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@  Complementary  MOS  integrated  circuit  device. 
@  A  complementary  MOS  integrated  circuit  device  has  an 
MOS  transistor  of  one  conductivity  type  formed  on  a  semicon- 
ductor  substrate  and  an  MOS  transistor  of  another  conductivity 
type  opposite  to  the  on  conductivity  type  formed  on  the  MOS 
transistor  of  one  conductivity  type  through  a  separate  layer.  A 
hetero  material  whose  nucleation  density  is  sufficiently  larger 
than  that  of  the  material  of  the  separate  layer  and  which  is 
enough  fine  so  that  only  a  single  necleus  of  a  semiconductor 
layer  material  grows  is  provided  on  the  separate  layer.  The  MOS 
transistor  of  the  opposite  conductivity  type  is  formed  in  a 
monocrystalline  semiconductor  layer  or  substantial  monocry- stalline  semiconductor  layer  provided  by  growing  around  the 
single  nucleus  formed  on  the  hetero  material. 
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Description 

Complementary  MOS  Integrated  Circuit  Device 

However,  the  foregoing  methods  also  have  the 
following  problems. 

First,  the  method  whereby  the  P  channel  MOS 
transistor  is  formed  on  the  polysilicon  thin  film  has  a 
problem  such  that  a  channel  mobility  is  remarkably 
smaller  than  that  in  the  case  where  it  was  formed  on 
a  monocrystal.  On  the  other  hand,  according  to  the 
method  whereby  the  silicon  thin  film  is  dissolved  to 
form  a  monocrystal,  after  an  N  channel  MOS 
transistor  was  formed  on  the  silicon  substrate,  the 
silicon  thin  film  is  dissolved.  Thus,  the  temperature 
of  the  N  channel  MOS  transistor  rises  and  impurities 
are  redistributed  in  the  diffusion  layer  which  has 
once  been  formed.  Such  a  redistribution  of  the 
impurities  which  occurs  after  the  N  channel  MOS 
transistor  was  formed  causes  the  characteristic  to 
remarkably  deteriorate  and  becomes  a  serious 
problem  in  the  fine  MOS  transistor  which  has 
recently  been  realized. 

SUMMARY  OF  THE  INVENTION 
It  is  an  object  of  the  present  invention  to  solve  the 

foregoing  problems  and  to  provide  a  complementary 
MOS  integrated  circuit  device  in  which  the  latch-up 
is  prevented  and  the  high  integration  and  high 
mobility  can  be  realized. 

For  this  purpose,  a  complementary  MOS  inte- 
grated  circuit  device  according  to  the  present 
invention  has  an  MOS  transistor  of  one  conductivity 
type  formed  on  a  semiconductor  substrate  and  an 
MOS  transistor  of  another  conductivity  type  oppo- 
site  to  one  conductivity  type  formed  on  the  MOS 
transistor  of  one  conductivity  type  through  a 
separate  layer,  wherein  a  hetero  material  whose 
nucleation  density  is  sufficiently  larger  than  that  of 
the  material  of  the  separate  layer  and  which  is 
enough  fine  so  that  only  a  single  nucleus  of  the 
semiconductor  layer  material  grows  is  formed  on  the 
separate  layer,  and  the  MOS  transistor  of  the 
opposite  conductivity  type  is  formed  in  the  monocry- 
stalline  semiconductor  layer  or  substantially  mono- 
crystalline  semiconductor  layer  provided  by  growing 
around  the  single  nucleus  formed  on  the  hetero 
material. 

In  this  manner,  the  dissimilar  material  whose 
nucleation  density  is  larger  than  that  of  the  material 
of  the  separate  layer  and  which  is  enough  fine  so 
that  only  a  single  nucleus  of  the  semiconductor  layer 
material  grows  is  provided  on  the  separate  layer,  and 
the  monocrystalline  semiconductor  layer  formed  by 
growing  around  the  single  nucleus  formed  in  the 
dissimilar  material  or  the  substantially  monocrystal- 
line  semiconductor  layer  is  provided,  thereby  consti- 
tuting  a  complementary  MOS  integrated  circuit 
device  having  a  multi-layer  structure. 

Namely,  according  to  the  complementary  MOS 
integrated  circuit  device  of  the  invention,  the 
complementary  MOS  transistor  is  not  formed  on  the 
same  semiconductor  substrate,  so  that  a  latch-up 
does  not  occur  and  the  degree  of  integration  can  be 
improved.  In  addition,  since  the  monocrystalline 

BACKGROUND  OF  THE  INVENTION 
5 

Field  of  the  Invention 
The  present  invention  relates  to  a  complementary 

MOS  integrated  circuit  device  and,  more  particularly, 
to  a  complementary  MOS  integrated  circuit  device 
having  an  MOS  transistor  of  one  conductivity  type  10 
formed  on  a  semiconductor  substrate  and  an  MOS 
transistor  of  another  conductivity  type  opposite  to 
one  conductivity  type  formed  on  the  MOS  transistor 
of  one  conductivity  type  through  a  separate  layer. 

