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Description 

Field  of  the  Invention 

The  present  invention  relates  to  an  oxide 
superconducting  thin  film,  and  more  particularly,  it 
relates  to  an  oxide  superconducting  thin  film  which 
can  attain  high  critical  current  density. 

Description  of  the  Background  Art 

In  order  to  put  an  oxide  superconductive  ma- 
terial  into  practice,  an  appropriate  substrate  is  pre- 
pared  to  form  an  oxide  superconducting  thin  film 
on  this  substrate.  A  superconducting  wire  can  be 
obtained  by  using  a  long  substrate. 

In  general,  a  thin  film  is  formed  by  a  vapor 
phase  method,  for  example,  such  as  sputtering, 
vapor  deposition,  CVD,  MBE  or  the  like. 

The  practical  use  of  an  oxide  superconductive 
material  is  hindered,  however,  on  the  ground  that  it 
is  not  so  easy  to  attain  high  critical  current  density. 

A  prior  art  approach  to  provide  a  superconduc- 
ting  thin  film  having  a  higher  critical  current  density 
is  disclosed  in  the  EP-A-0  294  285.  According  to 
this  document  a  superconducting  thin  film  is  com- 
posed  of  compound  oxide  containing  at  least  one 
element  of  the  group  comprising  Y,  La,  Gd,  Ho,  Er, 
Tm,  Yb,  Dy,  Nd,  Sm,  Eu  and  Lu,  Ba  and  Cu.  To 
increase  the  critical  current  density  and  the  critical 
temperature,  it  is  suggested  in  this  document  to 
provide  a  crystal  structure  whose  c-axis  is  orien- 
tated  to  a  predetermined  direction.  According  to  a 
preferred  embodiment,  the  direction  of  the  c-axis  is 
orientated  to  a  direction  which  is  perpendicular  to 
the  plane  defined  by  a  the  a-axis  and  the  b-axis  of 
the  crystal.  In  accordance  with  this  document,  the 
direction  of  the  orientation  of  the  c-axis  is  deter- 
mined  by  the  nature  of  the  surface  of  the  substrate 
or  the  nature  of  the  crystal  face  on  which  the  thin 
film  has  to  be  deposited. 

From  SPIE,  Vol.  948,  1988,  Washington,  USA, 
"High-Tc  Superconductivity:  Thin  Films  and  De- 
vices"  X.  D.  Wu  et  al.  "Versatility  of  pulsed  laser 
deposition  technique  for  preparation  of  high  Tc 
superconducting  thin  films"  pages  50  -  65,  a  pul- 
sed  laser  deposition  (PLD)  technique  is  known  for 
preparing  high  Tc  superconducting  thin  films.  By 
using  this  technique,  superconducting  thin  films  of 
Y-Ba-Cu  Oxide  with  zero  resistance  temperature 
over  80  K  and  below  650  °  C  (processing  tempera- 
ture)  have  been  obtained.  The  critical  current  den- 
sities  in  the  films  prepared  at  low  temperature  on 
SrTi03  where  in  the  order  of  5  x  105  A/cm2  at  77 
K.  One  of  the  films  prepared  has  had  an  ortho- 
rhombic  structure  with  the  c-axis  normal  to  the 
substrate  surface. 

In  view  of  these  prior  art  approaches,  it  is  the 
object  of  the  present  invention  to  provide  oxide 
superconducting  thin  films  formed  by  laser  ablation 
techniques  having  an  improved  critical  current  den- 

5  sity. 
This  object  is  solved  by  an  oxide  superconduc- 

ting  thin  film  according  to  claim  1. 
In  more  detail,  the  present  invention  is  directed 

to  an  oxide  superconducting  thin  film,  which  is 
io  formed  by  laser  ablation.  In  order  to  solve  the 

aforementioned  technical  problem,  the  inventive  ox- 
ide  superconducting  thin  film  comprises  a  matrix 
formed  of  c-axis  oriented  superconducting  phases 
and  foreign  phases  which  are  different  in  crystal 

75  orientation  from  the  matrix. 
The  inventors  have  made  deep  study  as  to 

improvement  in  critical  current  density  of  oxide 
superconducting  thin  films  obtained  by  various  va- 
por  phase  methods,  to  find  that  an  oxide  supercon- 

20  ducting  thin  film  having  the  aforementioned  struc- 
ture  provides  the  most  excellent  critical  current 
density.  For  example,  it  has  been  recognized  that 
an  oxide  superconducting  thin  film  substantially 
comprising  only  a  matrix  which  is  formed  of  c-axis 

25  oriented  superconducting  phases  exhibits  critical 
current  density  not  more  than  50%  of  that  of  the 
oxide  superconducting  thin  film  having  the  afore- 
mentioned  structure.  Thus,  the  aforementioned 
structure  is  an  essential  element  for  an  oxide 

30  superconducting  thin  film  which  provides  excellent 
critical  current  density. 

