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(54)  A  thin  film  of  superconductor  and  a  process  for  preparing  the  same. 

(57)  A  thin  film  of  oxide  superconductor  deposited  on  a  single  crustal  substrate  of  silicon  wefer.  A  buffer 
layer  of  (100)  or  (110)  oriented  Ln203,  in  which  Ln  stands  for  Y  or  lanthanide  elements  is  interposed 
between  the  thin  film  of  oxide  superconductor  and  the  silicon  wafer.  A  surface  of  silicon  wafer  is 
preferably  cleaned  satisfactorily  by  heat-treatment  in  vacuum  before  the  buffer  layer  is  deposited.  An 
under-layer  of  metal  oxide  ;  Zr02,  YSZ  or  metal  Y,  Er  is  preferably  interposed  between  the  Ln203  buffer 
layer  and  the  silicon  wafer. 
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Background  of  the  Invention 

Field  of  the  Invention 

5  The  present  invention  relates  to  an  improved  thin  film  of  oxide  superconductor  and  a  process  for  preparing 
the  same,  more  particularly,  an  improved  thin  film  of  Cu-containing  compound  oxide  such  as  YBCO  having  con- 
trolled  crystal  orientation  deposited  on  a  substrate  of  silicon  wafer  and  a  process  for  preparing  the  same. 

Description  of  the  related  art 
10 

Superconducting  phenomenon  has  been  explained  as  unique  phenomenon  which  can  be  observed  only 
at  extremely  low  temperatures  which  can  be  realized  with  liquid  helium.  However,  a  new  type  superconducting 
compound  oxide  of  (La,  Sr)2Cu04  which  exhibits  the  superconductivity  at  30  Kwas  reported  in  1986  by  Bednorz 
and  Muller  (Z.  Phys.  B64,  1986,  189).  Then,  another  superconducting  material  of  YBa2Cu3Oy  having  higher 

15  critical  temperature  of  about  90  K  was  reported  in  1987  by  C.  W.  Chu  et  al.  (Physical  Review  letters,  Vol.  58, 
No.  9,  p.  908)  and  then  Maeda  et  al.  reported  so-called  bismuth  type  compound  oxide  superconductor  having 
the  critical  temperature  of  about  100  K  in  1988  (Japanese  Journal  of  Applied  Physics.  Vol.  27,  No.  2,  p.1209 
to  1210). 

These  superconducting  compound  oxides  are  expected  to  be  applied  to  actual  uses  since  the  supercon- 
20  ducting  phenomenon  can  be  realized  with  relatively  cheap  cryogen  of  liquid  nitrogen.  In  early  stage  of  develop- 

ment,  these  superconducting  compound  oxides  were  prepared  in  a  sintered  body  form  by  solid  reaction  and 
now,  it  has  become  possible  to  prepare  thin  films  of  high  quality  from  these  superconducting  compound  oxide 
materials. 

When  thin  films  of  oxide  superconductor  are  used  in  electronics,  it  is  requested  to  prepare  their  thin  film 
25  whose  crystals  are  well-oriented.  In  fact,  oxide  superconductors  possess  high  anisotropy  in  their  superconduct- 

ing  properties  and  hence  it  is  necessary  to  control  crystal  orientation  at  film-forming  stage  so  as  to  adjust  to 
applications.  In  the  thin  films  of  oxide  superconductors,  highercurrent  flows  to  a  direction  which  is  perpendicular 
to  c-axis.  For  example,  when  the  thin  film  of  oxide  superconductor  is  used  as  superconducting  wiring  lines  in 
a  circuit,  it  is  required  to  pass  superconducting  current  along  a  direction  which  is  in  parallel  with  a  surface  of 

30  substrate.  In  this  case,  the  c-axis  of  crystals  of  the  thin  film  must  be  perpendicular  with  respect  to  the  surface 
of  substrate.  In  other  words,  (110)  oriented  thin  films  of  oxide  superconductor  are  required  in  these  applications. 
In  another  application  such  as  layered  SIS  (superconductor-insulator-superconductor)  type  device,  it  is 
required  to  pass  superconducting  current  along  a  direction  which  is  perpendicular  to  the  surface  of  substrate. 
In  this  case,  the  c-axis  of  crystals  of  the  thin  film  prepared  must  be  perpendicular  to  the  surface  of  substrate. 