15 
Related  Background  Art 

Hitherto,  in  a  complementary  MOS  integrated 
circuit  device,  in  general,  on  a  silicon  monocrystal- 
line  substrate  (hereinafter,  referred  to  as  a  silicon 
substrate)  of  the  first  conductivity  type,  a  diffusion  20 
layer  of  the  second  conductivity  type  opposite  to  the 
first  conductivity  type  of  the  silicon  substrate  is 
partially  formed,  an  MOS  transistor  of  the  first 
conductivity  type  is  formed  on  the  diffusion  layer  of 
the  second  conductivity  type,  and  an  MOS  transistor  25 
of  the  second  conductivity  type  is  formed  on  the 
silicon  substrate  of  the  first  conductivity  type. 

An  example  of  a  constitution  of  such  a  conven- 
tional  complementary  MOS  integrated  circuit  device 
will  be  explained.  When  an  N-type  silicon  substrate  is  30 
used,  a  first  P-type  diffusion  layer  called  a  P  well  is 
formed  in  the  N-type  silicon  substrate  and  there- 
after,  a  second  P-type  diffusion  layer  serving  as 
drain/source  of  the  P  channel  MOS  transistor  is 
formed  in  the  N-type  silicon  substrate,  and  a  first  35 
N-type  diffusion  layer  serving  as  drain/source  of  an 
N  channel  MOS  transistor  is  formed  in  the  first 
P-type  diffusion  layer. 

The  foregoing  complementary  MOS  integrated 
circuit  device  has  a  serious  problem  such  that  a  40 
latch-up  occurs  because  a  thyristor  is  constituted  by 
a  parasitic  bipolar  transistor  which  is  formed  due  to 
the  constitution  of  this  device.  In  addition,  this 
device  has  a  problem  such  that  a  degree  of 
integration  is  small  since  both  of  the  P  channel  MOS  45 
transistor  and  the  N  channel  MOS  transistor  are 
two-dimensionally  laterally  arranged.  Various  studies 
and  improvements  have  been  made  to  solve  such 
problems.  As  one  of  them,  there  has  been  proposed 
a  method  whereby  an  N  channel  MOS  transistor  is  50 
formed  on  a  P-type  silicon  substrate  and  thereafter, 
the  N  channel  MOS  transistor  is  covered  by  an 
insulative  layer,  a  P  channel  MOS  transistor  is 
formed  on  a  thin  film  formed  on  the  insulative  layer, 
and  a  complementary  MOS  integrated  circuit  of  a  55 
multi-layer  is  formed.  However,  in  the  conventional 
thin  film  forming  technique,  in  general,  only  a  thin  film 
of  amorphous  silicon  or  polysilicon  can  be  grown  on 
the  insulative  layer.  Therefore,  hitherto,  there  is  used 
a  method  whereby  a  P  channel  MOS  transistor  is  60 
formed  on  a  polysilicon  thin  film  or  a  silicon  thin  film 
which  has  once  grown  is  dissolved  by  a  laser  beam 
or  the  like  so  as  to  form  a  monocrystal. 
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semiconductor  or  the  substantially  monocrystalline 
semiconductor  grows  around  the  fine  dissimilar 
material  on  the  separate  layer,  no  crystal  lattice 
defect  exists  and  the  diffusion  or  the  like  of 
aluminum  of  the  wiring  electrodes  and  impurities 
does  not  occur.  Further,  in  the  process  to  form  the 
monocrystalline  semiconductor  on  the  separate 
layer,  the  ordinary  semiconductor  process  is  merely 
used  as  will  be  explained  hereinafter  and  any 
particular  process  is  not  needed. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
Fig.  1  is  a  schematic  diagram  showing  an 

embodiment  of  a  complementary  MOS  inte- 
grated  circuit  device  of  the  invention; 

Fig.  2  is  a  schematic  diagram  showing  an 
embodiment  of  a  complementary  integrated 
circuit  device  of  the  invention  when  a  number  of 
N  channel  MOS  transistors  and  a  number  of  P 
channel  MOS  transistors  are  arranged; 

Figs.  3(A)  and  3(B)  are  explanatory  diagrams 
of  a  selective  deposition  method  ; 

Fig.  4  is  a  graph  showing  time-dependent 
changes  of  the  nucleation  densities  of  the 
deposition  surface  of  SiO2  and  of  the  deposi- 
tion  surface  of  silicon  nitride; 

Figs.  5(A)  to  5(D)  are  forming  step  diagrams 
showing  an  example  of  a  method  of  forming  a 
monocrystal  or  a  substantially  monocrystal; 

Figs.  6(A)  and  6(B)  are  perspective  views  of  a 
substrate  in  Figs.  5(A)  and  5(D)  ; 

Fig.  7  is  a  graph  showing  the  relation  between 
the  flow  rate  ratio  of  SiH4  and  NH3  and  the 
composition  ratio  of  Si  and  N  in  the  silicon 
nitride  film  formed; 

Fig.  8  is  a  graph  showing  the  relation  between 
the  Si/N  composition  ratio  and  the  nucleation 
density;  and 

Fig.  9  is  a  graph  showing  the  relation  between 
the  injection  quantity  of  Si  ions  and  the 
nucleation  density. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

An  embodiment  of  the  present  invention  will  be 
described  in  detail  hereinbelow  with  reference  to  the 
drawings. 

Fig.  1  is  a  schematic  diagram  showing  an 
embodiment  of  a  complementary  MOS  integrated 
circuit  device  of  the  invention. 