An  oxide  superconducting  thin  film  has  an  ex- 
tremely  complicated  fine  structure,  which  cannot 
be  completely  controlled.  According  to  laser  abla- 

35  tion,  however,  it  is  possible  to  considerably  control 
such  a  fine  structure  of  the  oxide  superconducting 
thin  film  by  appropriately  selecting  film  growing 
conditions.  The  inventors  have  found  a  fine  struc- 
ture  which  is  more  preferable  for  an  oxide  super- 

40  conducting  thin  film  through  such  control  of  the  fine 
structure. 

The  following  preferred  modes  or  conditions  of 
the  present  invention  contribute  to  improvement  in 
critical  current  density  of  the  as-grown  oxide  super- 

45  conducting  thin  film: 
The  size  of  each  superconducting  phase  in  its 

a-b  plane  is  preferably  not  more  than  0.1  urn  in 
diameter.  Further,  the  size  of  each  superconducting 
phase  along  its  c-axis  is  preferably  equal  to  the 

50  thickness  of  the  oxide  superconducting  thin  film.  In 
other  words,  the  superconducting  phase  preferably 
passes  through  the  oxide  superconducting  thin  film 
along  the  direction  of  thickness. 

The  foreign  phases  which  are  different  in  cry- 
55  stal  orientation  from  the  c-axis  oriented  matrix  pref- 

erably  at  least  partially  pass  through  the  oxide 
superconducting  thin  film  along  the  direction  of 
thickness.  The  size  of  each  foreign  phase  is  prefer- 
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ably  at  least  0.01  urn  and  not  more  than  5  urn  in 
diameter.  Further,  each  foreign  phase  preferably 
has  an  a-axis  or  a  b-axis  which  is  vertically  oriented 
with  respect  to  the  major  surface  of  the  oxide 
superconducting  thin  film. 

In  general,  foreign  phases  which  are  prepared 
by  a  vapor  phase  method  are  of  restricted  types, 
and  it  is  impossible  to  confirm  an  effect  of  an 
arbitrary  foreign  phase.  In  a  useful  foreign  phase, 
however,  Cu  occupies  at  least  60  atomic  percent 
among  all  metal  elements  contained  therein.  Fur- 
ther,  it  is  particularly  preferable  that  the  foreign 
phases  are  partially  formed  of  CuO  particles. 

A  preferred  embodiment  of  the  present  inven- 
tion  includes  a  single-crystal  type  matrix,  or  a  ma- 
trix  having  parts  which  are  different  in  a-b  axis 
orientation  from  other  portions. 

In  this  specification,  the  term  "single  crystal"  is 
widely  defined  to  include  a  twin  crystal. 

According  to  the  present  invention,  it  is  possi- 
ble  to  obtain  an  oxide  superconducting  thin  film 
having  high  critical  current  density,  as  understood 
from  Examples  described  below. 

The  oxide  superconducting  thin  film  according 
to  the  present  invention  is  grown  by  laser  ablation, 
whereby  the  film  deposition  rate  is  increased  as 
compared  with  that  grown  by  another  vapor  phase 
method,  and  the  film  can  be  grown  in  an  at- 
mosphere  under  a  high  pressure.  Thus,  it  is  possi- 
ble  to  obtain  an  oxide  superconducting  thin  film 
having  a  dense  structure,  and  its  critical  current 
density  can  be  improved  also  in  this  point. 

