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Manufacturing  a  semiconductor  wafer  having  a  Ill-V  group  semiconductor  compound  layer  on  a  silicon  substrate. 
@  In  a  method  of  manufacturing  a  semiconductor  wafer  in 
which  a  Ill-V  group  compound  semiconductor,  such  as  GaAs,  is 
formed  on  a  silicon  substrate  (1),  a  first  amorphous  Ill-V  group compound  semiconductor  layer  (2)  is  formed  on  the  silicon 
substrate  and  a  Ill-V  group  compound  semiconductor  crystal 
layer  (3)  is  then  formed  on  the  amorphous  Ill-V  group 
compound  semiconductor  layer  (2),  whereafter  a  second 
amorphous  Ill-V  group  semiconductor  layer  (4)  having  a  desired 
thickness  is  formed  on  the  Ill-V  group  compound  semiconduc- 
tor  crystal  layer  (3),  and  solid  phase  epitaxial  growth  through the  second  amorphous  Ill-V  group  compound  semiconductor 
layer  (4)  is  brought  about  so  as  to  change  the  second 
amorphous  Ill-V  group  compound  semiconductor  layer  (4)  into 
a  single  crystalline  layer  (4a).  In  this  way  a  semiconductor  wafer 
may  be  manufactured  which  tends  to  warp  less  than  a  wafer 
manufactured-  by  a  previously-considered  method. 
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Description 

MANUFACTURING  A  SEMICONDUCTOR  WAFER  HAVING  A  Ill-V  GROUP  SEMICONDUCTOR  COMPOUND  LAYER 
ON  A  SILICON  SUBSTRATE 

The  present  invention  relates  to  manufacturing  a 
semiconductor  wafer  having  a  Ill-V  group  semicon-  5 
ductor  compound  layer  on  a  silicon  substrate,  and, 
more  particularly,  to  a  method  of  growing  a  Ill-V 
group  compound  semiconductor  crystalline  thin  film 
of,  for  example,  GaAs  or  the  like  on  a  silicon 
substrate.  70 

Heteroepitaxial  growth  of  a  Ill-V  group  compound 
semiconductor  crystalline  thin  film  of,  for  example, 
GaAs  or  the  like,  on  a  silicon  (Si)  substrate  can  be 
carried  out  by  a  Metalorganic  Chemical  Vapour 
Deposition  (MOCVD)  process  or  a  Molecular  Beam  15 
Epitaxy  (MBE)  process. 

The  crystal  lattice  constants  of  Si  and  GaAs  are 
0.543nm  and  0.565nm  (5.43  A  and  5.65  A)  respec- 
tively,  and  the  thermal  expansion  coefficients  thereof 
are  2.6x  1  0"6/oC  and  5.9  x  1  Cr6/0C,  respectively.  20 

Accordingly,  since  the  crystal  lattice  constant  and, 
in  particular,  the  thermal  expansion  coefficient  of  Si 
differ  from  those  of  GaAs,  when  a  GaAs  layer  is 
formed  on  a  Si  substrate  by  the  MOCVD  process, 
the  GaAs  is  formed  thereon  in  a  polycrystalline  state.  25 
Therefore,  according  to  a  previously-considered 
method,  after  an  amorphous  GaAs  layer  is  grown  on 
a  Si  substrate  to  a  thickness  of  10nm  to  20nm  (100  to 
200A)  at  a  temperature  of  about  450°C,  crystalline 
GaAs  is  grown  to  a  thickness  of  3  to  5  ji.m  at  a  30 
temperature  of  700  to  750°C,  thereby  obtaining  a 
GaAs  single  crystalline  thin  film  by  a  two-step 
process  in  which  the  mismatching  of  the  respective 
lattice  constants  of  Si  and  GaAs  is  relaxed,  i.e.  the 
problem  is  overcome,  by  the  occurrence  of  defects  35 
at  the  interface  between  the  Si  and  GaAs. 

Owing  to  the  large  disparity  in  the  respective 
thermal  expansion  coefficients,  however,  even  if 
GaAs  is  grown  on  a  Si  substrate  by  the  above-men- 
tioned  two-step  growth  process,  when  the  tempera-  40 
ture  of  the  substrate  is  changed  to  room  tempera- 
ture  after  the  growth  of  GaAs,  significant  warping  of 
the  substrate  tends  to  occur  and  the  GaAs  surface 
tends  to  become  concave,  as  shown  in  Fig.  1  of  the 
accompanying  drawings.  45 

When  GaAs  is  grown  to  a  thickness  of  3  \im  or 
more,  a  tension  stress  stronger  than  1  x  109 
dyn/cm2  or  more  is  generated,  and  therefore,  when 
the  substrate  is  subjected  to  a  heat  treatment  after 
the  GaAs  growth,  lattice  defects  such  as  dislocation  50 
and  the  like  are  formed  therein  which  result  in  cracks 
10  (Fig.  1),  and  thus,  in  practice,  the  formation  of  a 
GaAs  layer  on  a  Si  substrate  is  not  considered 
viable.  In  Fig.  1,  the  reference  numerals  1,  2  and  3 
denote  a  silicon  (Si)  substrate,  an  amorphous  GaAs  55 
layer  and  a  GaAs  crystalline  layer,  respectively. 