35  In  other  words,  (1  00)  oriented  thin  film  or  (1  1  0)  oriented  thin  film  of  oxide  superconductor  is  required  in  these 
applications. 

Importance  of  selection  of  deposition  plane  in  substrate  or  optimization  of  deposition  conditions,  particularly 
substrate  temperature  for  realizing  a  desired  crystal  orientation  in  a  thin  film  of  oxide  superconductor  was  repor- 
ted  by  many  papers  including  Enomoto  et  al.,  Japanese  Journal  of  Applied  Physics,  Vol.  26,  No.  7,  July  1987, 

40  pp.L1248-L1250,  Asanoetal.  in  Japanese  Journal  of  Applied  Physics,  Vol.  28,  No.  6,  June  1989,  pp.L981-L983 
or  the  like. 

It  is  also  known  that  each  of  oxide  superconductors  possesses  a  complicated  crystal  structure  and  hence 
a  desired  crystal  orientation  can  be  realized  only  under  a  special  deposition  condition.  In  fact,  the  substrate  on 
which  a  thin  film  of  oxide  superconductor  is  deposited  must  be  selected  from  such  substrates  that  have  well- 

45  matched  lattice  constants  with  oxide  superconductors  and  do  not  diffuse  or  migrate  into  the  superconductor. 
From  this  point  of  view,  MgO  (100)  single  crystal  or  SrTi03  (100)  or  (110)  single  crystal  are  used  as  the  sub- 
strate. 

Use  of  these  substrates,  however,  has  a  demerit  in  industrial  applications  of  oxide  superconductors 
because  they  are  costly  material  and  are  not  produced  in  mass  production.  Still  more,  since  diameters  of  these 

so  oxide  single  crystal  substrates  are  limited,  it  is  impossible  to  produce  a  thin  film  of  oxide  superconductor  having 
a  large  area.  It  is  also  proposed  to  used,  as  substrate,  a  silicon  single  crystal  bubstrate  (Si  wafer)  which  is  less 
expensive  and  is  available  stably  on  market  so  as  to  prepare  a  thin  film  of  oxide  superconductor  thereon. 

However,  it  is  known  that,  when  a  thin  film  of  oxide  superconductor  is  deposited  on  the  silicon  single  crystal 
substrate,  superconducting  properties  of  the  deposited  thin  film  are  seriously  deteriorated  or  lost  due  to  chem- 

55  ical  reaction  between  oxide  of  which  the  superconducting  thin  film  is  made  and  silicon  of  which  the  substrate 
is  made. 

In  order  to  solve  this  problem,  it  is  proposed  to  interpose  a  buffer  layer  between  the  substrate  and  the  thin 
film  of  oxide  superconductor  so  as  to  prevent  the  diffusion.  However,  all  of  known  buffer  layers  are  not  satis- 
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factory  to  control  or  adjust  crystal  orientation  of  a  thin  film  of  oxide  superconductor  deposited  on  a  silicon  wafer. 
Therefore,  an  object  of  the  present  invention  is  to  solve  the  problem  and  to  provide  a  process  which  permits 

to  prepare  a  thin  film  of  oxide  superconductor  having  a  desired  crystal  orientation  on  a  substrate  of  silicon  wafer. 

