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AN OVERVIEW OF CVD PROCESSES 

Shige take  Okamoto 

August 1, 1 9 8 6  

I .  I n t r o d u c t i o n  
1) 

Recent p rogres s  on CVD has been reviewed by Sugiyama and /130* 
2)  

M o t o j i m a  . There have been a number of r e p o r t s  on modeling and 

new p rocesses  of  CVD a t  t h e  I n t e r n a t i o n a l  Meeting on CVD . 3) 

I n  t h i s  review, CVD processes  under normal o r  reduced 

p r e s s u r e s  are examined c r i t i c a l l y ,  s i n c e  they are now i n  p r a c t i c a l  

usage. Seve ra l  problems, which arise i n  much broader  a p p l i c a t i o n s ,  

are po in ted  o u t .  N e w  processes  of CVD are a l s o  desc r ibed .  Supe r io r  

c h a r a c t e r i s t i c s  of CVD are taken i n t o  account  and they are a p p l i e d  

i n  p r a c t i c a l  use .  

11. B a s i c  CVD Process 

The m o s t  b a s i c  CVD method i s  as fo l lows:  

F i r s t ,  vapors  of m e t a l l i c  o r  nonmeta l l ic  compounds are s e n t  

t o  s u r f a c e s  of base  m a t e r i a l s .  Then, d e p o s i t s  r e s u l t  from t h e  

vapors on s u r f a c e s  by chemical reactions a t  a h igh  temperature .  

All new CVD processes  a r e  based on t h i s  b a s i c  p rocess .  I n  F ig .  1 

t h e  flow s h e e t  i s  shown f o r  t h e  b a s i c  p rocess  under normal o r  

reduced p r e s s u r e s .  

*Numbers i n  margin i n d i c a t e  f o r e i g n  pag ina t ion .  
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Figure  1. F l o w  s h e e t  of b a s i c  CVD 
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Materials used in  CHI processes include alloys of approximately 

38 different elements. 

such as carbides, nitrides, oxides, borides, si l icides and arsenides, etc. In 

These alloys are comprised of various materials 

g e n e r a l ,  they  have many e x c e l l e n t  p r o p e r t i e s  such as s u p e r i o r  

hardness ,  h igh  mel t ing  p o i n t ,  nonrus t ,  e l e c t r o c o n d u c t i v i t y ,  and 

o p t i c a l  t ransparency .  Fu r the r ,  t h e i r  f i l m s  can be formed i n  

e p i t a x i a l  growth, s i n g l e  o r  mul t ip l e  c r y s t a l s ,  o r  i n  amorphous 

s ta tes  depending on t h e  CVD cond i t ions .  The CVD is  n o t  only a 

method of p l a t i n g ,  b u t  a l s o  can be a p p l i e d  t o  w h i s k e r ,  f i b e r ,  

powder product ions ,  and forming of hard-to-work m a t e r i a l s .  I ts  

s t r o n g  p e n e t r a t i o n  power can be u t i l i z e d  t o  f i l l  vo ids  and for  

bonding t r ea tmen t ,  and syntheses  of pure m e t a l  or nonmeta l l ic  

compounds. The a p p l i c a t i o n  of CVD technology is  abundant. 

111. S t a r t i n g  Materials and Related Ins t ruments  

Halogenated compounds a r e  i n  gene ra l  used f o r  p l a t i n g  r eagen t s .  

P l a t i n g  i s  done a t  500 - 1 4 O O 0 C  and  whole materials are heated. 

When materials r e q u i r e  a l o w  temperature t r ea tmen t  (below 4 O O 0 C ) ,  /131 

carbonyl ,  o rgan ic  compounds, and hydra t e s  are used. They should 

be h igh ly  pure and depos i t ed  a t  l o w e r  temperatures  than  the 

mel t ing  p o i n t  of t he  base  m a t e r i a l s .  I t  i s  a l so  impor tan t  t h a t  

t h e i r  vapors should be i n a c t i v e  u n t i l  they reach t h e  s u r f a c e s  

of base materials.  

S i n c e  m o s t  of CVD reagents  are a c t i v e ,  they  might react w i t h  

a i r .  They should be handled with c a u t i o n ,  s i n c e  some of t h e m  are 

3 



exp los ive  and poisonous.  The reagent  gases  are mixed wi th  carrier 

gases  and t r a n s p o r t e d  by them to s u r f a c e s  of  base  materials. 

