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ABSTRACT 

Dropou ts  a r e  a m a j o r  sou rce  o f  p o o r  q u a l i t y  v i d e o  t a p e  i n  

t h e  m a g n e t i c  media i n d u s t r y .  A d r o p o u t  can a r i s e  f r o m  any d e f e c t ,  

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

m a g n e t i c  s i g n a l  and r e s u l t s  i n  p o o r  v i d e o  p i c t u r e  q u a l i t y .  T h i s  

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

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

t h a t  r e s u l t  i n  magne t i c  s i g n a l  l o s s e s .  The t e c h n i q u e  uses  

i n f r a r e d  r e f l e c t a n c e  ( b o t h  s p e c u l a r  and d i f f u s e )  and i s  

accomp l i shed  w i t h  v e r y  l i t t l e  sample p r e p a r a t i o n  p r i o r  t o  t h e  

a n a l y s i s .  

679 
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6 80 WEBB AND YOUNG 

- INTRODUCTION 

F o u r i e r  t r a n s f o r m  i n f r a r e d  m i c r o s p e c t r o s c o p y  can b e  a 

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

p o l y m e r i c  m a t e r i a l s  (1-5).  By o p e r a t i n g  i n  t h e  r e f l e c t a n c e  mode, 

m e a n i n g f u l  i n f o r m a t i o n  can b e  o b t a i n e d  w i t h  m i n i m a l  sample 

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

m a t e r i a l s  o f  i n t e r e s t  ( 6 ) .  

The magne t i c  media i n d u s t r y  p r e s e n t s  a v e r y  i n t e r e s t i n g  

c h a l l e n g e  f o r  t h e  a n a l y t i c a l  s p e c t r o s c o p i s t  because t h e  m a t e r i a l s  

t h a t  a r e  most  commonly a n a l y z e d  c o n t a i n  components n o t  a m i a b l e  t o  

i n f r a r e d  s p e c t r o s c o p y .  Most  n o t a b l e  i s  t h e  p resence  o f  

s i g n i f i c a n t  l e v e l s  o f  c a r b o n  b l a c k  ( 7 ) .  To c o m p l i c a t e  t h e  

a n a l y s i s ,  t h e  d e f e c t s  t o  be a n a l y z e d  can b e  s t u c k  o r  even b u r i e d  

i n  t h e  magne t i c  c o a t i n g  mak ing  them v e r y  d i f f i c u l t  i f  n o t  

i m p o s s i b l e  t o  remove f r o m  t h e  m a g n e t i c  med ia .  One a l t e r n a t i v e  i s  

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

A d r o p o u t  can b e  d e s c r i b e d  as any d e f e c t ,  c o n t a m i n a t i o n  o r  

h o l e  i n  a magne t i c  r e c o r d i n g  t a p e  t h a t  r e s u l t s  i n  a p h y s i c a l  

s e p a r a t i o n  o f  t h e  r e c o r d i n g  head f r o m  t h e  m a g n e t i c  media.  T h i s  

mechanism i s  d e p i c t e d  i n  F i g u r e  1 showing t h e  r e c o r d i n g  head 

l o s i n g  c o n t a c t  w i t h  t h e  m a g n e t i c  t a p e .  The end r e s u l t  i s  a 

magne t i c  s i g n a l  l o s s  accompanied by p o o r  p i c t u r e  q u a l i t y  on t h e  
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682 WEBB AND YOUNG 

t e l e v i s i o n  s e t .  The p h y s i c a l  s i z e  o f  t h e  d e f e c t  can  r a n g e  f r o m  

submicron t o  hundreds o f  m i c r o n s  ( n o r m a l l y  10 t o  50 m i c r o n s )  and 

i t  has been shown i n  p r e v i o u s  papers  t h a t  d e f e c t  s i z e  i s  d i r e c t l y  

p r o p o r t i o n a l  t o  magne t i c  s i g n a l  l o s s  (8 ) .  The d r o p o u t  t y p e s  o f  

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

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

t h e  c o a t i n g  f o r m u l a t i o n ,  c o n t a m i n a t i o n s  f r o m  t h e  base f i l m  o r  

e n v i r o n m e n t a l  c o n t a m i n a t i o n .  These t y p e s  o f  i n c l u s i o n s  can  cause 

bumps, r i d g e s  o r  a r e a s  w i t h  c o n t a m i n a t i o n  on t h e  m a g n e t i c  s u r f a c e .  

