
Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 0   Publication  number: 0  5 6 7   9 8 5   A 2  

0   Application  number:  93106784.7 

0   Date  of  filing:  27.04.93 

E U R O P E A N   PATENT  A P P L I C A T I O N  

784.7  0   Int.  CI  5=  H01L  2 1 / 2 8 5  

0   Priority:  28.04.92  JP  136042/92  0   Applicant:  Tsubouchi,  Kazuo 
30-38  Hitokita  2-chome, 

0   Date  of  publication  of  application:  Taihaku-ku 
03.11.93  Bulletin  93/44  Sendai-shi,  Miyagi-ken(JP) 

0   Designated  Contracting  States:  0   Inventor:  Tsubouchi,  Kazuo 
AT  BE  CH  DE  DK  ES  FR  GB  GR  IE  IT  LI  LU  MC  30-38,  Hitokita  2-chome, 
NL  PT  SE  Taihaku-ku 

Sendai-shi,  Miyagi-ken(JP) 
Inventor:  Masu,  Kazuya 
3-1-106,  Mikamine  1-chome, 
Taihaku-ku 
Sendai-shi,  Miyagi-ken(JP) 

0   Representative:  Tiedtke,  Harro,  Dipl.-lng.  et  al 
Patentanwaltsburo  Tiedtke-Buhling-Kinne  & 
Partner, 
Bavariaring  4 
D-80336  Munchen  (DE) 

CM 
<  

oo 
Oi  

CO 

0   Process  for  thin  film  formation. 

0   A  process  for  thin  film  formation  comprises  se- 
lectively  irradiating  with  an  energy  ray  a  substrate  to 
the  surface  of  which  a  surface  treatment  for  provid- 
ing  hydrogen  atoms  is  applied  to  thereby  form  an 
irradiated  region  and  a  non-irradiated  region  on  the 
surface  of  the  substrate,  and  forming  a  thin  film 
selectively  on  the  non-irradiated  region. 
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  a  process  for 
thin  film  formation,  particularly  to  a  process  for  thin 
film  formation  which  is  useful  for  fine  working  tech- 
nique  for  producing  electronic  apparatuses  such  as 
electronic  devices  and  integrated  circuits  employ- 
ing  a  semiconductor  or  a  thin  metal  film,  and  fine 
mechanisms  such  as  micromachining. 

Related  Background  Art 

Electronic  devices  and  integrated  circuits  have 
attained  high  performance  and  high  integration  de- 
gree  by  extremely  fine  structure  thereof.  Nowadays 
the  minimum  working  dimension  is  0.8  urn  in  com- 
mercial  4M  bit  DRAM.  The  gate  length  of  0.07  urn 
is  reported  for  MOSFET  in  an  experimental  model. 
In  a  working  dimension  of  0.1  urn  or  finer,  electron 
wave  interference  and  tunnel  effect  become  re- 
markable.  Electronic  devices  based  on  a  new  phys- 
ical  phenomenon  are  expected. 

In  order  to  achieve  finer  structure  of  electronic 
devices  and  integrated  circuits,  or  to  realize  an 
electronic  device  based  on  a  new  physical  phe- 
nomenon,  technique  for  fine  working  needs  to  be 
established  which  enables  stable  working  in  a  di- 
mension  of  0.1  urn  or  finer.  For  the  future,  required 
working  dimension  will  be  0.1  urn  or  finer:  for 
example,  working  of  metal  wiring  of  100  A  wide 
and  100  A  thick  at  working  accuracy  of  an  A  order. 

Conventional  fine  working  processes  which  em- 
ploy  an  organic  resist  film  are  briefly  described 
with  reference  to  Figs.  4A  to  4D,  and  the  problems 
in  achieving  a  finer  structure  are  considered. 

In  Fig.  4A,  a  thin  film  402  is  formed  on  a 
substrate  401.  The  substrate  401  may  be  an  Si 
substrate,  or  an  Si  wafer  with  Si02  formed  thereon. 
The  thin  film  402  may  be  a  film  made  of  a  metal 
such  as  Al  (aluminum)  or  the  like,  or  is  an  insulat- 
ing  film  made  of  BPSG,  PSG  or  the  like.  The  thin 
film  402  has  a  thickness  ranging  from  about  0.1  to 
about  2  urn.  An  organic  resist  403  is  applied  on  the 
thin  film  402  on  the  substrate  401.  As  the  organic 
resist  403,  well  known  are  AZ1350,  PFPR,  TSMR, 
PMMA,  and  so  forth.  The  thickness  of  the  organic 
resist  403  ranges  from  about  0.1  urn  to  about  2 
linn.  The  plate  constructed  from  the  organic  resist 
403,  the  thin  film  402,  and  the  substrate  401  is 
irradiated  with  an  energy  ray  405  such  as  an  ul- 
traviolet  ray  and  an  electron  beam  as  shown  in  Fig. 
4B.  By  selective  exposure  of  the  resist  to  the 
energy  ray,  a  resist  pattern  404  is  formed.  The 
ultraviolet  ray  or  the  electron  beam  is  projected  in 
a  breadth  of  Li  .  The  region  Li  of  the  resist  irradi- 
ated  with  the  light  or  the  electron  beam  is  sensi- 

tized,  and  only  the  irradiated  region  of  the  organic 
resist  is  removed  by  immersion  of  the  resist  in  a 
developing  solution  or  by  other  as  shown  in  Fig. 
4C,  thereby  forming  a  developed  resist,  i.e.,  a 

5  resist  pattern  406.  The  above  description  was 
made  regarding  the  case  of  a  positive  type  resist. 
In  the  case  of  a  negative  type  resist,  the  organic 
resist  at  the  irradiated  region  remains  after  the 
development.  In  the  subsequent  etching  step  as 

io  shown  in  Fig.  4D,  the  organic  resist  408  serves  as 
a  mask,  and  the  thin  film  at  the  portion  uncovered 
with  the  resist  408  is  etched  off  to  form  a  pattern  of 
the  thin  film  407. 

In  the  conventional  process  as  shown  in  Figs. 
75  4A  to  4D,  the  breadth  L2  at  the  development  step 

in  Fig.  4C  and  the  breadth  L3  at  the  etching  step  in 
Fig.  4D  slightly  change  from  the  irradiation  breadth 
Li  of  the  ultraviolet  ray  or  the  electron  beam  405. 
Therefore,  it  is  extremely  difficult  to  achieve  a 

20  sufficiently  small  final  breadth  L3,  for  example,  of 
0.1  urn  or  less.  In  other  words,  because  of  the 
finite  thickness  of  the  photosensitive  resist  403,  the 
working  dimension  L2  reflected  by  sensitivity  and 
developing  properties  of  the  organic  resist  be- 

25  comes  different  naturally  from  Li  ,  and  L3  becomes 
different  from  L2  since  not  only  the  thin  film  but 
also  the  organic  resist  408  is  etched  in  the  etching 
step. 

As  described  above,  in  a  conventional  lithog- 
30  raphy,  which  is  widely  employed  in  a  ultra  LSI 

process,  the  finite  thickness  of  the  organic  resist 
makes  it  extremely  difficult  to  achieve  the  working 
dimension  L3  of  0.1  urn  or  less. 

35  SUMMARY  OF  THE  INVENTION 

An  object  of  the  present  invention  is  to  solve 
the  problems  described  above  and  to  provide  a 
process  for  formating  a  thin  metal  film  or  a  thin 

40  semiconductor  film  in  a  fine  breadth,  for  example, 
of  0.1  urn  or  less  by  deposition. 

Another  object  of  the  present  invention  is  to 
provide  a  process  for  thin  film  formation,  compris- 
ing  selectively  irradiating  with  an  energy  ray  a 

45  substrate  to  the  surface  of  which  a  surface  treat- 
ment  for  providing  hydrogen  atoms  is  applied  to 
form  an  irradiated  region  and  a  non-irradiated  re- 
gion  on  the  surface  of  the  substrate,  and  forming  a 
thin  film  selectively  on  the  non-irradiated  region. 

50  In  the  present  invention,  the  surface  treatment 
is  preferably  conducted  with  hydrofluoric  acid;  the 
energy  ray  is  preferably  an  electron  beam  or  an  ion 
beam;  the  thin  film  is  preferably  of  a  metal  such  as 
aluminum;  the  substrate  is  preferably  a  semicon- 

55  ductor  substrate  or  an  electroconductive  substrate; 
the  thin  film  is  preferably  formed  by  chemical  va- 
por  deposition;  the  chemical  vapor  deposition  may 
be  conducted  with  an  organometallic  compound  as 
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a  starting  material;  the  organometallic  compound 
may  be  alkylaluminum  hydride;  and  the  al- 
kylaluminum  hydride  may  be  dimethyl  aluminum 
hydride. 

The  present  invention  provide  a  process  utiliz- 
ing  hydrogen  atoms  in  a  monoatomic  layer  thick- 
ness  as  an  atomic  resist  in  place  of  a  conventional 
resist  mask  pattern  in  consideration  of  the  fact  that 
the  lower  limit  of  the  working  dimension  depends 
on  the  thickness  of  the  organic  resist. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figs.  1A  to  1E  are  schematic  cross-sectional 
views  showing  a  substrate  in  the  steps  of  the  thin 
film  formation  according  to  preferred  one  embodi- 
ment  of  the  present  invention. 

Figs.  2A  and  2B  are  schematic  view  showing 
an  example  of  a  silicon  substrate  having  aluminum 
selectively  deposited  on  the  surface  according  to 
the  steps  of  Figs.  1A  to  1E.  In  Figs.  2A  and  2B, 
black  portions  are  the  regions  which  have  been 
irradiated  with  electron  beams,  and  no  aluminum  is 
deposited  thereon. 

Fig.  3  is  a  block  diagram  illustrating  an  alu- 
minum  deposition  apparatus  which  can  be  prefer- 
ably  used  in  the  present  invention. 

Figs.  4A  to  4D  are  schematic  cross-sectional 
views  of  a  substrate  for  explaining  conventional 
lithography  steps  employing  an  organic  resist. 

Fig.  5  is  a  schematic  cross-sectional  view  for 
explaining  conventional  thin  film  formation  process 
by  photo-assisted  CVD. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

Preferred  embodiments  of  the  present  inven- 
tion  are  described  by  reference  to  the  drawings. 

Figs.  1A  to  1E  show  an  example  of  forming 
only  on  limited  regions  an  aluminum  thin  film  with  a 
working  breadth  of  0.1  urn  by  using  terminating 
hydrogen  atoms  in  a  state  of  monoatomic  layer  as 
a  mask  pattern  (hereinafter  referred  to  as  an 
"atomic  resist")  on  the  silicon  surface.  Although  the 
term  "mask  pattern"  or  "resist"  is  used  in  this 
example,  thin  film  is  selectively  formed  on  the 
portion  to  be  called  the  pattern  or  the  resist. 

As  shown  in  Fig.  1A,  the  surface  of  the  (111)  Si 
substrate  101  is  made  to  terminate  with  hydrogen 
atoms  in  a  monoatomic  layer  by  chemical  treat- 
ment  or  other  treatment.  In  the  chemical  treatment, 
for  example,  the  substrate  is  immersed  in  a  dilute 
hydrofluoric  acid  solution  (HF/H20  =  1/100)  and  is 
rinsed  with  ultrapure  water  for  about  10  minutes. 
This  step  of  terminating  the  silicon  surface  with 
hydrogen  atoms  as  shown  in  Fig.  1A  corresponds 
to  the  resist  coating  step  of  Fig.  4A  in  a  conven- 

tional  resist  steps  as  shown  in  Figs.  4A  to  4D. 
After  the  step  of  Fig.  1A,  a  limited  region  of  the 

surface  of  the  substrate  101  is  irradiated  with  an 
energy  ray  106  such  as  an  electron  beam,  an  ion 

5  beam,  a  UV  light  beam  or  the  like  (Fig.  1B).  By 
irradiation  of  an  electron  beams  or  an  ion  beam 
with  energy  higher  than  the  Si-H  bond  energy 
(reported  to  be  about  3.08  eV),  the  Si-H  bond 
dissociates  and  the  hydrogen  atom  105  is  released 

io  from  the  surface  of  the  substrate  101,  giving  free 
bonds  of  silicon  atoms  on  the  surface  of  the  silicon 
substrate.  Fig.  1B  shows  the  step  of  patterning  the 
terminating  hydrogen  atoms,  namely  an  atomic  re- 
sist,  on  the  silicon  surface.  This  step  corresponds 

is  to  the  light  exposure  step  as  shown  in  Fig.  4B  in  a 
conventional  resist  process. 

