
C h a p t e r  5

P r o c e s s  A n a l y s i s  a n d  O r g a n i z a t i o n a l  M e t r i c s

5 Process A nalysis and O rgan iza tio na l M etrics
C o n s i d e r a t i o n  o f  p r o c e s s  a n d  m e t r i c s  a r e  c r u c i a l  i n  
o r g a n i z a t i o n a l  r e s t r u c t u r i n g  s i n c e ,  f i r s t l y  s h o r t e r  
p r o c e s s  e n h a n c e s  s p e e d  a n d  f l e x i b i l i t y  t o  t h e  
o r g a n i z a t i o n ,  s e c o n d l y  m e t r i c  i s  a n  i n d i c a t o r  w h i c h  
f a c i l i t a t e s  p r o c e s s  i m p r o v e m e n t .

5 .1  P ro c ess  a n a ly s is
A c c o r d i n g  t o  t e s t e r  c o n v e r s i o n  t r e n d  i n  f i g u r e  4 . 2  a n d  
e n g i n e e r  t i m e - s p e n t  a n a l y s i s  i n  f i g u r e  3 . 9 ,  k e y  p r o c e s s e s  
u n d e r  t h e  o r g a n i z a t i o n  r e s p o n s i b i l i t y  t h a t  n e e d e d  t o  
f o c u s e d  a r e  t e s t e r  c o n v e r s i o n  ( t e s t e r  r e l e a s e ) , t e s t  
r e l a t e d  i m p l e m e n t a t i o n ,  a n d  y i e l d  a n a l y s i s .

5 .1 .1  T es te r Conversion (T ester Release)
T h i s  i s  o n e  o f  t h e  c o m p l i c a t e d  p r o c e s s e s  d e m a n d i n g  f o r  
m u l t i - s k i l l  p e r s o n n e l  t o  p e r f o r m  c r o s s - f u n c t i o n a l  w o r k  
w i t h i n  t h e  o r g a n i z a t i o n  a n d  t h r o u g h o u t  e x t e r n a l  
o r g a n i z a t i o n s .  I t s  p r o c e s s ,  f i g u r e  4 . 7  ( a ) ,  c a n  b e  
s i m p l i f i e d  a n d  s h o w n  i n  f i g u r e  5 . 1 .  A f t e r  r e q u i r e m e n t  
p l a n  i s  d e t e r m i n e d  a c c o r d i n g  t o  H G A  b u i l d  r e q u i r e m e n t ,  
w o r k f l o w  o f  n e w  t e s t e r  s e t u p  o r  t e s t e r  c o n v e r s i o n  
e x e r c i s e s  i s  b e g u n .  T h e  f l o w  c a n  b e  d i v i d e d  i n t o  2  m a j o r  
r o u t s ,  p r i m a r y  r o u t e  a n d  r e w o r k  r o u t e .  T o t a l  h o u r s  o f  
t h e  p r o c e s s  ( c o n v e r s i o n  l e a d - t i m e )  c a n  b e  s i m p l y  
c a l c u l a t e d  a s  f o l l o w s :

Tt = Tprime t  T  rew 0 rk ( h o u r s )Tprime = ( 11 + T S + l2 + Tc + T0 + Tf+ Ti ) ( h o u r s )
Trework — ( I 3+Tr+ I2+Tc) * (1-Ya) ( h o u r s )

where ะ11 = average idle time per tester due to awaiting conversion Ts = average time per. tester for conversion12 = average idle time per tester due to awaiting acceptance testTo = average time per tester for acceptance testTo = average time per tester for optimizing PRML channelTf = average time per tester for rt.idia factoring (calibration)Ti = average time per tester for release and communication13 = average idle time per tester due to awaiting rework Tr = average time per tester due to rework exercisesYa = yield of acceptance test
N u m b e r  o f  r e q u i r e d  t e s t e r  i n  c o n v e r s i o n  e a c h  w e e k  c a n  b e  
c a l c u l a t e d  a s  f o l l o w s :

Ntc = Ntr*Tt/2 4 /7 ( s y s t e m s )

Where ะNtr = number of testers requirement per week
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F ig u re  5 .1
S h o r t e n i n g

S i m p l i f i e d  T e s t e r  
E x e r c i s e s

R e l e a s e F l o w  a n d  I t s

T e s t e r s  a r e  f r e e - u p  f r o m  p r o d u c t s  t h a t  i t s  
d r o p p e d  e a c h  w e e k .  U s u a l l y  t h e  n u m b e r s  o f  
t e s t e r s  a r e  2  t i r e r  l a r g e r  c o m p a r e d  t o  t h e  
r e q u i r e d  t e s t e r s  b e c a u s e  o f  l o w  a c c e p t a n c e  
T h i s  c r e a t e s  i n - e f f e c t i v e n e s s  i n  c a p i t a l  u t

r e q u i r e m e n t  
f r e e - u p  
a c t u a l  w e e k l y  
t e s t  y i e l d ,  
i l i z a t i o n .

C a p i t a l  s a v i n g  i s  d i r e c t l y  r e l a t e  t o  n u m b e r  o f  t e s t e r s  
r e q u i r e d ,  $ 7 5 , 0 0 0  U S D  e a c h .  B r o k e n  a r r o w s  i n  f i g u r e  5 . 1  
a r e  a c t i v i t i e s  i n t r o d u c e d  t o  s h o r t e n  t a s k s .
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5 .1 .2  T est R ela ted  Im plem entation
E v e r y  n e w  d e v e l o p m e n t  h a s  t o  b e  q u a l i f i e d  p r i o r  t o  
i m p l e m e n t i n g  i n  m a n u f a c t u r i n g  t o  m i n i m i z e  u n e x p e c t e d  
i m p a c t  d u e  t o  c h a n g e s .  W o r k f l o w  i n  f i g u r e  4 . 7 ( ๖ )  c a n  b e  
s i m p l i f i e d  a n d  s h o w n  i n  f i g u r e  5 . 2 .