5  Summary  of  the  Invention 

The  present  invention  provides  a  thin  film  of  oxide  superconductor  deposited  on  a  single  crystal  substrate 
of  silicon  wafer,  characterized  by  a  buffer  layer  of  (1  00)  or  (1  1  0)  oriented  Ln203,  in  which  Ln  stands  for  Y  or 
lanthanide  elements,  interposed  between  the  thin  film  of  oxide  superconductor  and  the  silicon  wafer. 

w  An  under-layer  as  an  additional  buffer  layer  is  preferably  interposed  between  the  buffer  layer  of  Ln203  and 
the  silicon  wafer.  In  any  case,  the  thin  film  of  oxide  superconductor  is  deposited  directly  on  and  is  contacted 
with  the  buffer  layer  of  Ln203.  The  under-layer  may  be  made  of  metal  oxide  such  as  Zr02  or  yttrium  stabilized 
zirconia  (YSZ)  or  metal  such  as  Y  and  lanthanide  elements. 

The  present  invention  provides  also  a  process  for  for  preparing  a  thin  film  of  oxide  superconductor  on  a 
15  single  crystal  substrate  of  silicon  wafer,  comprising  by  the  steps  of  depositing  a  buffer  layer  of  (1  00)  or  (1  1  0) 

oriented  Ln203,  in  which  Ln  stands  for  Y  or  lanthanide  elements,  on  the  silicon  wafer  and  thereafter  depositing 
the  thin  film  of  oxide  superconductor  on  the  buffer  layer. 

A  surface  of  the  silicon  wafer  is  preferably  cleaned  satisfactorily  before  the  buffer  layer  of  (1  00)  or  (1  1  0) 
oriented  Ln203  is  deposited.  This  cleaning  of  the  surface  of  silicon  wafer  can  be  effected  by  heat-treatment  in 

20  vacuum  effected  under  a  pressure  of  lower  than  1  x  1  Ch6  Torr  and  at  a  temperature  of  above  900  °C.  Above- 
mentioned  under  layer  is  preferably  deposited  on  said  silicon  wafer  before  the  buffer  layer  of  Ln203  is  deposited. 
The  buffer  layer  of  Ln203  and  the  under-layer  of  metal  oxide  such  as  Zr02  or  YSZ  or  metal  such  as  Y  and  lanth- 
anide  elements.can  be  prepared  by  vacuum  deposition  method,  while  the  thin  film  of  oxide  superconductor  is 
preferably  prepared  by  sputtering  method.  Successive  deposition  operations  of  both  of  the  buffer  of  Ln203  (if 

25  necessary  the  under-layer)  and  the  thin  film  of  oxide  superconductor  are  preferably  carried  out  in  an  identical 
vacuum  chamber. 

An  essence  of  the  present  invention  resides  in  that  a  buffer  layer  of  Ln203  having  a  layered  structure  is 
deposited  on  a  silicon  single  crystal  substrate  before  a  thin  film  of  oxide  superconductor  is  deposited.  The  term 
"buffer  layer"  means  a  layer  of  Ln203  on  which  a  thin  film  of  oxide  superconductor  is  deposited  directly. 

30  As  is  stated  above,  it  is  known  that  effective  thin  film  of  all  oxide  superconductors  can  be  deposited  only 
on  predetermined  crystalline  surfaces  and  that  diffusion  of  silicon  into  the  thin  film  of  oxide  superconductor 
result  in  deterioration  and  loss  of  superconducting  properties.  Several  materials  for  the  buffer  layer  are  pro- 
posed.  Known  materials  for  the  buffer  layer  are  selected  from  those  can  produce  crystalline  surfaces  which 
are  suitable  for  realizing  thin  films  of  oxide  superconductor  thereon  and  which  function  as  a  diffusion  barrier  to 

35  silicon  and  constituent  elements  of  oxide  superconductor.  In  fact,  known  buffer  layers  are  satisfactory  to  prevent 
diffusion  of  silicon  but  contribute  little  to  crystal  growth  of  the  thin  film  of  oxide  superconductor  to  be  deposited 
directly  thereon. 