Monatomic gases  such as hydrogen, n i t rogen ,  and argon,  and r e a c t i v e  

gases  such as hydrocarbon and carbonoxide gases  are used as carrier 

gases .  The i r  p u r i t y  should be as high as 9 9 . 9 9 %  and they should 

be dry  ( s a t u r a t i o n  p o i n t  = -7O 'C) .  

There are t w o  c h a r a c t e r i s t i c  temperatures  i n  CVD. One i s  

VT, a t  which temperature  reagents  are vaporized.  The o t h e r  one i s  

AT, which i s  a p p l i e d  t o  t h e  materials so as t o  induce CVD r e a c t i o n s .  

The VT ranges from minus t o  200°C,  depending on t h e  phases of 

r eagen t s  a t  t h e  room temperature.  A s  a temperature  b a t h  a r e g u l a r  

j a r  o r  o i l  b a t h  can be used. The AT i s  i n  g e n e r a l  about  400 - 

12OOOC depending on t h e  reagents .  I n  CVD, AT i s  much h i g h e r  t han  

VT c o n t r a r y  t o  t h e  PVD. This  y i e l d s  h igh  q u a l i t y  f i l m s  and s t r o n g  

bondings. H o w e v e r ,  h igh  temperatures cause deformations and 

decomposition of base  m a t e r i a l s .  Therefore ,  CVD base  materials 

should be thermal ly  r e s i s t a n t .  

Such h igh  temperature  processes  a f f e c t  des igns  of  CVD and 

m a s s  p roduct ion  and are one of t h e  major f a u l t s  of CVD. T o  

overcome t h i s  d i f f i c u l t y  of the  a d a p t a t i o n  of  base  materials t o  

CVD p rocesses ,  new developments of  base  materials,  and new 

processes  a t  l o w e r  temperatures are i n v e s t i g a t e d .  Sh ika ta  

has  shown t h e  r e l a t i o n s h i p  between va r ious  CVD methods t o  produce 

Si N f i l m s  and process  teliiperatures i n  F igu re  2 .  

4) 

3 4  
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Figure  2 .  
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by va r ious  CVD 

The temperatures  of VT and AT are d i r e c t l y  r e l a t e d  t o  t h e  

growth ra te  of f i l m s  and c r y s t a l  c o n d i t i o n s .  I n  o r d e r  t o  produce 

a uniform f i l m  th i ckness  and good f i l m  q u a l i t y ,  it i s  impor tan t  

t h a t  t h e  temperature  and vapor composition i n s i d e  t h e  reactor 

should be maintained uniformly. Other f a c t o r s  which a f f e c t  

t h e  p l a t i n g  ra te  are types  of  r eagen t s  and p l a t i n g  base mater ia ls ,  

f l o w  rates of  carr ier  gases ,  i n n e r  s t r u c t u r e s  of t h e  reactors, 

p o s i t i o n  of t h e  base materials i n  t h e  r e a c t o r ,  vapor p r e s s u r e ,  

dynamic and s t a t i c  hold ing  p o s i t i o n s  of base materials.  
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There are t w o  AT h e a t i n g  methods. One i s  an e x t e r n a l  

h e a t i n g  method i n  which t h e  r e a c t o r  con ta in ing  a l l  materials 

i s  surrounded by a h e a t e r .  T h i s  method's advantage i s  t h a t  

any shape of material can be heated uniformly and t h a t  t h e  

whole material  c a n  be t r e a t e d  uniformly. F u r t h e r ,  t h e  tempera- 

t u r e  i s  a c c u r a t e l y  c o n t r o l l e d  by a s imple t h e r m i s t o r  and m a s s  

p roduct ion  i s  p o s s i b l e .  Therefore ,  t h i s  i s  t h e  m o s t  widely 

used method of a l l .  

t h e  temperature  of t h e  r e a c t o r  w a l l  becomes h igh .  The disad-  

vantage of t h e  method i s  t h a t  e f f i c i e n c i e s  of thermal  energy 

and r eagen t s  are l o w .  

i n  which base materials a r e  heated up t o  high tempera tures .  