F ig u re  5 .2  s i m p l i f i e d  T e s t  I m p l e m e n t a t i o n  F l o w  a n d  I t s  
S h o r t e n i n g  E x e r c i s e s

A f t e r  G a m m a  ( F )  q u a l i f i c a t i o n  o f  o v e r  1 0 0 , 0 0 0 - l i n e s  c o d e  
a n d  o v e r  2 , 0 0 0  c o m b i n a t i o n  o f  s e v e r a l  d i f f e r e n t  
d i m e n s i o n s ,  t h e  c h a n g e  w i l l  b e  q u a l i f i e d  f o r  a n  O m e g a  ( Q )  
l e v e l  w h i c h  i 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 e  p r o c e s s
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t y p i c a l l y  t a k e s  5 1 9  h r s  o n  f i f t y - t e s t e r  p r o d u c t .  T h e  
m a j o r  t i m e  c o n s u m i n g  i s  i n  d a t a  c o l l e c t i o n  f o r  a n o m a l y  
a n a l y s i s .  T w o  t e s t e r s  a r e  e n a b l e d  t o  m a n u f a c t u r i n g  f o r  
3 3 6 - h r s  w o r t h  o f  d a t a ,  a p p r o x i m a t e l y  1̂ 6 , 0 0 0  s a m p l e s .  T h e  
s a m p l e  s i z e  s e e m s  t o  b e  t o o  l a r g e . ;  a  p r o p e r  s a m p l e  s i z e  
n e e d  t o  b e  d e t e r m i n e d  s t a t i s t i c a l l y  b a s e d  o n  p o w e r  o f  
t e s t  a p p r o a c h .

A t  p r o b a b i l i t y  o f  t y p e - I  e r r o r  ( a )  =  0 . 0 5  a n d  t y p e - I I  
e r r o r  ( (3) =  0 . 0 1 ,  a  s a m p l e  s i z e  o f  2 7 , 0 6 3  i s  s u f f i c i e n t  
t o  d e t e c t  2 0 0  d p p m  d i f f e r e n t  w i t h  t h e  f o l l o w i n g  
h y p o t h e s i s  ะ

H 0 : p =  Po 
H i  ะ p > P i

C o n s i d e r e d  0 . 0 0 2  t h e  a l t e r n a t e d  p r o p o r t i o n  a n d  0 . 0 0 0  t h e  
h y p o t h e s i z e  p r o p o r t i o n .

( T h e  a l t e r n a t e d  p r o p o r t i o n  i s  n o t  t h e  v a l u e  o f  a l t e r n a t e d  
h y p o t h e s i s ,  b u t  t h e  v a l u e  a t  w h i c h  p o w e r  i s  w a n t e d  t o  
e v a l u a t e . )

T h i s  c a n  r e d u c e  3 3 6  h r s  d a t a  c o l l e c t i o n  d o w n  t o  1 6 8  h r s ,  
2 8 , 0 0 0  s a m p l e s .

T h e  s e c o n d  m a j o r  i s  o n  " t e s t  s e t u p  p e r  p l a n " ,  e m p l o y e e  
h a s  t o  d o  m a n u a l  o p e r a t i o n  t o  m a k e  c h a n g e  a t  e a c h  
i n d i v i d u a l  t e s t e r  w h i c h  i s  n o t  p r a c t i c a l  f o r  l a r g e  
m u l t i p l e - t e s t e r  p r o d u c t s .  w i t h  a  c e n t r a l  f i l e  a p p r o a c h ,  
e v e r y  t e s t e r  i s  l i n k e d  a n d  u p d a t e d  i t s  s o f t w a r e  s e t u p  
f r o m  c e n t r a l  f i l e  v i a  n e t w o r k .  A t  5 0 - t e s t e r  p r o d u c t ,  
1 5 0 - h r s  e x e r c i s e  c a n  b e  r e d u c e d  t o  1 2 . 5  h r s .

C o n c u r r e n t  e n g i n e e r i n g  a p p r o a c h  c a n  b e  u s e d  i n  o v e r s e a  
c o m m u n i c a t i o n  t a s k  w h e r e  o t h e r  a c t i v i t i e s  c a n  b e  
c o n t i n u e d  i n  p a r a l l e l .  O v e r a l l  p r o c e s s  c a n  b e  r e d u c e d  
f r o m  5 1 9  t o  1 8 7 . 5  h r s ,  6 4 %  i m p r o v e d .

5 .1 .3  Y ield  A nalysis
Y i e l d  a n a l y s i s  w o r k f l o w  s h o w n  i n  f i g u r e  4 . 7  ( c )  i s  m o s t  
l i k e l y  i n v o l v e d  w i t h  d a t a  q u e r y  t o  v i e s  i n  d i f f e r e n t  
d i m e n s i o n s  a n i  t o  i n v e s t i g a t e  t h e  c h a n g e  o f  k e y  i n p u t  
v a r i a b l e s  w h i c h  a r e  v e r y  c o m p l i c a t e d  f o r  c u r r e n t  p r o c e s s  
a n d  p r o d u c t  s e n s i t i v i t y .  T h e  a n a l y s i s  s t r u c t u r e  a r e  
d i v i d e d  i n t o  2 p r i m a r y  l e v e l s  w i t h  m u l t i p l e  s u b - l e v e l s  a s  
f o l l o w s  ะ

1 .  E x t e r n a l  C o n t r i b u t i o n  ( u p s t r e a m  p r o c e s s e s )
1 . 1  W a f e r  F a b r i c a t i o n

1 . 1 . 1  S t a t i c  e l e c t r i c a l  i m p a c t s
1 . 1 . 2  D y n a m i c  e l e c t r i c a l  i m p a c t s
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1 . 2  S l i d e r  M a c h i n i n g
1 . 2 . 1  M e c h a n i c a l  i m p a c t s
1 . 2 . 2  E l e c t r i c a l  i m p a c t s