After  the  step  of  Fig.  1B,  the  free  bond  of  the 
silicon  is  oxidized,  for  example,  by  exposing  the 
substrate  101  in  the  air  to  terminate  the  free  bond 

20  with  an  oxygen  atom  107  as  shown  in  Fig.  1C.  This 
step  of  Fig.  1C  corresponds  to  the  development 
step  of  Fig.  4C  in  a  conventional  resist  process. 
The  steps  of  Fig.  1B  and  Fig.  1C  may  be  practiced 
sequentially,  or  otherwise  the  two  steps  may  be 

25  made  to  proceed  simultaneously  by  using  oxygen, 
ozone,  or  moisture  in  the  atmosphere  at  the  step  of 
Fig.  1B. 

Thereafter,  aluminum  is  deposited  in  a  thin  film 
only  on  the  hydrogen-terminated  region  of  the  sili- 

30  con  substrate  surface  in  the  steps  of  Fig.  1D  and 
Fig.  1E. 

The  aluminum  deposition  for  the  above  pro- 
cess  is  preferably  conducted  by  using  chemical 
vapor  deposition  method,  for  example,  the  method 

35  disclosed  by  the  present  inventors  of  the  present 
invention  in  U.S.  Patent  No.  5,179,042. 

As  the  starting  gaseous  materials,  an  or- 
ganometal  such  as  dimethylaluminum  hydride  [- 
(CH3)2AIH,  hereinafter  referred  to  as  DMAH]  and 

40  hydrogen  (H2).  As  described  detailedly  in  the 
aforementioned  U.S.  Patent,  monocrystalline  alu- 
minum  is  deposited  only  on  the  hydrogen-termi- 
nated  surface  by  use  of  DMAH  and  H2  at  a  sub- 
strate  temperature  of  from  about  200  °C  to  about 

45  350  °C  at  a  total  pressure  of  from  about  0.1  to  5 
Torr. 

The  embodiment  of  the  process  shown  in  Figs. 
1A  to  1E  is  outlined  above.  The  important  point  of 
the  invention  is  that  the  layer  of  the  terminating 

50  hydrogen  atoms  has  a  thickness  of  a  monoatomic 
layer.  Thereby,  the  resolution  of  the  working  is 
improved  in  the  thin  film  formation  of  the  present 
invention  in  comparison  with  the  resolution  given 
by  conventional  organic  resists  which  have  a  thick- 

55  ness  of  about  0.1  urn  or  more.  Consequently,  as 
the  finest  aluminum  thin  film  pattern,  an  aluminum 
line  of  about  100  A  in  breadth,  about  50  A  in 
thickness,  and  about  1000  A  in  length  can  be 

3 
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formed  on  a  surface  of  an  silicon  substrate  through 
the  steps  of  Figs.  1  A  to  1  E. 

In  the  aforementioned  U.S.  Patent  of  the 
present  inventors,  aluminum  thin  film  formation  with 
DMAH  ((CH3)2AIH)  and  H2  by  chemical  vapor  de- 
position  (CVD)  on  a  silicon  wafer  which  is  a  sub- 
strate  having  a  thermally  oxidized  Si02  layer  hav- 
ing  openings  of  Si02  to  expose  the  surface  of  the 
silicon  is  described  in  detail.  Aluminum  is  selec- 
tively  deposited  only  on  the  Si02  opening  portion 
by  immersing  the  substrate  in  a  hydrofluoric  acid 
solution  (HF/H20  =  1:100),  rinsing  it  with  pure 
water,  and  depositing  aluminum  by  low  pressure 
thermal  CVD.  In  the  disclosure,  the  thickness  of 
insulating  material  such  as  Si02  (non-electron-do- 
native  surface  described  below)  is  about  500  A  or 
more. 

On  the  other  hand,  in  the  present  invention,  the 
free  bonds  of  silicon  is  terminated  with  oxygen 
atoms  107  in  the  step  of  Fig.  1C.  Although  the 
bonding  state  between  oxygen  and  silicon  atoms  is 
not  seemed  to  be  simple, 

O 
/   \  

Si  S i  

as  shown  in  Fig.  1C  but  may  be  considered  as  the 
oxidized  state,  the  oxidized  layer  has  an  extremely 
small  thickness  of  a  monoatomic  layer,  several 
atomic  layer  or  thereabout,  namely  about  3  A  to 
about  20  A.  Thus  the  feature  of  the  present  inven- 
tion  resides  in  that  aluminum  is  selectively  pat- 
terned  by  use  of  terminating  hydrogen  layer  of 
monoatomic  layer  thickness  and  a  silicon  oxide 
layer  of  a  single  to  several  atomic  layer  thickness 
on  a  silicon  surface. 

Naturally,  in  the  steps  of  Figs.  1A  to  1E,  an 
untreated  commercial  silicon  wafer  is  used  as  the 
substrate,  and  aluminum  thin  film  is  patterned  fi- 
nally  as  shown  in  Fig.  1E.  In  the  steps  of  Figs.  1A 
to  1E  the  conventional  organic  resist  is  not  used 
and  this  is  the  feature  of  the  present  invention. 

In  conventional  photo-assisted  CVD  and  laser 
CVD  as  the  thin  film  formation  technique,  a  desired 
thin  film  is  deposited  on  a  substrate  only  at  a 
portion  which  is  irradiated  with  an  energy  ray  such 
as  light  or  a  laser  beam.  In  such  processes,  as 
shown  in  Fig.  5,  for  example,  a  gaseous  starting 
material  containing  an  element  for  constructing  the 
desired  thin  film  is  supplied  onto  the  surface  of  a 
substrate  51,  and  simultaneously  a  determined  re- 
gion  (the  region  denoted  by  L51  in  Fig.  5)  only  is 
irradiated  with  an  energy  ray  55  such  as  ultraviolet 
light  or  a  laser  beam  to  form  a  desired  thin  film  52 
only  on  the  irradiated  portion.  In  this  process,  how- 
ever,  the  light-irradiation  causes  reaction  both  in 

the  gas  phase  and  on  the  surface,  whereby  the 
region  of  the  actual  deposition  of  the  thin  film  is 
inevitably  larger  (as  denoted  by  L52  in  Fig.  5)  than 
the  irradiated  region  (L51).  Therefore,  it  is  impos- 

5  sible  to  deposit  a  thin  film  in  a  breadth  of  0.1  urn 
or  less  because  the  gaseous  starting  material  57 
decomposes  or  reacts  by  the  irradiation  in  the  gas 
phase  into  reactive  molecular  species  on  the  sub- 
strate  surface  and  diffuses  outside  the  L51  region, 

io  and  because  no  means  is  found  to  inhibit  the 
reaction  of  thin  film  deposition  outside  the  irradi- 
ated  region  (L51).  In  the  steps  of  Figs.  1A  to  1E  of 
the  present  invention,  the  patterning  regions  (the 
hydrogen-terminated  region  and  the  oxygen-termi- 

15  nated  region)  are  clearly  distinct  and  the  deposition 
is  caused  only  by  the  surface  reaction  (for  exam- 
ple,  aluminum  deposition  from  DMAH  and  H2), 
whereby  the  thin  film  can  be  deposited  in  a 
breadth  of  0.1  urn. 

20  The  outline  and  the  feature  are  described 
above  regarding  the  steps  of  Figs.  1A  to  1E.  The 
concrete  means  for  this  steps  is  described  below  in 
more  detail. 

The  termination  with  a  hydrogen  monoatomic 
25  layer  on  the  silicon  surface  in  Fig.  1A  could  be 

achieved  by  treatment  with  a  chemical  reagent. 
An  silicon  wafer  is  washed  with  a  known  wash- 

ing  solution  (e.g.,  H2S04  +  H202,  and 
NH40H  +  H202  +  H20),  rinsed  with  pure  water,  then 

30  immersed  in  dilute  HF  solution,  and  rinsed  with 
pure  water  to  terminate  the  silicon  surface  with 
hydrogen  atoms  in  a  monoatomic  layer.  The  hy- 
drogen  termination  of  the  surface  is  confirmed  by 
infrared  spectrum  measurement  by  means  of  FT-IR 

35  spectrometer  or  observation  with  STM.  In  the  rins- 
ing,  hot  water  may  be  used  in  place  of  the  pure 
water  for  hydrogen  termination  of  the  silicon  sur- 
face. 

The  important  point  is  that  the  silicon  surface- 
40  terminating  hydrogen  is  capable  of  existing  stably 

for  about  one  to  two  hours  in  the  atmosphere 
without  forming  spontaneous  oxidation  film.  In  an 
ultra-high  vacuum,  the  terminating  hydrogen  exists 
stably  for  about  5  to  10  hours  on  the  silicon  sur- 

45  face.  The  hydrogen  atom  termination  of  the  silicon 
surface  is  well  known  in  the  field  of  the  ultra  LSI 
process  employing  silicon  and  the  field  of  surface 
science. 

In  the  present  invention,  the  silicon  wafer  is 
50  chemically  treated  by  the  procedure  below: 

a)  Treatment  with  a  mixed  solution  of  NH+OH, 
H202,  and  H20;  water  washing  (1);  treatment 
with  a  solution  of  HF/H20  (1/100);  and  water 
washing  (2),  or 

55  b)  Treatment  with  a  solution  of  H2S04/H202  - 
(4/1);  water  washing  (1);  treatment  with  a  solu- 
tion  of  HF/H20  (1/100);  and  water  washing  (2). 

4 
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The  aforementioned  water  washing  (2)  is  pref- 
erably  conducted  for  zero  to  30  minutes,  more 
preferably  for  5  to  15  minutes.  The  composition  of 
the  treating  solutions,  the  washing  time  and  the 
treatment  order  may  be  different  from  the  above  in 
application  of  the  present  invention,  provided  that 
the  silicon  surface  can  be  terminated  with  hydro- 
gen  atoms. 

In  another  method  of  terminating  the  silicon 
surface  with  hydrogen  atoms  in  monoatomic  layer 
thickness,  in  addition  to  the  above  chemical  treat- 
ment,  for  example,  the  silicon  is  heat-treated  at 
1000°C  to  1200°C  under  ultra-high  vacuum  at  a 
pressure  of  10-10  Torr  or  less,  and  then  atomic 
hydrogen  is  supplied  onto  the  surface  of  the  silicon 
to  terminate  the  silicon  surface  with  hydrogen. 

The  hydrogen  monoatomic  layer  on  the  silicon 
surface  as  described  above  is  the  "atomic  resist" 
of  the  present  invention.  It  may  be  called  an  atomic 
layer  resist.  Although  the  atomic  layer  resist  has 
ideally  a  thickness  of  a  monoatomic  layer,  it  may 
has  two  or  more  atomic  layer  thickness,  or  a  mon- 
oatomic  layer  and  a  plurality  of  atomic  layers  may 
mixedly  exist  on  the  wafer  surface. 

For  hydrogen  termination  of  the  silicon  surface, 
the  procedure  of  chemical  treatment  in  the  at- 
mosphere  is  simpler  and  more  preferable  than  the 
procedure  of  ultra-high  vacuum  heat  treatment  and 
subsequent  atomic  hydrogen  supply. 