These  and  other  objects,  features,  aspects  and 
advantages  of  the  present  invention  will  become 
more  apparent  from  the  following  detailed  descrip- 
tion  of  the  present  invention  when  taken  in  conjunc- 
tion  with  the  accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  an  enlarged  view  showing  the  surface 
of  an  oxide  superconducting  thin  film  obtained 
according  to  Example  1  of  the  present  invention. 
Fig.  2  illustrates  the  crystal  structure  of  a  matrix 
1  of  the  oxide  superconducting  thin  film  shown 
in  Fig.  1; 
Fig.  3  is  an  illustrative  sectional  view  showing  a 
state  of  distribution  of  foreign  phase  5  and  5a 
which  are  different  in  crystal  orientation  from  c- 
axis  oriented  parts  4  in  the  matrix  1  shown  in 
Fig.  2;  and 
Fig.  4  is  an  enlarged  view  showing  an  estimated 
surface  state  of  an  oxide  superconducting  thin 
film  obtained  according  to  Example  2  of  the 
present  invention. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

Example  1 
5 

A  KrF  excimer  laser  of  248  nm  was  used  to 
form  a  Y-Ba-Cu-0  film  on  an  MgO(100)  substrate. 
The  film  was  grown  using  a  target  composed  of  Y, 
Ba  and  Cu  in  the  ratios  1:2:3,  under  conditions  of 

io  oxygen  gas  pressure  of  100  mTorr,  substrate-to 
target  distance  of  40  mm,  laser  energy  density  of  2 
J/cm2,  laser  repetition  rate  of  3  Hz  and  substrate 
temperature  of  750  °  C  for  one  hour. 

Thus,  a  Y-Ba-Cu-0  film  of  500  A  in  thickness 
is  was  obtained. 

As  the  result  of  a  four-probe  method,  this  film 
exhibited  a  critical  temperature  Tc  of  90.5  K  and 
critical  current  density  Jc  of  6.0  x  10G  A/cm2  at 
77.3  K.  It  has  been  impossible  to  attain  such  high 

20  critical  current  density  in  other  thin  film  growing 
methods  such  as  sputtering,  MBE  and  the  like. 

The  surface  of  the  oxide  superconducting  thin 
film  was  observed  to  find  that  foreign  phases  2  of 
at  least  0.01  urn  and  not  more  than  5  urn  in 

25  diameter  were  dispersed  in  a  matrix  1  which  was 
formed  of  superconducting  phases,  as  shown  in 
Fig.  1.  The  different  phases  2  were  partially  com- 
posed  of  Cu-O. 

Fig.  2  shows  crystal  orientation  of  the  matrix  1. 
30  In  this  figure,  the  lines  show  a-b  planes,  and  c-axes 

are  perpendicular  to  the  a-b  planes. 
Referring  to  Fig.  2,  the  matrix  1  was  mostly 

formed  of  c-axis  oriented  parts  4  whose  a-b  planes 
were  oriented  in  parallel  with  a  major  surface  of  the 

35  superconducting  thin  film,  i.e.,  a  substrate  surface 
3.  This  matrix  1  was  provided  with  a  foreign  phase 
5,  which  was  different  in  crystal  orientation  from  the 
c-axis  oriented  parts  4.  This  foreign  phase  5  had  an 
a-axis  or  a  b-axis  which  was  oriented  perpendicu- 

40  larly  to  the  major  surface  of  the  superconducting 
thin  film,  i.e.,  the  substrate  surface  3. 

The  foreign  phase  5  of  different  crystal  orienta- 
tion  was  composed  of  Y,  Ba  and  Cu  in  the  ratios 
1  :2:3,  similarly  to  the  c-axis  oriented  parts  4. 

45  Fig.  3  shows  a  section  of  the  superconducting 
thin  film.  As  understood  from  Fig.  3,  such  foreign 
phases  5  of  different  crystal  orientation  were  dis- 
tributed  in  various  modes  with  respect  to  the  direc- 
tion  of  thickness  of  the  superconducting  thin  film, 

50  and  some  foreign  phases  5a  passed  through  the 
superconducting  thin  film  along  the  direction  of 
thickness. 

Reference  Example  1 
55 

An  oxide  superconducting  film  was  obtained 
through  a  similar  process  to  Example  1,  excepting 
that  the  substrate  temperature  was  800  °  C. 

4 
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In  the  as-formed  oxide  superconducting  thin 
film,  CuO  particles  of  at  least  7  urn  in  diameter 
were  observed.  Further,  it  was  proved  that  the 
matrix  was  entirely  c-axis  oriented  perpendicularly 
to  the  substrate  surface.  This  oxide  superconduc- 
ting  thin  film  exhibited  critical  current  density  Jc  of 
1.2  x  10G  A/cm2  at  77.3  K. 