2 .  I n t e r n a l  C o m b i n a t i o n  ( H G A  m a n u f a c t u r i n g )
2 . 1  M a t e r i a l  L o a d i n g  C o n t r o l

2 . 1 . 1  H i - e n d  p o r t i o n
2 . 1 . 2  L o w - e n d  p o r t i o n

2 . 2  I n - p r o c e s s  C o n t r o l
2 . 2 . 1  M e c h a n i c a l  i m p a c t s
2 . 2 . 2  E l e c t r i c a l  i m p a c t s
2 . 2 . 3  O p e r a t o r  d e p e n d a n t

2 . 3  T e s t e r
2 . 3 . 1  H a r d w a r e
2 . 3 . 2  S o f t w a r e

2 . 4  T e s t e r  A s s o c i a t e s
2 . 4 . 1  T e s t  m e d i a
2 . 4 . 2  P R M L  c h a n n e l  o p t i m i z a t i o n
2 . 4 . 3  ฟM e d i a  f a c t o r i n g  p a r t s

2 . 5  E n v i r o n m e n t
2 . 5 . 1  P o w e r  l i n e  n o i s e
2 . 5 . 2  V i b r a t i o n
2 . 5 . 3  P a r t i c l e s

Y i e l d  a n a l y s i s  i m p r o v e m e n t  i s  h i g h l y  d e p e n d  o n  s k i l l  a n d  
k n o w l ë d g e - b a s e  o f  e n g i n e e r  i n c o r p o r a t e d  w i t h  t o o l s .  A n  
i d e a  t o  c r e a t e  a  c e n t e r  o f  e x c e l l e n c e  a n d  s t a n d a r d  
a n a l y s i s  f l o w  t o  i m p r o v e  a n a l y t i c a l  s k i l l  a n d  s y s t e m a t i c  
a p p r o a c h  i s  v a l i d .  I T  t o o l s  c a n  b e  i n c o r p o r a t e d  t o  
m a x i m i z e  s p e e d  a n d  c a p a b i l i t y  o f  a n a l y s i s  w h i c h  i s  
e x h i b i t e d  i n  c h a p t e r  6 " I T  a p p l i c a t i o n s  t o  s u p p o r t  
r e s t r u c t u r i n g " .

5 .2  O rg a n iz a tio n a l  M easures
T h e  i m p o r t a n c e  o f  m e a s u r e 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 r e s  h a v e  t o  b e  a l i g n e d  t o  c o r p o r a t e  o b j e c t i v e s  a n d  
t o  w h a t  c u s t o m e r  w a n t s .  S c h o n b e r g e r  ( 1 9 9 6 ) ,  m e n t i o n e d  i n  
h i s  p r i n c i p l e  1 1 ;  " Y o u  g e t  w h a t  y o u  m e a s u r e " .

M e a s u r e s  o f  t h e  o r g a n i z a t i o n ,  w h i c h  i s  a  s u p p o r t  
o r g a n i z a t i o n  t o  m a n u f a c t u r i n g ,  h a v e  t o  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 ,  s c h e d u l e  a d h e r e n c e ,  D P P M  a t  
c u s t o m e r  i n c o m i n r ,  i n d i r e c t  t o  d i r e c t  l a b o r  r a t i o ,  a n d  
i n v e n t o r y  t u r n - O A e r .

T e p a r u k  i s  a  c o s t - c e n t e r  i n v o l v i n g  w i t h  s e v e r a l  a s p e c t s  
o f  q u a l i t y  a s  w e l l  a s  h i g h  f l e x i b i l i t y  o f  c h a n g e o v e r  i n  
m a s s  v o l u m e  p r o d u c t i o n  t o  s u p p o r t  p r o d u c t ' ร  t i m e - t o -  
m a r k e t .  F o u r  m a j o r  a s p e c t s  i n  t h i s  o r g a n i z a t i o n  
d e f i n i t e l y  w i l l  h a v e  t o  s u p p o r t  t h e  o p e r a t i o n a l  m e t r i c s :
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5 .2 .1  Cost Aspect
I t  i s  a  m u s t  f o r  t h e  o r g a n i z a t i o n  t o  u n d e r s t a n d  c o s t  
r e l a t e d  f a c t o r s  c o n t r i b u t e d  b y  t h e  o r g a n i z a t i o n  b o t h  
d i r e c t l y  a n d  i n d i r e c t l y .
O u t  o f  o p e r a t i n g  c o s t  p e r  u n i t ,  1 0 %  i s  d u e  t o  t e s t e r  
d e p r e c i a t i o n ,  5 . 5 %  i s  d u e  t o  t e s t  e n g i n e e r i n g  s u p p o r t  
i . e .  e q u i p m e n t  s u p p l i e s ;  i n d i r e c t  l a b o r  s u p p o r t ;  a n d  
o t h e r  f r i n g e  e x p e n s e s ,  a n d  3 . 3 %  i s  d u e  t o  t e s t  o p e r a t o r  
a n d  s p a c e  u t i l i t i e s .  T h u s ,  t h e  m a j o r  l i n k s  t o  o p e r a t i n g  
c o s t  a r e  n u m b e r  o f  t e s t e r ,  w h i c h  c a n  b e  d e s c r i b e s  a s  a  
c a s c a d e d  s t r u c t u r e  b e l o w  w i t h  i t s  v a r i a b l e s :

• C o n t r i b u t i o n  t o  c o s t  p e r  H G A  ( 1 8 . 8 % )
• T e s t e r  D e p r e c i a t i o n  ( 1 0 % )

~ T e s t  c a p a c i t y ( w h i c h  d e t e r m i n e  
N u m b e r  o f  t e s t e r s )_~ T e s te r  c o s t
• T e s t e r  s u p p l i e s  ( 3 %)

~ N u m b e r  o f  t e s t e r s  
~ P a r t s  u s a g e  
~ P a r t s  c o s t

• I n d i r e c t  l a b o r  ( 2 . 5 % )
~ Number of t e s t e r s  ~ Number of e x e rc is e s  
~ Exchange r a te