T r a d i t i o n a l  methods such as e lectr ical  o r  h igh  frequency h e a t i n g s  

belong t o  t h i s  type .  Recent methods such as l i g h t  and e l e c t r o n  

beam h e a t i n g s ,  plasma hea t ings ,  and r a d i a t i o n  h e a t i n g s  are a lso 

i n  t h i s  type .  The t r a d i t i o n a l  methods r e q u i r e  s p e c i a l  shapes 

and types  of base  materials,  and t h e  temperature  i s  ha rd  t o  

c o n t r o l .  However, t h e  temperature i n  t h e  reactor i s  r e l a t i v e l y  

l o w ,  and t h e r e f o r e  e f f i c i e n c i e s  of energy and r eagen t s  are 

h igh .  Besides a vapor i ze r ,  a reactor, a VT or AT h e a t e r ,  a 

temperature  c o n t r o l l e r ,  and a t h e r m i s t o r ,  t h e  fo l lowing  ins t ruments  

are necessary  t o  t h e  CVD process:  

I t  i s  o f t e n  c a l l e d  a hot-wal l  type ,  s i n c e  

The other method i s  an i n n e r  h e a t i n g  type ,  

(1) F r a c t i o n a t o r :  Since s o m e  of  t h e  CVD r eagen t s  are 

r e a c t i v e ,  they might change t h e i r  q u a l i t i e s  when exposed t o  t h e  

a i r .  They are a l so  harmful i f  t h e  workers are i n  c o n t a c t  w i t h  

/ 1 3 2  
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t h e  r e a g e n t s .  F u r t h e r ,  equipment may r u s t  by t h e  r eagen t s .  

Therefore ,  it is recommended to  measure t h e  necessary amount of  

r e a g e n t s  w i thou t  exposing them t o  t h e  a i r .  I n t e r e s t e d  r eade r s  

can c o n s u l t  t h e  p r e s e n t  a u t h o r ' s  p a t e n t  . 5)  

( 2 )  The flow m e t e r  c o n t r o l s  f low rates of t h e  carr ier  gas  

f o r  monatomic gases .  I t  is connected t o  t h e  gas  bu lb  of t h e  

commercial h igh  p r e s s u r e  gas  con ta ine r .  The flow rates of p l a t i n g  

vapors  or compositions of  gas  mixtures  i n  t h e  reactor are h e a v i l y  

dependent on t h e  flow rate of car r ie r  gases .  Thus, h igh ly  a c c u r a t e  

f l o w  meters should be used. 

( 3 )  The concen t r a t ion  meter measures p a r t i a l  p r e s s u r e s  of 

va r ious  components i n  a mixture of p l a t i n g  vapors  and carr ier  

gases .  I t  also a d j u s t s  a composition of t h e  mixture .  Thus, use  

of  a h igh ly  a c c u r a t e  and reproducib le  meter i s  recommended. 

( 4 )  The suppor t e r  ho lds ,  v i b r a t e s ,  o r  rotates  p l a t i n g  

materials.  A s u p p l i e r  and recovery system a r e  a lso needed; a 

m a s s  p roduct ion  system i s  e s p e c i a l l y  cons idered ,  whether con- 

t inuous  or  semicontinuous.  

(5)  Other equipment inc ludes  a vacuum pump which evacuates  

a i r  f r o m  t h e  CVD system, a manometer which measures p r e s s u r e s  

i n  t h e  reactor, e s p e c i a l l y  when a i r  i s  s u b s t i t u t e d  by hydrogen 
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Table 1. Commercial CVD equipment and i t s  c h a r a c t e r i s t i c s .  

1. 
2 .  
3 .  
4 .  
5.  
6 .  
7 .  
8 .  
9 .  

10. 
11. 
12. 
13. 

manufacturer  1 4 .  plunge 
count ry  15. A u s t r i a  
h e a t i n g  system 1 6 .  sigma c o a t i n g  
p r e s s u r e  system 1 7 .  Japan 
m a x i m u m  i n n e r  volume i n  t h e  reactor 
Belnex 
Swi tzer land  
e x t e r n a l  
reduced p r e s s u r e  
tool m e t a l  
S I C  
United S t a t e s  
normal p r e s s u r e  

g a s e s ,  and, a t  t h e  t i m e  o f  r e a c t i o n ,  a coo l ing  t r a p  f o r  unreac ted  

r e a g e n t s  and r e a c t i o n  products ,  a t r a p  which col lects  a i r  o u t s i d e  

t h e  reactor when it i s  flowing i n t o  t h e  system, and a vacuum pump 

and f i l t e r s  which are used only f o r  t h e  low-pressure CVD. 

I V .  CVD system 

These days t h e  above-mentioned in s t rumen t s  and p a r t s ,  



Figure  3. CVD r e c y c l i n g  process  which c o n s i s t s  of t w o  reactors. 

1. 
2. 