Fig.  1A  shows  the  case  where  the  substrate 
101  is  (111  )Si.  However,  the  principle  of  the  pro- 
cess  of  Figs.  1A  to  1E  is  not  changed  in  the  cases 
of  (100)Si,  (110)Si,  silicon  substrates  having  other 
face  orientation,  and  those  having  an  off-angle.  In 
the  case  of  a  substrate  having  an  off-angle,  since  it 
has  increased  step  density  of  atomic  levels  on  the 
silicon  surface,  a  so-called  just  substrate  having 
off-angle  of  about  ±0.5  °  or  less  gave  higher  quality 
of  the  aluminum  film  obtained  from  the  steps  of 
Figs.  1Ato  1E. 

Fig.  1B  illustrates  a  step  of  patterning  of  the 
terminating  hydrogen  atoms  on  the  silicon  surface. 
An  electron  beam,  an  ion  beam,  ultraviolet  light,  or 
the  like  (106  in  Fig.  1B)  is  irradiated  the  substrate 
surface  for  exposure  of  the  atomic  resist.  When  the 
energy  of  the  beam  106  is  larger  than  the  bond 
energy  of  the  Si-H  bond  (reported  to  be  about  3 
eV),  the  Si-H  bond  dissociates  and  the  hydrogen 
atom  105  is  released  from  the  Si  surface  to  give  a 
free  bond  of  silicon  atom.  The  used  beam  106 
includes  specifically  electron  beams,  ion  beams, 
and  ultraviolet  rays  as  mentioned  above. 

An  electron  beam  formed  by  accelerating  volt- 
age  of  about  0.5  kV  or  higher  dissociates  the 
hydrogen  to  realize  the  steps  of  Figs.  1  C  to  1  E.  For 
example,  the  electron  beam  could  be  used  which 
was  formed  by  accelerating  voltage  of  about  25  kV 
or  about  50  kV  and  had  electron  beam  diameter  of 

from  about  80  A  to  about  1  urn  at  beam  current  of 
from  about  5  pA  to  5000  pA.  The  irradiation  dose 
of  the  electron  beam  of  about  5  x  1015  - 
(electrons/cm2)  or  more  enables  the  practice  of  the 

5  steps  of  Figs.  1A  to  1E.  The  irradiation  dose  of 
about  1.5  x  101G  (electrons/cm2)  or  more  was  pref- 
erably  necessary. 

In  Fig.  1B,  the  electron  beam  is  projected  to 
irradiate  simultaneously  the  region  on  which  elimi- 

io  nation  of  the  terminating  hydrogen  atoms  is  desired 
to  be  caused.  The  electron  beam  may  be  projected 
simultaneously  in  a  desired  pattern  as  shown  in 
Fig.  1B,  or  may  be  allowed  to  scan  the  desired 
portion  in  a  fine  beam  form.  In  this  irradiation,  the 

is  substrate  is  not  heated  with  special  heating  means. 
The  terminating  hydrogen  on  the  silicon  substrate 
is  reported  to  be  released  at  about  41  0  °  C  at  an  Si- 
H  site,  and  at  about  535  °C  at  an  Si-H2  site  (Liehr 
et  al.:  Ext.  Abs.  of  the  22nd  (1990)  International 

20  Conference  on  Solid  State  Devices  and  Materials, 
Sendai,  1990,  pp.  1099  -  1112). 

In  the  step  of  Fig.  1B,  when  the  substrate  was 
irradiated  with  the  electron  beam  106  or  the  like 
while  heating,  the  terminating  hydrogen  could  be 

25  released  by  a  small  irradiation  dose  of  electron 
beam  in  comparison  with  the  case  at  a  room  tem- 
perature.  For  example,  when  the  step  of  Fig.  1B 
was  conducted  by  using  the  substrate  heated  to 
about  200  °  C  and  irradiating  with  an  electron  beam 

30  of  25  kV  and  0.6  urn  in  diameter  in  a  dose  of  1  x 
10-13  electrons/cm2,  an  aluminum  thin  film  was 
formed  only  at  the  non-irradiated  portion  through 
the  steps  of  Figs.  1  C  to  1  E. 

When  the  step  of  Fig.  1A  is  conducted  by 
35  chemical  treatment  and  the  step  of  Fig.  1B  is 

conducted  by  electron  beam  irradiation,  the  sub- 
strate  101  may  be  delivered  through  the  air  to  the 
apparatus  for  the  step  of  Fig.  1B.  For  example, 
when  a  commercial  electron  beam  exposure  sys- 

40  tern  is  employed  in  the  step  of  Fig.  1B,  the  sub- 
strate  101  after  the  step  of  Fig.  1A  is  transported 
through  the  air  to  the  exposure  chamber  (kept  at  a 
vacuum)  of  the  electron  beam  exposure  system. 
When  the  degree  of  vacuum  in  the  vacuum  cham- 

45  ber  for  irradiating  with  the  electron  beam  was  a 
pressure  of  about  1  x  10_+  Torr  or  lower,  there  is 
no  trouble  in  the  steps  of  Figs.  1A  to  1E.  If  the 
substrate  101  is  heated  at  the  electron  beam  irra- 
diation,  the  degree  of  vacuum  is  preferably  a  pres- 

50  sure  of  1  x  10_G  Torr  or  lower.  At  the  pressure  of  1 
x  10_G  Torr  or  higher,  aluminum  is  not  deposited 
onto  the  portion  irradiated  with  an  electron  beam  in 
the  steps  of  Figs.  1A  to  1E,  but  aluminum  is 
deposited  onto  the  non-irradiated  portion.  However, 

55  at  the  pressure,  the  quality  of  the  deposited  alu- 
minum  film  was  poor.  For  example,  in  the  step  of 
Fig.  1B,  when  the  electron  beam  irradiation  was 
conducted  at  200  °C  at  a  pressure  of  1  x  10_G 

5 
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Torr  or  lower  (e.g.,  1  x  10-7  Torr)  [Step  A],  or  at 
200  °C  at  a  pressure  of  1  x  10_G  Torr  or  higher 
(e.g.,  1  x  10-5  Torr)  [Step  B],  and  the  steps  of 
Figs.  1A,  1C,  1D,  and  1E  are  conducted  in  the 
same  manner  respectively,  the  formed  aluminum 
thin  film  in  Step  A  was  monocrystalline,  but  the 
formed  aluminum  thin  film  in  Step  B  was  poor  in 
the  surface  morphology  and  the  half  width  value  of 
the  rocking  curve  of  X-ray  diffraction  was  unsatis- 
factory  although  the  aluminum  thin  film  was  mon- 
ocrystalline. 

As  the  beam  106  (energy  ray)  useful  in  the 
step  of  Fig.  1B,  ion  beams  of  such  as  O2"1",  O-,  N2+ 
,  Ar+,  and  the  like  can  be  used  in  addition  to  the 
above  electron  beam.  Further,  ion  beams  of  Xe,  Kr, 
He,  Ne,  etc.  may  be  used.  In  the  case  where  an 
O2"1"  ion  beam  was  used,  an  aluminum  thin  film 
could  be  selectively  formed  on  the  non-irradiated 
region  by  eliminating  the  surface  hydrogen  on  the 
silicone  substrate  101  at  the  accelerating  voltage  of 
not  lower  than  about  0.5  kV  and  treating  the  sub- 
strate  through  the  steps  of  Figs.  1C  to  1E.  The 
accelerating  voltage  was  preferably  not  lower  than 
3  kV.  The  irradiation  dose  of  the  O2"1"  ion  beam  was 
not  less  than  about  1  x  1013  ions/cm2.  If  the 
substrate  101  was  heated  on  irradiation  of  the  O2"1" 
ion  beam,  the  required  dose  of  the  ion  beam  irra- 
diation  for  the  surface  hydrogen  elimination  was 
about  5  x  1011  ions/cm2  or  more.  By  irradiation  of 
the  O2"1"  ion  beam,  hydrogen  atoms  at  the  irradiated 
portion  are  eliminated  as  shown  in  Fig.  1B,  and  the 
surface  silicon  atoms  after  the  elimination  of  the 
hydrogen  atoms  are  terminated  with  oxygen  as 
shown  in  Fig.  1C.  In  the  cases  where  another  kind 
of  ion  beam,  such  as  ion  beams  of  Ar+,  He+,  Ne+, 
Kr+,  and  N2+  is  irradiated,  the  hydrogen  atoms  are 
eliminated  as  shown  in  Fig.  1B  to  form  only  free 
bonds  of  silicon  in  the  absence  of  oxygen  or  mois- 
ture  in  the  atmosphere  similarly  as  in  the  case  of 
an  electron  beam. 

In  the  step  of  Fig.  1B,  ultraviolet  light  of 
wavelength  of  4000  A  or  less  could  be  also  used. 
For  example,  an  i-line  stepper  (wavelength:  365 
nm),  a  commercial  projection  aligner,  is  useful. 
Excimer  laser  steppers  employing  KrF  (wavelength: 
248  nm)  or  ArF  (wavelength:  193  nm)  could  be  also 
useful.  Further,  SOR  light  (synchrotron  radiation 
light)  could  be  used. 

After  the  treatment  of  Fig.  1B,  the  substrate 
101  is  exposed  to  the  air,  as  shown  in  Fig.  1C,  to 
bond  oxygen  atoms  to  the  surface  silicon  atoms  at 
the  sites  from  which  the  terminating  hydrogen 
atoms  have  been  eliminated.  The  layer  bonding 
with  the  oxygen  atoms  has  also  an  extremely  thin, 
that  is,  monoatomic  layer  thickness  or  several 
atomic  layer  thickness.  Thus,  a  hydrogen-termi- 
nated  region  and  an  oxygen-terminated  region  are 
formed  in  the  steps  of  Figs.  1B  to  1C.  The  steps 

shown  in  Figs.  1A  to  1E  gives  terminating  hy- 
drogens  as  the  resist  in  a  monoatomic  layer  thick- 
ness.  Therefore  the  resolution  at  the  substrate  sur- 
face  is  in  an  atomic  size  level. 

5  In  the  step  of  Fig.  1C,  the  substrate  101  may 
be  exposed  to  an  atmosphere  of  oxygen  or  ozone 
in  place  of  the  air.  Otherwise,  the  steps  of  Fig.  1B 
and  Fig.  1C  may  be  practiced  in  one  step  by 
irradiation  of  an  electron  beam  or  an  ion  beam  in 

10  vacuum  where  oxygen  or  ozone  is  introduced. 
In  the  steps  of  Fig.  1B,  introduction  of  a  chlo- 

rine  type  gas  or  a  fluorine  type  gas  such  as  Cb, 
CCk,  and  CF4  into  the  vacuum  enables  decrease 
of  the  required  dose  of  the  ion  beam  irradiation  or 

15  electron  beam  irradiation  for  elimination  of  the  ter- 
minating  hydrogen  atoms. 

In  the  steps  of  Fig.  1D  and  Fig.  1E,  aluminum 
is  deposited  only  onto  the  hydrogen-terminated 
portion  of  the  substrate  having  been  treated  in  the 

20  step  of  Fig.  1C. 
A  preferred  method  for  aluminum  deposition  is 

the  chemical  vapor  deposition  method  by  use  of 
DMAH  ((CH3)2AIH)  and  H2  which  have  been  dis- 
closed  by  the  inventors  of  the  present  invention  in 

25  the  aforementioned  U.S.  Patent  No.  5,179,042.  In 
the  chemical  vapor  deposition  method  using  DMAH 
109  and  H2  108  as  described  this  U.S.  Patent  in 
detail,  the  reaction  of  aluminum  deposition  on  sili- 
con  depends  on  the  following  three  factors:  (1) 

30  catalytic  contribution  of  the  free  electrons  110  ex- 
isting  on  the  surface  to  the  surface  reaction,  (2)  the 
terminating  hydrogen  111  on  the  silicon  surface, 
and  (3)  formation  of  methane  (CH+)  by  the  selec- 
tive  reaction  of  the  terminating  hydrogen  111  on 

35  the  surface  and  the  methyl  group  (CH3  group)  in 
the  DMAH  molecule.  As  shown  in  Figs.  1D  and  1E, 
aluminum  114  is  deposited  on  the  hydrogen  termi- 
nated  surface  where  all  of  the  aforementioned  three 
factors  are  satisfied.  After  the  aluminum  deposition, 

40  hydrogen  atoms  (H)  of  the  DMAH  come  to  exist  as 
the  terminating  hydrogen  115.  Since  the  aluminum 
has  free  electrons  113,  the  steps  of  Figs.  1D  and 
1  E  proceed  spontaneously. 