Example  2 

A  KrF  excimer  laser  of  248  nm  was  used  to 
form  a  Y-Ba-Cu-0  film  on  an  MgO(100)  substrate. 
The  film  was  formed  using  a  target  composed  of  Y, 
Ba  and  Cu  in  the  ratios  1:2:3  under  conditions  of 
oxygen  gas  pressure  of  200  mTorr,  substrate-to- 
target  distance  of  60  mm,  laser  energy  density  of 
2.5  J/cm2,  laser  repetition  rate  of  40  Hz,  substrate 
temperature  of  700  °C,  and  film  deposition  rate  of 
2500  A/min.  for  four  minutes. 

The  aforementioned  film  deposition  rate  is  ex- 
tremely  high  as  compared  with  a  condition  of  12  to 
60  A/min.,  which  is  known  as  being  capable  of 
obtaining  an  oxide  superconducting  thin  film  having 
relatively  high  critical  current  density  by  RF  sput- 
tering. 

The  surface  of  the  as-grown  oxide  supercon- 
ducting  thin  film  was  observed  with  a  scanning 
electron  microscope,  to  prove  that  it  was  formed  of 
particles  of  0.005  to  0.1  urn  in  particle  size.  As  to 
X-ray  diffraction,  no  diffraction  but  (001)  was  ob- 
served  and  it  was  ascertained  that  this  film  was  c- 
axis  oriented.  Through  refraction  high-energy  elec- 
tron  beam  diffraction,  a  ring-shaped  diffraction  pat- 
tern  was  observed  above  the  oxide  superconduc- 
ting  thin  film,  which  was  determined  as  being  poly- 
crystalline.  As  the  result  of  observation  with  a 
transmission  electron  microscope,  it  was  proved 
that  the  film  was  mostly  formed  of  superconducting 
phase  particles  which  were  uniformly  oriented 
along  a-b  directions,  and  partially  formed  of  super- 
conducting  phase  particles  which  were  different  in 
orientation  along  a-b  directions  from  the  uniformly 
oriented  particles. 

Fig.  4  shows  a  structure,  estimated  from  the 
above  results  of  analysis,  of  the  superconducting 
thin  film.  Referring  to  Fig.  4,  numeral  6  denotes 
superconducting  phase  particles. 

Critical  current  density  Jc  of  this  film  was  mea- 
sured  by  a  four-probe  method.  The  result  was  2.2  x 
10G  A/cm2  at  77.3  K. 

Reference  Example  2 

Oxide  superconducting  thin  films  were  obtained 
through  a  process  similar  to  Example  2,  excepting 
that  the  substrate  temperatures  were  600  °C  and 
750  °  C. 

These  oxide  superconducting  thin  films  were 
observed  with  a  scanning  electron  microscope,  to 
prove  that  the  thin  film  prepared  at  the  substrate 
temperature  of  600  °C  was  formed  of  particles  of 

5  0.001  to  0.005  urn  in  particle  size  and  that  pre- 
pared  at  750  °  C  was  formed  of  particles  of  0.05  to 
1  .1  urn  in  particle  size. 

As  to  critical  current  density  Jc,  the  former  film 
exhibited  8.8  x  105  A/cm2  at  77.3  K,  and  the  latter 

w  film  exhibited  4.3  x  105  A/cm2  at  77.3  K. 
Although  the  present  invention  has  been  de- 

scribed  and  illustrated  in  detail,  it  is  clearly  under- 
stood  that  the  same  is  by  way  of  illustration  and 
example  only  and  is  not  to  be  taken  by  way  of 

is  limitation,  the  scope  of  the  present  invention  being 
limited  only  by  the  terms  of  the  appended  claims. 

Claims 

20  1.  An  oxide  superconducting  thin  film  formed  by 
laser  ablation,  comprising: 
a  matrix  (1)  formed  of  c-axis  oriented  super- 
conducting  phases  (4,  6);  characterized  by  fur- 
ther  comprising 

25  foreign  phases  (2,  5,  5a)  having  different  cry- 
stal  orientations  compared  to  said  matrix  (1). 

2.  The  oxide  superconducting  thin  film  in  accor- 
dance  with  claim  1,  wherein  the  size  of  each 

30  said  superconducting  phase  (4,  6)  in  its  a-b 
plane  is  not  more  than  0.1  urn  in  diameter. 