3 .  
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5 .  
6. 
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CVD has been done. The h e a t e r  is l i f t e d .  
B a s e  materials are p laced  i n  t h e  reactors and t h e  p o s i t i o n  
of t h e  heater and cooler a re  exchanged. 
CVD i s  s ta r ted .  
T h e  reactor I1 i s  quenched. The reactor and t h e  c o o l e r  
are l i f t e d  and t h e  products are recovered.  
CVD i s  cont inued.  
The cooler and reactor a r e  se t  i n  p l a c e .  
CVD has been done. 
In te rchange  of t h e  heater and reactor p o s i t i o n s  
The cooler i s  lowered and t h e  reactor i s  cooled down. The 
cooler and reactor are l i f t e d  and t h e  products  i n  t h e  
r e a c t o r s  are taken  o u t .  
The heater i s  lowered and the  CVD i s  s t a r t ed .  
The coo l ing  has been f i n i s h e d  and t h e  cooler i s  l i f t e d .  
CVD has been done, and cont inues t o  1-11. 

9 



I .. 

Figure  4. CVD process  f o r  t h i n  w i r e s .  

1. H C 1  i n l e t  9. l i q u i d  n i t r o g e n  
2. CH and H e  i n l e t  

4 
10. t r a p  
11. i a r  

3 .  gas  mixer 1 2 .  cape h e a t e r  
4 .  mercury seal  and electric i n l e t  1 3 .  f i l a m e n t  
5 .  r e p e a t i n g  frame 14. speed c o n t r o l l e r  
6 .  m e t a l  T a  c h i p s  1 5 .  v a r i a b l e  motor 
7.  h e a t e r  1 6 .  col lector  frame 
8 .  r e a c t i o n  chamber 

s t a r t i n g  reagents  such as CVD r eagen t s  and gases  are e a s i l y  

a v a i l a b l e  i n  Japan.  The CVD system can be cons t ruc t ed  fo l lowing  

Fig .  1. I t  i s  noted t h a t  t h e  system should  be a i r - t i g h t ,  s i n c e  / 1 3 3  

t h e  r eagen t s  and gases  are o f t e n  harmful and exp los ive .  I n  

r e c e n t  y e a r s ,  one can g e t  commercial CVD systems which are a s e t  

of t h e  CVD system and r e l a t e d  in s t rumen t s .  I n  Table  1, s o m e  of  
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them are l i s t e d .  All of them a r e  t h e  widely used e x t e r n a l  h e a t i n g  

type .  I n  F ig .  3, t h e  CVD r ecyc l ing  process  system developed by 

Belnex, Inc .  i s  shown. 
6) 

This  system c o n s i s t s  of two r e a c t o r s ,  a h e a t i n g  system, and a 

h igh  speed a i r  coo l ing  system. I t  uses  thermal  energy e f f i c i e n t l y ,  

working hours  become s h o r t ,  and i t  i s  adequate f o r  m a s s  p roduct ion .  

V.  Mass Product ion  Process of CVD 

One of t h e  main reasons t o  use  CVD i s  t o  i n c r e a s e  p r o d u c t i v i t y .  

S ince  t h e  old CVD used an a r r ay  or ba tch  system, i t s  p r o d u c t i v i t y  

w a s  l o w .  I n  o r d e r  t o  improve p r o d u c t i v i t y ,  t h e  CVD process  must 

have a cont inuous or semi-continuous system. For w i r e s ,  f i l m s ,  

and s t r i p s  whose shapes are r e g u l a r ,  t h e  cont inuous process  has  

been done. I n  t h i s  case  e l e c t r i c a l h e a t i n g  i s  used. Mercury is  

used as an electrode and as a seal. The system i s  d i sp layed  i n  

F ig .  4 .  

The p l a t i n g  system i s  enclosed i n  t h i s  case. I t  i s  q u i t e  new 
7 )  

and r epor t ed  by W .  J .  Hefferman e t  a l .  When base  materials 

have uniform diameters  such as sphe re  and bea r ings ,  they are 

processed cont inuous ly  by a s y s t e m  shown i n  F ig .  5 . The system 
8) 

uses e i t h e r  an e x t e r n a l  o r  high-frequency i n t e r n a l  h e a t i n g  

s y s  t e m .  
9 )  

T’ne process  i s  shown i n  Fig.  6 . I t  has  a b a r r e l  i n  t h e  

/134 

11 



Figure  5 
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. Continuous CVD process 
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1. steel  b a l l  s u p p l i e r  

2 .  s t ee l  b a l l  p l a t i n g  

3 .  recovery system 

f o r  steel  b a l l s .  