• T e s t  o p e r a t o r  ( 2 % )
~ N u m b e r  o f  t e s t e r s  
~ E x c h a n g e  r a t e

• S p a c e  u t i l i t i e s  ( 1 . 3 % )~ Number of t e s t e r s  
~ T e s te r  s iz e  
~ Exchange r a te

I t  i s  c l e a r l y  s e e n  t h a t  " N u m b e r  o f  t e s t e r s "  i s  t h e  m a j o r  
v a r i a b l e  t h a t  p l a y s  s i g n i f i c a n t  r o l e  i n  t h e  1 8 . 8 %  o f  H G A  
p r o d u c t  c o s t  s i n c e  i t  I S  a  o n e - t o - o n e  v a r i a b l e  t o  " T e s t e r  
d e p r e c i a t i o n " ,  " T e s t  o p e r a t o r " ,  a n d  " S p a c e  u t i l i t i e s " .  
T e s t  e n g i n e e r i n g  c a n  i n d i r e c t l y  c o n t r i b u t e  t o  t h a t .  C o s t  
o f  t e s t e r  s u p p l i e s  a n d  i n d i r e c t  l a b o r  s u p p o r t i n g  t e s t e r s  
a r e  t h e  a r e a  t h a t  t h e  o r g a n i z a t i o n  i s  d i r e c t l y  
r e s p o n s i b l e  f o r .

T h u s  o r g a n i z a t i o n  f o c u s  h a s  t o  b e  o n  a c t i v i t i e s  t h a t  
i n c r e a s e  t e s t e r  c a p a c i t y / u t i l i z a t i o n  t o  r e d u c e  n u m b e r  o f  
t e s t e r s ,  t e s t e r  s u p p l i e s ,  a n d  i n d i r e c t  l a b o r  m a n a g e m e n t .  
O b j e c t i v e  g o a l s  s e t t i n g  h a s  t o  i n c l u d e  i m p r o v e m e n t s  o f  
t e s t  t i m e  o r  t e s t  U P H  ( u n i t s  p e r  h o u r )  a n d  t e s t  y i e l d .

5 .2 .2  Q u ality  Aspect
T h e r e  a r e  s e v e r a l  m e a s u r e s ,  w h i c h  a r e  p e r f o r m e d  b y  
Q u a l i t y  o r g a n i z a t i o n  b u t  s o m e  o t h e r  s p e c i f i c  t e s t  q u a l i t y  
n e e d  t o  b e  m e a s u r e d  b y  T e s t  E n g i n e e r i n g  o r g a n i z a t i o n .
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T e s t e r  v a r i a t i o n  i s  t h e  k e y  m e a s u r e  f o r  t e s t  e q u i p m e n t  
a f t e r  a l l  t h e  t e s t e r s  h a v e  p a s s e d  s t a t i s t i c a l  a c c e p t a n c e  
t e s t  a n d  r e l e a s e d  i n t o  m a n u f a c t u r i n g .  I t  i s  v e r y  
i m p o r t a n t  t o  m e a s u r e  t e s t e r  v a r i a t i o n  a n d  p u t  a  p r o p e r  
c o n t r o l  t o  t h e  t e s t e r  t o  b e  v i r t u a l l y  r e a l - t i m e  s i n c e  
t h e y  a r e  d y n a m i c  t e s t e r  a n d  s e n s i t i v e  t o  c h a n g e s  i n  t h e  
p r o c e s s .  K e y  m e a s u r e s  o f  t h e  t e s t e r  q u a l i t y  a r e :

T e s te r  S t a t i s t i c a l  P ro cess  C o n tro l (TSPC) ะ I t  i s  a
s t a t i s t i c a l  a p p r o a c h  t o  r e g u l a r l y  m o n i t o r  t e s t e r  
p e r f o r m a n c e  o v e r  t i m e  o n  a l l  k e y  t e s t  p a r a m e t e r s .  T h i s  
c o n t r o l  i s  d e s i g n e d  f o r  d e t e c t i n g  a  s t e p  f u n c t i o n  s h i f t  
i n  t e s t e r  b a s e l i n e .  W h e n  s e v e r a l  h u n d r e d s  o f  t e s t  s y s t e m  
a r e  b e i n g  c o n t r o l l e d ,  o v e r a l l  q u a l i t y  o f  t e s t e r  i s  
m o n i t o r e d  b y  t e s t e r  v a r i a t i o n ,  z - s c o r e  t e c h n i q u e  c a n  b e  
u s e f u l .

Z -sc o re : I t  i s  a n o t h e r  s t a t i s t i c a l  a p p r o a c h  t o  m e a s u r e  
d e v i a t i o n  o f  a v e r a g e  v a l u e  o f  i n d i v i d u a l  t e s t e r  c o m p a r e  
t o  s t a n d a r d  d e v i a t i o n  o f  o t h e r s .  T e s t  d a t a  o f  e a c h  
t e s t e r ,  a r o u n d  5 0 0  s y s t e m s  w i t h  h a l f  a  m i l l i o n  r e c o r d s  a  
d a y ,  a r e  c o l l e c t e d  v i a  t h e  o r g a n i z a t i o n ' s  l o c a l  a r e a  
n e t w o r k  ( E I S ' s  L A N ) . T h e  d a t a  i s  t h e n  c o n v e r t e d  t o  
d a t a b a s e  f o r m a t  t h e n  a u t o m a t e d  a p p l i c a t i o n s ,  w h i c h  i s  
d e v e l o p e d  i n - h o u s e ,  r e g u l a r l y  q u e r y  a n d  p r o c e s s  t o  
e n g i n e e r i n g  a n d  s t a t i s t i c a l  r e p o r t  f o r m a t .  w i t h  t h i s  
a p p r o a c h ,  t e s t  e n g i n e e r i n g  c a n  i d e n t i f y  p o t e n t i a l  p r o b l e m  
t e s t e r s  b y  t a k i n g  a  f u r t h e r  a n a l y s i s  a n d  t e c h n i c a l  
a c t i o n s  t o  t h e  o u t l i n e r s .