According  to  the  present  invention,  the  buffer  layer  on  which  a  thin  film  of  oxide  superconductor  is  deposited 
is  made  of  a  material  which  does  not  or  little  react  with  superconductor,  has  well-matched  lattice  constants  with 

40  crystals  of  the  superconductor  and  also  has  a  predetermined  crystal  orientation,  so  that  the  thin  film  of  oxide 
superconductor  deposited  on  the  buffer  layer  grows  epitaxially  and  possesses  a  well-ordered  crystal  orien- 
tation.  Inventors  of  the  present  invention  found  that  such  epitaxial  growth  can  be  realized  by  selecting,  as  the 
buffer  layer,  Ln203,  in  which  "Ln"  stands  for  Y  or  lanthanide  elements  such  as  La,  Er. 

As  a  substrate  on  which  thin  films  grow,  (100)  single  crystal  silicon  wafer  is  usually  because  of  cost  and 
45  easy  of  matching  in  lattice  constants.  A  thin  film  deposited  on  this  (1  00)  single  crystal  silicon  wafer  is  expected 

to  have  identical  crystal  orientation  of  (100).  However,  actually  obtained  thin  film  by  known  technique  doesn't 
possesses  crystal  orientation  of  (100)  but  possesses  a  crystal  orientation  of  (111).  This  fact  is  reported  by 
Fukomotoet  al.  in  Appl.  Phys.  Lett.  55(4)  24,  July  1989,  pp  360-361.  This  (111)  oriented  thin  film,  however,  is 
not  suitable  to  effect  epitaxial  growth  of  oxide  superconductor  because  (100)  or  (110)  oriented  thin  films  is 

so  demanded  in  actual  applications  of  thin  films  of  oxide  superconductor. 
The  (1  00)  or  (1  1  0)  oriented  thin  film  as  a  buffer  layer  can  be  prepared  from  Ln203  according  to  the  present 

invention. 
In  the  process  according  to  the  present  invention,  one  of  following  methods  is  preferably  adopted  in  order 

to  realize  the  (100)  or  (110)  oriented  thin  film: 
55  In  a  first  method,  a  surface  of  a  silicon  wafer  to  be  used  is  cleaned  satisfactorily.  In  pratice,  this  cleaning 

operation  can  be  carried  out,  for  example,  by  heat-treatment  in  a  high-vacuum  chamber  with  observing  a  sur- 
face  condition  of  a  silicon  wafer.  This  heat-treatment  can  be  carried  out  until  a  characteristic  "2  x  1"  structure 
which  means  that  the  surface  becomes  clean  is  observed  by  a  reflection  high-energy  electron  diffraction 

3 
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(RHEED)  analyzer.  In  practice,  the  heat-treatment  is  carried  out  preferably  at  a  pressure  of  lower  than  1  x 
10"6  Torr  and  at  a  temperature  of  above  900  °C. 

In  a  second  method,  an  additional  buffer  layer  (hereinafter,  under-buffer  layer)  is  interposed  between  the 
Ln203  buffer  layer  on  which  a  thin  film  of  oxide  superconductor  is  deposited  directly  and  the  silicon  wafer,  in 

5  other  words,  the  buffer  layer  has  a  two-layered  structure.  The  under-buffer  layer  used  as  additional  buffer  layer 
is  selected  so  as  to  satisfy  such  two  requirements  that  the  under-layer  is  well-matched  with  the  (100)  crystal 
orientation  of  silicon  wafer  and  that  the  under-layer  possesses  a  (100)  or  (110)  plane.  The  under-buffer  layer 
can  be  made  of  oxide  such  as  Zr02,  yttrium  stabilized  zirconia  (YSZ)  or  metal  elements  such  as  Y,  Er,  Pr,  Dy, 
Ho,  Yb,  Gd,  Sm  or  the  like. 

w  Crystal  orientation  of  the  under-layer  on  which  the  Ln203  buffer  layer  is  deposited  directly  can  be  controlled 
by  using  one  or  both  of  the  above-mentioned  methods. 

