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INTRODUCTIONS 

Use o f  a r o t a t i n g  d i s c  as a means o f  s t o r i n g  analog o r  d i g i t a l  
i n f o r m a t i o n  o f f e r s  one an i n d i s p u t a b l e  advantage over  a r o l l  o f  tape. 
The advantage i s ,  o f  course, t h e  r a p i d  a c c e s s i b i l i t y  t o  any p a r t  o f  t h e  
memory and t h e  r e a d i l y  a v a i l a b l e  means f o r  index ing the  i n f o r m a t i o n  i n  
s torage.  

One disadvantage o f  us ing  a d i s c  i s  t h e  sma l le r  amount o f  memory 
c a p a c i t y  i n  comparison t o  tape f o r  a g i v e n  p h y s i c a l  volume. U n l i k e  a 
r o l l  o f  tape, t h e  t o t a l  memory sur face o f  a d i s c  must be p r o t e c t e d  by a 
j a c k e t  o r  a shroud, making i t  p h y s i c a l l y  t h i c k  and thus l e s s  e f f i c i e n t  as 
a v e h i c l e  f o r  memory. 

The r e c o r d i n g  d e n s i t y  o f  magnetic memory has increased 1000 f o l d  over  
t h e  pas t  two decades. I n  e a r l y  1960 's  t h e  t r a c k  p i t c h  o f  a p r a c t i c a l  
r e c o r d i n g  system was 20 m i l s .  and t h e  reco rd ing  wavelength, o r  a f l u x  
r e v e r s a l  r a t e  was about 2500 r e v e r s a l s  per inch. 

Today, t h e  t r a c k  p i t c h  o f  1 m i l  i s  n o t  uncommon and f l u x  r e v e r s a l  r a t e  
f o r  a l o n g i t u d i n a l  r e c o r d i n g  i s  approaching 100,000 per inch. Experiments 
on v e r t i c a l  f l u x  r e c o r d i n g  i n d i c a t e  t h a t  a f l u x  reve rsa l  r a t e  i n  excess 
o f  200,000 per i nch  i s  now poss ib le .  

1 m i l  t r a c k  p i t c h  and 100,000 r e v e r s a l  per i nch  means a reco rd ing  
d e n s i t y  o f  100 mega b i t s  per square inch.  T h i s  ve ry  impressive d e n s i t y  i s  
a r e s u l t  o f  20 years o f  r e l e n t l e s s  p u r s u i t  i n  t he  ref inement o f  head 
m a t e r i a l  and f a b r i c a t i o n  technology, and magnet ic media ma te r ia  . 

Because o f  t h e  head t o  media i n t e r f a c e  c o n d i t i o n s ,  t h e  best 
d i s c  memory s t i l l  operates a t  a reco rd ing  d e n s i t y  s u b s t a n t i a l l y  
t h e  tape memory. 

magnet i c 
lower than 

Dur ing t h e  course o f  p u r s u i t  f o r  reco rd ing  d e n s i t y  improvements, 
a l t e r n a t i v e  formats o f  reco rd ing ,  e s p e c i a l l y  f o r  d i s c  reco rd ing  a p p l i c a -  
t i o n s ,  were examined e x t e n s i v e l y .  Resu l t s  o f  t h e  search f o r  an a l t e r n a t e  
medium f o r  h i g h  d e n s i t y  reco rd ings ,  l e d  t o  t h e  development o f  t he  o p t i c a l  
d i s c .  

The area r e q u i r e d  f o r  one b i t  o f  data on a o p t i c a l  d i s c ,  f rom t h e  
o u t s e t  o f  o p t i c a l  r e c o r d i n g  development, was assumed t o  be o n l y  l i m i t e d  by 
t h e  d e f r a c t i o n  l i m i t e d  l a s e r  beam spot s i z e .  A ve ry  h i g h  reco rd ing  
d e n s i t y  i n  an o r d e r  o f  100 mega b i t s  per square inch,  thus,  was be l i eved  
t o  be achievable.  
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OPTICAL MEMORY D I S C  

Mass reproduced, read-on ly  o p t i c a l  memory d i s c  systems a r e  c u r r e n t l y  
o p e r a t i n g  a t  a r e c o r d i n g  d e n s i t y  a t  o r  about 100 mega b i t s  p e r  square 
inch .  Examples a r e  "CD" Compact Audio D i s c  P l a y e r s  and V ideo D i s c  P l a y e r s  
such as "VHD", "Laser Disc",  and "Se lec tav i s ion " .  