Aluminum  deposition  reaction  does  not  occur 
45  in  the  region  to  terminated  with  hydrogen  atom,  for 

example,  in  the  region  where  the  electron  beam 
106  has  been  irradiated  since  the  terminating  hy- 
drogen  on  the  surface  is  absent. 

The  aluminum-deposition  region  is  considered 
50  below.  The  aluminum  deposition  reaction  from 

DMAH  and  H2  gives  incessantly  terminating  hy- 
drogen  atoms  on  the  aluminum  surface.  Therefore, 
the  aluminum  deposition  in  the  steps  of  Figs.  1D 
and  1E  does  not  tend  to  spread  to  the  oxygen- 

55  terminated  region,  so  that  aluminum  deposits  only 
onto  the  hydrogen-terminated  surface  even  when 
the  oxygen-terminated  surface  is  in  monoatomic 
thickness  or  several  atomic  thickness. 

6 
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Since  the  terminating  hydrogen  atoms  on  the 
silicon  surface  arrange  regularly,  the  aluminum  film 
formed  on  the  hydrogen  terminated  region  given 
by  the  steps  of  Figs.  1A  to  1E  is  monocrystalline 
as  described  in  the  aforementioned  U.S.  Patent. 

In  the  steps  of  Figs.  1D  and  1E,  the  preferred 
conditions  of  aluminum  deposition  are  the  total 
pressure  of  from  about  10-3  Torr  to  about  760 
Torr,  the  DMAH  partial  pressure  of  from  about  1  .5 
x  10-5  times  to  about  1  x  10-2  times  the  total 
pressure,  and  the  deposition  temperature  of  from 
about  200  °  C  to  about  450  °  C:  more  preferably,  the 
total  pressure  of  from  about  0.1  Torr  to  about  5 
Torr,  the  DMAH  partial  pressure  of  from  1  x  10-3 
times  of  1.5  x  10-3  times  the  total  pressure,  and 
the  deposition  temperature  of  from  about  200  °  C  to 
about  350  °  C. 

As  the  gaseous  starting  materials,  MMAH  (- 
(CH3)AIH2)  and  H2  may  be  used  in  place  of  the 
above  DMAH  and  H2.  DMAH  and  MMAH  may  be 
used  in  combination.  Since  the  vapor  pressure  of 
MMAH  is  undesirably  low,  DMAH  is  preferably 
used.  Furthermore,  if  SiH+,  Si2HG,  SiHCI3,  SiH2CI2, 
SiH3CI,  or  S\Ck  is  fed  simultaneously  with  the 
gaseous  aluminum  compound,  Al-Si  containing  sili- 
con  at  a  concentration  of  from  about  10-3  %  to 
about  2%  can  be  formed  only  on  the  hydrogen- 
terminated  surface. 

The  procedure  for  the  deposition  steps  of  Figs. 
1D  and  1E  is  described  below  in  more  detail. 

Fig.  3  illustrates  schematically  an  example  of 
deposition  film  forming  system  which  is  applicable 
to  the  film  forming  process  of  the  present  inven- 
tion. 

A  substrate  1  is  a  substrate  for  forming  an  Al 
film  or  an  Al-Si  film.  The  substrate  1  is  placed  on  a 
substrate  holder  3  provided  inside  the  reaction  tube 
2  which  constitutes  a  substantially  closed  space  for 
the  deposition  film  formation.  The  reaction  tube  2  is 
preferably  made  of  quartz,  but  may  be  made  of  a 
metal.  If  the  reaction  tube  is  made  of  a  metal,  the 
reaction  tube  is  desirably  cooled.  The  substrate 
holder  3  is  made  of  a  metal,  and  is  provided  with  a 
heater  4  for  heating  the  substrate  placed  thereon. 
The  temperature  of  the  substrate  is  controlled  by 
controlling  the  heating  temperature  of  the  heater  4. 

The  gas  supplying  system  is  constituted  as 
below.  A  gas  mixer  5  mixes  a  first  starting  material 
gas  with  a  second  starting  material  gas,  and  sup- 
plies  the  resulting  gaseous  mixture  to  the  reaction 
tube  2.  The  starting  material  gas  evaporator  6 
evaporates  an  organoaluminum  compound  as  the 
first  starting  material  gas.  Since  the  organometallic 
compound  used  in  the  present  invention  is  liquid  at 
room  temperature,  a  carrier  gas  is  passed  through 
the  liquid  organometal  compound  to  form  saturated 
vapor  thereof,  and  the  saturated  vapor  is  intro- 
duced  into  the  gas  mixer  5. 

The  evacuation  system  is  constituted  as  below. 
A  gate  valve  7  is  opened  when  a  large  quantity  of 
evacuation  is  to  be  conducted,  for  example,  at  the 
time  of  evacuation  of  the  reaction  tube  2  before  the 

5  deposition  film  formation.  A  slow  leak  valve  8  is 
opened  when  a  small  quantity  of  evacuation  is  to 
be  conducted,  for  example,  for  controlling  the  inter- 
nal  pressure  of  the  reaction  tube  2  during  the 
deposition  film  formation.  An  evacuation  unit  9 

io  comprises  an  evacuation  pump  such  as  a  turbo 
molecular  pump. 

The  delivery  system  for  the  substrate  1  is 
constituted  as  below.  The  substrate  before  and 
after  the  deposition  film  formation  is  kept  in  the 

is  substrate  delivery  chamber  10.  The  substrate  deliv- 
ery  chamber  is  evacuated  by  opening  the  valve  1  1 
which  is  connected  to  an  evacuation  unit  12  com- 
prising  an  evacuation  pump  such  as  a  turbo  molec- 
ular  pump.  The  valve  13  is  opened  only  when  the 

20  substrate  1  is  transferred  between  the  reaction 
chamber  and  a  delivery  space. 

On  the  periphery  of  the  reaction  tube  2,  elec- 
trodes  16,  16a  and  16b  are  provided  as  plasma 
generation  means  capable  of  generating  plasma. 

25  An  AC  power  source  14  is  connected  thereto. 
As  shown  in  Fig.  3,  in  the  starting  material 

vaporizer  (gas-forming  chamber)  6  for  forming  the 
first  starting  material  gas,  hydrogen,  argon  or  an- 
other  inert  gas  is  bubbled  as  a  carrier  gas  into 

30  liquid  DMAH  kept  at  room  temperature  to  form 
gaseous  DMAH.  The  resulting  gaseous  DMAH  is 
introduced  to  the  mixer  5.  Hydrogen  as  the  other 
gaseous  reactant  is  introduced  to  the  mixer  5 
through  another  route.  The  flow  rates  of  the  gases 

35  are  controlled  respectively  so  as  to  maintain  the 
partial  pressures  at  desired  level. 

The  first  starting  material  gas  may  be  MMAH2. 
However,  DMAH  is  more  preferable  which  readily 
gives  the  vapor  pressure  of  1  Torr.  DMAH  and 

40  MMAH2  may  be  used  in  combination. 
The  silicon-containing  gas  as  a  second  starting 

material  gas  for  forming  an  Al-Si  film  includes 
Si2HG,  SiH+,  Si3H8,  Si(CH3)+,  SiCU,  SiH2CI2,  and 
SiH3CI.  Of  these,  Si2HG  is  the  most  suitable  which 

45  is  decomposable  at  a  low  temperature  of  200  to 
300  °C.  Si2HG  or  the  like  diluted  with  hydrogen  or 
argon  is  introduced  to  the  mixer  5  through  a  route 
different  from  that  of  the  DMAH,  and  then  to  the 
reaction  tube  2. 

50  A  gaseous  mixture  containing  DMAH  and  H2 
for  depositing  Al,  or  a  gaseous  mixture  containing 
DMAH,  Si2HG  and  H2  for  depositing  Al-Si  is  sup- 
plied  onto  a  substrate  1  heated  at  the  decomposi- 
tion  temperature  or  higher  of  DMAH  but  not  higher 

55  than  450  °C.  Thereby  Al  or  Al-Si  deposits  only  on 
the  hydrogen-terminated  portion  to  form  a  continu- 
ous  film  of  Al  or  Al-Si  as  shown  in  Fig.  2B. 

7 
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The  temperature  of  the  substrate  during  the 
deposition  is  desirably  at  a  temperature  of  not 
lower  than  the  decomposition  temperature  of  the 
aluminum-containing  starting  material  gas  and  not 
higher  than  450  °C  as  mentioned  above.  Specifi- 
cally,  the  substrate  temperature  is  preferably  in  the 
range  of  from  200  to  450  °C.  Under  such  a  tem- 
perature  condition,  aluminum  is  deposited  on  the 
hydrogen-terminated  surface  at  an  internal  pres- 
sure  of  the  reaction  vessel  of  from  10-3  Torr  to  760 
Torr  and  a  partial  pressure  of  DMAH  of  from  1  .6  x 
10-5  times  to  1.3  x  10-3  times  the  internal  pres- 
sure  of  the  reaction  vessel.  More  preferably,  at  a 
temperature  of  from  200  °C  to  350  °C  at  a  total 
pressure  of  from  0.01  Torr  to  5  Torr,  monocrystal- 
line  aluminum  without  carbon  could  be  deposited 
only  on  the  hydrogen-terminated  portion. 

The  procedure  of  the  steps  of  Figs.  1A  to  1E 
are  described  above. 

In  the  step  of  Fig.  1B,  the  terminating  hydrogen 
on  the  silicon  surface  may  be  eliminated  by  means 
of  an  STM  tip  by  one  atom  or  several  atoms  of 
hydrogen.  When  STM  is  employed,  it  is  preferred 
to  use  two  or  more  STM  tips  to  increase  the 
number  of  the  hydrogen  atoms  to  be  eliminated 
simultaneously.  With  the  present  level  of  the  tech- 
nique,  an  electron  beam  can  be  scanned  elec- 
trically  readily. 

With  the  present  level  of  the  technique,  the 
electron  beam  can  readily  be  narrowed  to  about  80 
A,  so  that  an  electron  beam  is  preferably  used  for 
forming  aluminum  lines  or  aluminum  lines  and 
spaces  at  a  breadth  of  0.1  urn  or  less.  An  O2"1"  or 
Ar+  ion  beam  of  about  1  urn  in  beam  diameter 
could  form  aluminum  lines  and  space  in  a  dimen- 
sion  of  about  1  .5  urn. 

The  influence  of  the  atmosphere  in  Figs.  1A  to 
1E  was  investigated.  The  terminating  hydrogen 
atoms  in  Fig.  1A  is  formed  by  chemical  treatment 
in  the  air.  The  treated  substrate  is  delivered 
through  the  air,  and  then  an  electron  beam  is 
projected  thereon  is  vacuo  in  an  electron  beam 
exposure  system.  The  substrate  was  delivered 
again  through  the  air,  and  aluminum  was  deposited 
thereon  by  means  of  a  CVD  apparatus.  Even  when 
the  substrate  is  delivered  several  times  through  the 
air,  aluminum  is  deposited  only  on  the  hydrogen- 
terminated  surface.  This  is  the  feature  of  the 
present  invention.  Naturally,  all  of  the  steps  may  be 
practiced  in  vacuum  or  in  an  nitrogen  atmosphere 
without  the  air,  or  the  step  of  Fig.  1C  may  be 
practiced  in  an  oxygen  or  ozone  atmosphere  in  the 
absence  of  the  air.  The  present  invention  enables 
formation  of  aluminum  lines  in  a  dimension  of  0.1 
urn  or  less,  about  100  A,  by  using  the  terminating 
hydrogen  in  monoatomic  layer  thickness  on  the 
surface  and  by  such  a  simple  manner  of  delivering 
in  the  air.  This  is  the  great  feature  of  the  present 

invention. 
The  selective  aluminum  growth  on  the  silicon 

surface  by  use  of  DMAH  and  hydrogen  depends 
on  the  following  three  factors:  (1)  catalytic  action  of 

5  free  electron  on  the  surface  towards  the  surface 
reaction  (that  is  use  of  electron-donative  substrate 
having  free  electrons  capable  of  contributing  the 
surface  reaction),  (2)  terminating  hydrogen  atoms 
on  the  silicon  surface,  and  (3)  formation  of  methane 

10  (CH4)  from  the  selective  reaction  of  the  terminating 
hydrogen  on  the  surface  with  the  methyl  group 
(CH3  group). 