As  shown  in  the  diagram,  an  N  channel  MOS 
transistor  2  is  formed  on  a  P-type  silicon  substrate  1 
serving  as  a  semiconductor  substrate.  The  N 
channel  MOS  transistors  2  are  isolated  by  a  field 
oxide  film  10.  A  source  region  4  and  a  drain  region  5 
are  formed  on  the  P-type  silicon  substrate  1.  A  gate 
electrode  7  is  further  formed  over  the  source  and 
drain  regions  4  and  5  through  a  gate  insulative  layer 
6.  The  source  region  4  is  connected  to  a  wiring  8. 
The  drain  region  5  is  connected  to  a  wiring  9. 

A  P  channel  MOS  transistor  3  is  formed  over  the  N 
channel  MOS  transistor  2  through  a  separate  layer 
18. 

The  P  channel  MOS  transistor  3  is  formed  in  the 
following  manner.  First,  a  nucleation  portion  17  made 

of  a  dissimilar  material  whose  nucleation  density  is 
sufficiently  larger  than  that  of  the  material  of  the 
separate  layer  18  is  formed  on  a  deposition  surface 
11  on  the  separate  layer  18.  A  monocrystalline  region 

5  or  a  substantial  monocrystal  line  region  grows 
around  a  single  nucleus  formed  in  the  nucleation 
portion  17,  thereby  forming  a  monocrystalline  semi- 
conductor  layer  or  a  substantial  monocrystalline 
semiconductor  layer.  A  source  region  12  and  a  drain 

10  region  13  are  formed  in  the  monocrystalline  semi- 
conductor  layer  or  substantial  monocrystalline  semi- 
conductor  layer.  A  gate  electrode  15  is  further 
formed  over  the  source  and  drain  regions  12  and  13 
through  a  gate  insulative  layer  14.  The  source  region 

15  12  is  connected  to  a  wiring  19.  The  drain  region  13  is 
connected  to  a  wiring  20.  The  wiring  20  is  connected 
to  the  wiring  9  via  a  through  hole  16. 

In  this  embodiment,  the  invention  has  the  follow- 
ing  features.  Namely,  the  separate  layer  18  is  formed 

20  on  the  N  channel  MOS  transistor  2.  The  monocry- 
stalline  semiconductor  layer  or  substantial  monocry- 
stalline  semiconductor  layer  is  formed  on  the 
separate  layer  18.  The  P  channel  MOS  transistor  3  is 
formed  by  the  monocrystalline  semiconductor  layer 

25  or  substantial  monocrystalline  semiconductor  layer. 
In  this  manner,  the  complementary  MOS  transistor  is 
constituted.  Namely,  according  to  the  invention,  the 
N  channel  MOS  transistor  2  is  formed  in  the  P-type 
silicon  substrate  1.  After  the  N  channel  MOS 

30  transistor  2  was  formed,  it  is  not  subjected  to  a  high 
temperature  treatment.  Therefore,  as  compared  with 
the  conventional  N  channel  MOS  transistor,  the 
characteristic  does  not  deteriorate.  On  the  other 
hand,  in  the  case  of  the  P  channel  MOS  transistor  3, 

35  since  it  is  formed  in  the  monocrystalline  semicon- 
ductor  layer  or  substantial  monocrystalline  semicon- 
ductor  layer,  its  channel  mobility  is  200  cm2/v.s  or 
more.  The  characteristic  which  is  almost  equal  to 
that  of  the  conventional  P  channel  MOS  transistor 

40  which  is  formed  on  a  monocrystalline  wafer  is 
derived. 

Fig.  2  is  a  schematic  diagram  showing  an 
embodiment  of  a  complementary  integrated  circuit 
device  of  the  invention  in  the  case  where  a  number 

45  of  N  channel  MOS  transistors  and  a  number  of  P 
channel  MOS  transistors  are  arranged. 

As  shown  in  the  diagram,  in  a  manner  similar  to 
the  foregoing  embodiment,  the  N  channel  MOS 
transistors  2  are  isolated  by  the  field  oxide  layer  10 

50  and  formed  on  the  P-type  silicon  substrate  1, 
respectively.  The  P  channel  MOS  transistors  3  are 
formed  through  the  separate  layer  18,  respectively. 

In  the  foregoing  embodiment,  the  N  channel  MOS 
transistor  has  been  formed  in  the  P-type  silicon 

55  substrate  and  the  P  channel  MOS  transistor  has 
been  formed  in  the  monocrystalline  semiconductor 
layer  or  substantial  monocrystalline  semiconductor 
layer.  However,  on  the  contrary,  it  is  also  possible  to 
provide  the  P  channel  MOS  transistor  in  the  N-type 

60  silicon  substrate  and  to  provide  the  N  channel  MOS 
transistor  in  the  monocrystalline  semiconductor 
layer  or  substantial  monocrystalline  semiconductor 
layer. 

A  method  of  manufacturing  the  complementary 
65  MOS  integrated  circuit  device  of  the  invention  will 
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now  be  described  hereinbelow.  In  the  following 
explanation,  a  method  of  manufacturing  the  N 
channel  MOS  transistor  and  the  P  channel  MOS 
transistor  is  omitted  since  the  well-known  MOS 
integrated  circuit  manufacturing  technique  can  be 
used.  Only  a  method  of  forming  the  monocrystalline 
semiconductor  layer  or  substantial  monocrystalline 
semiconductor  layer  will  be  described. 