As  a  conclusion,  according  to  the  present  invention,  thin  films  of  oxide  superconductors  having  controlled 
crystal  orientation  can  be  prepared  on  a  silicon  wafer  substrate.  Thin  films  of  oxide  superconductors  according 
to  the  present  invention  possesses  effective  crystalline  structure  which  starts  just  from  an  interface  with  the 

15  buffer  layer  and  shows  improved  critical  current  density  (Jc). 
Use  of  silicon  single  crystal  wafer  as  a  substrate  is  very  advantageous  in  the  field  of  electronics  devices 

since  a  variety  of  fine  processing  technology  of  silicon  wafer  are  known  and  applicable  in  addition  to  such  merits 
that  single  crystal  wafer  is  less  expensive  and  is  available  stably  on  market.  And  also,  a  thin  film  having  a  large 
area  can  be  prepared  because  a  silicon  wafer  having  a  large  diameter  is  available  on  market. 

20 
Description  of  the  Preferred  Embodiments 

Now,  the  present  invention  will  be  described  with  reference  to  Examples,  but  the  scope  of  the  present  inven- 
tion  should  not  be  limited  thereto. 

25 
Example  1 

Six  silicon  wafers  each  having  a  diameter  of  3  inch  were  used.  Three  silicon  wafers  were  subjected  to  clean- 
ing  treatment  which  was  effected  at  900  °C  under  5  x  10"7  Torr  for  10  minute  until  the  characteristic  "2  x  1" 

30  structure  was  observed  on  the  silicon  wafer  by  RHEED. 
Then,  an  under-buffer  layer  of  Zr02  or  Y  was  deposited  on  two  silicon  wafer  which  were  not  heat-treated 

and  on  two  silicon  wafer  which  were  cleaned  by  the  heat-treated. 
The  under-buffer  layers  of  Zr02and  Ywere  deposited  by  vacuum  deposition  technique.  In  the  case  of  two 

cleaned  silicon  wafer,  vacuum  deposition  was  carried  out  continuously  in  the  same  chamber  as  the  cleaning 
35  chamber  without  exposing  the  heat-treated  silicon  wafers  to  air.  Film-forming  conditions  of  under  buffer  layers 

are  summarized  in  table  1 

Tabic  1 

40 
Buffer  layer  Zr02  Y  

vapour  source  sintered  ZrC>2  metal  Y  
45 substrate  temperature  (°C)  800  700 

pressure  (Torr)  5  x  10"6  5  x  10"7 

film  thickness  (A)  200  50 
50 

The  results  of  six  silicon  wafers  are  summarized  in  Table  2  in  which  film-growth  planes  of  obtained  buffer 
layers  are  also  shown. 

55 
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Table  2 

Sample  No.  Cleaning  treatment  buffer  layer  growth  plane 

1  no  none  —  
2  no  Zr02  (100) 

3  no  Y  (100) 

4  yes  none 
5  yes  Zr02  (100) 

6  yes  Y  (100) 

Then,  an  upper  buffer  layer  of  Y203  was  deposited  by  vacuum  evaporation  technique  on  the  six  wafers 
obtained  under  the  condition  shown  in  Table  3. 

Table  3 

vapour  source  metal  Y 

substrate  temperature  (°C)  760  °C 

partial  pressure  of  oxygen  (Torr)  5  x  10'4 

film  thickness  (A)  300 

Crystal  orientation  of  upper  buffer  layers  of  Y203  obtained  under  the  above  condition  was  evaluated  by  X- 
ay  diffraction  analyzer.  The  results  are  summarized  in  Table  4 

Table  4 

Sample  No  film  growth  plane 

1  ( H I )  

2  (100) 

3  (110) 

4  (110) 

5  (100) 

6  (110) 