I 

F igu re  6 .  Semi-continuous CVD system 

1. base  m a t e r i a l  s u p p l i e r  
2 .  drum wing (open and c lose )  
3 .  product  recovery (open and close) 
4 .  recovery 

f o r  va r ious  shape materials.  

5 .  whole system 
6 .  A-A d i s s e c t i o n  
7 .  p l a t i n g  p rocess ing  
8 .  p roduct  recovery 
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Figure  7.  P o s i t i o n  (a)  of base materials arranged i n  an  a r r a y  
i n  t h e  reactor and d e n s i t i e s  and th i ckness  
d i s t r i b u t i o n  of reagent  and r e s u l t i n g  gases  a long 
t h e  flow of p l a t i n g  vapors .  

1. c o n s t a n t  temperature  zone 8 .  
2. reactor 9 .  
3 .  p l a t i n g  vapor 1 0 .  
4 .  i n l e t  11. 
5 .  exhausted gases  1 2 .  
6 .  o u t l e t  
7 .  e x t e r n a l  h e a t e r  13. 

14. 

vapor d e n s i t y  
i n l e t  
r eagen t  vapor d i s t r i b u t i o n  
th i ckness  of f i l m  
r e s u l t i n g  gas  d e n s i t y  d i s t r i b u -  
t i o n  
t h i c k n e s s  
p o s i t i o n  of CVD base  m a t e r i a l s  
i n  t h e  reactor 

CVD r e a c t i o n  chamber. I t  processes  semi-continuously wi th  t h e  

e x t e r n a l  h e a t i n g  system, i f  base m a t e r i a l s  are uniform. I t  is 

e s p e c i a l l y  adequate  f o r  m a s s  p roduct ion  of va r ious  s m a l l  s i z e s  of 

c h i p s ,  b o l t s ,  n u t s ,  t a p s ,  d r i l l s ,  e t c .  The base  mater ia ls  are 
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s e n t  t o  t h e  r o t a t i n g  b a r r e l  and recovered from it. These processes  

are semi-continuous, b u t  t h e  CVD process  i t s e l f  i s  cont inuous.  

V I .  Uniform Thickness Process f o r  F i l m s  

When base  materials are placed i n  an a r r a y  as shown i n  /135 

Fig .  7 ( a )  f o r  t h e  flowing CVD p rocess ,  t h e  concen t r a t ions  of  r eagen t  

vapors  decrease  as t h e  vapors flow through t h e  r e a c t o r .  F ig .  7 ( b )  

shows t h e  s i t u a t i o n .  I n  t h i s  case t h e  th i ckness  of a y i e l d e d  

f i l m  dec reases  f r o m  t h e  i n l e t  t o  t h e  o u t l e t .  There is  a p o s s i b i l i t y  

t h a t  f i l m  q u a l i t y  may vary ,  too.  High q u a l i t y  products  cannot  be 

produced i n  t h i s  way. S i m i l a r  r e s u l t s  a r e  expected f o r  a ba tch  

p rocess .  
10) 

The newly-developed CVD process  wi th  an i n n e r  h e a t i n g  system 

improves such d e f e c t s .  The process  i s  shown i n  F ig .  8 .  I n  t h i s  

process  system, t h e  reactor ( A )  i s  d iv ided  by t h e  t w o  w a l l s  

( E  and F) . The h e a t e r  ( H )  i s  p laced  a t  t h e  c e n t e r .  When t h e  

heater i s  on, t h e  two temperature reg ions  appear .  One i s  f o r  a 

v a p o r i z a t i o n  zone (VT) ( B ) ;  t h e  other f o r  a r e a c t i o n  zone (AT) ( C )  . 
B a s e  materials ( D )  a r e  located i n  t h e  AT r eg ion  nea r  t h e  h e a t e r .  

They are hea ted  i n  t h e  AT. P l a t i n g  vapors  pas s  through t h e  VT 

zone and e n t e r  i n t o  t h e  AT zone through t h e  f i r s t  w a l l  which has  

many h o l e s .  They reach the  s u r f a c e s  of base  materials and CVD 

reactions take p l a c e .  

S ince  t h e  r e s u l t i n g  gases  p reven t  t h e  reactions, they are 

removed from t h e  h o l e s  of t h e  second w a l l .  The i n n e r  h e a t i n g  

14 
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Figure  8 .  P r i n c i p l e  of CVD process:  i n n e r  h e a t i n g  system. 