First,  a  selective  deposition  method  of  selectively 
forming  a  deposition  film  on  the  deposition  surface 
will  be  explained.  The  selective  deposition  method  is 
the  method  whereby  a  thin  film  is  selectively  formed 
on  the  substrate  by  use  of  the  differences  between 
materials  with  respect  to  factors  such  as  surface 
energy,  attachment  coefficient,  peel  off  coefficient, 
surface  diffusion  rate,  etc.  which  influence  the 
formation  of  a  nucleus  in  the  thin  film  forming 
process. 

Figs.  3(A)  and  3(B)  are  explanatory  diagrams  of 
the  selective  deposition  method. 

First,  as  shown  in  Fig.  3(A),  a  thin  film  102  is 
formed  in  a  desired  portion  on  a  substrate  101.  The 
thin  film  102  is  made  of  a  material  whose  factors 
mentioned  above  are  different  from  those  of  the 
substrate  101.  When  a  thin  film  made  of  a  proper 
material  is  deposited  under  the  proper  deposition 
condition,  it  is  possible  to  cause  a  phenomenon 
such  that  a  thin  film  103  grows  only  on  the  thin  film 
102  and  does  not  grow  on  the  substrate  101.  By  use 
of  this  phenomenon,  it  is  possible  to  grow  the  thin 
film  103  which  was  shaped  in  a  self-aligning  manner. 
The  lithography  process  using  a  resist  as  in  the 
conventional  method  can  be  omitted. 

As  the  materials  capable  of  performing  the 
deposition  by  such  a  selective  forming  method,  for 
example,  SiO2  may  be  used  for  the  substrate  101  ;  Si, 
GaAs,  or  SJ3N4  may  be  used  for  the  thin  film  102;  and 
Si,  W,  GaAs,  InP,  etc.  may  be  used  for  the  thin  film 
103  which  is  deposited. 

Fig.  4  is  a  graph  showing  time-dependent  changes 
of  the  nucleation  densities  of  the  deposition  surface 
of  SiO2  and  of  the  deposition  surface  of  silicon 
nitride. 

As  shown  in  the  graph,  after  the  deposition  was 
started,  the  nucleation  density  on  SiO2  is  soon 
saturated  to  a  value  of  103  cm-2  or  less  and  its  value 
hardly  changes  even  after  the  elapse  of  twenty 
minutes. 

On  the  other  hand,  the  nucleation  density  on 
silicon  nitride  (Si3N4)  is  once  saturated  to  a  value  of 
about  4  x  105  cm-2  and  thereafter,  it  hardly 
changes  for  about  ten  minutes.  However,  it  suddenly 
increases  thereafter.  This  measurement  example 
shows  the  case  where  the  SiC#4  gas  was  diluted  by 
the  H2  gas  and  the  thin  film  was  deposited  by  the 
CVD  method  under  the  conditions  of  a  pressure  of 
175  Torr  and  a  temperature  of  1000°C.  The  similar 
function  can  be  also  obtained  by  adjusting  the 
pressure,  temperature,  and  the  like  by  use  of  the 
reactive  gas  such  as  SihU,  SihteC^,  SiHC 3̂,  SiF4,  or 
the  like.  In  addition,  the  similar  function  can  be  also 
derived  by  the  vacuum  deposition  method. 

In  this  case,  although  the  formation  of  a  nucleus 
on  SiO2  hardly  causes  a  problem,  by  adding  the  HC£ 
gas  into  the  reactive  gas,  the  formation  of  a  nucleus 

on  SiO2  can  be  further  suppressed  and  the 
deposition  of  Si  on  SiO2  can  be  perfectly  eliminated. 

Such  a  phenomenon  is  largely  influenced  by  the 
differences  of  the  attachment  coefficient,  peel  off 

5  coefficient,  surface  diffusion  coefficient,  etc.  of  the 
surfaces  of  the  materials  of  S1O2  and  silicon  nitride 
to  Si.  However,  it  can  be  considered  that  SiO2  reacts 
by  the  Si  atom  itself  and  silicon  monoxide  having  a 
high  vapor  pressure  is  produced,  so  that  SiO2  itself 

10  is  etched  and  such  an  etching  phenomenon  does 
not  occur  on  silicon  nitride,  and  this  fact  also  results 
in  a  cause  of  the  occurrence  of  the  selective 
deposition  (T.  Yonehara,  S.  Yoshioka,  S.  Miyazawa, 
"JOURNAL  OF  APPLIED  PHYSICS",  Vol.  53,  page 

15  6839,  in  1982). 
In  this  manner,  by  selecting  SiO2  and  Silicon 

nitride  as  the  materials  of  the  deposition  surfaces 
and  by  selecting  silicon  as  the  material  to  be 
deposited,  an  enough  large  difference  of  the 

20  nucleation  density  can  be  obtained  as  shown  in 
Fig.  4.  Although  SiO2  is  desirable  as  the  material  of 
the  deposition  surface,  the  nucleation  density  dif- 
ference  can  be  also  obtained  by  use  of  SiOx  without 
limiting  to  SiO2  as  such  a  material. 

25  Obviously,  the  invention  is  not  limited  to  these 
materials.  It  is  sufficient  to  use  a  material  such  that 
the  nucleation  density  difference  is  equal  to  or  larger 
than  the  value  of  103  times  as  the  nucleation  density 
as  shown  in  Fig.  4.  A  deposition  film  can  be  also 

30  sufficiently  selectively  formed  by  materials  as  will  be 
explained  hereinlater. 