N o t e  ะ Z -sco re  = (Xi -  X b a r ) / a f o r e a c h  t e s t e r

Where X bar = average parametric value of a ll  tes te rs  Xi = average parametric value of specific te s te r a = parametric standard deviation of a ll  te s te rs

Z -sc o re -O u t ( % ) :  T h e  m e a s u r e  i s  a  n u m b e r  o f  z - s c o r e - o u t  
e v e n t s  o c c u r r e d ,  c o m p a r e  t o  p o s s i b l e  e v e n t s .  F o r  e x a m p l e ,  
a  t o t a l  o f  1 0 0  t e s t e r s  o n  o n e  p r o d u c t  t a k i n g  m e a s u r e m e n t  
o f  2 0  p a r a m e t e r s :  a  t o t a l  p o s s i b l e  e v e n t  i s  2 0 0 0 .  I f  
t h e r e  a r e  1 0  t e s t e r s  h a v e  z - s c o r e  o f  20  p a r a m e t e r s  b e y o n d  
T °  t h e  p e r c e n t a g e  o f  z - s c o r e  o u t  i s  1 0 * 2 0 / 2 0 0 0  =  1 0 %.
I t  i s  n o t  n e c e s s a r i l y  t h a t  a l l  p a r a m e t e r s  c a u s e  i m p a c t .  
T y p i c a l l y ,  t h e  f o c u s  i s  o n  t o p  6 d e f e c t s  a c c o u n t i n g  f o r  
m o r e  t h a n  8 5 %  c o n t r i b u t i o n .
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า---- 1---- 1---- 1---- r1010 1030 lost 1070 1090 1110 1130T i l l '
95% Confidence Interval for Mm

1070 1075 1000

95% Confidence Interval for Median

Variable: HFA_AVG OF TESTERS

Anderson-Dariing Normality Test
A-Squared: 0.599
P-Vriue: 0.116

Mean 107536
.ร» Dev 26.05
Variance 678.596
Skrwncu 4.12E-03
Kurtosis -2.8E-01
N 76

Minimum 1010.00
1st QuartUe 1060.00
Median 107000
3rd Quartile 1090.00
Maximum 1130.00

95% Confidence Interval for Mu 
1069.31 1081.22

95% Confidence Interval for Sigma 
22.47 31.01

95% Confidence Interval for Median 
1070.00 1080.00

-L50 4175 4100 0.75 L58

95% Confidence Intern! for M l

412 411 0.0

95% QsdUeace Interval for Medial

Variable: HFA_avg z-score of testers

Aadersan-DaiUng Normality Test
A-Squand: 0402
P-Valac 0350

Mean -8.2E4Q
ร»Dev 0581924
Variance 0338635
Skewness -1.1E-01
Karioria 0800661
N 74

Mfobtaa* -L74700
1st QuartOe -042340
Median -006620
3rd QuartAe 025335
Maxfcnm L59400

95% Cmfidence Interval for Ma 
4121637 0.05327

95% Confidence Interval for stpna 
050093 069441

95% Confidence interval for Median 
4118641 005771

Normal Probability Plot Normal Probability Plot

1020 1070 1120
HFA_avg of testers

Average: 107&26 Anderson-Darling Normality Test
St Dev. 26.0499 A-Squared: 0599
N: 76 P-Value: 0116

.001 -

-1 0 1 
HFA I-score of testera

Average: -00815539 Anderaon-Darting Normality Test
StDev: 0.581924 A-Squared: 0402
N: 74 P-Vahie: 0350

F ig u re  5 .3  D i s t r i b u t i o n  a n d  N o r m a l  T e s t  o f  A v e r a g e  H F A  
M e a s u r e m e n t  o f  E a c h  T e s t e r  a n d  I t s  Z - s c o r e  ( t o t a l  o f  7 8  
t e s t e r s )

T h e  r e a s o n  o f  u s i n g  z - s c o r e  w a s  t h a t ,  u s e r  c a n  p u t  a l l  
2 0 + p a r a m e t e r s  i n  o n e  z - s c o r e  c h a r t  n o  m a t t e r  w h a t  u n i t  
o f  m e a s u r i n g  t h e y  a r e ,  a s  l o n g  a s  t h e y  a r e  n o r m a l  
d i s t r i b u t i o n .  F i g u r e  5 . 3  a n d  5 . 4  d e m o n s t r a t e s  p a r a m e t r i c  
d i s t r i b u t i o n  v s .  z - s c o r e  d i s t r i b u t i o n  a n d  t h e i r  n o r m a l  
t e s t  o f  2 s e l e c t e d  p a r a m e t e r s  o u t  o f  o v e r  20  p a r a m e t e r s .  
I t  i s  c l e a r l y  s e e n  t h a t  t h e s e  2 d i f f e r e n t  u n i t s  o f  
m e a s u r e m e n t  a n d  r a n g e ,  (J.V v s .  p "  a n d  1 0 0 0 - 1 2 0 0 p V  v s .  1 0 -  
2 5 p "  r e s p e c t i v e l y ,  c a n  b e  n o r m a l i z e d  i n  z - s c o r e  f o r m a t  t o  
s e e k  f o r  a n  o u t l i n e r  of ± 3 c .
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95% Confidence Interval for Median