The  present  invention  provides  a  process  for 
forming  fine  aluminum  pattern  on  a  silicon  surface, 

15  and  proves  at  the  same  time  the  above-described 
formation  mechanism  experimentally. 

The  present  invention  is  described  below  in 
more  detail  with  the  Examples,  but  the  invention  is 
not  limited  by  the  Examples. 

20  For  facilitating  the  understanding  of  the  exam- 
ples,  the  outline  of  the  Examples  is  shown  prior  to 
the  description  of  the  respective  Examples. 

Outline  of  Examples 
25 

Example  1:  Basic  example  employing  electron 
beam, 
Example  2:  Washing  time  of  Example  1  was 
changed, 

30  Example  3:  Dose  of  electron  beam  irradiation  of 
Example  1  was  changed, 
Example  4:  Electron  beam  was  irradiated  while 
the  substrate  was  being  heated  in  Example  3, 
Example  5:  Oxygen  and  ozone  were  used  as 

35  electron  beam  irradiation  atmosphere  in  Exam- 
ple  1, 
Example  6:  Deposition  conditions  of  Example  1 
was  changed, 
Example  7:  Material  of  the  substrate  of  Exam- 

40  pies  1  to  6  was  changed, 
Example  8:  Hydrogen  termination  was  conduct- 
ed  by  heating  in  ultrahigh  vacuum  and  feeding 
of  atomic  hydrogen  in  Examples  1  to  7; 
Example  9:  Example  employing  electron  beam 

45  (other  than  O2  ion), 
Example  10:  Washing  time  of  Example  9  was 
changed, 
Example  11:  Dose  of  electron  beam  irradiation 
of  Example  9  was  changed, 

50  Example  12:  Electron  beam  was  irradiated  while 
the  substrate  was  being  heated  in  Example  1  1  , 
Example  13:  Oxygen  and  ozone  were  used  as 
electron  beam  irradiation  atmosphere  in  Exam- 
ple  9, 

55  Example  14:  Deposition  conditions  of  Example  9 
was  changed, 
Example  15:  Material  of  the  substrate  of  Exam- 
ples  9  to  14  was  changed, 

8 
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Example  16:  Hydrogen  termination  was  conduct- 
ed  by  heating  in  ultra-high  vacuum  and  feeding 
of  atomic  hydrogen  in  Examples  9  to  15, 
Example  17:  Example  employing  electron  beam 
(O2  ion), 
Example  18:  Washing  time  of  Example  17  was 
changed, 
Example  19:  Dose  of  electron  beam  irradiation 
of  Example  17  was  changed, 
Example  20:  Electron  beam  was  irradiated  while 
the  substrate  was  being  heated  in  Example  19, 
Example  21:  Deposition  conditions  of  Example 
17  was  changed, 
Example  22:  Material  of  the  substrate  of  Exam- 
ples  17  to  21  was  changed,  and 
Example  23:  Hydrogen  termination  was  conduct- 
ed  by  heating  in  ultrahigh  vacuum  and  feeding 
of  atomic  hydrogen  in  Examples  17  to  22. 

Example  1 

In  the  steps  of  Figs.  1A  to  1E,  aluminum  was 
deposited  on  a  silicon  substrate  under  the  following 
conditions. 

The  substrate  was  n-type  (111  )Si  having  a  re- 
sistivity  of  1  to  2  Ocm. 

The  surface  of  the  silicon  substrate  was  termi- 
nated  with  hydrogen  as  shown  in  Fig.  1A  by  chemi- 
cal  treatment  according  to  the  procedure  as  shown 
in  (1)  to  (4)  below: 

(1)  Washing  with  a  mixture  of  H2SO+:H202  (1:4), 
(2)  Rinsing  with  pure  water, 
(3)  Immersion  in  a  mixture  of  HF:H20  (1:100)  for 
1  minute,  and 
(4)  Rinsing  with  pure  water  for  10  minutes. 
Then  the  substrate  was  delivered  through  the 

air,  and  a  portion  of  the  substrate  surface  was 
irradiated  with  an  electron  beam  in  vacuo.  The 
accelerating  voltage  of  the  electron  beam  was  25 
kV,  and  the  dose  of  the  electron  beam  irradiation 
was  5  x  1017  electrons/cm2. 

After  the  electron  beam  irradiation,  the  sub- 
strate  was  delivered  through  the  air  to  an  aluminum 
deposition  apparatus.  Hydrogen  and  DMAH  [(CH3)- 
2AIH]  were  used  as  the  starting  materials.  Alu- 
minum  was  deposited  under  the  conditions  of  the 
total  pressure  of  1.2  Torr,  the  DMAH  partial  pres- 
sure  of  1x10-3  times  the  total  pressure,  the  deposi- 
tion  temperature  of  270  0  C,  and  the  deposition  time 
of  about  5  minutes. 

Figs.  2A  and  2B  illustrate  schematically  the 
microphotograph  of  the  aluminum  surface.  Fig.  2A 
is  illustrates  a  block  pattern  and  Fig.  2B  illustrates 
a  line-and-space  pattern.  The  black  portion  20  is  a 
region  irradiated  with  the  electron  beam  and  is  not 
deposited  with  aluminum  thereon.  On  the  white 
portion,  aluminum  is  deposited.  Thereby,  it  was 
clearly  confirmed  that  aluminum  does  not  deposit 

on  the  electron  beam-irradiated  portion,  but  depos- 
its  on  the  non-irradiated  portion.  In  Fig.  2A,  L2i  is 
about  2  urn  long,  L22  is  about  1  urn  long,  and  L23 
is  about  0.5  urn,  and  the  aluminum  non-deposited 

5  regions  are  formed  in  a  similar  shape. 
The  composition  of  the  aluminum  film  was 

evaluated  by  photoelectron  spectroscopy,  and  it 
was  found  that  the  contents  of  carbon  and  oxygen 
was  below  the  detection  limit  (0.1%  for  the  em- 

10  ployed  apparatus).  The  crystallinity  of  the  alumi- 
num  film  was  evaluated  by  X-ray  diffraction  and 
RHEED  (reflection  high  energy  electron  diffraction), 
and  it  was  found  that  the  film  was  monocrystalline 
(100)  aluminum. 

15 
Example  2 

The  procedure  was  the  same  as  in  Example  1 
except  that  the  time  of  rinsing  with  pure  water  was 

20  0  minute,  one  minute,  5  minutes,  10  minutes,  20 
minutes  and  60  minutes  after  the  immersion  [(3): 
Immersion  in  a  mixture  of  HF:H20  (1:100)  for  1 
minute]  in  the  step  of  Fig.  1A. 

In  any  of  the  above  cases,  aluminum  did  not 
25  deposit  on  the  portion  which  was  irradiated  with  the 

electron  beam,  and  deposited  on  the  portion  which 
was  not  irradiated  with  the  electron  beam  as  in 
Example  1.  However,  the  quality  of  deposited  alu- 
minum  films  was  not  the  same  although  every 

30  aluminum  films  were  monocrystals  in  any  cases. 
As  the  result  of  evaluation  of  half-width  value  of 
rocking  curve  by  X-ray  diffraction,  the  aluminum 
film  of  the  case  of  10-minute  water  washing  exhib- 
ited  the  smallest  half-width  value  of  the  rocking 

35  curve  and  had  high  crystallinity.  The  smallest  half- 
width  value  was  about  0.2°  which  is  approximate 
to  the  lower  detection  limit  of  half-width  of  the 
employed  apparatus. 

40  Example  3 

The  procedure  was  the  same  as  in  Example  1 
except  that  the  acceleration  voltage  and  the  irradia- 
tion  dose  of  the  electron  beam  were  changed.  The 

45  acceleration  voltage  of  the  electron  beam  was  ad- 
justed  to  1  kV,  5  kV,  10  kV,  25  kV,  or  50  kV.  The 
dose  of  the  electron  beam  irradiation  was: 

1  x  1012  electrons/cm2,  5  x  1012  electrons/cm2, 
1  x  1013  electrons/cm2,  5  x  1013  electrons/cm2, 

50  1  x  10H  electrons/cm2,  5  x  10H  electrons/cm2, 
1  x  1015  electrons/cm2,  5  x  1015  electrons/cm2, 
1  x  101G  electrons/cm2,  1.5  x  101G 

electrons/cm2, 
3  x  101G  electrons/cm2  5  x  101G  electrons/cm2, 

55  1  x  1017  electrons/cm2,  5  x  1017  electrons/cm2, 
or 

1  x  1018  electrons/cm2. 

9 
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Irrespectively  of  the  acceleration  voltage,  the 
results  below  were  obtained. 

At  the  electron  beam  irradiation  of  about  5  x 
1015  electrons/cm2  or  more,  aluminum  did  not  de- 
posit  on  the  irradiated  region,  and  deposited  on  the 
non-irradiated  region  as  in  Example  1  .  At  the  elec- 
tron  beam  irradiation  dose  of  not  less  than  about  1 
x  1015  electrons/cm2  but  not  more  than  about  3  x 
101G  electrons/cm2,  although  aluminum  did  not  de- 
posit  on  the  irradiated  region,  formation  of  alu- 
minum  nuclei  was  observed  thereon  by  electron 
microscopy.  At  the  electron  beam  irradiation  of  not 
less  than  about  3  x  101G  electrons/cm2,  formation  of 
aluminum  nuclei  was  not  observed. 

Example  4 

The  procedure  was  the  same  as  in  Example  3 
except  that  the  heating  temperature  condition  of 
substrate  heating  was  "no  heating",  100  °C, 
200  •  C,  300  •  C,  400  •  C,  or  450  •  C. 

In  order  to  differentiate  distinctly  the  aluminum 
deposition  at  the  irradiated  portion  from  that  at  the 
non-irradiated  portion  as  shown  in  Figs.  2A  and  2B, 
more  than  a  certain  dose  of  electron  beam  has  to 
be  irradiated  as  shown  in  Example  3.  This  dose  is 
called  the  critical  electron  beam  irradiation  dose.  In 
Example  3,  the  critical  electron  beam  irradiation 
dose  was  about  5  x  1015  electrons/cm2  or  more. 

When  the  electron  beam  was  irradiated  with 
heating  of  the  substrate,  the  critical  electron  beam 
irradiation  dose  became  lower. 

In  the  electron  beam  irradiation  at  the  substrate 
temperature  of  200  °C,  the  critical  electron  beam 
irradiation  dose  was  about  1  x  1013  electrons/cm2. 

At  the  substrate  temperature  of  400  °C,  the 
critical  electron  beam  irradiation  dose  was  about  1 
x  1013  electrons/cm2,  and  the  quality  of  the  alu- 
minum  film  deposited  on  the  non-irradiated  portion 
deteriorated:  the  half-width  value  of  the  rocking 
curve  of  X-ray  decreased  even  when  the  aluminum 
was  monocrystalline,  and  in  some  cases,  the  alu- 
minum  was  polycrystalline. 