As  another  method  of  obtaining  the  nucleation 
density  difference,  regions  having  surplus  ions  of  Si, 
N,  etc.  may  be  also  formed  by  locally  ion  implanting 

35  Si,  N,  etc.  into  SiO2. 
By  sufficiently  finely  forming  a  dissimilar  material 

whose  nucleation  density  is  enough  larger  than  that 
of  the  materials  of  the  deposition  surfaces  so  that 
only  a  single  nucleus  grows  by  use  of  the  foregoing 

40  selective  deposition  method,  a  monocrystal  can  be 
selectively  grown  on  only  the  portion  where  the  fine 
dissimilar  material  exists. 

Since  the  selective  growth  of  the  monocrystal  is 
determined  by  the  state  of  electrons  on  the 

45  deposition  surface,  particularly,  by  the  state  of  a 
dangling  bond,  there  is  no  need  to  use  a  bulk 
material  as  the  material  (e.g.,  SiO2)  of  a  low 
nucleation  density.  It  is  sufficient  that  such  a  material 
is  formed  on  only  the  surface  of  an  arbitrary  material, 

50  substrate,  or  the  like  and  constitutes  the  deposition 
surface. 

Figs.  5(A)  to  5(D)  are  forming  step  diagrams 
showing  an  example  of  a  method  of  forming  a 
monocrystal.  Figs.  6(A)  and  6(B)  are  perspective 

55  views  of  a  substrate  in  Figs.  5(A)  and  5(D). 
First,  as  shown  in  Figs.  5(A)  and  6(A),  a  thin  film 

105  of  a  small  nucleation  density  capable  of  realizing 
the  selective  deposition  is  formed  on  a  substrate 
104.  A  dissimilar  material  of  a  large  nucleation 

60  density  is  thinly  deposited  on  the  thin  film  105  and  is 
patterned  by  a  lithography  or  the  like,  thereby 
sufficiently  finely  forming  a  hetero  material  106  on 
the  thin  film  105.  The  size,  crystal  structure,  and 
compositions  of  the  substrate  104  can  be  arbitrarily 

65  set.  A  substrate  on  which  functional  devices  were 
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formed  may  be  also  used  as  the  substrate  104.  As 
mentioned  above,  on  the  other  hand,  the  dissimilar 
material  106  also  incorporates  the  modified  regions 
having  surplus  ions  of  Si,  N,  etc.  which  are  formed  by 
ion  implanting  Si,  N,  etc.  into  the  thin  film  105. 

Next,  a  single  nucleus  of  the  thin  film  material  is 
formed  on  only  the  hetero  material  106  by  the  proper 
deposition  condition.  Namely,  the  dissimilar  material 
1  06  needs  to  be  sufficiently  finely  formed  so  that  only 
a  single  nucleus  is  formed.  Although  the  size  of 
hetero  material  106  differs  depending  on  the  kind  of 
material,  it  is  sufficient  to  set  the  size  to  a  value  of  a 
few  microns  or  less.  Further,  the  nucleus  grows 
while  keeping  the  monocrystalline  structure  or 
substantial  monocrystalline  structure  and  becomes 
an  island-shaped  monocrystal  grain  107  as  shown  in 
Fig.  5(B).  To  form  the  island-shaped  monocrystal 
grain  107,  it  is  necessary  to  decide  the  conditions 
such  that  a  nucleus  is  never  formed  on  the  thin  film 
105  as  already  mentioned  above. 

The  island-shaped  monocrystal  grain  107  further 
grows  around  the  hetero  material  106  while  keeping 
the  monocrystalline  structure  or  substantial  mono- 
crystalline  structure  and  covers  the  whole  thin  film 
105  as  shown  in  Fig.  5(C). 

Subsequently,  the  monocrystal  grain  107  is  made 
flat  by  etching  or  polishing,  thereby  forming  a 
monocrystalline  layer  108  on  the  thin  film  105,  so  that 
a  desired  device  can  be  formed  on  the  layer  108  as 
shown  in  Figs.  5(D)  and  6(B). 

Since  the  thin  film  105  as  the  material  of  the 
deposition  surface  is  formed  on  the  substrate  104, 
an  arbitrary  material  can  be  used  as  the  substrate 
104  serving  as  the  supporting  member.  Further, 
even  in  the  case  of  a  substrate  such  that  functional 
devices  or  the  like  were  formed  on  the  substrate 
104,  a  monocrystalline  layer  can  be  easily  formed  on 
this  substrate. 

Although  the  material  of  the  deposition  surface 
has  been  formed  by  the  thin  film  105  in  the 
embodiment,  a  monocrystalline  layer  can  be  also 
similarly  formed  by  directly  using  a  substrate  made 
of  a  material  of  a  small  nucleation  density  capable  of 
realizing  the  selective  deposition. 

(practical  example) 
A  practical  method  of  forming  the  monocrystalline 

layer  in  the  foregoing  embodiments  will  now  be 
described. 

SiO2  is  used  as  the  deposition  surface  material  of 
the  thin  film  105.  A  quartz  substrate  may  be  also 
used.  An  SiO2  layer  may  be  also  formed  onto  the 
surface  of  an  arbitrary  substrate  such  as  metal, 
semiconductor,  magnetic  material,  piezoelectric  ma- 
terial,  insulative  material,  etc.  by  use  of  sputtering 
method,  CVD  method,  vacuum  deposition  method, 
etc.  On  the  other  hand,  although  SiO2  is  desirable  as 
the  material  of  the  deposition  surface,  it  is  also 
possible  to  use  SiOx  (x  is  an  arbitrary  value). 