Variable: OTC.AVG of testera

Anderson-Darting Normality Teat

§L
Kuriosb

16.011
1.6077

2.58464
0.413814
-6.8E-01

lstQuartfle 153000
Median 163000
3rd Quartik 17.9000
Maxirraan 19.9000

95% Confidence Interval for Mu 
163586 17.0036

95% Confidence Interval for .Sigma 
13839 1.9185

95% Confidence Interval for Median 
1S9000 17.0915

95% Confidence Interval For Mu

- 0 . 4 - 0 3 - 0 3 - 0 . 1  0.0 a i  03

95% Confidence Interval for Median

Variable: OTC_AVG 1-scort of testers

Anderson-Darting Normalty Test
A-Squared: 0.718
P-Vahie: 0.058

StDei
Variance

-3.1E-02
0.846609
0.716747
0.469742
-4.6E-01

-1.55800 
1st QuartUe -065865
Median -032525
3rd Quartik 046928
Mailman 1.80200

95% Confidence Interval for Mu 
-032712 016516

95% Confidence Interval for sigma 
072877 1.01026

95% Confidence Interval for Median 
-043325 011375

Normal Probability Plot

OTC AVG of testers

Average: 16.6311 
StDev: 1.60768 
N: 74

0 ร
0TC_AVG 1-score I

Anderson-Darting Normality Test 
A-Squared: 0765 
P-Value: 0045

Average: -*.03*9811 
StDev: 0.8466*9
N: 74

Anderson-Darting Normality T est 
A-Squared: 0.718 
P-Value: 0*58

F ig u re  5 .4  D i s t r i b u t i o n  a n d  N o r m a l  T e s t  o f  A v e r a g e  O T C  
M e a s u r e m e n t  o f  E a c h  T e s t e r  a n d  I t s  z - s c o r e  ( t o t a l  o f  7 8  
t e s t e r s )

Im pact due to  Im plem en ta tion  E r ro r  ( $ )  ะ H u m a n  c r e a t e s  
e r r o r  a s  w e l l  a s  c h a n g e s .  T h o u g h t  e r r o r  c a n  h a r d l y  
p r e v e n t  i n  a  c e r t a i n  e n v i r o n m e n t ,  b u t  i m p a c t  d u e  t o  t h e  
e r r o r  c a n  b e  m i n i m i z e d .  I t  i s  s o m e w h a t  r e l a t e d  t o  s p e e d  
o f  r e a c t i o n  t o  t h e  e r r o r  p r i o r  t o  d i s a s t e r  d u e  t o  
c o n s e q u e n c e s  o f  t h a t  e r r o r .  M a n u f a c t u r i n g  i m p a c t  d u e  t o  
t e s t  r e l a t e d  i m p l e m e n t a t i o n  i s  c a l c u l a t e d  i n t o  d o l l a r s  
a s s o c i a t e d  d u e  t o  c o n t a i n m e n t  c o s t ,  r e - s c r e e n i n g  c o s t ,  
h a n d l i n g  c o s t ,  s c r a p  c o s t ,  a n d  a n y  o t h e r  c o s t  t h a t  i m p a c t  
t o  d o w n s t r e a m  p r o c e s s .

5 .2 .3  Speed Aspect
T e s te r  co n v t-^ io . . .e a d -tim e : I t  i s  m e a s u r e d  i n  h o u r s  
a c c o r d i n g  t o  5 . 1 . 1 .  T h i s  i s  o n e  o f  t h e  k e y  e l e m e n t s  t o  
s u p p o r t  f l e x i b l e  m a n u f a c t u r i n g ,  b u t  d o e s  T e p a r u k  r e a l l y  
n e e d  t o  b r i n g  i t  d o w n  t o  2 4  h r s  o r  b e l o w ?

R e a l-tim e  abnorm al t e s t e r  m o n ito rin g : T h e r e  a r e  s e v e r a l  
f a c t o r s  c o n t r i b u t i n g  o p p o r t u n i t y  l o s t  i n  t e s t  p r o c e s s  
w h e r e  p r o d u c t  i s  i n c a p a b l e  ( t e s t  y i e l d  i s  a t  6 0 - 8 0 % ) ,  a n d  
t e s t  p r o c e s s  i s  v e r y  s e n s i t i v e .  A b n o r m a l  y i e l d  i s  
a n o t h e r  m e a s u r e  t o  t r i g g e r  a  p o t e n t i a l  p r o b l e m  i n  t h e
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s h o p  f l o o r .  T o  h a n d l e  t o d a y ' ร  q u a l i t y  r e l a t e d  t o  t e s t  
p r o c e s s  i s s u e s ,  a  2 4  h o u r s  d a t a  r e p o r t  f o r  e n g i n e e r i n g  
a n a l y s i s  i s  i n a d e q u a t e  a n d  c o u l d  n o t  d e l i v e r  p r o p e r  
a c t i o n s  i n  t i m e l y  b a s i s .

T h e r e  a r e  s e v e r a l  t y p e  o f  t e s t e r  a n o m a l i e s  w h i c h  c o u l d  b e  
a  s t e p  f u n c t i o n ,  d e g r a d a t i o n ,  o r  r a n d o m  e v e n t s .  S y s t e m  
a n d  t o o l s  a r e  i n  p l a c e  f o r  d e t e c t i n g  s t e p  f u n c t i o n  b u t  
t h e r e  i s  n o  e f f e c t i v e  s y s t e m  i n  p l a c e  t o  d e t e c t  s o m e  
c e r t a i n  l e v e l  o f  d e g r a d a t i o n  a n d  r a n d o m  e v e n t s  d u e  t o  
s m a l l  m a g n i t u d e  o f  h i g h  f r e q u e n c y  n o i s e  a n d  v i b r a t i o n .  
T o o l s  n e e d  t o  b e  d e v e l o p e d  t o  d e t e c t  s u c h  e v e n t s  i n  
t i m e l y  b a s i s  s u c h  a s  m i c r o  d e f e c t  o n  t e s t  m e d i a  d u r i n g  
t e s t .  S e v e r a l  t e c h n i q u e s  h a v e  b e e n  d e p l o y e d  i n  t h e  p a s t  
s e v e r a l  y e a r s ,  f r o m  S i g n a l  M o d u l a t i o n  t o  A c o u s t i c  
E m i s s i o n  S e n s o r .  N o w  a  d a y ,  m i c r o  d e f e c t  b e c a m e  s m a l l e r  
a n d  m e a s u r e d  a r o u n d  2 0 - 5 0  | i "  w i d e ,  a  m o r e  e f f e c t i v e  
t e c h n i q u e  i s  b e i n g  d è v e l o p e d  i n  T T D ' ร  l a b .  W h i l e  t h e  
d e v e l o p m e n t  i s  i n  p r o c e s s ,  a  s y s t e m  t h a t  u s e d  f o r  r e a l  
t i m e  m o n i t o r i n g  c a n  b e  d e p l o y e d  t o  m i n i m i z e  o p p o r t u n i t y  
l o s s  d u e  t o  s l o w  r e a c t i o n .