1. l a t e ra l  s e c t i o n  7 .  t h e  f i r s t  w a l l  wi th  holes 
2 .  reactor 8 .  t h e  second w a l l  wi th  
3 .  passage f o r  p l a t i n g  vapors h o l e s  

4 .  v a p o r i z a t i o n  temperature  (AT) zone gases  
5 .  base  materials 
6 .  l o n g i t u d i n a l  s e c t i o n  

v a p o r i z a t i o n  temperature  (VT) zone 9 .  passages f o r  unreac ted  

I z 
I 
I 
4 

Figure  9 .  Comparison of f i l m  t h i c k n e s s .  

1. i n n e r  h e a t i n g  CVD 
2 .  e x t e r n a l  h e a t i n g  CVD 
3 .  t h i ckness  
4 .  l eng th  from t h e  i n l e t  
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CVD process  y i e l d s  more uniform f i l m s  than  t h e  t r a d i t i o n a l  

e x t e r n a l  CVD method. A comparison of t h e  t w o  methods i s  

shown i n  F ig .  9 .  

The au tho r  developed a combination system of  t h e  i n n e r  

h e a t i n g  CVD process  and a b a r r e l  type .  I t  i s  d i sp layed  i n  

F ig .  10. I t  y i e l d s  uniform th ickness  and good q u a l i t y  f i l m s .  

Also m a s s  p roduct ion  i s  poss ib l e .  

V I I .  CVD Method and P r e c i s i o n  Cont ro l  of F i l m  Thickness 

The t r a d i t i o n a l  CVD method can produce f i l m s  wi th  l i m i t e d  

accuracy of t h i ckness .  Plunger and bea r ing  suppor t e r s  of a f u e l  

pump r e q u i r e  t o  p r e c i s i o n .  These h igh  accuracy f i l m  

controls can be a t t a i n e d  by a system shown i n  F ig .  l l ( a )  11-13) 

The process  is  as fol lows:  Two p a r t s  a r e  s e p a r a t e d  by a 

c l ea rance  which i s  a sum of t h e  f i l m  th i ckness  of t h e  t w o .  CVD 

is  performed a t  t h i s  s t a g e  by us ing  supe r  hard  m a t e r i a l  CVD. 

Then t h e  s u r f a c e s  of t h e  t w o  a r e  covered wi th  super  ha rd  materials 

s i m u l t a n e ~ u s l y ~ ~ ) .  

f i l l e d  wi th  f i l m  d e p o s i t .  However, i f  one p a r t  i s  f i x e d  whi le  t h e  

o t h e r  i s  v i b r a t e d  along i t s  ax i s  or r o t a t e d  around t h e  a x i s ,  t h e  

momentum drops when t h e  CVD proceeds and f i l m  t h i c k n e s s  becomes 

close t o  t h e  d e s i r e d  one .  Thus ,  t h e  f i l m  th i ckness  i s  c o n t r o l l e d  

by d e t e c t i n g  t h i s  momentum change. I n  ou r  v i b r a t i o n  experiment ,  

t h e  i n i t i a l  a c c e l e r a t i o n  r a t e  and amplitude of v i b r a t i o n  of 50 Hz 

w e r e  48 g and 60 pm,  r e s p e c t i v e l y .  When they dropped t o  36 g and 

I f  t h e  CVD process  proceeds,  t h e  c l e a r a n c e  i s  

/136 
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Figure 1 0 .  CVD mass product ion system wi th  i n n e r  h e a t i n g  and 
b a r r e l  methods. 

1. electr ic  source  
2 .  thermometer 
3 .  t h e r m i s t o r  
4 .  p l a t i n g  vapor 
5 .  exhausted gases  
6 .  reactor 
7 .  VT zone, p l a t i n g  vapor passage 
8 .  AT zone (CVD t rea tment )  
9 .  base materials 

1 0 .  t h e  f i r s t  w a l l  wi th  h o l e s  i n  t h e  r o t a t i n g  b a r r e l  
11. t h e  second w a l l  wi th  holes  i n  t h e  r o t a t i n g  b a r r e l  
1 2 .  passage of exhausted gases 

30 pm,  t h e  r e s u l t i n g  T i N  l aye r  w a s  24 pm t h i c k .  The c r y s t a l  

p a r t i c l e s  i n  t h e  film a r e  very f i n e  and film s u r f a c e s  are nea r  

mirror  q u a l i t y  and f l a t .  The s u r f a c e  roughness i s  about  2s a n d i t  is 

unnecessary f o r  t h e  pos t -pol i sh ing  t r ea tmen t .  Various nozz les  and 

17 



Figure  11. CVD p rocess  f o r  j o i n t s .  