Accordingly,  it  is  desirable  to  provide  an  hete- 
roepitaxial  growth  method  whereby,  when  a  Ill-V 
group  compound  semiconductor  such  as  GaAs  or 
the  like  is  grown  on  a  silicon  substrate,  stress  at  the  60 
heterointerface  between  the  silicon  substrate  and 
GaAs  layer  may  be  reduced  and  a  wafer  may  be 
obtained  in  which  warping  is  greatly  reduced. 

According  to  an  embodiment  of  the  present 
invention  there  is  provided  a  heteroepitaxial  growth 
method  wherein  a  Ill-V  group  compound  semicon- 
ductor  is  formed  on  a  silicon  substrate,  comprising 
the  steps  of: 

(a)  forming  a  first  amorphous  Ill-V  group 
compound  semiconductor  layer  on  the  silicon 
substrate, 

(b)  forming  a  Ill-V  group  compound  semicon- 
ductor  crystal  layer  on  the  amorphous  Ill-V 
group  compound  semiconductor  layer, 

(c)  forming  a  second  amorphous  Ill-V  group 
semiconductor  layer  to  a  desired  thickness  on 
the  Ill-V  group  compound  semiconductor  crys- 
tal  layer  (3),  and 

(d)  subjecting  the  second  amorphous  Ill-V 
group  compound  semiconductor  layer  to  a  solid 
phase  epitaxial  growth  whereby  the  second 
amorphous  Ill-V  group  compound  semiconduc- 
tor  layer  (4)  is  made  a  single  crystalline  layer. 

In  an  embodiment  of  the  present  invention,  the 
step  (a)  is  carried  out  at  a  first  temperature,  the  step 
(b)  is  carried  out  at  a  second  temperature  higher 
than  the  first  temperature,  the  step  (c)  is  carried  out 
at  a  third  temperature  lower  than  the  second 
temperature  and  step  (d)  is  carried  out  at  a  fourth 
temperature  between  said  second  temperature  and 
said  third  temperature. 

In  that  embodiment,  the  second  amorphous  Ill-V 
group  semiconductor  layer  may  have  a  thickness 
larger  than  the  Ill-V  group  compound  semiconductor 
crystal  layer. 

Reference  will  now  be  made,  by  way  of  example, 
to  the  accompanying  drawings,  in  which  :- 

Figure  1  (described  above)  shows  a  cross- 
sectional  view  of  a  wafer  formed  by  the 
previously-considered  method; 

Figs.  2A  to  2D  show  cross-sectional  views 
illustrating  respective  steps  in  a  method  embo- 
dying  the  present  invention; 

Fig.  3  shows  a  schematic  view  of  apparatus 
suitable  for  use  in  carrying  out  a  method 
embodying  the  present  invention;  and 

Figs.  4  and  5  are  graphs. 
As  shown  in  Fig.  2A,  the  first  step  of  a  method 

embodying  the  present  invention  comprises  forming 
a  first  amorphous  GaAs  layer  2  having  a  thickness  of 
10nm  to  20nm  (100  to  200  A)  on  a  silicon  substrate  1 
having  a  diameter  of  approximately  5cm  (2  inches), 
at  a  temperature  of  450°C,  by  a  usual  MOCVD 
process. 

Then,  as  shown  in  Fig.  2B,  a  GaAs  crystal  layer  3 
having  a  thickness  of  100nm  to  200nm  (1000  to  2000 
A)  is  formed  on  the  first  amorphous  GaAs  layer  2,  at 
a  temperature  of  700  to  750°  C,  using  a  usual 
MOCVD  process. 

Then,  as  shown  in  Fig.  2C,  a  second  amorphous 
GaAs  layer  having  a  thickness  of  about  3  to  5  u.m  is 
formed  on  the  GaAs  crystal  layer  3,  at  a  temperature 
of  400°  ~  450°  C. 
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decreased  in  comparison  with  a  wafer  produced  by  a 
previously-considered  method,  thereby  enabling,  for 
example,  a  shift  of  the  threshold  voltage  (Vth)  etc.  of 
the  FET's  which  are  fabricated  on  GaAs  to  be 
prevented. 