When t h e  r e a d / w r i  t e  head o f  t h e  r e c o r d e r  i s p h y s i c a l l y  s e p a r a t e d  

f r o m  t h e  r e c o r d i n g  media by t h e s e  i n c l u s i o n s ,  t h e  end  r e s u l t  i s  a 

d r o p o u t  w h i c h  i s  seen as  t h e  p resence  o f  w h i t e  l i n e s  on t h e  

t e l e v i s i o n  sc reen .  

Magne t i c  media i s  u s u a l l y  made up o f  a p o l y e s t e r  base  f i l m  

c o a t e d  w i t h  a magne t i c  r e c o r d i n g  m a t e r i a l  d e s i g n e d  t o  adhere  t o  

t h e  f i l m .  The p o l y e s t e r  base f i l m  u s u a l l y  has a c e r t a i n  amount o f  

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

These p a r t i c l e s  a r e  added t o  make t h e  f i l m  l e s s  t a c k y  so t h e  

m a t e r i a l  can b e  p rocessed  w i t h o u t  s t i c k i n g  t o  i t s e l f  o r  t o  

c o n v e y i n g  hardware.  M a g n e t i c  c o a t i n g  f o r m u l a t i o n s  v a r y  f r o m  

m a n u f a c t u r e r  t o  m a n u f a c t u r e r  but  t h e  c o r e  i n g r e d i e n t s  f o r  t h e  mos t  

p a r t ,  a r e  t h e  same. The component i n  h i g h e s t  c o n c e n t r a t i o n  i s  t h e  

magne t i c  p igmen t .  T h i s  m a t e r i a l  i s  u s u a l l y  made up o f  some t y p e  

o f  i r o n  o x i d e  o r  a c o b a l t  i r o n  o x i d e  m a t e r i a l  ( 9 ) .  The component 
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DROPOUTS IN MAGNETIC MEDIA 683 

i n  tb n e x t  h i g h e s t  c o n c e n t r a t i o n  i s  t h e  o r g a n i c  b i n d e r .  The 

b i n d e r  i s  added t o  p r o v i d e  an a d h e s i v e  f o r  t h e  p i g m e n t  p a r t i c l e s  

( 1 0 )  and t o  g i v e  t h e  c o a t i n g  b e t t e r  wear c h a r a c t e r i s t i c s .  Most  

b i n d e r  m a t e r i a l s  a r e  composed o f  c r o s s 1  i n k a b l e  p o l y u r e t h a n e s  t h a t  

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

m i x t u r e  o f  p o l y u r e t h a n e  and p o l y v i n y l  c h l o r i d e / p o l y v i n y l  a c e t a t e .  

These a r e  added t o  p r o v i d e  b o t h  s t r u c t u r a l  r i g i d i t y  and 

f l e x i b i l i t y  t o  t h e  m a g n e t i c  c o a t i n g  (11, 12). The l a s t  component 

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

l u b r i c a n t  i s  u s u a l l y  made up o f  l o n g  c h a i n  a l i p h a t i c  e s t e r s  o r  

s i l i c o n  o i l s .  These m a t e r i a l s  a r e  added t o  m i n i m i z e  c o a t i n g  

a b r a s i o n  p rob lems  (13 ) .  I n  t h i s  p a p e r ,  r e f l e c t a n c e  i n f r a r e d  

m i c r o s p e c t r o s c o p y  i s  used  t o  i d e n t i f y  t h e  sou rce  o f  d e f e c t s  

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

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

Kramers - K r o n i g  and Kube lka  - Munk a l g o r i t h m s  r e s p e c t i v e l y .  D a t a  

a r e  t h e n  p r e s e n t e d  r e p o r t i n g  some common causes o f  d r o p o u t s  i n  t h e  

m a g n e t i c  media i n d u s t r y .  