A  silicon  nitride  layer  (in  this  case,  Si3N4  layer)  or  a 
polycrystalline  silicon  layer  is  deposited  as  a  dissimi- 
lar  material  on  the  SiO2  layer  105  by  a  reduced 
pressure  vapor  phase  growth  method.  The  silicon 
nitride  layer  or  polycrystalline  silicon  layer  is  pat- 
terned  by  the  ordinary  lithography  technique  or  a 

lithography  technique  using  X  rays,  electron  beam, 
or  ion  beam,  thereby  forming  a  fine  hetero  material 
106  of  a  diameter  of  a  few  microns  or  less, 
preferably,  one  jim  or  less. 

5  Subsequently,  Si  is  selectively  grown  on  the 
substrate  1  1  by  use  of  the  mixed  gases  of  HW,  H2, 
and  SiH2C 2̂,  SiC 4̂,  SiHC 3̂,  SiF4,  or  S1H4.  The 
temperature  of  the  substrate  at  this  time  falls  within 
a  range  from  700  to  1100°C  and  the  pressure  is 

10  about  100  Torr. 
After  an  elapse  of  about  tens  of  minutes,  the 

monocrystal  silicon  grain  107  grows  around  the  fine 
dissimilar  material  106  of  silicon  nitride  or  polycry- 
stalline  silicon  on  SiO2.  By  setting  the  optimum 

15  growth  condition,  the  grain  107  grows  until  a  size  of 
tens  of  u.m  or  larger. 

Subsequently,  by  making  only  Si  flat  by  etching  it 
by  a  reactive  ion  etching  (RIE)  due  to  the  difference 
of  the  etching  rates  between  Si  and  SiO2,  a 

20  polycrystalline  silicon  layer  whose  grain  diameter 
was  controlled  is  formed.  Further,  by  eliminating  the 
grain  boundary  portion,  the  island-shaped  monocry- 
stalline  silicon  layer  108  is  formed.  When  the  surface 
roughness  of  the  monocrystal  grain  107  is  large,  it  is 

25  mechanically  polished  and  thereafter,  it  is  etched. 
A  field  effect  transistor  was  formed  on  the 

monocrystalline  silicon  layer  108  whose  size  is  tens 
of  jim  or  more  and  which  doesn't  include  the  grain 
boundary  and  which  had  been  formed  as  explained 

30  above.  Thus,  this  transistor  exhibited  the  character- 
istic  which  is  almost  equal  to  that  of  the  transistor 
formed  on  a  monocrystalline  silicon  wafer. 

On  the  other  hand,  since  the  monocrystalline 
silicon  layer  108  is  electrically  isolated  by  SiO2  from 

35  the  adjacent  monocrystalline  silicon  layer  108,  even 
when  complementary  field  effect  transistors 
(C-MOS)  are  constituted,  they  are  not  interfered.  On 
the  other  hand,  since  a  thickness  of  active  layer  of 
the  device  is  thinner  than  that  in  the  case  of  using  an 

40  Si  wafer,  the  malfunction  due  to  the  charges  in  the 
wafer  which  are  generated  when  a  radiation  beam 
was  irradiated  does  not  occur.  Further,  since  the 
parasitic  capacitance  decreases,  the  high  oper- 
ational  speed  of  the  device  can  be  realized.  In 

45  addition,  since  an  arbitrary  substrate  can  be  used,  a 
monocrystalline  layer  can  be  cheaply  formed  on  the 
substrate  of  a  large  area  as  compared  with  the  case 
where  the  Si  wafer  is  used.  Moreover,  since  a 
monocrystalline  layer  can  be  also  formed  on  other 

50  substrates  of  semiconductor,  piezo-electric  ma- 
terial,  dielectric  material,  etc.,  a  multi-function  three- 
dimensional  integrated  circuit  can  be  realized. 

(Compositions  of  silicon  nitride) 
55  The  material  to  obtain  the  sufficient  nucleation 

density  difference  between  the  deposition  surface 
material  and  the  dissimilar  material  as  mentioned 
above  is  not  limited  to  Si3N4,  but  it  is  also  possible  to 
use  silicon  nitride  having  different  compositions. 

60  According  to  the  plasma  CVD  method  whereby  a 
silicon  nitride  film  is  formed  at  low  temperatures  by 
dissolving  the  Sim  gas  and  NH3  gas  in  the  RF 
plasma,  by  changing  the  flow  rate  ratio  of  the  SiH4 
gas  and  NH3  gas,  the  composition  ratio  of  Si  and  N  in 

65  the  silicon  nitride  film  to  be  deposited  can  be  largely 
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Fig.  9  is  a  graph  showing  the  relation  between  the 
injection  quantity  of  Si  ions  and  the  nucleation 
density. 

As  shown  in  the  graph,  it  will  be  understood  that 
5  the  nucleation  density  increases  as  the  injection 

quantity  of  the  Si+  ions  is  large. 
Therefore,  by  sufficiently  finely  forming  the  modi- 

fied  region,  a  single  nucleus  of  Si  can  be  grown  using 
the  modified  region  as  a  dissimilar  material.  A 

10  monocrystal  can  be  grown  as  mentioned  above. 
The  technique  to  sufficiently  finely  form  the 

modified  region  so  that  a  single  nucleus  grows  can 
be  easily  accomplished  by  a  resist  patterning  or 
focusing  the  ion  beam. 