3.  The  oxide  superconducting  thin  film  in  accor- 
dance  with  claims  1  or  2,  wherein  the  size  of 

35  each  said  superconducting  phase  (4,  6)  in  its 
c-axis  direction  is  equal  to  the  thickness  of 
said  oxide  superconducting  thin  film. 

4.  The  oxide  superconducting  thin  film  according 
40  to  anyone  of  the  preceding  claims,  wherein  at 

least  a  part  (5a)  of  said  foreign  phases  (2,  5, 
5a)  extend  through  said  oxide  superconducting 
thin  film  along  the  direction  of  thickness  of  the 
film. 

45 
5.  The  oxide  superconducting  thin  film  according 

to  anyone  of  the  preceding  claims,  wherein  the 
size  of  each  said  foreign  phases  (2,  5,  5a)  is  at 
least  0.01  urn  and  not  more  than  5  urn  in 

50  diameter. 

6.  The  oxide  superconducting  thin  film  according 
to  anyone  of  the  preceding  claims,  wherein 
each  said  foreign  phases  (2,  5,  5a)  has  an  a- 

55  axis  or  a  b-axis  perpendicularly  oriented  with 
respect  to  the  major  surface  (4,  6)  of  said 
oxide  superconducting  thin  film. 

5 
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7.  The  oxide  superconducting  thin  film  according 
to  anyone  of  the  preceding  claims,  wherein 
each  of  said  foreign  phases  (2,  5,  5a)  contains 
at  least  one  metal  element,  and  Cu  occupies  at 
least  60  atomic  percent  among  all  metal  ele- 
ments  contained  in  said  foreign  phase  (2,  5, 
5a). 

8.  The  oxide  superconducting  thin  film  according 
to  anyone  of  the  preceding  claims,  wherein 
said  foreign  phases  (2,  5,  5a)  contain  CuO 
particles. 

9.  The  oxide  superconducting  thin  film  according 
to  anyone  of  the  preceding  claims,  wherein 
said  matrix  (1)  is  of  a  single  crystal  type. 

10.  The  oxide  superconducting  thin  film  according 
to  anyone  of  the  preceding  claims,  wherein 
said  matrix  (1)  has  parts  (4,  6)  being  different 
in  orientation  along  a-b  directions  from  other 
parts  (4,  6). 

Patentanspruche 

1.  Ein  mittels  Laserablation  gebildeter  dunner 
Film  aus  supraleitendem  Oxid,  mit: 
einer  Matrix  (1),  die  aus  c-Achsen-orientierten 
supraleitenden  Phasen  (4,  6)  gebildet  ist,  da- 
durch  gekennzeichnet,  dafi  sie  desweiteren 
fremden  Phasen  (2,  5,  5a)  umfaBt,  die  im  Ver- 
gleich  zu  der  Matrix  (1)  unterschiedliche  Kri- 
stallorientierungen  aufweisen. 

2.  Der  dunne  Film  aus  supraleitendem  Oxid  nach 
Anspruch  1,  worin  die  GroBe  einer  jeden  der 
genannten  supraleitenden  Phasen  (4,  6)  in  ih- 
rer  a-b  Ebene  im  Durchmesser  nicht  mehr  als 
0,1  urn  betragt. 

3.  Der  dunne  Film  aus  supraleitendem  Oxid  nach 
Anspruch  1  oder  2,  worin  die  GroBe  einer 
jeden  der  genannten  supraleitenden  Phasen  (4, 
6)  in  Richtung  ihrer  c-Achse  der  Dicke  des 
dunnen  Filmes  aus  supraleitendem  Oxid 
spricht. 

4.  Der  dunne  Film  aus  supraleitendem  Oxid  nach 
einem  der  vorigen  Anspruche,  worin  wenig- 
stens  ein  Teil  (5a)  der  genannten  fremden 
Phasen  (2,  5,  5a)  sich  durch  den  genannten 
dunnen  Film  aus  supraleitendem  Oxid  entlang 
der  Richtung  der  Dicke  des  Filmes  erstreckt. 