In  the  electron  beam  irradiation  at  the  substrate 
temperature  of  450  °  C,  although  aluminum  is  to  be 
naturally  deposited  on  the  non-irradiated  portion  at 
this  temperature,  aluminum  was  deposited  in  a 
nucleus  state  and  did  not  deposited  in  some  por- 
tion.  This  is  considered  to  be  due  to  the  fact  that 
the  hydrogen  on  the  surface  of  the  silicon  was 
eliminated  on  heating  and  an  oxide  layer  was 
formed  on  exposure  to  the  air. 

Example  5 

The  electron  beam  was  made  to  irradiate  while 
introducing  oxygen  or  ozone  in  this  Example,  while 
in  Example  1  and  Example  3  the  electron  beam 

was  made  to  irradiate  in  vacuo.  After  the  irradiation, 
the  substrate  was  transferred  to  the  aluminum  de- 
position  apparatus  without  exposing  the  substrate 
to  the  air,  and  aluminum  was  deposited  thereon. 

5  Specifically,  during  the  transfer,  the  substrate  was 
kept  in  a  vacuum  box  or  in  vessel  filled  high-purity 
nitrogen.  The  moisture  in  the  high-purity  nitrogen 
corresponded  to  the  dew  point  of  -90  °  C. 

The  degree  of  vacuum  in  the  electron  beam 
io  irradiation  space  was  a  pressure  of  about  1  x  10-7 

Torr  or  less  before  the  introduction  of  oxygen  or 
ozone.  The  oxygen  or  ozone  was  introduced  to 
give  a  pressure  of  about  1  x  10-5  Torr.  The 
acceleration  voltage  of  the  electron  beam  was  ad- 

15  justed  to  1  kV,  5  kV,  10  kV,  25  kV,  or  50  kV.  The 
quantity  of  the  electron  beam  irradiation  was: 

1  x  1012  electrons/cm2,  5  x  1012  electrons/cm2, 
1  x  1013  electrons/cm2,  5  x  1013  electrons/cm2, 
1  x  10H  electrons/cm2,  5  x  10H 

20  electrons/cm2, 
1  x  1015  electrons/cm2,  5  x  1015 

electrons/cm2, 
1  x  101G  electrons/cm2,  1.5  x  101G 

electrons/cm2, 
25  3  x  101G  electrons/cm2,  5  x  101G 

electrons/cm2, 
1  x  1017  electrons/cm2,  5  x  1017 

electrons/cm2,  or 
1  x  1018  electrons/cm2. 

30  Irrespectively  of  the  acceleration  voltage  and 
the  introduced  gas  (oxygen  or  ozone  in  this  Exam- 
ple),  the  results  below  were  obtained. 

At  the  electron  beam  irradiation  dose  of  about 
5  x  1015  electrons/cm2  or  more,  aluminum  did  not 

35  deposit  on  the  irradiated  region,  and  deposited  on 
the  non-irradiated  region  as  in  Example  1.  At  the 
electron  beam  irradiation  dose  of  not  less  than 
about  1  x  1015  electrons/cm2  but  not  more  than 
about  3  x  101G  electrons/cm2,  formation  of  alu- 

40  minum  nuclei  was  observed  thereon  by  electron 
microscopy  although  aluminum  did  not  deposit  on 
the  irradiated  region.  At  the  electron  beam  irradia- 
tion  dose  of  not  less  than  about  3  x  101G 
electrons/cm2,  formation  of  aluminum  nuclei  was 

45  not  observed  in  the  irradiated  region. 

Example  6 

The  procedure  was  the  same  as  in  Example  1 
50  except  that  the  aluminum  deposition  conditions 

were  changed. 
At  the  deposition  temperature  of  270  °C,  with 

the  total  pressure  changed  in  the  range  of  from 
0.01  Torr  to  10  Torr,  aluminum  did  not  deposit  on 

55  the  electron  beam-irradiated  region,  but  deposited 
on  the  non-irradiated  region,  similarly  as  in  Exam- 
ple  1. 

10 
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At  the  total  pressure  of  1.5  Torr,  and  at  the 
deposition  temperature  of  200  °C,  230  °C,  270  °C, 
300  °C,  350  °C,  450  °C,  or  470  °C,  aluminum  did 
not  deposit  on  the  electron  beam-irradiated  region, 
but  deposited  on  the  non-irradiated  region.  At 
470  °C,  however,  the  resulting  aluminum  film  is 
contaminated  with  carbon.  The  half-width  of  the  X- 
ray  rocking  curve  took  the  least  value  in  the  alu- 
minum  film  deposited  at  about  230  °  C  to  350  °  C. 

Example  7 

The  same  experiments  were  conducted  as  in 
Examples  1  to  6  except  that  the  substrates  used 
were  silicon  wafers  shown  below. 

(Conductive  type) 

n-type,  and  p-type, 

(Resistivity) 

0.01  Ocm,  1  Ocm,  10  Ocm,  and  100  Ocm 
(These  resistivity  values  are  nominal  values 

shown  by  the  supplier.) 

(Face  orientation) 

(100)Si,  (110)Si,  (111)Si, 
(100)Si  tilting  to  <011>  direction  by  4°, 
(100)Si  tilting  to  <001>  direction  by  4°,  and 
(1  1  1  )Si  tilting  to  <011>  direction  by  4  °  , 
The  accuracy  of  the  face  orientation  was 

±0.5°. 
Aluminum  was  deposited  on  the  48  kinds  of 

silicon  wafers  (combinations  of  2  conductive  types 
x  4  kinds  of  resistivity  x  6  types  of  face  orienta- 
tion).  The  results  were  the  same  as  in  Example  1 
to  6. 

However,  difference  was  observed  in  the  initial 
growth  process  between  the  n-type  substrate  and 
the  p-type  substrate.  For  example  at  270  °C  by 
visual  observation,  after  the  DMAH  supply,  alu- 
minum  deposition  was  confirmed,  with  the  n-type 
substrate,  in  one  or  two  minutes,  while  with  the  p- 
type  substrate,  aluminum  deposition  was  confirmed 
in  about  2  to  3  minutes. 

Example  8 

In  the  above  Examples  1-7,  hydrogen  termina- 
tion  of  the  silicon  surface  was  conducted  by  chemi- 
cal  treatment.  On  the  contrary,  in  this  Example,  the 
hydrogen  termination  of  the  silicon  surface  was 
conducted  by  heating  the  substrate  in  ultra-high 
vacuum  and  supplying  atomic  hydrogen  thereto. 

The  silicon  substrate  was  washed  by  repeating 
the  steps  (1)  and  (2)  below  three  times,  and  then 

delivered  to  the  vacuum  vessel. 
(1)  Washing  with  a  mixture  of  H2SO+:H202  (1:4), 
and 
(2)  Rinsing  with  pure  water. 

5  In  a  vacuum  vessel  capable  of  giving  a  final 
pressure  of  1  x  10-10  Torr  or  lower,  the  silicon 
substrate  was  heated  up  to  1000°C  or  1200°C. 
Then  the  substrate  was  cooled  to  about  50  °  C  and 
atomic  hydrogens  were  supplied  onto  the  surface 

io  of  the  substrate.  The  degree  of  vacuum  in  the 
vacuum  vessel,  when  atomic  hydrogens  were  intro- 
duced,  was  about  1  x  10_G  Torr. 

After  the  above  steps,  the  experiment  was  con- 
ducted  in  the  same  manner  as  in  Examples  1-7. 

is  Consequently  similar  results  as  in  Examples  1- 
7  were  obtained. 

Example  9 

20  In  the  steps  of  Figs.  1A  to  1E,  aluminum  was 
deposited  on  a  silicon  substrate  under  the  con- 
ditions  below. 

The  substrate  was  n-type  (111  )Si  having  a  re- 
sistivity  of  1  to  2  0cm. 

25  The  surface  of  the  silicon  substrate  was  termi- 
nated  with  hydrogen  as  shown  in  Fig.  1A  by  chemi- 
cal  treatment  according  to  the  procedure  as  shown 
in  (1)  to  (4)  below: 

(1)  Washing  with  a  mixture  of  H2SO+:H202  (1:4), 
30  (2)  Rinsing  with  pure  water, 

(3)  Immersion  in  a  mixture  of  HF:H20  (1:100)  for 
1  minute,  and 
(4)  Rinsing  with  pure  water  for  10  minutes. 
Then  the  substrate  was  delivered  through  the 

35  air,  and  a  portion  of  the  substrate  surface  was 
irradiated  with  an  ion  beam  of  Ar+,  N2,  Xe,  Kr,  or 
Ne  in  vacuo.  The  accelerating  voltage  of  the  ion 
beam  was  10  kV,  and  the  dose  of  the  ion  beam 
irradiation  was  5  x  10H  ions/cm2. 

40  After  the  ion  beam  irradiation,  the  substrate 
was  delivered  through  the  air  to  an  aluminum  depo- 
sition  apparatus.  Hydrogen  and  DMAH  [(CH3)2AIH] 
were  used  as  the  starting  materials.  Aluminum  was 
deposited  under  the  conditions  of  the  total  pressure 

45  of  1.2  Torr,  the  DMAH  partial  pressure  of  1  x  10-3 
times  the  total  pressure,  the  deposition  temperature 
of  270  °C,  and  the  deposition  time  of  about  5 
minutes. 

The  results  were  the  same  as  in  Example  1: 
50  aluminum  did  not  deposited  on  the  ion-beam-irradi- 

ated  region,  but  deposited  on  the  non-irradiated 
region. 

The  composition  of  the  aluminum  film  was 
evaluated  by  photoelectron  spectroscopy,  and  it 

55  was  found  that  the  contents  of  carbon  and  oxygen 
was  below  the  detection  limit  (0.1%  for  the  em- 
ployed  apparatus).  The  crystallinity  of  the  alumi- 
num  film  was  evaluated  by  X-ray  diffraction  and 

11 
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RHEED  (reflection  high  energy  electron  diffraction), 
and  it  was  found  that  the  film  was  monocrystalline 
(100)  aluminum. 

Example  10 

The  procedure  was  the  same  as  in  Example  9 
except  that  the  time  of  rinsing  with  pure  water  was 
0  minute,  one  minute,  5  minutes,  10  minutes,  20 
minutes  and  60  minutes  after  the  immersion  [(3): 
Immersion  in  a  mixture  of  HF:H20  (1:100)  for  1 
minute]  in  the  step  of  Fig.  1A,  similarly  as  in 
Example  2. 

In  any  of  the  above  cases,  aluminum  did  not 
deposit  on  the  portion  which  had  been  irradiated 
with  the  ion  beam,  but  deposited  on  the  portion 
which  had  not  been  irradiated  with  the  ion  beam 
similarly  as  in  Example  9.  However,  the  quality  of 
deposited  aluminum  film  was  not  the  same  al- 
though  every  aluminum  films  were  monocrystals  in 
any  case.  As  the  result  of  evaluation  by  X-ray 
diffraction,  the  aluminum  film  of  the  case  of  10- 
minute  water  washing  exhibited  the  smallest  half- 
width  value  of  the  rocking  curve  and  high  crystal- 
linity.  The  smallest  half-width  value  was  about  0.2  ° 
which  is  approximate  to  the  lower  detection  limit  of 
half-width  of  the  employed  apparatus. 

Example  1  1 

The  procedure  was  the  same  as  in  Example  9 
except  that  the  acceleration  voltage  and  the  irradia- 
tion  dose  of  the  ion  beam  were  changed  in  the 
step  of  Fig.  1B.  The  acceleration  voltage  of  the  ion 
beam  was  adjusted  to  1  kV,  5  kV,  or  10  kV.  The 
dose  of  the  ion  beam  irradiation  was: 

1  x  1011  ions/cm2,  5  x  1011  ions/cm2, 
1  x  1012  ions/cm2,  5  x  1012  ions/cm2, 
1  x  1013  ions/cm2,  5  x  1013  ions/cm2, 
1  x  10H  ions/cm2,  5  x  10H  ions/cm2, 
1  x  1015  ions/cm2,  5  x  1015  ions/cm2, 
1  x  101G  ions/cm2,  5  x  101G  ions/cm2, 
1  x  1017  ions/cm2,  5  x  1017  ions/cm2,  or 
1  x  1018  ions/cm2. 
Irrespectively  of  the  acceleration  voltage,  the 

results  below  were  obtained. 
At  the  ion  beam  irradiation  dose  of  about  1  x 

10H  ions/cm2  or  more,  aluminum  did  not  deposit 
on  the  irradiated  region,  and  deposited  on  the  non- 
irradiated  region  similarly  as  in  Example  1  . 