:inally,  a  thin  film  of  Y-Ba-Cu  oxide  superconductor  was  deposited  on  the  resulting  upper  buffer  layer  by 
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sputtering  technique  under  conditions  shown  in  Table  5: 

Table  5 

composition  in  a  target  YiBa2Ci i40x  

substrate  temperature  (°C)  700 

sputtering  gas  Ar+02  (20  vol  %) 

pressure  (Torr)  0.1 

film  thickness  (A)  2 ,000 

Superconducting  properties  and  crystal  orientation  of  the  resulting  six  films  of  oxide  superconductor  are 
summarized  in  Table  6.  The  critical  current  density  (Jc)  was  determined  at  liquid  nitrogen  temperature  with  cur- 
rent  passing  along  a  direction  which  is  perpendicular  to  c-axis  of  crystal  of  which  the  thin  film  is  made. 

Table  6 

Sample  No.  Critical  Critical  current  Orienta t ion 

temperature  (K)  density  (A/cm2)  of  crystal  

1  78  1  x  102  polycrystal  

2  85  8  x  105  (001)  

3  84  5  x  105  (110)  

4  85  4x  105  ( H O )  

5  89  2x  106  (001)  

6  88  1  x  106  ( H O )  

Example  2 

The  same  silicon  (100)  single  crystal  substrate  as  Example  1  was  used  to  prepare  a  thin  film  of  oxide  super- 
conductor. 

Film-deposition  plane  of  the  silicon  wafer  was  cleaned  or  heat-treated  under  the  same  condition  as  Example 
1  and  then  an  under-layer  of  YSZ  was  deposited  thereon  by  vacuum  deposition  technique  under  the  conditions 
shown  in  Table  7  in  which  a  film-growth  plane  of  obtained  under  buffer  layer  is  also  shown. 

6 
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Table  7 

vapour  source  sintered  YSZ 

substrate  temperature  (°C)  800 

pressure  (Torr)  5  x  10"6 

film  thickness  (A)  300 

crystal  orientation  (100) 

Then,  an  buffer  layer  of  Er203  was  deposited  by  vacuum  evaporation  technique  on  the  under-layer  of  YSZ 
deposited  on  the  silicon  wafer  under  the  condition  shown  in  Table  8. 

Table  8 

vapour  source  metal  Er 

substrate  temperature  (°C)  740  °C 

partial  pressure  of  oxygen  (Torr)  5  x  10*4 

film  thickness  (A)  300 

It  was  confirmed  that  the  resulting  upper  buffer  layers  of  Er203  is  a  crystalline  layer  having  a  crystal  orien- 
:ation  of  (100). 

Finally,  a  thin  film  of  Y-Ba-Cu  oxide  superconductor  was  deposited  on  the  resulting  upper  buffer  layer  of 
Er203  by  sputtering  technique  under  conditions  shown  in  Table  9.  In  this  Example,  two  samples  were  prepared 
at  the  substrate  temperature  of  700  °C  (Sample  7)  and  600  °C  (Sample  8). 

fable  9 

composition  in  a  target  YiBa2Cu4Ox 

substrate  temperature  (°C)  700  and  600 

sputtering  gas  Ar+02  (20  vol  %) 

pressure(Torr)   fj.l 

film  thickness  (A)  2,000 

Superconducting  properties  and  crystal  orientation  of  the  resulting  thin  films  of  oxide  superconductor  are 
summarized  in  Table  10.  The  critical  current  density  (Jc)  was  determined  at  liquid  nitrogen  temperature  with 
;urrent  passing  along  a  direction  which  is  perpendicular  to  c-axis  of  crystal  of  which  the  thin  film  is  made. 
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Table  10 

Sample  No.  Critical  Critical  current  Orientat ion 

temperature  (K)  density  (A/cm2)  of  crystal  

7  88  1  x  106  (001)  

8  87  9  x  105  ( i o 0 )  

15 

Claims 

1.  A  thin  film  of  oxide  superconductor  deposited  on  a  single  crystal  substrate  of  silicon  wafer,  characterized 
20  by  a  buffer  layer  of  (100)  or  (110)  oriented  Ln203,  in  which  Ln  stands  for  Y  or  lanthanide  elements  inter- 

posed  between  said  thin  film  of  oxide  superconductor  and  said  silicon  wafer. 