- EXPERIMENTAL 

The i n f r a r e d  m i c r o s c o p e  used was an IR-PLAN f r o m  S p e c t r a  

Tech I n c .  (S tamfo rd ,  Conn . ) .  The m i c r o s c o p e  uses  15X and 32X 

I R / V i s  r e f l e c t i n g  c a s s e g r a i n i a n  o b j e c t i v e s  w i t h  on a x i s  o p t i c s  t o  

f o c u s  t h e  i n f r a r e d  beam o n t o  t h e  sample. The m i c r o s c o p e  has a 

matched f o c u s  d e d i c a t e d  n a r r o w  band (0.25 mm X 0 .25  mm) l i q u i d  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
0
0
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



684 WEBB AND YOUNG 

n i t r o g e n  c o o l e d  MCT d e t e c t o r  f o r  maximum s e n s i t i v i t y .  The 

m ic roscope  a l s o  uses  a remote  a p e r t u r e  t o  mask t h e  sample. The 

F T I R  used was a P e r k i n  E lmer  1760 (Danbury,  Conn.). The s i g n a l  t o  

n o i s e  r a t i o  f o r  t h i s  i n s t r u m e n t  u s i n g  100 scans a t  4 cm-1 

r e s o l u t i o n  and a 100 m i c r o n  p i n h o l e  i s  -1700 : l .  256 co-added 

scans were used and t h e  s p e c t r a  were r a t i o e d  t o  an i n f r a r e d  

r e f l e c t i n g  m i r r o r  background.  The oxygen e t c h i n g  a p p a r a t u s  used 

was an S P I  Plasma Prep  I 1  f r o m  S t r u c t u r e  P robe  (West C h e s t e r ,  P A ) .  

__ SAMPLE PREPARATION 

Samples were mounted on g l a s s  m i c r o s c o p e  s l i d e s  t o  p r e p a r e  

them f o r  i n f r a r e d  a n a l y s i s .  The samples were t h e n  p l a c e d  under  a 

v i s i b l e  l i g h t  m ic roscope  t o  d e t e r m i n e  i f  t h e  d e f e c t  t h a t  r e s u l t e d  

i n  a dropout, was on t h e  s u r f a c e  o f  t h e  m a g n e t i c  t a p e  o r  b u r i e d  

benea th  t h e  magne t i c  c o a t i n g .  I f  t h e  de fec t ,  was on  t h e  s u r f a c e ,  

t h e  d r o p o u t  c o u l d  b e  a n a l y z e d  w i t h o u t  any f u r t h e r  p r e p a r a t i o n .  I f  

t h e  d e f e c t  was b u r i e d  u n d e r n e a t h  t h e  m a g n e t i c  c o a t i n g ,  t h e  sample 

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

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

The a d h e s i v e  t a p e  was t h e n  g i v e n  a f a s t  f i r m  p u l l  t o  remove i t  

f r o m  t h e  magne t i c  t a p e .  Upon remova l ,  t h e  oxygen e t c h e d  p o r t i o n  

o f  t h e  magne t i c  t a p e  was removed l e a v i n g  t h e  d r o p o u t  exposed f o r  

r e f l e c t a n c e  a n a l y s i s .  

DETECTOR AND OBJECTIVE CONSIDERATIONS 

Commercial MCT d e t e c t o r s  a r e  a v a i l a b l e  i n  na r row,  medium 

and w ide  band windows. Narrow and medium band windows a r e  mos t  
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DROPOUTS IN MAGNETIC MEDIA 685 

commonly used i n  i n f r a r e d  m i c r o s c o p e s .  It, was f o u n d  i n  t h i s  work  

t h a t  a medium band MCT window ( 1 . 0  mm X 1 . 0  mm) d i d  n o t  possess  

s u f f i c i e n t  s e n s i t i v i t y  t.o d e t p c t  t h e  d r o p o u t s  commonly e n c o u n t e r e d  

i n  o u r  l a b .  I t  was o n l y  when a n a r r o w  hand window ( 0 . 2 5  mm X 0 . 2 5  

mm) was pu rchased  t h a t  s u f f i c i e n t  s e n s i t i v i t y  was a c h i e v e d  t o  

a c q u i r e  i n f r a r e d  s p e c t r a .  