Example  12 

This  Example  was  carried  out  under  the  con- 
dition  that  the  temperature  condition  for  substrate 
heating  was  "no  heating",  100°C,  200  °C,  300  °C, 
400  °C,  or  450  °C,  similarly  as  in  Example  3. 

In  order  to  differentiate  distinctly  the  aluminum 
deposition  at  the  irradiated  portion  from  that  at  the 
non-irradiated  portion  as  shown  in  Figs.  2A  and  2B, 
more  than  a  certain  dose  of  ion  beam  has  to  be 

5  irradiated  as  shown  in  Example  11.  This  dose  is 
called  the  critical  ion  beam  irradiation  dose.  In 
Example  11,  the  critical  ion  beam  irradiation  dose 
was  about  1  x  10"  ions/cm2  or  more. 

When  the  ion  beam  was  irradiated  with  heating 
io  of  the  substrate,  the  critical  ion  beam  irradiation 

dose  became  lower. 
In  the  ion  beam  irradiation  at  the  substrate 

temperature  of  200  °  C,  the  critical  ion  beam  irradia- 
tion  dose  was  about  5  x  1012  ions/cm2. 

is  At  the  substrate  temperature  of  400  °C,  the 
critical  ion  beam  irradiation  dose  was  about  5  x 
1012  ions/cm2,  and  the  quality  of  the  aluminum  film 
deposited  on  the  non-irradiated  portion  deteriorat- 
ed:  the  half-width  value  of  the  rocking  curve  of  X- 

20  ray  decreased  even  when  the  aluminum  was  mon- 
ocrystalline,  and  in  some  cases,  the  aluminum  was 
polycrystalline. 

In  the  ion  beam  irradiation  at  the  substrate 
temperature  of  450  °  C,  although  aluminum  is  to  be 

25  naturally  deposited  on  the  non-irradiated  portion  at 
this  temperature,  aluminum  was  deposited  in  a 
nucleus  state  and  did  not  deposited  in  some  por- 
tion.  This  is  considered  to  be  due  to  the  fact  that 
the  hydrogen  on  the  surface  of  the  silicon  was 

30  eliminated  on  heating  and  an  oxide  layer  was 
formed  on  exposure  to  the  air. 

Example  13 

35  The  ion  beam  was  made  to  irradiated  while 
introducing  oxygen  or  ozone  in  this  Example,  while 
in  Example  9  and  Example  11  the  ion  beam  was 
made  to  irradiate  in  vacuo.  After  the  irradiation,  the 
substrate  was  transferred  to  the  aluminum  deposi- 

40  tion  apparatus  without  exposing  the  substrate  to  the 
air,  and  aluminum  was  deposited  thereon.  Specifi- 
cally,  during  the  transfer,  the  substrate  was  kept  in 
a  vacuum  box  or  in  a  vessel  filled  high-purity 
nitrogen.  The  moisture  in  the  high-purity  nitrogen 

45  corresponded  to  the  dew  point  of  -90  °  C. 
The  degree  of  vacuum  in  the  ion  beam  irradia- 

tion  space  was  a  pressure  of  about  1  x  10-7  Torr 
or  less  before  the  introduction  of  oxygen  or  ozone. 
The  oxygen  or  ozone  was  introduced  to  give  a 

50  pressure  of  about  1  x  10-5  Torr.  The  acceleration 
voltage  of  the  ion  beam  was  adjusted  to  1  kV,  5  kV, 
10  kV,  25  kV,  or  50  kV.  The  quantity  of  the  ion 
beam  irradiation  was: 

1  x  1011  ions/cm2,  5  x  1011  ions/cm2, 
55  1  x  1012  ions/cm2,  5  x  1012  ions/cm2, 

1  x  1013  ions/cm2,  5  x  1013  ions/cm2, 
1  x  10H  ions/cm2,  5  x  10H  ions/cm2, 
1  x  1015  ions/cm2,  5  x  1015  ions/cm2, 

12 
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1  x  101G  ions/cm2,  5  x  101G  ions/cm2, 
1  x  1017  ions/cm2,  5  x  1017  ions/cm2,  or 
1  x  1018  ions/cm2. 
Irrespectively  of  the  acceleration  voltage  and 

the  introduced  gas  (oxygen  or  ozone  in  this  Exam- 
ple),  at  the  ion  beam  irradiation  dose  of  about  5  x 
10H  ions/cm2  or  more,  aluminum  did  not  deposit 
on  the  irradiated  region,  and  deposited  on  the  non- 
irradiated  region  similarly  as  in  Example  9. 

Example  14 

The  procedure  was  the  same  as  in  Example  9 
except  that  the  aluminum  deposition  conditions 
were  changed. 

At  the  deposition  temperature  of  270  °C,  with 
the  total  pressure  changed  in  the  range  of  from 
0.01  Torr  to  10  Torr,  aluminum  did  not  deposit  on 
the  ion  beam-irradiated  region,  but  deposited  on 
the  non-irradiated  region,  similarly  as  in  Example  9. 

At  the  total  pressure  of  1.5  Torr,  and  at  the 
deposition  temperature  of  200  °C,  230  °C,  270  °C, 
300  °C,  350  °C,  450  °C,  or  470  °C,  aluminum  did 
not  deposit  on  the  ion  beam-irradiated  region,  but 
deposited  on  the  non-irradiated  region.  At  470  °C, 
however,  the  resulting  aluminum  film  is  contami- 
nated  with  carbon.  The  half-width  of  the  X-ray 
rocking  curve  took  the  least  value  in  the  aluminum 
film  deposited  at  about  230  °  C  to  350  °  C. 

Example  15 

The  same  experiments  were  conducted  as  in 
Examples  9  to  14  except  that  the  substrates  used 
were  silicon  wafers  shown  below. 

(Conductive  type) 

n-type,  and  p-type, 

(Resistivity) 

0.01  Ocm,  1  Ocm,  10  Ocm,  and  100  Ocm 
(These  resistivity  values  are  nominal  values 

shown  by  the  supplier.) 

(Face  orientation) 

(100)Si,  (110)Si,  (111)Si, 
(100)Si  tilting  to  <011>  direction  by  4°, 
(100)Si  tilting  to  <001>  direction  by  4°,  and 
(1  1  1  )Si  tilting  to  <011>  direction  by  4  °  . 

The  accuracy  of  the  face  orientation  was  ±0.5  °  . 
Aluminum  was  deposited  on  the  48  kinds  of 

silicon  wafers  (combinations  of  2  conductive  types 
x  4  kinds  of  resistivity  x  6  types  of  face  orienta- 
tion).  The  results  were  the  same  as  in  Example  9 
to  14. 

However,  difference  was  observed  in  the  initial 
growth  process  between  the  n-type  substrate  and 
the  p-type  substrate.  For  example  at  270  °C  by 
visual  observation,  aluminum  deposition  was  con- 

5  firmed,  with  the  n-type  substrate,  in  one  or  two 
minutes  after  the  DMAH  supply,  while  with  the  p- 
type  substrate,  aluminum  deposition  was  confirmed 
in  about  2  to  3  minutes. 

io  Example  16 

In  the  above  Examples  9-15,  hydrogen  ter- 
mination  of  the  silicon  surface  was  conducted  by 
chemical  treatment.  On  the  contrary,  in  this  Exam- 

15  pie,  the  hydrogen  termination  of  the  silicon  surface 
was  conducted  by  heating  the  substrate  in  ultra- 
high  vacuum  and  supplying  atomic  hydrogen  there- 
to.  The  silicon  substrate  was  washed  by  repeating 
the  steps  (1)  and  (2)  below  three  times,  and  then 

20  delivered  to  the  vacuum  vessel. 
(1)  Washing  with  a  mixture  of  H2SO+:H202  (1:4), 
and 
(2)  Rinsing  with  pure  water. 

In  a  vacuum  vessel  capable  of  giving  a  final 
25  pressure  of  1  x  10-10  Torr  or  lower,  the  silicon 

substrate  was  heated  up  to  1000°C  or  1200°C. 
Then  the  substrate  was  cooled  to  about  50  °  C  and 
atomic  hydrogens  were  supplied  onto  the  surface 
of  the  substrate.  The  degree  of  vacuum  in  the 

30  vacuum  vessel,  when  atomic  hydrogens  were  intro- 
duced,  was  about  1  x  10_G  Torr. 

After  the  above  steps,  the  experiment  was  con- 
ducted  in  the  same  manner  as  in  Examples  9-15. 

Consequently  similar  results  as  in  Examples  9- 
35  15  were  obtained. 

Example  17 

In  the  steps  of  Figs.  1A  to  1E,  aluminum  is 
40  deposited  on  a  silicon  substrate  under  the  con- 

ditions  below. 
The  substrate  was  of  n-type  (111  )Si  having  a 

resistivity  of  1  to  2  Ocm. 
The  surface  of  the  silicon  substrate  was  termi- 

45  nated  with  hydrogen  as  shown  in  Fig.  1A  by  chemi- 
cal  treatment  according  to  the  procedure  as  shown 
in  (1)  to  (4)  below: 

(1)  Washing  with  a  mixture  of  H2SO+:H202  (1:4), 
(2)  Rinsing  with  pure  water, 

50  (3)  Immersion  in  a  mixture  of  HF:H20  (1:100)  for 
1  minute,  and 
(4)  Rinsing  with  pure  water  for  10  minutes. 
Then  the  substrate  was  delivered  through  the 

air,  and  a  portion  of  the  substrate  surface  was 
55  irradiated  with  an  ion  beam  of  02+,  or  O-  in  vacuo. 

The  accelerating  voltage  of  the  ion  beam  was  10 
kV,  and  the  dose  of  the  ion  beam  irradiation  was  1 
x  10H  ions/cm2. 

13 
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After  the  ion  beam  irradiation,  the  substrate 
was  delivered  through  the  air  to  an  aluminum  depo- 
sition  apparatus.  Hydrogen  and  DMAH  [(CH3)2AIH] 
were  used  as  the  starting  materials.  Aluminum  was 
deposited  under  the  conditions  of  the  total  pressure 
of  1.2  Torr,  the  DMAH  partial  pressure  of  1  x  10-3 
times  the  total  pressure,  the  deposition  temperature 
of  270  °C,  and  the  deposition  time  of  about  5 
minutes. 

The  results  were  the  same  as  in  Example  1: 
aluminum  did  not  deposited  on  the  ion-beam-irradi- 
ated  region,  and  aluminum  deposited  on  the  non- 
irradiated  region. 

The  composition  of  the  aluminum  film  was 
evaluated  by  photoelectron  spectroscopy,  and  it 
was  found  that  the  contents  of  carbon  and  oxygen 
was  below  the  detection  limit  (0.1%  for  the  em- 
ployed  apparatus).  The  crystallinity  of  the  alumi- 
num  film  was  evaluated  by  X-ray  diffraction  and 
RHEED  (reflection  high  energy  electron  diffraction), 
and  it  was  found  that  the  film  was  monocrystalline 
(100)  aluminum. 

When  the  substrate  was  delivered  without  ex- 
posing  to  the  air  after  the  O2"1"  ion  beam  or  the  O- 
ion  beam  to  the  aluminum  depositing  apparatus, 
the  results  were  the  same  as  the  results  with  expo- 
sure  to  the  air. 