For b roadcas t  and/or t e l e p r o d u c t i o n  a p p l i c a t i o n s ,  r e c o r d i n g  and 
p layback  c a p a b i l i t i e s  a r e  e s s e n t i a l  for  t h e  o p t i c a l  v i d e o  s t o r a g e  system. 

E a r l y  a t tempts  f o r  o p t i c a l  r e c o r d e r / p l a y e r  systems were based upon a 
form o f  m a t e r i a l  t r a n s f e r  or  removal. 

Each recorded b i t  i s  a h o l e  or  a dep ress ion  formed on a t h i n  l a y e r  o f  
i n o r g a n i c  or  o r g a n i c  m a t e r i a l  coa ted  on  a g l a s s  or  p l e x i g l a s s  p l a t t e r .  

Use o f  a h i g h  power l a s e r  f o r  t h e  f o r m a t i o n  o f  a h o l e  or  a depress ion  
on t h e  p l a t t e r  makes t h i s  t y p e  o f  r e c o r d i n g  l e s s  energy e f f i c i e n t .  
Another b a s i c  l i m i t a t i o n  o f  t h i s  fo rm o f  r e c o r d i n g  i s  t h a t  t h e  process  i s  
i r r e v e r s i b l e .  

D E S I R E D  CHARACTERISTICS FOR AN OPTICAL MEMORY 

The magnet ic  memory con t inues  t o  be one of  t h e  most d e s i r a b l e  forms o f  
i n f o r m a t i o n  s t o r a g e  dev i ces .  What we a r e  l o o k i n g  f o r  i n  an o p t i c a l  
memory i s ,  t h e r e f o r e ,  t h e  c h a r a c t e r i s t i c s  of magnet ic  memory, combined 
w i t h  t h e  i n h e r e n t  h i g h  d e n s i t y  c a p a b i l i t y  o f  o p t i c a l  s t o r a g e  means, as 
l i s t e d  below: 

1 .  I n  f i e l d  r e c o r d  and p layback .  

2. Use of t h e  same d e v i c e  o r  head f o r  b o t h  r e c o r d i n g  and p layback  

3. H igh  energy e f f i c i e n c y  

4. Env i ronmenta l  immunity o f  recorded and a r c h i e v e d  m a t e r i a l  

5. I n  a d d i t i o n ,  t h e  a b i l i t y  to  r e - r e c o r d  o v e r  a p e r v i o u s l y  recorded 

o p e r a t  ions .  

su r face  i s  h i g b l v  d e s i r a b l e .  

METAL-METAL O X I D E  THIN FILM 

To meet t h e  a fo rement ioned c h a r a c t e r i s t i c s  t h e  form o f  r e c o r d i n g  must 
n o t  e n t a i l  p h y s i c a l  a l t e r a t i o n  o f  t h e  s u r f a c e ,  b u t  r a t h e r ,  a l t e r a t i o n  o f  
i t s  o p t i c a l  c h a r a c t e r i s t i c s ,  i . e .  t h e  r a t e  o f  o p t i c a l  t r a n s m i s s i o n  o r  
r e f l e c t i o n  c o e f f i c i e n t s .  

The l a s e r  beam shou ld  n o t  evapora te  and/or m e l t  t h e  m a t e r i a l .  I t  
shou ld  be used as a means t o  heat  t h e  m a t e r i a l  and a l t e r  o n l y  o p t i c a l  
c h a r a c t e r i s t i c s .  