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

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

This  i s  r e l a t e d  by t h e  e q u a t i o n  ( 1 4 )  : 

0 . 6 1  

N .  A .  
R =  

where R i s  t h e  r e s o l u t i o n ,  i s  t h e  w a v e l e n g t h  o f  l i g h t  used 

and N. A .  i s  t h e  n u m e r i c a l  a p e r t u r e .  H o l d i n g  a l l  o t h e r  p a r a m e t e r s  

c o n s t a n t ,  t h e  r e s o l u t i o n  can be d i r e c t l y  r e l a t e d  t o  t h e  n u m e r i c a l  

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

m i c r o s c o p e .  The i n f r a r e d  m i c r o s c o p e  i n  t h e  a u t h o r s  l a b  uses  15X 

and 37X r e f l a c h r o m a t  o b j e c t i v e s  w i t h  n u m e r i c a l  a p e r t u r e s  o f  0 . 5 8  

and 0 . 6 5  r e s p e c t i v e l y .  U s i n g  e q u a t i o n  1 t o  c a l c u l a t e  t h e  

r e s o l u t i o n  f o r  each o b j e c t i v e  i t  i 5  seen t h a t  an 11% i n c r e a s e  i n  

r e s o l v i n g  power can be r e a l i z e d  by u s i n g  t h e  h i g h e r  n u m e r i c a l  

a p e r t u r e  o b j e c t i v e  a t  a g i v e n  w a v e l e n g t h .  lJnder normal  c o n d i t i o n s  

t h i s  i n c r e a s e  i n  r e s o l u t i o n  i s  n o t  s i g n i f i c a n t ,  but  a s  t h e  

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

t e c h n i q u e ,  such as i n  t h e  a n a l y s i s  o f  d r o p o u t s ,  t h i s  enhancement 

becomes v e r y  i m p o r t a n t .  
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686 WEBB AND YOUNG 

-- THEORY 

Depending on t h e  s u r f a c e  roughness o f  t h e  m a g n e t i c  c o a t i n g  

and t h e  s i z e  o f  t h e  p a r t i c l e  t o  b e  ana lyzed ,  t h e r e  a r e  t h r e e  t y p e s  

o f  r e f l e c t a n c e  s p e c t r a  t h a t  can be o b t a i n e d .  These a r e  d i f f u s e ,  

s p e c u l a r  o r  a m i x t u r e  o f  b o t h .  

D i f f u s e  r e f l e c t a n c e  can b e  d e s c r i b e d  a s  l i g h t  s c a t t e r e d  i n  

d i r e c t i o n s  u n r e l a t e d  t o  t h a t  o f  t h e  i n c i d e n t  beam r a d i a t i o n  

(15-17) .  F o r  t h e  most  p a r t  i n  d r o p o u t  a n a l y s i s ,  t h e  s u r f a c e  

roughness and p a r t i c l e  s i z e  a r e  s u f f i c i e n t  t o  make d i f f u s e  

r e f l e c t a n c e  dominan t  o v e r  s p e c u l a r  r e f l e c t a n c e .  T h i s  can b e  

r a t i o n a l i z e d  by r e a l i z i n g  t h a t  t h e  s i z e  o f  t h e s e  d r o p o u t s  i n  many 

i n s t a n c e s  a r e  a p p r o a c h i n g  t h e  w a v e l e n g t h  o f  t h e  i n f r a r e d  beam and  

i t  has been shown p r e v i o u s l y ,  t h a t  s p e c u l a r  r e f l e c t a n c e  i s  

m i n i m i z e d  when t h i s  o c c u r s  (18). D i f f u s e  r e f l e c t a n c e  s p e c t r a  a r e  

e v a l u a t e d  by t h e  we1 1 known Kubelka-Munk r e l a t i o n s h i p  shown b e l o w  

f o r  an i n f i n i t e l y  t h i c k  s c a t t e r i n g  m a t e r i a l  ( 17 ) .  

f ( R  OD ) = (1-Rm)'/2R 00 = K / S  ( 2 )  

Where R_ i s  t h e  a b s o l u t e  r e f l e c t a n c e ,  K i s  t h e  m o l a r  e x t i n c t i o n  

c o e f f i c i e n t  and S i s  t h e  s c a t t e r i n g  c o e f f i c i e n t .  