The  conditions  for  the  above-mentioned  MOCVD 
were  as  follows. 

Namely,  trimethyl-gallium  (TMG:  (CH3)3Ga)  was 
used  as  a  source  gas  of  gallium  (Ga),  at  a  TMG 
supply  rate  of  15  cc/min.  Further,  arsine  (ASH3)  was  5 
used  as  a  source  gas  of  arsenic  (As),  at  a  ASH3 
supply  rate  of  450  cc/min,  and  H2  gas  was  used  at  a 
supply  rate  of  1  0  i/min,  as  a  carrier  gas  of  the  source 
gases,  TMG  and  ASH3. 

The  above-mentioned  heat  treatment  was  carried  10 
out  by  using  an  inductive  heating  method. 

After  forming  the  second  amorphous  GaAs  layer 
4,  the  obtained  substrate  is  annealed  at  a  tempera- 
ture  lower  than  the  temperature  of  700  to  750°  C  at 
which  the  GaAs  crystal  layer  3  was  formed,  for  15 
example  at  about  500  to  about  650°  C,  using  an 
atmosphere  containing  ASH3  supplied  at  a  rate  of 
100  cc/min  and  H2  supplied  at  a  rate  of  1  f/min, 
whereby  solid  phase  epitaxial  growth  is  carried  out 
from  the  GaAs  crystal  layer  3  and  the  amorphous  20 
GaAs  layer  4  gradually  changes  to  a  GaAs  crystal 
layer  4a,  from  the  lower  portion  thereof.  Warping  of  a 
thus-obtained  GaAs  crystal  -  Si  substrate  (wafer) 
can  be  reduced  from  the  conventional  60  |im  to 
about  20  urn.  25 

Figure  3  illustrates  schematically  a  main  reacting 
portion  of  MOCVD  apparatus  which  is  suitable  for 
use  in  carrying  out  the  above-described  method.  As 
shown  in  Fig.  3,  a  silicon  substrate  (wafer)  1  is 
provided  on  a  carbon  susceptor  6  provided  in  an  30 
MOCVD  reacting  vessel  5  which  is  inductively 
heated  using  a  heating  coil  7.  The  reacting  gases 
TMG  and  ASH3,  or  the  carrier  gas  H2,  is  supplied  to 
the  vessel  to  form  a  GaAs  layer  (not  shown). 

As  explained  above,  although  the  solid  phase  35 
epitaxial  growth  from  the  GaAs  crystal  layer  3  is 
carried  out  at  a  temperature  of  about  500  to  about 
650°C,  the  tension  stress  in  a  GaAs  layer  obtained  at 
a  temperature  below  650°C  is  1  x  109  dyn/cm2  or 
less,  as  shown  in  Fig.  4,  which  illustrates  the  40 
relationship  between  the  tension  stress  in  the  GaAs 
layer  and  the  solid  phase  epitaxial  growth  tempera- 
ture. 

Figure  5  shows  the  relationship  between  the  solid 
phase  epitaxial  growth  rate  and  the  solid  phase  45 
epitaxial  growth  temperature. 

As  can  be  seen  in  Fig.  5,  the  solid  phase  epitaxial 
growth  rate  is  significantly  less  when  the  tempera- 
ture  is  less  than  500°C  than  when  the  temperature  is 
in  the  preferred  range  from  500  to  650°C.  so 

Although  an  MOCVD  process  was  used  in  the 
above-explained  example,  wherein  GaAs  is  grown 
on  a  Si  substrate,  a  well-known  MBE  (Molecular 
Beam  Epitaxy)  process  can  also  be  used  when,  for 
example,  forming  an  amorphous  GaAs  layer  2  on  a  Si  55 
substrate  at  a  temperature  of  about  150  to  about 
400°C. 

Further,  in  an  embodiment  of  the  present  inven- 
tion,  GaP,  GaAsxPi-x,  lnxGai-xAs,  Gai-xAsxPi-x  or  InP 
can  be  used  as  the  Ill-V  group  semiconductor  60 
compound  instead  of  GaAs. 

