  The 

c o r r e c t i v e  a c t i o n  i s  r e q u i r e d  i f  y i e l d  i s  l o w e r  t h a n  t a r g e t  o r  

a r u n  o f  7 p o i n t s  d e t e c t e d .
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Figure 3.27 Workflow diagram to  take ac tio n  of low y ie ld

For the moving average method, i t s  b e n e fit  is  to  take ac tio n  
re a l- t im e . But, i t  is  not put in  place because of the 
management d ire c tio n  req u irin g  to  tra c e  back the event occurs 
in  th a t  period  of time. Hence, the period of time is  
implemented in  HGA op era tio n . T riggering a t 2 hours is  used 
accord ing ly  which a lso  allows more q u an tity  of HGA te s te d  in . 
The advantage of increasing  HGA number i s  to  examine the 
h is to ry  performance of same quads te s te d .
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