S p e c u l a r  r e f l e c t a n c e  o r i g i n a t e s  f rom s u r f a c e  r e f l e c t a n c e  o f  

an o p t i c a l l y  t h i c k  sample or f r o m  p a r t i c l e s  t h a t  a r e  l a r g e  
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DROPOUTS IN MAGNETIC MEDIA 68 7 

compared t o  t h e  i n f r a r e d  beam. The a c q u i r e d  spec t rum l o o k s  much 

l i k e  a f i r s t  d e r i v a t i v e  spec t rum and  a t  t i m e s  can  be d i f f i c u l t  

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

t h e  a c q u i r e d  spec t rum o f  a d r o p o u t ,  t h e  d a t a  may b e  e v a l u a t e d  

u s i n g  t h e  Kramers - K r o n i g  t r a n s f o r m a t i o n  shown b e l o w  (19) .  

+ 

Where I-I i s  t h e  r e f r a c t i v e  i n d e x ,  K i s  t h e  e x t i n c t i o n  c o e f f i c i e n t ,  

and  u i s  t h e  f r e q u e n c y .  The Kramers - K r o n i g  a l g o r i t h m  e v a l u a t e s  

t h e  s p e c u l a r  r e f l e c t a n c e  i n  te rms  o f  K ,  t h e  e x t i n c t i o n  c o e f f i c i e n t  

w h i c h  can t h e n  be exp ressed  i n  t e r m s  o f  abso rbance ,  and N, t h e  

r e f r a c t i v e  i n d e x  spec t rum (20) .  When e v a l u a t i n g  s p e c t r a  u s i n g  t h e  

Kramers - K r o n i g  t r a n s f o r m ,  ex t reme c a u t i o n  s h o u l d  b e  e x e r c i s e d  

because t h e  d a t a  p o i n t s  t h a t  a r e  chosen f o r  t h e  a l g o r i t h m  mus t  b e  

c o m p l e t e l y  s p e c u l a r  i n  n a t u r e  and have l i t t l e  o r  no c o n t a m i n a t i o n  

f r o m  t h e  d i f f u s e  component. The normal  p r o c e d u r e ,  used i n  t h e  

a u t h o r ' s  l a b  i s  t o  i s o l a t e  and e v a l u a t e  s m a l l  a r e a s  o f  t h e  

spec t rum t h a t  a r e  known t o  c o n t a i n  t h e  h i g h e s t  amount o f  s p e c u l a r  

component. 

RESULTS AND DISCUSSION 

D r o p o u t s  t h a t  o r i g i n a t e  f r o m  l u b r i c a n t  m a t e r i a l s ,  appear  on 

t h e  m a g n e t i c  t a p e  as a d i s c o l o r a t i o n  on t h e  s u r f a c e  ( F i g u r e  2 A ) .  
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6 88 WEBB AND YOUNG 

FIG ZA:  I n t e r f e r e n c e  l i g h t  m i c r o g r a p h  t a k e n  a t  166X o f  a 
c o n t a m i n a t i o n  on t h e  s u r f a c e  o f  a v i d e o  t a p e .  

FIG 28: I n f r a r e d  s p e c u l a r  r e f l e c t a n c e  t r a c e  o f  t h e  c o n t a m i n a t i o n  
shown i n  F i g u r e  2A b e f o r e  t h e  Kramers - K r o n i g  
t r a n s f o r m .  

FIG 2 C :  I n f r a r e d  s p e c u l a r  r e f l e c t a n c e  t r a c e  o f  t h e  c o n t a m i n a t i o n  
shown i n  F i g u r e  2A a f t e r  t h e  Kramers - K r o n i g  t r a n s f o r m .  
The m a t e r i a l  was i d e n t i f i e d  t o  he an a l i p h a t i c  s t e a r a t e  
1 u b r i c a n t .  
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690 WEBB AND YOUNG 

FIG 3A:  Scanning e l e c t r o n  m i c r o g r a p h  t a k e n  a 5000X o f  a d e p o s i t  
on t h e  m a g n e t i c  c o a t i n g  o f  a v i d e o  t a p e .  