15 
(Si  deposition  method  other  than  the  CVD  method) 

The  method  of  growing  a  monocrystal  by  selec- 
tively  forming  a  nucleus  of  Si  is  not  limited  to  the 
CVD  method.  It  is  also  possible  to  use  a  method 

20  whereby  Si  is  evaporated  in  the  vacuum  (less  than 
10-6  Torr)  by  an  electron  gun  and  deposited  onto 
the  heated  substrate.  In  particular,  according  to  the 
MBE  (Molecular  Beam  Epitaxy)  method  whereby  the 
evaporation  deposition  is  performed  in  the  ultrava- 

25  cuum  (less  than  10-9  Torr),  it  is  known  that  SiO2 
starts  to  react  to  the  Si  beam  at  a  substrate 
temperature  of  900°  C  or  more  and  a  nucleus  of  Si  is 
never  formed  on  SiO2  (T.  Yonehara,  S.  Yoshioka,  and 
S.  Miyazawa,  "JOURNAL  OF  APPLIED  PHYSICS", 

30  Vol.  53,  10,  page  6839,  in  1983). 
A  single  nucleus  of  Si  was  perfectly  selectively 

formed  on  micro  silicon  nitride  which  had  been 
formed  as  a  spot  layer  on  SiO2  by  use  of  the 
foregoing  phenomenon,  and  a  monocrystal  of  Si 

35  could  be  grown.  In  the  deposition  conditions  at  this 
time,  the  vacuum  degree  was  10-8  Torr  or  less,  the 
intensity  of  Si  beam  was  9.7  x  1014atoms/cm2»sec, 
and  the  substrate  temperature  was  set  to  a  value 
within  a  range  from  900  to  1000°C. 

40  In  this  case,  the  reactive  product  of  SiO  having  a 
remarkably  high  vapor  pressure  is  formed  by  the 
reaction  of 

SiO2  +  Si  -@  2SiOt 
SiO2  itself  is  etched  by  Si  due  to  the  evaporation. 

45  On  the  other  hand,  the  foregoing  etching  phe- 
nomen  on  does  not  occur  on  silicon  nitride  but  a 
nucleus  was  formed  and  deposited. 

Therefore,  the  similar  effects  can  be  also  obtained 
by  use  the  deposition  surface  material  having  a  high 

50  nucleation  density  such  as  tantalum  oxide  (TaaOs) 
silicon  nitride  oxide  (SiON),  etc.  as  well  as  silicon 
nitride.  Namely,  by  finely  forming  these  materials  and 
using  as  the  dissimilar  materials,  a  monocrystal  can 
be  likewise  grown. 

55  By  the  monocrystal  growth  method  which  has 
been  described  in  detail  above,  the  monocrystalline 
semiconductor  layer  is  formed  on  the  separate  layer 
18. 

As  described  in  detail  above,  according  to  the 
60  complementary  MOS  integrated  circuit  device  of  the 

embodiments,  the  complementary  MOS  integrated 
circuit  having  a  multi-layer  structure  can  be  con- 
stituted.  The  latch-up  due  to  the  complementary 
transistor  can  be  suppressed.  The  degree  of 

65  integration  can  be  raised.  The  performance  can  be 

changed. 
Fig.  7  is  a  graph  showing  the  relation  between  the 

flow  rate  ratio  of  SihU  and  NH3  and  the  composition 
ratio  of  Si  and  N  in  the  silicon  nitride  film  formed. 

In  the  deposition  condition  at  this  time,  the  RF 
output  was  175  W  and  the  substrate  temperature 
was  380°  C.  The  flow  rate  of  the  Sil-U  gas  was  fixed  to 
300  cc/min  and  the  flow  rate  of  the  NH3  gas  was 
changed.  As  shown  in  this  graph,  when  the  gas  flow 
rate  ratio  of  NH3/SiH4  was  changed  from  4  to  10,  it 
has  been  found  by  an  Auger  electrospectral  method 
that  the  Si/N  ratio  in  the  silicon  nitride  film  changed 
from  1.1  to  0.58. 

On  the  other  hand,  a  silicon  nitride  film  was 
formed  by  the  reduced  pressure  CVD  method  by 
introducing  the  SiH2C 2̂  gas  and  the  NH3  gas  under 
the  conditions  of  the  reduced  pressure  of  0.3  Torr 
and  the  temperature  of  about  800°  C.  The  composi- 
tions  of  this  silicon  nitride  film  were  near  SJ3N4 
(Si/N  =  0.75)  ;  the  value  of  this  composition  ratio  is 
the  stoichiometric  ratio. 

On  the  other  hand,  in  the  case  of  the  silicon  nitride 
film  which  is  formed  by  heat  treating  Si  in  ammonia 
or  N2  at  a  temperature  of  about  1200°C  (by  a  heat 
nitriding  process),  since  it  is  formed  under  the 
thermal  equilibrium,  the  composition  ratio  which  is 
further  close  to  the  stoichiometric  ratio  can  be 
obtained. 