For t h e  bes t  p o s s i b l e  p layback  e f f i c i e n c y ,  t h e  m a t e r i a l  shou ld  
genera te  a h i g h  degree o f  o p t i c a l  p r o p e r t y  t r a n s f e r  b e f o r e  and a f t e r  
r e c o r d i n g .  The m a t e r i a l  shou ld  be a good i n f r a r e d  absorbant  for  h i g h  
energy e f f i c i e n c y .  For t h e  l o n g  te rm i n t e g r i t y  o f  t h e  recorded in fo rma-  
t i o n ,  t h e  m a t e r i a l  shou ld  a l s o  be t h e r m a l l y  s t a b l e  and c h e m i c a l l y  i n e r t .  
O f  t hose  o r g a n i c  and i n o r g a n i c  m a t e r i a l s  t e s t e d ,  meta l -meta l  o x i d e  o f  
c e r t a i n  r a r e  me ta l s ,  i . e .  T e l l u r i u m ,  Antimony, Germanium and Molybdenium 
a r e  found t o  possess d e s i r a b l e  p r o p e r t i e s .  F i g u r e  1 shows t h e  change o f  
l i g h t  t r a n s m i s s i o n  p r o p e r t y  measured a t  a wave length  o f  633 nanometers. 
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A l l  t e s t  m a t e r i a l s  show an a b r u p t  change i n  t h e  t r a n s m i s s i o n  c o e f f i c i e n t  
when heated  t o  a c e r t a i n  tempera ture .  Average l e v e l  o f  oxygen c o n t e n t ,  
shown by X ,  i s  a lways s m a l l e r  than t h e  s t o i c h i o m e t r i c  v a l u e  for  t h e  
r e s p e c t i v e  substance. 

TELLURIUM-TELLURIUM O X I D E  THIN FILM MEMORY 

Because o f  a h i g h  degree o f  o p t i c a l  p r o p e r t y  t r a n s i t i o n  w i t h  s m a l l e r  
amounts o f  i n f r a r e d  r a d i a t i o n ,  and o v e r a l l  s u p e r i o r  thermal  and chemical  
s t a b i l i t y ,  T e l l u r i u m - T e l l u r i u m  Oxide was de termined t o  be t h e  bes t  m a t e r i a l  
f o r  b o t h  permanent and r e - r e c o r d a b l e  o p t i c a l  memory. 

S ince  t h e  o p t i c a l  p r o p e r t y  o f  t h e  m a t e r i a l  depends g r e a t l y  upon t h e  
average l e v e l  o f  oxygen c o n t e n t ,  X ,  s e l e c t i o n  o f  t h e  p roper  l e v e l  and 
a c c u r a c t  c o n t r o l  d u r i n g  t h e  manu fac tu r ing  o f  t h e  d i s c  a r e  b o t h  impor tan t .  

The m a t e r i a l  has a g r e a t e r  dep th  o f  m o d u l a t i o n  (change o f  o p t i c a l  
p r o p e r t y )  w i t h  a lower  degree o f  i n f r a r e d  r a d i a t i o n  when t h e  X v a l u e  i s  
l e s s  t h a n  u n i t y .  Env i ronmenta l  s t a b i l i t y  o f  t h e  m a t e r i a l ,  however, i s  
n o t  optimum. A t  t h e  X v a l u e  o f  1 . 1 ,  m o d u l a t i o n  dep th  i s  somewhat 
decreased, b u t  t h e  s t a b i l i t y  of t h e  recorded i n f o r m a t i o n  i s  comp le te l y  
immune t o  env i ronmen ta l  e f f e c t s ,  a h i g h l y  d e s i r a b l e  c h a r a c t e r i s t i c .  T h i s  
i s  t h e  s e l e c t e d  v a l u e  f o r  b o t h  permanent and r e - r e c o r d a b l e  memory m a t e r i a l .  

The memory l a y e r  i s  produced by a m u l t i - s o u r c e  e v a p o r a t i o n  method as 
shown i n  F i g u r e  2. By c o n t r o l l i n g  t h e  d i s c  exposure t i m e  f o r  pu re  
t e l l u r i u m  and t e l l u r i u m  o x i d e ,  t h e  d e s i r e d  v a l u e  o f  X can be ob ta ined .  

I M P U R I T Y  ADDITIONS 

A d d i t i o n  o f  sma l l  amounts o f  i m p u r i t i e s  such as T i n  (Sn) ,  and 
Germanium (Ge), f u r t h e r  improve t h e  p r o p e r t i e s  o f  T e l l u r i u m - T e l l u r i u m  
Oxide as a r e - r e c o r d a b l e  memory. 

E f f e c t s  o f  Germanium i m p u r i t y  a d d i t i v e  a r e  shown i n  F i g u r e  3. Wh i le  
m a i n t a i n i n g  e s s e n t i a l l y  t h e  same dep th  o f  modu la t i on ,  t h e  t r a n s i t i o n  
tempera tures  were s h i f t e d  upward w i t h  t h e  a d d i t i o n  o f  i m p u r i t i e s .  Upward 
s h i f t  o f  t r a n s i t i o n  tempera ture  improves t h e  thermal  s t a b i l i t y  o f  
r e c o r d  i ng. 