S i n c e  t h e  s u r f a c e  o f  t h e s e  a r e a s  c o n t a i n  l i t t l e  o r  no m a g n e t i z e d  

p igmen t  p a r t i c l e s ,  t h e r e  w i l l  b e  a weak m a g n e t i c  s i g n a l  s e n t  f r o m  

t h e  r e c o r d i n g  head. F i g u r e  28 r e p r e s e n t s  t h e  i n f r a r e d  r e f l e c t a n c e  

spec t rum o f  t h e  a l i p h a t i c  r e g i o n  o f  t h e  m l c r o g r a p h  shown i n  F i g u r e  

2A.  T h i s  p o r t i o n  o f  t h e  spec t rum i s  s p e c u l a r  i n  n a t u r e  and  i s  n o t  

r e p r e s e n t a t i v e  o f  t h e  m a g n e t i c  c o a t i n g  backg round .  By a p p l y i n g  

t h e  Kramers - K r o n i g  t r a n s f o r m  o n l y  t o  t h e  r e g i o n  f r o m  3001 t o  
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FIG 38: I n f r a r e d  d i f f u s e  r e f l e c t a n c e  spectrum o f  t h e  d e p o s i t  i n  
F igu re  3A i d e n t i f i e d  t o  be po lyure thane.  

2799 cm-1 ( F i g u r e  ZC), t h i s  spectrum was i d e n t i f i e d  t o  be t h e  

he thy lene  s t r e t c h e s  o f  bu toxy  e t h y l  s t e a r a t e  wh ich  i s  a common 

l u b r i c a n t  component i n  t h e  magnetic media i n d u s t r y .  

Po lyure thane m a t e r i a l s ,  because o f  t h e i r  t y p e  o f  

f u n c t i o n a l i t y ,  a r e  s e n s i t i v e  t o  h y d r o l y t i c  deg rada t ion  w i t h  t i m e .  

T h i s  t ype  o f  deg rada t ion  i s  m a l n l y  a f u n c t i o n  o f  h u m i d i t y  and 

temperature which u s u a l l y  r e s u l t s  i n  t h e  f o r m a t i o n  o f  g e l  
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692 WEBB AND YOUNG 

FIG 4A:  Scanning e l e c t r o n  m i c r o g r a p h  t a k e n  a t  1500X o f  a d e p o s i t  
on t h e  s u r f a c e  o f  a m a g n e t i c  c o a t i n g .  

components i n  t h e  b i n d e r  m i x .  The g e l  causes i m p r o p e r  d i s p e r s i o n  

i n  t h e  c o a t i n g  b a t h  and t h e  f i n a l  r e s u l t  i s  s m a l l  i n s o l u b l e  

p a r t i c l e s  t h a t  can cause d r o p o u t s  on t h e  m a g n e t i c  t a p e .  F i g u r e  3A 

i s  a scann ing  e l e c t r o n  m i c r o g r a p h  t a k e n  a t  5000% o f  a d r o p o u t  

a p p r o x i m a t e l y  10 m i c r o n s  i n  s i z e  t h a t  was f o u n d  on t h e  s u r f a c e  o f  

a magne t i c  t a p e .  The d i f f u s e  r e f l e c t a n c e  spec t rum f rom 2000 t o  

800 cm-1 o f  t h i s  d e f e c t  i s  shown i n  f i g u r e  38. T h i s  spec t rum was 
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F I G  48: I n f r a r e d  d i f f u s e  r e f l e c t a n c e  spec t rum o f  t h e  d e p o s i t  
shown i n  F i g u r e  4A i d e n t i f i e d  t o  h e  p o l y e s t e r .  

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

c a r b o n y l  peak a t  1730 cm-1 and t h e  d e f o r m a t i o n s  f r o m  t h e  e s t e r  

s i d e  o f  t h e  m o l e c u l e  a t  1240 and 1110 cm-1. 

I n  some r a r e  i n s t a n c e s ,  d r o p o u t s  have been a t t r i b u t , e d  t o  

t h e  p o l y e s t e r  f i l m .  T h i s  can o c c u r  i f  d e b r i s  c o l l e c t s  on t h e  baqe 

f i l m  when i t  i s  b e i n g  s l i t  i n t o  r o l l s  f o r  t h e  m a g n e t i c  c o a t e r s .  