Example  18 

The  procedure  was  the  same  as  in  Example  17 
except  that  the  time  of  rinsing  with  pure  water  was 
0  minute,  one  minute,  5  minutes,  10  minutes,  20 
minutes  and  60  minutes  after  the  immersion  [(3): 
Immersion  in  a  mixture  of  HF:H20  (1:100)  for  1 
minute]  in  the  step  of  Fig.  1A,  similarly  as  in 
Example  2. 

In  any  of  the  above  cases,  aluminum  did  not 
deposit  on  the  portion  which  had  been  irradiated 
with  the  O2"1"  ion  beam  or  the  O-  ion  beam,  and 
deposited  on  the  portion  which  had  not  been  irradi- 
ated  with  the  ion  beam  similarly  as  in  Example  9. 
However,  the  quality  of  deposited  aluminum  film 
was  not  the  same  although  every  aluminum  films 
were  monocrystals.  As  the  result  of  evaluation  by 
X-ray  diffraction,  the  aluminum  film  of  the  case  of 
10-minute  water  washing  exhibited  the  smallest 
half-width  value  of  the  rocking  curve  and  had  high 
crystallinity.  The  smallest  half-width  value  was 
about  0.2°  which  is  approximate  to  the  lower  de- 
tection  limit  of  half-width  of  the  employed  appara- 
tus. 

Example  19 

The  procedure  was  the  same  as  in  Example  17 
except  that  the  acceleration  voltage  and  the  irradia- 
tion  dose  of  the  ion  beam  were  changed  in  the 

step  of  Fig.  1B.  The  acceleration  voltage  of  the  O2"1" 
ion  beam  or  the  O-  ion  beam  was  adjusted  to  1 
kV,  5  kV,  or  10  kV.  The  dose  of  the  ion  beam 
irradiation  was: 

5  1  x  1011  ions/cm2,  5  x  1011  ions/cm2, 
1  x  1012  ions/cm2,  5  x  1012  ions/cm2, 
1  x  1013  ions/cm2,  5  x  1013  ions/cm2, 
1  x  10H  ions/cm2,  5  x  10H  ions/cm2, 
1  x  1015  ions/cm2,  5  x  1015  ions/cm2, 

10  1  x  101G  ions/cm2,  5  x  101G  ions/cm2, 
1  x  1017  ions/cm2,  5  x  1017  ions/cm2,  or 
1  x  1018  ions/cm2. 
Irrespectively  of  the  acceleration  voltage,  the 

results  below  were  obtained. 
15  At  the  ion  beam  irradiation  dose  of  about  5  x 

1013  ions/cm2  or  more,  aluminum  did  not  deposit 
on  the  irradiated  region,  but  deposited  on  the  non- 
irradiated  region  similarly  as  in  Example  17. 

20  Example  20 

The  procedure  was  the  same  as  in  Example  17 
except  that  the  temperature  condition  for  substrate 
heating  was  "no  heating",  100°C,  200  °C,  300  °C, 

25  400  0  C,  or  450  0  C. 
In  order  to  differentiate  distinctly  the  aluminum 

deposition  at  the  irradiated  portion  from  that  at  the 
non-irradiated  portion  as  shown  in  Figs.  2A  and  2B, 
more  than  a  certain  dose  of  ion  beam  has  to  be 

30  irradiated  as  shown  in  Example  19.  This  dose  is 
called  the  critical  ion  beam  irradiation  dose.  In 
Example  19,  the  critical  ion  beam  irradiation  dose 
was  about  5  x  1013  ions/cm2  or  more. 

When  the  ion  beam  was  irradiated  with  heating 
35  of  the  substrate,  the  critical  ion  beam  irradiation 

dose  became  lower. 
In  the  ion  beam  irradiation  at  the  substrate 

temperature  of  200  0  C,  the  critical  ion  beam  irradia- 
tion  dose  was  about  1  x  1012  ions/cm2. 

40  At  the  substrate  temperature  of  400  °C,  the 
critical  ion  beam  irradiation  dose  was  about  1  x 
1012  ions/cm2,  and  the  quality  of  the  aluminum  film 
deposited  on  the  non-irradiated  portion  deteriorat- 
ed:  the  half-width  value  of  the  rocking  curve  of  X- 

45  ray  decreased  even  when  the  aluminum  was  mon- 
ocrystalline,  and  in  some  cases,  the  aluminum  was 
polycrystalline. 

In  the  ion  beam  irradiation  at  the  substrate 
temperature  of  450  0  C,  although  aluminum  is  to  be 

50  naturally  deposited  on  the  non-irradiated  portion  at 
this  temperature,  aluminum  was  deposited  in  a 
nucleus  state  and  did  not  deposited  in  some  por- 
tion.  This  is  considered  to  be  due  to  the  fact  that 
the  hydrogen  on  the  surface  of  the  silicon  was 

55  eliminated  on  heating  and  an  oxide  layer  was 
formed  on  exposure  to  the  air. 

14 
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Example  21 

The  procedure  was  the  same  as  in  Example  17 
except  that  the  aluminum  deposition  conditions 
were  changed. 

At  the  deposition  temperature  of  270  °C,  with 
the  total  pressure  changed  in  the  range  of  from 
0.01  Torr  to  10  Torr,  aluminum  did  not  deposit  on 
the  ion  beam-irradiated  region,  but  deposited  on 
the  non-irradiated  region,  as  in  Example  17. 

At  the  total  pressure  of  1.5  Torr,  and  at  the 
deposition  temperature  of  200  °C,  230  °C,  270  °C, 
300  °C,  350  °C,  450  °C,  or  470  °C,  aluminum  did 
not  deposit  on  the  ion  beam-irradiated  region,  but 
deposited  on  the  non-irradiated  region.  At  470  °C, 
however,  the  resulting  aluminum  film  is  contami- 
nated  with  carbon.  The  half-width  of  the  X-ray 
rocking  curve  took  the  least  value  in  the  aluminum 
film  deposited  at  about  230  °  C  to  350  °  C. 

Example  22 

The  same  experiments  were  conducted  as  in 
Examples  17  to  21  except  that  the  substrates  used 
were  silicon  wafers  shown  below. 

(Conductive  type) 

n-type,  and  p-type, 

(Resistivity) 

0.01  Ocm,  1  Ocm,  10  Ocm,  and  100  Ocm 
(These  resistivity  values  are  nominal  values 

shown  by  the  supplier.) 

(Face  orientation) 

(100)Si,  (110)Si,  (111)Si, 
(100)Si  tilting  to  <011>  direction  by  4°, 
(100)Si  tilting  to  <001>  direction  by  4°,  and 
(1  1  1  )Si  tilting  to  <011>  direction  by  4  °  , 

The  accuracy  of  the  face  orientation  was  ±0.5  °  . 
Aluminum  was  deposited  on  the  48  kinds  of 

silicon  wafers  (combinations  of  2  conductive  types 
x  4  kinds  of  resistivity  x  6  types  of  face  orienta- 
tion).  The  results  were  the  same  as  in  Example  17 
to  21. 

However,  difference  was  observed  in  the  initial 
growth  process  between  the  n-type  substrate  and 
the  p-type  substrate.  For  example  at  270  °C  by 
visual  observation,  aluminum  deposition  was  con- 
firmed,  with  the  n-type  substrate,  in  one  or  two 
minutes  after  the  DMAH  supply,  while  with  the  p- 
type  substrate,  aluminum  deposition  was  confirmed 
in  about  2  to  3  minutes. 

Example  23 

In  the  above  Examples  17-22,  hydrogen  ter- 
mination  of  the  silicon  surface  was  conducted  by 

5  chemical  treatment.  On  the  contrary,  in  this  Exam- 
ple,  the  hydrogen  termination  of  the  silicon  surface 
was  conducted  by  heating  the  substrate  in  ultra- 
high  vacuum  and  supplying  atomic  hydrogen  there- 
to.  The  silicon  substrate  was  washed  by  repeating 

io  the  steps  (1)  and  (2)  below  three  times,  and  then 
delivered  to  the  vacuum  vessel. 

(1)  Washing  with  a  mixture  of  H2SO+:H202  (1:4), 
and 
(2)  Rinsing  with  pure  water. 

is  In  a  vacuum  vessel  capable  of  giving  a  final 
pressure  of  1  x  10-10  Torr  or  lower,  the  silicon 
substrate  was  heated  up  to  1000°C  or  1200°C. 
Then  the  substrate  was  cooled  to  about  50  °  C  and 
atomic  hydrogens  were  supplied  onto  the  surface 

20  of  the  substrate.  The  vacuum  degree  in  the  vacu- 
um  vessel,  when  atomic  hydrogens  were  intro- 
duced,  was  about  1  x  10_G  Torr. 

After  the  above  steps,  the  experiment  was  con- 
ducted  in  the  same  manner  as  in  Examples  17-22. 

25  Consequently  similar  results  as  in  Examples 
17-22  were  obtained. 

As  described  above,  the  present  invention  pro- 
vides  a  process  for  thin  film  formation,  comprising 
the  steps  of  treating  a  surface  of  a  substrate  to 

30  terminate  the  surface  with  hydrogen  atoms,  selec- 
tively  irradiating  with  energy  ray  a  substrate  to  the 
surface  of  which  a  surface  treatment  for  providing 
hydrogen  atoms  is  applied  to  thereby  form  an 
irradiated  region  and  a  non-irradiated  region  on  the 

35  surface  of  the  substrate,  and  forming  a  thin  film 
selectively  on  the  non-irradiated  region.  Thereby 
the  present  invention  enables  deposition  of  a  thin 
metal  film  or  a  thin  semiconductor  film  in  a  fine 
breadth,  for  example,  of  0.1  urn  or  less.  The  sur- 

40  face  treatment  can  simply  be  conducted  with 
hydrofluoric  acid.  By  use  of  an  electron  beam  or  an 
ion  beam  as  the  energy  ray,  the  hydrogen  atoms 
are  efficiently  eliminated. 

A  process  for  thin  film  formation  comprises 
45  selectively  irradiating  with  an  energy  ray  a  sub- 

strate  to  the  surface  of  which  a  surface  treatment 
for  providing  hydrogen  atoms  is  applied  to  thereby 
form  an  irradiated  region  and  a  non-irradiated  re- 
gion  on  the  surface  of  the  substrate,  and  forming  a 

50  thin  film  selectively  on  the  non-irradiated  region. 

Claims 

1.  A  process  for  thin  film  formation,  comprising 
55  selectively  irradiating  with  an  energy  ray  a 

substrate  to  the  surface  of  which  a  surface 
treatment  for  providing  hydrogen  atoms  is  ap- 
plied  to  thereby  form  an  irradiated  region  and 

15 
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a  non-irradiated  region  on  the  surface  of  the 
substrate,  and  forming  a  thin  film  selectively 
on  the  non-irradiated  region. 

2.  A  process  for  thin  film  formation  according  to  5 
Claim  1,  wherein  the  surface  treatment  is  car- 
ried  out  with  hydrofluoric  acid. 

3.  A  process  for  thin  film  formation  according  to 
Claim  1  ,  wherein  the  energy  ray  is  an  electron  10 
beam  or  an  ion  beam. 

4.  A  process  for  thin  film  formation  according  to 
Claim  1,  wherein  the  thin  film  is  composed  of 
aluminum.  is 

5.  A  process  for  thin  film  formation  according  to 
Claim  1,  wherein  the  substrate  is  a  semicon- 
ductor  substrate. 

20 
6.  A  process  for  thin  film  formation  according  to 

Claim  1,  wherein  the  thin  film  is  formed  by 
chemical  vapor  deposition. 

7.  A  process  for  thin  film  formation  according  to  25 
Claim  6,  wherein  the  chemical  vapor  deposi- 
tion  is  conducted  with  an  organometallic  com- 
pound  as  starting  material. 

8.  A  process  for  thin  film  formation  according  to  30 
Claim  7,  wherein  the  organometallic  compound 
is  alkylaluminum  hydride. 

9.  A  process  for  thin  film  formation  according  to 
Claim  8,  wherein  the  alkylaluminum  hydride  is  35 
dimethylaluminum  hydride. 

40 
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