M e a s u r i n g  n u m b e r  o f  t e s t e r s  t h a t  h a v e  2 o r  3 h r s  
c o n s e c u t i v e  a b n o r m a l  y i e l d ,  b e y o n d  ± l a  o f  i n s t a n t a n e o u s  
p r o d u c t  a v e r a g e  y i e l d ,  a g a i n s t  t o t a l  p o s s i b l e  e v e n t s  w i l l  
b e  u s e d  t o  m e a s u r e  r e l a t i v e  s p e e d  o f  e f f e c t i v e  r e a c t i o n .  
T h i s  m e a s u r i n g  t e c h n i q u e  a l l o w s  s y s t e m  t o  p r o v i d e  a n  
i n d i c a t o r  w i t h  a  r e l e v a n t  t o  s p e e d  o f  r e a c t i o n  c o m b i n e d  
w i t h  q u a l i t y  o f  t h e  r e a c t i o n .

T h e  r e a s o n  f o r  n o t  b e i n g  l o w e r  t h a n  2 h r s  i s  w a f e r  
( m a t e r i a l )  y i e l d  v a r i a t i o n ,  w h i c h  c o u l d  c a u s e  

i n s t a n t a n e o u s  p o o r  y i e l d  t e s t e r  w i t h o u t  a c t u a l  t e s t e r  
i s s u e ,  a n d  f i n a l l y  l e a d  t o  o v e r - r e a c t i o n  a t  t e s t e r .  
C u r r e n t  c o n t r i b u t i o n  d u e  t o  w a f e r  v a r i a t i o n  i s  o v e r  4 0 %  
p r o b a b i l i t y ,  a n d  o t h e r  t e c h n i q u e s  f o r  r e a l - t i m e  e f f e c t i v e  
d e t e c t i n g  n e e d  t o  b e  d e v e l o p e d  i n  p a r a l l e l .

5 .2 .4  F le x ib i l i ty  Aspect
I t  i s  v e r y  i m p o r t a n t  i n  w o r l d  c l a s s  m a n u f a c t u r i n g  t o  b e  
f l e x i b l e  i n  m a s s  v o l u m e  p r o d u c t i o n  t o  c h a n g e o v e r  f r o m  o n e  
p r o d u c t  t o  a n o t h e r  a c c o r d i n g  t o  c u s t o m e r  r e q u i r e m e n t ,  
w h i c h  i s  m o r e  a n d  m o r e  f l u c t u a t e  e v e r y  y e a r .  I t  i s  
h i g h l y  r e q u i r e d  i n  L e a n  M a n u f a c t u r i n g  w h i c h  m o v e s  t o w a r d  
d e m a n d - p u l l  c o n c e p t .  T e s t e r  c o n v e r s i o n  i s  a  g o o d  
i n d i c a t o r  t o  m e a s u r e  f l e x i b i l i t y  i n  t h i s  o r g a n i z a t i o n .  
N u m b e r  o f  c o n v e r s i o n  e x e r c i s e s  a r e  i n c r e a s e d  w i t h  t h e  
r a t e  o f  2 0 8  e x e r c i s e s  p e r  y e a r  d u r i n g  1 9 9 3 - 1 9 9 7 ,  t h e  r a t e  
w i l l  b e  i n c r e a s e d  t o  6 0 0  e x e r c i s e s  p e r  y e a r  i n  1 9 9 8  a s  
s h o w n  i n  f i g u r e  4 . 2 .
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F l e x i b i l i t y  i s ,  i n  m o s t  c a s e ,  h i g h l y  r e l a t e d  t o  s p e e d  a n d  
c a p a b i l i t y .  I t  c a n  b e  e a r n e d  b y  i m p r o v i n g  c a p a b i l i t y  a n d  
s p e e d  o f  t h e  r e s o u r c e s .  D r i v i n g  f o r  f l e x i b i l i t y  w i t h o u t  
b u i l d i n g  c a p a b i l i t y  t o  r e s o u r c e  w i l l  a f f e c t  o r g a n i z a t i o n  
i n  t h e  l o n g  r u n ,  w h e r e  h i g h e r  d e g r e e  o f  f l e x i b i l i t y  i s  
r e q u i r e d  w h i l e  i t  i s  t o o  l a t e  t o  k n o w  t h a t  t h e  
o r g a n i z a t i o n  h a s  i n s u f f i c i e n t  c a p a b i l i t y  t o  r e s p o n s e .

N u m b e r  o f  t e s t e r  t e s t e r s  p e r  e m p l o y e e  a n d  n u m b e r  o f  
t e s t e r  c o n v e r s i o n s  p e r  e m p l o y e e  w i l l  b e  a  m e t r i c  t o  
m e a s u r e  f l e x i b i l i t y  o f  o r g a n i z a t i o n .

5 .2 .5  Customer S a t is fa c t io n  Aspect
O n e  o f  t h e  m o s t  i m p o r t a n t  f a c t o r s  i n  r u n n i n g  a  b u s i n e s s  
i s  c u s t o m e r  s a t i s f a c t i o n .  K n o w i n g  w h o  a r e  d i r e c t  a n d  
i n d i r e c t  c u s t o m e r s ,  k n o w i n g  w h a t  t h e y  n e e d  a n d  w a n t ,  a n d  
k n o w i n g  w h a t  t h e i r  p e r c e p t i o n  i s ,  t h e n  t h e  i m p r o v e m e n t  
c a n  b e  m a d e  t o w a r d  t h e  r i g h t  d i r e c t i o n .  S o m e t i m e s  
c u s t o m e r  p e r c e p t i o n  i s  n o t  a  r e a l  p h y s i c a l  q u a l i t y  i s s u e ,  
b u t  i t  i s  m o r e  l i k e l y  a n  i s s u e  o f  c o m m u n i c a t i o n  o r  
a w a r e n e s s  o f  o u r  c u s t o m e r .