As  explained  above,  according  to  an  embodiment 
of  the  present  invention  the  warping  and  the  stress 
of  a  wafer  obtained  by  heteroepitaxial  growth,  for 
example  a  GaAs  growth  on  a  Si  substrate,  can  be  65 

Claims 

1  .  A  method  of  manufacturing  a  semiconduc- 
tor  wafer  comprising  the  steps  of  forming  an 
amorphous  layer  (2)  of  semiconductor  material 
on  a  silicon  substrate  (1),  and  forming  a 
monocrystalline  layer  (3)  of  a  Ill-V  group 
semiconductor  compound  on  the  said  amor- 
phous  layer  (2);  characterised  by  the  further 
steps  of  forming  an  amorphous  layer  (4)  of  the 
said  semiconductor  compound  on  the  said 
crystalline  layer  (3),  and  bringing  about  solid 
phase  epitaxial  growth,  from  the  said  monocry- 
stalline  layer  (3),  through  the  said  amorphous 
layer  (4)  of  the  semiconductor  compound  so  as 
to  transform  that  amorphous  layer  (4)  into  a 
monocrystalline  layer  (4a)  of  the  said  semicon- 
ductor  compound. 

2.  A  method  as  claimed  in  claim  1,  wherein 
the  said  semiconductor  material  consists  of  the 
said  Ill-V  group  semiconductor  compound. 

3.  A  heteroepitaxial  growth  method  wherein 
Ill-V  group  compound  semiconductor  is  formed 
on  a  silicon  substrate  comprising  the  steps  of: 

(a)  forming  a  first  amorphous  Ill-V  group 
compound  semiconductor  layer  (2)  on  the 
silicon  substrate  (1), 

(b)  forming  a  Ill-V  group  compound 
semiconductor  crystal  layer  (3)  on  the 
amorphous  Ill-V  group  compound  semi- 
conductor  layer  (2), 

(c)  forming  a  second  amorphous  Ill-V 
group  semiconductor  layer  (4)  having  a 
desired  thickness  on  the  Ill-V  group  com- 
pound  semiconductor  crystal  layer  (3),  and 

(d)  subjecting  the  second  amorphous 
Ill-V  group  compound  semiconductor  layer 
(4)  to  a  solid  phase  epitaxial  growth, 
whereby  the  second  amorphous  Ill-V 
group  compound  semiconductor  layer  (4) 
is  made  a  single  crystalline  layer. 

4.  A  heteroepitaxial  growth  method  accord- 
ing  to  claim  3,  wherein  said  Ill-V  group  com- 
pound  semiconductor  is  selected  from  the 
groups  of  GaAs,  GaP,  GaAsxPi-x,  lnxGai-xAs, 
lnxGai-xAsxPi-x  ,  and  InP. 

5.  A  heteroepitaxial  growth  method  accord- 
ing  to  claim  3  or  4,  wherein  said  first  amorphous 
layer  (2)  has  a  thickness  of  about  10nm  to  20nm 
(100  to  200  A)  and  is  formed  at  a  temperature  in 
the  range  from  400  to  450°C. 

6.  A  heteroepitaxial  growth  method  accord- 
ing  to  claim  3,  4  or  5,  wherein  said  second 
amorphous  layer  (4)  has  a  thickness  of  about  2 
to  5  |j,m  and  is  formed  at  a  temperature  in  the 
range  from  400  to  450°C. 

7.  A  heteroepitaxial  growth  method  accord- 
ing  to  any  one  of  claims  3  to  6,  wherein  after  the 
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formation  of  the  second  amorphous  layer  (4)  an 
annealing  process  is  carried  out  at  a  tempera- 
ture  lower  than  that  at  which  the  crystal  layer  (3) 
was  formed. 

8.  A  heteroepitaxial  growth  method  accord- 
ing  to  claim  7,  wherein  said  temperature  is  in  the 
range  from  about  500  to  about  650°C. 

9.  A  heteroepitaxial  growth  method  accord- 
ing  to  any  one  of  claims  3  to  8,  wherein  the 
method  is  carried  out  by  using  a  Metal  Organic 
Chemical  Vapour  Deposition  (MOCVD)  process 
or  a  Molecular  Beam  Epitaxy  (MBE)  process. 

10.  A  heteroepitaxial  growth  method  accord- 
ing  to  any  one  of  claims  3  to  9,  wherein  said  step 
(a)  is  carried  out  at  a  first  temperature,  said  step 

(b)  is  carried  out  at  a  second  temperature 
higher  than  the  first  temperature,  said  step  (c) 
is  carried  out  at  a  third  temperature  lower  than 
the  second  temperature,  and  said  step  (d)  is 
carried  out  at  a  fourth  temperature  between 
said  second  temperature  and  said  third  tem- 
perature. 
11.  A  heteroepitaxial  growth  method  accord- 

ing  to  claim  10,  wherein  said  second  amor- 
phous  Ill-V  group  semiconductor  layer  (4)  has  a 
thickness  larger  than  said  Ill-V  group  com- 
pound  semiconductor  crystal  layer  (3). 

12.  A  semiconductor  wafer  manufactured  by  a 
method  as  claimed  in  any  preceding  claim. 
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