1. 
2. 
3. 
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6 .  
7 .  
8. 
9 .  
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16. 
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1 9 .  
20.  

21.  
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B p l a t i n g  l a y e r  
l a t e r d l  s e c t i o n  
CVD process  f o r  j o i n t  
p lane  
c y l i n d e r  h o l d e r  
nu t s  f o r  f i n e  tun ing  
a x i s  i n s i d e s  of t h e  
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(b) j o i n t  CVD p rocess  f o r  
c y l i n d e r  
i n n e r  p l a t i n g  l a y e r  
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c y l i n d e r s  whose diameters  r equ i r e  a high p r e c i s i o n  may be ob ta ined  

by a mod i f i ca t ion  of  t h e  above method; movable mandrel m a t e r i a l s  

should  be of CVD type ,  and t h e i r  diameters made wi th  h igh  p r e c i s i o n .  

These become a n  a x i s  c y l i n d e r .  F ig .  l l ( b )  i s  a schematic  diagram 

of t h i s  method15). 

f i l m  t h i ckness  on both s i d e s  or  on one s i d e  of ha rd ly  processed 

materials f o r  which t h e  post-process  i s  n o t  r e q u i r e d .  However, 

it i s  d i f f i c u l t  t o  do m a s s  product ion.  

va lues ,  b a s i c  experimental  tests are performed a t  Kikaigiken 

This  process can y i e l d  a c c u r a t e l y  c o n t r o l l e d  

Because of i t s  s p e c i a l  /137 
1 6 ,  1 7 )  

V I I I .  Low Temperature CVD and N e w  Process 

A s  mentioned p rev ious ly ,  the t r a d i t i o n a l  CVD has  t h e  d e f e c t  

t h a t  whole base  m a t e r i a l s  have t o  be hea ted  up. T o  lower t h e  

temperature  va r ious  new processes  have been proposed as shown i n  

F ig .  2 .  Among them are MOCVD which u t i l i z e s  o rgan ic  m e t a l s  o r  

hydr ides  which have low-depository tempera tures ,  plasma CVD, 

l i g h t  CVD which used thermal  r e a c t i o n ,  and photo decomposition. 

(1) MO-CVD (Metalorganic  Chemical Vapor Deposi t ion)  

This  fol lows t h e  b a s i c  p r i n c i p l e  of  t h e  CVD p rocess .  

The CVD r eagen t s  used i n  t h e  MOCVD are those  whose d e p o s i t i o n  

temperatures  are l o w ,  such as a l k y l  compounds or hydr ides .  

Thin l a y e r s  are formed on base materials a t  a l o w  d e p o s i t i o n  

crr ccmperature. This process  has o r i g i n a l l y  Seen r e p o r t e d  f ~ r  c r y s t a l  

growth technology f o r  GaAs. The G a A s  c r y s t a l  has  t w i c e  as f a s t  
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an access t i m e  as t h a t  of S i .  L a t e r  va r ious  c r y s t a l  mixtures  of 

111 - V and I1 - V I  group compounds w e r e  found t o  be produced by 

t h i s  method. 

which r e q u i r e  a high speed access  t i m e .  However, t h e  method i s  

s t i l l  i n  an i n f a n t  s t a g e  and t h e r e  r ema in  many problems t o  be 

so lved .  

Now they  are going t o  be a p p l i e d  f o r  computer c h i p s  

( 2 )  Plasma CVD (Plasma Enhanced CVD) 

I n  t h e  plasma CVD, a plasma reg ion  i s  c r e a t e d  i n  t h e  

reduced reactor, base materials are p laced  a t  t h e  r eg ion  i n t o  

t h e  reactor and hea ted  a t  a r e l a t i v e l y  l o w  temperature ,  and CVD 

p l a t i n g  vapors are in t roduced  i n  t h e  reactor. The vapors gene ra t e  

va r ious  gases  by chemical r e a c t i o n s  due t o  non-equilibrium plasma, 

and CVD f i l m s  are formed on the s u r f a c e  of base  materials.  I n  t h i s  

case h igh  e n e r g i e s  due t o  plasma enab le  thermodynamically un- 

f avorab le  r e a c t i o n s  t o  proceed. Also, s o m e  s l o w  r e a c t i o n s  are 

enhanced. The plasma CVD can be performed a t  l o w  temperatures  and 

y i e l d s  f u n c t i o n a l ,  amorphous, and supe r  ha rd  f i l m s .  I n  e l e c t r o n i c s ,  

Si3N4 f i l m s  are a p p l i e d  t o  p a s s i v a t i o n  f i l m s  of MOS semidiodes,  

F u r t h e r ,  they are expected t o  be a p p l i e d  t o  L S I  and supe r  L S I .  