C u s t o m e r  S a t i s f a c t i o n  I n d e x  ( C S I )  i s  d e v e l o p e d  t o  m e a s u r e  
k e y  s u b j e c t i v e  a s p e c t s  t o  o r g a n i z a t i o n  S o l e t r o n ' s  C S I  
f o r m  h a s  b e e n  m o d i f i e d  t o  b e  a  5  l e v e l s  o f  s c o r i n g  
a s s e s s m e n t  i n  6 d i f f e r e n t  a s p e c t s  f r o m  T E ' ร  c u s t o m e r s  a s  
s h o w n  i n  f i g u r e  5 . 5 .

T h e  a s s e s s m e n t  f o r m  h a s  b e e n  i n i t i a l l y  d i s t r i b u t e d  v i a  
e l e c t r o n i c s  m a i l  t o  m a k e  c u s t o m e r s  t h i n k  f r e e l y  o n  t h e i r  
a s p e c t s  a n d  c o l l e c t e d  i t  a s  a  b a s e l i n e  p r i o r  t o  f a c e - t o -  
f a c e  d i s c u s s i o n  w i t h , t h e m .
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From: Roong Sivaratana

To: Boonyong Danthainam@Seagate, Sirichai Sukhumanant@SEAGATE, Jakree
Pandhumsoporn@SEAGATE, Montri Laohaphan@SEAGATE, Panupant Viroonhamas@SEAGATE, 
Asichart Vatanotai, Chittiporn Puprichitkul@SEAGATE, Sirirat Euaypadung@SEAGATE, Peerapol 
Wilaiwongstien@SEAGATE, Visut Sorndetthongkum@SEAGATE, Karn Osathanondh@Seagate 

cc: Somying Sukseeree@SEAGATE, Supar Phokachaipat@SEAGATE, Visan Palattanavit@SEAGATE,
Surasith Phuphaisan@SEAGATE, Palapetch NaSongkhla@SEAGATE, Kirk A Roby, Wantanee 
Vongthai@SEAGATE, Madan M Misra, Brent Bargmann, Pom Piemsomboon

D ocum en t L in k  In fo rm a tio n :

Document: Test Eng Appraisal

TE is a multi-function organization with multiple customers who have different requirements and priorities, herebelow 
is an attempt to make another step of organizational improvement.

Please see Test Engineering Customer-Focused structure and their mission/responsibility by opening the attached 
.ppt file in the doclink. Please notify the organization that you are a direct customer from .ppt file and appraise that 
organization with 5 level scoring. You may be a customer of more than one organization, please do it seperately and 
return mail to mv secretary, Kamolrat Ba.
Please encourage your managers to spend their 15 minutes to help us deliver the quality support.

The appraisal topics are wide-open as you can freely think of any aspects and put it into your comments in order to 
improve TE organization.
(Please use red color for your marks and comments)

A pp ra ise d  O rga n iza tio n : ( )TTC, ( )TCS, ( )TTS, ( )TTD, ( )TTI, ( )EIS

1 2 3 4 5

P oo r Need
Im p ro vem en t

M ee t
R equ irem en t

Exceed
R equ irem en t

E xce p tio na l

Co-operation
Quality
Technical supports
Communication
Flexibility
? specify
Overall

C om m en ts :

t■ p. Y ou  m a y  o p e n  th e  d o c u m e n t by  c lic k in g  on  th is  lin k .

F ig u re  5 .5  T e s t  E n g i n e e r i n g ' ร  C S X  A s s e s s m e n t  F o r m ,  
D i s t r i b u t e d  v i a  E l e c t r o n i c  M a i l
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5 .3  O rg a n iz a tio n  M e tr ic s
M e t r i c  i s  a n  i n d i c a t o r  o r  m e a s u r e  w h i c h  f a c i l i t a t e s  
p r o c e s s  i m p r o v e m e n t .  A c c o r d i n g  t o  p r e v i o u s  d i s c u s s i o n ,  
m e t r i c s  f o r  t e s t  e n g i n e e r i n g  o r g a n i z a t i o n  c a n  b e  
d e t e r m i n e d  a s  s h o w n  i n  t a b l e  5 . 1 .

T able 5 .1  T e s t  E n g i n e e r i n g  O r g a n i z a t i o n a l  M e t r i c s
Aspects Before Target CommentsQualityz-score Out (%) 32.3% 0 Focused group TTC + ITAnnual $ Impact, Implements 114k 0 Focused group TTISpeed>3 hrs Abnormal Tester (%) 1.16% 0 Focused groups + IT

Abnormal Tester React (hrs) 7-14 0.25 IT leverageConversion Lead-time (hrs) 310 24 Focused group + IT (Target 62)FlexibilityAnnual Conversions per H/C 2.5 4 End 1996 vs. Early 1998Testers per H/C 1.5 3 End 1996 vs. Early 1998Actions taken per day <100 N/A IT leverageCustomer Satisfaction IndexCo-operation 3.0 >4 Customer-focused alignmentQuality 2 .6 >4 Customer-focused alignmentTechnical Support 2.8 >4 Customer-focused alignmentCommunication 2.6 >4 Customer-focused alignmentFlexibility 2.6 >4 Customer-focused alignmentOverall 2.7 >4 Customer-focused alignmentCost per HGAEquipment Supplies ($) 0.02 0.02 Maintained, more activitiesIndirect Labor ($) 0.02 CM๐๐ Maintained, more activities
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