2.  The  thin  film  set  forth  in  claim  1,  wherein  said  thin  film  of  oxide  superconductor  is  directly  deposited  on 
and  contacted  with  said  buffer  layer  of  Ln203. 

25 
3.  The  thin  film  set  forth  in  claim  1  ,  wherein  an  under-layer  as  an  additional  buffer  layer  is  interposed  between 

said  buffer  layer  of  Ln203  and  said  silicon  wafer. 

4.  The  thin  film  set  forth  in  claim  3,  wherein  said  under-layer  is  a  layer  made  of  metal  oxide  or  metal. 
30 

5.  The  thin  film  set  forth  in  claim  4,  wherein  said  metal  oxide  is  Zr02  or  yttrium  stabilized  zirconia  (YSZ). 

6.  The  thin  film  set  forth  in  claim  4,  wherein  said  metal  is  selected  from  the  group  comprising  Y  and  lanthanide 
elements. 

35 
7.  A  process  for  preparing  a  thin  film  of  oxide  superconductor  on  a  single  crystal  substrate  of  silicon  wafer, 

comprising  by  the  steps  of  depositing  a  buffer  layer  of  (100)  or  (110)  oriented  Ln203,  in  which  Ln  stands 
for  Y  or  lanthanide  elements  on  said  silicon  wafer,  and  then  depositing  said  film  of  oxide  superconductor 
on  said  buffer  layer. 

40 
8.  The  process  set  forth  in  claim  7,  wherein  a  surface  of  said  silicon  wafer  is  cleaned  satisfactorily  before 

said  buffer  layer  of  (100)  or  (110)  oriented  Ln203  is  deposited. 

9.  The  process  set  forth  in  claim  8,  wherein  the  cleaning  of  said  surface  of  silicon  wafer  is  effected  by  heat- 
45  treatment  in  vacuum. 

10.  The  process  set  forth  in  claim  9,  wherein  said  heat-treatment  is  effected  under  a  pressure  of  lower  than 
1  x  1  0"6  Torr  and  at  a  temperature  of  above  900  °C. 

so  11.  The  process  set  forth  in  anyone  of  claim  7  to  10,  wherein  an  under-layer  as  additional  buffer  layer  is  depo- 
sited  on  said  silicon  wafer  and  said  buffer  layer  of  Ln203  is  deposited  on  said  under-layer. 

12.  The  process  set  forth  in  claim  1  1  ,  wherein  said  under-layer  is  a  layer  made  of  metal  oxide  or  metal. 

55  13.  The  thin  film  set  forth  in  claim  12,  wherein  said  metal  oxide  is  Zr02  or  yttrium  stabilized  zirconia  (YSZ). 

14.  The  thin  film  set  forth  in  claim  12,  wherein  said  metal  is  selected  from  the  group  comprising  Y  and  lanth- 
anide  elements. 

8 
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The  thin  film  set  forth  in  any  one  of  claim  7  to  14,  wherein  said  buffer  of  Ln203  and  said  under-layer  are 
prepared  by  vacuum  deposition  method. 

The  thin  film  set  forth  in  any  one  of  claim  7  to  15  ,  wherein  said  thin  film  of  oxide  superconductor  is  prepared 
by  sputtering  method. 

The  thin  film  set  forth  in  anyone  of  claim  7  to  16,  wherein  deposition  of  said  buffer  layer  of  Ln203  and  said 
under-layer  and  said  thin  film  oxide  superconductor  is  carried  out  in  a  same  vacuum  chamber  successively. 
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