F i g u r e  4A i s  a scann ing  e l e c t r o n  m i c r o g r a p h  t a k e n  a t  1500X o f  a 

d r o p o u t  a p p r o x i m a t e l y  25 m i c r o n s  i n  s i z e .  F i g u r e  46 shows t h e  
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694 WEBB AND YOUNG 

FIG 5A: Scanning e l e c t r o n  m i c r o g r a p h  t a k e n  a t  l O O O X  o f  a h o l e  i n  
t h e  magne t i c  c o a t i n g  t h a t  r e s u l t e d  i n  a d r o p o u t .  

FIG 5 8 :  I n f r a r e d  s p e c u l a r  r e f l e c t a n c e  t r a c e  o f  t h e  d r o p o u t  shown 
i n  F i g u r e  5A b e f o r e  t h e  Kramers - K r o n i g  t r a n s f o r m .  

FIG 5C: I n f r a r e d  s p e c u l a r  r e f l e c t a n c e  spec t rum o f  t h e  d r o p o u t  
shown i n  F i g u r e  5A a f t e r  t h e  Kramers - K r o n i g  t r a n s f o r m .  
The spec t rum i s  t h a t  o f  t h e  p o l y e s t e r  base  f i l m .  
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696 WEBB AND Y O U N G  

d i f f u s e  r e f l e c t a n c e  spec t rum f r o m  2000 t o  800 cm-1 o f  t h e  d r o p o u t  

i d e n t i f i e d  t o  be a p o l y e s t e r  f l a k e  f r o m  t h e  c a r b o n y l  band a t  1724 

cm-1 and t h e  e s t e r  d e f o r m a t i o n s  a t  1260 cm-1 and 1125 cm-1. 

Some d r o p o u t s  o c c u r  because o f  t h e  comp le te  absence o f  

magne t i c  c o a t i n g .  I n  many cases a h o l e  t h a t  exposes t h e  base f i l m  

i s  t h e  o n l y  e v i d e n c e  t h a t  i s  seen ( F i g u r e  5 A ) .  The i n f r a r e d  

r e f l e c t a n c e  spec t rum f r o m  2000 t o  800 cm-1 o f  t h i s  de fec t ,  i s  

c o m p l e t e l y  s p e c u l a r  i n  n a t u r e  and i s  shown i n  F i g u r e  58.  The 

Kramers - K r o n i g  t r a n s f o r m  was p e r f o r m e d  on t h i s  spec t rum and i t  

was i d e n t i f i e d  t o  be t h e  p o l y e s t e r  base  f i l m  ( F i g u r e  5 C )  f r o m  t h e  

m a j o r  peaks a t  1725, 1260 and 1125 cm-1. D e f e c t s  o f  t h i s  k i n d  

u s u a l l y  o c c u r  because a p a r t i c l e  i n  t h e  m a g n e t i c  c o a t i n g  a t  some 

p o i n t  i n  t h e  p r o c e s s  was removed l e a v i n g  t h e  base f i l m  exposed.  

-~ CONCLUSIONS 

I n f r a r e d  m i c r o s p e c t r o s c o p y  has been shown t o  be a v a l u a b l e  

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

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

c o a t i n g  a g g l o m e r a t i o n s ,  l u b r i c a n t  and t h e  p o l y e s t e r  base f i l m .  I n  

p r a c t i c e ,  magne t i c  c o a t i n g  a g g l o m e r a t i o n s  a c c o u n t  f o r  o v e r  60% o f  

t h e  d r o p o u t s  a n a l y z e d  i n  t h e  a u t h o r ' s  l a b .  Less t h a n  10% can b e  

a t t r i b u t e d  t o  l u b r i c a n t  and t h e  p o l y e s t e r  base f i l m .  The 

r e m a i n i n g  30% a r e  due t o  i m p r e s s i o n s  p l a c e d  on t h e  m a g n e t i c  media 

by t h e  c o a t e r ' s  p r o c e s s .  
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DROPOUTS IN MAGNETIC MEDIA 697 

Improvements i n  t h e  i n s t r u m e n t ' s  s e n s i t i v i t y  can b e  

r e a l i z e d  by u s i n g  a n a r r o w  band window MCT d e t e c t o r  and f u l l y  

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

a p e r t u r e .  F i n a l l y ,  t h e  t e c h n i q u e  r e q u i r e s  1 i t t l e  sample 

p r e p a r a t i o n  and c a p i t a l i z e s  on b o t h  s p e c u l a r  and  d i f f u s e  

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