The  silicon  nitrides  formed  by  the  foregoing 
various  kinds  of  methods  were  used  as  the  deposi- 
tion  surface  materials  in  which  the  nucleation  density 
of  Si  is  higher  than  that  of  SiO2,  and  the  nucleus  of  Si 
was  grown.  Thus,  the  difference  of  the  nucleation 
densities  occurs  due  to  the  composition  ratio. 

Fig.  8  is  a  graph  showing  the  relation  between  the 
Si/N  composition  ratio  and  the  nucleation  density. 
As  shown  in  the  graph,  by  changing  the  composi- 
tions  of  the  silicon  nitride  film,  the  nucleation  density 
of  Si  which  grows  on  this  film  largely  changes.  In  the 
nucleus  forming  conditions  at  this  time,  the  pressure 
of  the  SiC 4̂  gas  was  reduced  to  175  Torr  and  Si  was 
produced  by  reacting  with  H2  at  1000°C. 

In  this  manner,  by  exposing,  developing,  and 
dissolving  the  nucleus  forming  portion  due  to  the 
compositions  of  the  silicon  nitride,  the  SiO2  surface 
is  partially  exposed. 

Subsequently,  by  use  of  the  SiF4  gas  as  the 
source  gas,  the  Si  ions  are  implanted  into  the  SiO2 
surface  at  a  density  within  a  range  from  1  x  1016to1 
x  1018  cm-2  at  a  voltage  of  10  keV.  The  projection 
range  due  to  this  is  114  A  and  the  Si  concentration 
on  the  SiO2  surface  reaches  a  value  of  1022  cm-3  or 
less.  Since  S1O2  is  inherently  amorphous,  the  region 
into  which  the  Si  ions  were  implanted  is  also 
amorphous. 

To  form  the  modified  region,  the  ion  implantation 
can  be  also  performed  using  a  resist  as  a  mask. 
However,  the  Si  ions  which  were  focused  without 
using  a  resist  mask  may  be  also  implanted  into  the 
SiO2  surface  using  the  focused  ion  beam  technique. 

After  the  ions  were  implanted  in  this  manner,  by 
eliminating  the  resist,  the  modified  region  having 
surplus  Si  is  formed  on  the  SiO2  surface.  Then,  Si  is 
vapor  phase  grown  on  the  SiO2  deposition  surface 
on  which  the  modified  region  was  formed. 
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remarkably  improved. 
In  the  embodiments,  since  the  monocrystalline 

semiconductor  layer  or  substantially  monocrystal- 
line  semiconductor  layer  is  grown  around  the  fine 
dissimilar  material  on  the  separate  layer,  no  crystal  5 
lattice  defect  occurs,  the  diffusion  of  aluminum  and 
impurities  of  the  wiring  electrode  material,  or  the  like 
is  eliminated.  The  stable  characteristic  can  be 
obtained. 

Further,  since  the  MOS  transistor  is  formed  in  the  w 
monocrystalline  semiconductor  layer  or  substan- 
tially  monocrystalline  semiconductor  layer,  the  ex- 
cellent  channel  mobility  which  is  almost  equal  to  that 
of  the  MOS  transistor  formed  on  a  monocrystalline 
wafer  can  be  obtained.  The  high  speed  access  can  15 
be  realized. 

Claims 20 

1.  A  complementary  MOS  integrated  circuit 
device  having  an  MOS  transistor  of  one  con- 
ductivity  type  formed  on  a  semiconductor 
substrate  and  an  MOS  transistor  of  another  25 
conductivity  type  opposite  to  said  one  conduc- 
tivity  type  formed  on  said  MOS  transistor  of  one 
conductivity  type  through  a  separate  layer, 

wherein  a  hetero  material  whose  nucleation 
density  is  sufficiently  larger  than  that  of  the  30 
material  of  said  separate  layer  and  which  is 
enough  fine  so  that  only  a  single  nucleus  of  a 
semiconductor  layer  material  grows  is  provided 
on  said  separate  layer,  and 

the  MOS  transistor  of  the  opposite  conduc-  35 
tivity  type  is  formed  in  a  monocrystalline 
semiconductor  layer  or  substantial  monocry- 
stalline  semiconductor  layer  provided  by  grow- 
ing  around  the  single  nucleus  formed  on  said 
hetero  material.  40 

2.  An  integrated  circuit  comprising  a  first 
semiconductor  electronic  device, 
a  layer  covering  the  device  and  having  a  first 
nucleation  density, 
a  nucleation  portion  on  the  layer  having  a  45 
second  nucleation  density  sufficiently  different 
to  that  of  the  first  density  to  act  as  a  nucleus  for 
forming  a  further  monocrystalline  layer  of 
semiconductive  material,  and  a  second  semi- 
conductor  electronic  device  formed  in  the  50 
further  menocrystalline  layer. 

3.  A  method  of  forming  an  integrated  circuit, 
comprising  forming  a  first  semiconductor  elec- 
tronic  device,  providing  a  first  layer  over  the 
device  having  a  first  nucleation  density,  provid-  55 
ing  a  nucleation  portion  on  the  layer,  the 
nucleation  portion  having  a  second  nucleation 
density  different  to  the  first  density,  forming  a 
second  substantially  monocrystalline  layer  of 
semiconductive  material  around  the  nucleation  60 
portion  over  the  said  first  layer,  and  forming  a 
second  semiconductor  electronic  device  in  the 
second  layer. 

65 
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