Amorphous S i  f i l m s  may be u t i l i z e d  as s o l a r  b a t t e r i e s .  S i 0  and 

GaAs are used f o r  making core p a r t s  of  c l a d  c r y s t a l  tubes .  

2 

( 3 )  The l i g h t  beam CVD process  can form a f i l m  l o c a l l y  by 

j u s t  h e a t i n g  t h a t  p a r t  of  t h e  material  by laser ,  e l e c t r o n ,  o r  

/138 
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or  so la r  beams. 

O f  them, L-CVD (Laser CVD) has  been i n v e s t i g a t e d  m o s t .  The 

L-CVD has  t w o  processes :  one is  a local h e a t i n g ,  t h e  o t h e r ,  due 

t o  laser pho to -exc i t a t ion  chemical ly ,  promotes t h e  d e p o s i t i o n  

ra te .  The process  has  t w o  branches.  The f i r s t  one i s  t o  decompose 

or d i s s o c i a t e  e x c i t e d  atoms t o  molecules by laser beams. The 

second i s  t o  promote chemical r e a c t i o n s  a t  e x c i t e d  s ta tes .  S ince  

t h e  laser  beam i s  monochrome and h i g h l y  powerful,  it is  p o s s i b l e  

se lec t ive ly  t o  enhance reactions o f  r e s o n a t i n g  atoms or mlecules 

i n  non-resonance mixtures .  

T h e  L-CVD r e q u i r e s  low temperatures  because of i t s  s p e c i f i c i t y .  

The d e p o s i t i o n  rates can be l a r g e  and base  m a t e r i a l s  are l i t t l e  

damaged. Local p l a t i n g  is a l s o  p o s s i b l e .  Furthermore,  choosing 

a s p e c i a l  wavelength of  l a s e r  beam, it i s  p o s s i b l e  t o  form a 

f i l m  of p a r t i c u l a r  atoms or molecules i n  t h e  mixture .  I n  CVD 

a p p l i c a t i o n ,  it s t i l l  r e q u i r e s  much b a s i c  r e sea rch .  

I X .  Summary 

I t  is  impor tan t  t o  i n v e s t i g a t e  CVD and PVD p rocesses .  Bun- 

shan '*) developed t h e  ARE method, which is  a combination of CVD 

and ion -p la t ing .  Stimulated by t h i s  i nven t ion ,  plasma CVD w a s  

d i scovered ,  which i s  a hybr id  of CVD and sputtering. More 

r e c e n t l y ,  t h e  L-CVD p rocess ,  which i s  a hybr id  of  CVD and laser 

technology, was i n v e s t i g a t e d .  I n  t h e  f u t u r e ,  new p rocesses  may 

be developed by hybr ids  of var ious  t echno log ie s .  
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I have b e e n  r e t i r i n g  my CVD research f o r  5 years .  During 

t h i s  period a number of reports have been p u b l i s h e d ,  a n d  a l l  of 

them are e x c e l l e n t .  May I w i s h  f u r t h e r  progress i n  t h i s  f i e l d .  

F i n a l l y ,  b u t  n o t  l ea s t ,  I would l i k e  t o  t h a n k  M r .  S h i k a d a  

a t  K i k a i g i k e n  a n d  M r .  Abe a t  Kawasaki T a i s u ,  I n c . ,  f o r  s e n d i n g  

m e  a l o t  of informat ion  of t he  f i e l d .  F u r t h e r ,  I a m  g r a t e f u l  

t o  t h e  l a t e  M r .  Shimamura,  manager  of mater ia l  science, w h o  

supported t h e  CVD research a t  t h e  K i k a i g i k e n .  
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I& A b o M '  
In this review, CVD processes under normal or reduced 

pressures are examined critically, since they are now in 
practical usage. Several problems, which arise in much 
broader applications, are pointed out. New processes o f  
CVD are also described. Superior characteristics of CVD 
are taken into account and they are applied in practical 
use. 
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