The e f f e c t  o f  add ing  a sma l l  amount o f  t i n  t o  t h e  b a s i c  m a t e r i a l  a r e  
shown i n  F i g u r e  4. 
t r a n s i t i o n  tempera tu re  o n l y  by a moderate degree. 

U n l i k e  Germanium, a d d i t i o n  o f  t i n  up s h i f t s  t h e  ' 

RECORDING,  PLAYBACK AND ERASURE PROCESSES 

The same s o i i d  s t a t e  l a s e r  o p e r a t i n g  a t  a 830 nanometer wave length  i s  
used f o r  r e c o r d i n g  and readout  (p layback )  o p e r a t i o n s  w i t h  changes i n  
power dens i t y  . 

The spo t  s i z e  for  reco rd / readou t  p rocess  i s  0.8 mic rometers  i n  
d iamete r  and t h e  a p p l i e d  power i s  8mw and l m w  r e s p e c t i v e l y  for  r e c o r d i n g  
and r e a c l ~ ~ ~ t .  

A separa te  l a s e r  o p e r a t i n g  a t  a 780 nanometer wave length  i s  used f o r  
e r a s u r e  w i t h  t h e  e r a s i n g  l a s e r  beam foot p r i n .  o p t i c a l l y  e longa ted  t o  
cover  an e l l i p t i c a l  a rea  o f  1 X 10 mic rometers .  Power o u t p u t  o f  t h e  
e r a s i n g  l a s e r  i s  10mw. The r e v e r s i b l e  p rocess  o f  r e c o r d i n g  and e r a s i n g  
i s  shown i n  F i g u r e  5. 
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A h i g h  power d e n s i t y  l a s e r  beam i s  a p p l i e d  t o  the  m a t e r i a l  f o r  a sho r t  
p e r i o d  o f  t ime, q u i c k l y  r a i s i n g  the  temperature o f  t h e  area and s h i f t i n g  
i t s  l i g h t  r e f l e c t i v i t y  from a h i g h  zone t o  a low zone. 

To erase t h e  spot and b r i n g  t h e  r e f l e c t i v i t y  va lue  t o  the  former l e v e l ,  
t h e  m a t e r i a l  must be brought up t o  a temperature,  which i s  s u b s t a n t i a l l y  
lower than i n  the  record process, a t  a slower r a t e .  

By e l o n g a t i n g  the  erase beam f o o t  p r i n t  i n  the  d i r e c t i o n  o f  d i s c  
r o t a t i o n  and reducing t h e  power d e n s i t y  o f  t he  l a s e r  spot ,  t he  beam f o o t  
p r i n t  makes a l a r g e r  exposure over the  p r e v i o u s l y  recorded spot and t h e  
power d e n s i t y  t o  make the  degree o f  temperature e l e v a t i o n  smal ler .  

The change o f  l i g h t  r e f l e c t i v i t y  from t h e  unrecorded, b lank c o n d i t i o n  
t o  recorded c o n d i t i o n  and then t o  the  erased, ready f o r  re reco rd  s t a t e  i s  
shown i n  F igu re  6.  

The change o f  r e f l e c t i v i t y  i s  approx imate ly  2 : l  and t h e  low r e f  
i v i t y  s t a t e  i s  t h e  recorded c o n d i t i o n .  

STRUCTURE OF THE D I S C  AND SYSTEM 

The same bas ic  s t r u c t u r e  apply  f o r  bo th  non-erasable and erasab 

e c t -  

e d i s c .  

As shown i n  F igu re  7 the  reco rd ing  m a t e r i a l ,  T e l l u r i u m - T e l l u r i u m  Oxide 
w i t h  a c o n t r o l l e d  amount o f  i m p u r i t y  f o r  an erasable d i s c ,  i s  evaporated 
on t h e  su r face  o f  the l . l m m  t h i c k  a c r y l i c  r e s i n  p l a t t e r .  The s u b s t r a t e  
has a pre-grooved l a s e r  g u i d i n g  t r a c k  o f  700 angstroms deep and 0.8 m i c r o  
meters wide w i t h  a t r a c k  p i t c h  o f  1.65 micrometers.  The reco rd ing  
m a t e r i a l  has a th i ckness  o f  approx imate ly  1200 angstroms, and i t  i s  over-  
coated by a t ransparen t  p r o t e c t i v e  l a y e r .  Two d i s c s  a re  then g lued 
toge the r  t o  form a double l a y e r  d i s c  o f  2.5mm t h i c k .  

The w i d t h  o f  t he  g u i d i n g  t r a c k  i s  equal t o  the  diameter o f  t he  
recorded b i t ,  and the  depth i s  1 /8 th  o f  the l a s e r  wavelength. 

Major components o f  a t o t a l  recorder / reproducer  system a re  shown i n  
F igu re  8. 

S p e c i f i c a t i o n s , f o r  t h e  standard 20cm non-erasable d i s c  a re  shown 
F igu re  9. T o t a l  c a p a c i t y  o f  t h i s  23,000 t r a c k  d i s c  i s  700 k i l o  bytes 

The d i s c  i s  a l s o  capable o f  analog FM s i g n a l  reco rd ing  f o r  conven 
iona l  v ideo  record ing.  A t  t he  reco rd ing  wavelength o f  1 micron, 
i . e .  5MHz FM c a r r i e r  recorded on the inner  most t r a c k  a t  5 meters per  
second w r i t i n g  speed, a C/N r a t i o  o f  55dB a t  30KHz sampling bandwidth 
o b t a  i nab 1 e. 

SUMMARY 

The f i r s t  p r a c t i c a l  and popular  a p p l i c a t i o n  o f  an o p t i c a l  memory 
system, i s  f o r  permanent document s torage and r e t r i e v a l  purposes. 

W i th  700 mega bytes o f  memory, 10,000 pages o f  8" X 1 1 "  documents 
be s t o r e d  on a s i n g l e  20cm d isc .  

n 

i s  

may 

A S ing le  Disc O p t i c a l  Memory System can now be complemented by a 50 
d i s c  c a p a c i t y  automat ic  d i s c  hand l i ng  system shown i n  F igu re  10. 
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Light Transmission Characteristics 

7 Sb - SbOZ Fig. 1. Light Transmission 
Characteristics. 
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Fig. 2. Multi Element Evaporation System. 
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Record Layer Temperature 
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Optical Disc Structure 
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Fig. 7. Optical Disc Structure. 

SUBSTRATE 

Fig. 8. Basic Components, Eras- 
able Optical Disc Recorderhtepro- 
ducer. 

RECORDIPLAY BACK 
LASER BEAM 

Basic Components, Erasable Optical Disc 
Recorder/ Reproducer 

LASER GUIDING TRACK 

RECORDED SPOT 

RECORD1 
MATERIA 

LASER BEAM ' DISC SUBS TRATE 

ECORDED BITS ...... ....... ERASE SPOT BEAM 

RECORDING SPOT BEAM DIRECTORY 

LASER FOR ERASURE 

/ 
RECORDI 
PLAYBACK DICHROIC MIRROR 
LASER 

-OPTICAL DETECTOR 
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Specifications, Optical Memory Disc 

DIAMETER 

THICKNESS 

RECORD LAYER MATERIAL 

DISC CONSTRUCTION 

TOTAL DATA CAPACITY 

TRACK STRUCTURE 

NO. OF TRACKS 

TRACK PITCH 

DATA CAPACITY PER TRACK 

RECORD/PLAYBACK LASER 

RECORD POWER 

PLAYBACK POWER 

DISC ROTATION 
~~ 

AVERAGE ACCESS TIME FOR A TRACK 
~ ~~ ~ 

DATA TRANSFER RATE 

200 mm 

2.5 mm 

Te - Te02 

WITH PROTECTIVE COATING 

700 MB 

SPIRAL TRACK WITH 
GUIDING GROOVE 

23.000 

1.65 mm 

32 kB 
~ ~~ 

DIODE A = 830 nm 

900 rpm 

0.3 sec 

5 MBJsec. 

Fig. 9. Specifications, Optical Memory Disc. 

Multiple Disc Automatic 
Handling System 

DISC TRANSPORT SYSTEM 

MULTIPLE DISC \ -  STORAGE B I N 7  

Fig. 10. Multiple Disc Automatic Handling System. 
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