5.  Der  dunne  Film  aus  supraleitendem  Oxid  nach 
einem  der  vorigen  Anspruche,  worin  die  GroBe 
einer  jeden  der  genannten  fremden  Phasen  (2, 
5,  5a)  im  Durchmesser  wenigstens  0,01  urn 

und  nicht  mehr  als  5  urn  betragt; 

6.  Der  dunne  Film  aus  supraleitendem  Oxid  nach 
einem  der  vorigen  Anspruche,  worin  ein  jede 

5  der  genannten  fremden  Phasen  (2,  5,  5a)  ein 
a-Achse  oder  eine  b-Achse  aufweist,  die  be- 
zuglich  der  Hauptoberflache  (4,  6)  des  genann- 
ten  dunnen  Filmes  aus  supraleitendem  Oxid 
senkrecht  orientiert  ist. 

10 
7.  Der  dunne  Film  aus  supraleitendem  Oxid  nach 

einem  der  vorigen  Anspruche,  worin  ein  jede 
der  genannten  fremden  Phasen  (2,  5,  5a)  we- 
nigstens  ein  Metallelement  enthalt,  und  Cu  we- 

15  nigstens  60  Atomprozent  zwischen  all  den  Me- 
tallelementen  einnimmt,  die  in  der  genannten 
fremden  Phase  (2,  5,  5a)  enthalten  sind. 

8.  Der  dunne  Film  aus  supraleitendem  Oxid  nach 
20  einem  der  vorigen  Anspruche,  worin  die  ge- 

nannten  fremden  Phasen  (2,  5,  5a)  CuO-  Parti- 
kel  enthalten. 

9.  Der  dunne  Film  aus  supraleitendem  Oxid  nach 
25  einem  der  vorigen  Anspruche,  worin  die  ge- 

nannte  Matrix  (1)  vom  einkristallinen  Typ  ist. 

10.  Der  dunne  Film  aus  supraleitendem  Oxid  nach 
einem  der  vorigen  Anspruche,  worin  die  Matrix 

30  (1)  Teile  (4,  6)  aufweist,  die  in  ihrer  Orientie- 
rung  entlang  a-b-Richtungen  von  anderen  Tei- 
len  (4,  6)  verschieden  sind. 

Revendicatlons 
35 

1.  Un  film  mince  constitue  d'oxyde  supraconduc- 
teur  realise  par  ablation  a  I'aide  d'un  rayon 
laser,  comprenant  une  matrice  (1)  constitute 
d'une  phase  supraconductrice  (4,  6)  orientee 

40  selon  I'axe  c,  film  caracterise  en  ce  qu'il  com- 
prend  en  outre  des  phases  d'addition  (2,  5,  5a) 
ayant  des  orientations  cristallines  differentes 
de  celle  de  ladite  matrice  (1). 

45  2.  Le  film  mince  d'oxyde  supraconducteur  selon 
la  revendication  1,  a  I'interieur  duquel  la  taille 
de  chacune  desdites  phases  supraconductri- 
ces  (4,  6)  prises  dans  le  plan  a-b  ne  depasse 
pas  0,1  urn  de  diametre. 

50 
3.  Le  film  mince  d'oxyde  supraconducteur  selon 

les  revendications  1  ou  2,  a  I'interieur  duquel 
la  taille  de  chacune  desdites  phases  supracon- 
ductrices  (4,  6)  prises  dans  le  sens  de  I'axe  c 

55  est  egale  a  I'epaisseur  dudit  film  mince  consti- 
tue  d'oxyde  supraconducteur. 

6 



9  EP  0  431  595  B1  10 

4.  Le  film  mince  d'oxyde  supraconducteur  selon 
I'une  quelconque  des  revendications  preceden- 
tes,  a  I'interieur  duquel  un  domaine  au  moins 
(5a)  desdites  phases  d'addition  (2,  5,  5a) 
s'etend  a  travers  ledit  film  mince  d'oxyde  su-  5 
praconducteur  dans  le  sens  de  I'epaisseur  du 
film. 

5.  Le  film  mince  d'oxyde  supraconducteur  selon 
I'une  quelconque  des  revendications  preceden-  10 
tes,  a  I'interieur  duquel  la  taille  de  chacune 
desdites  phases  d'addition  (2,  5,  5a)  fait  au 
moins  0,01  urn  de  diametre  et  ne  depasse  pas 
5  urn  de  diametre. 

75 
6.  Le  film  mince  d'oxyde  supraconducteur  selon 

I'une  quelconque  des  revendications  preceden- 
tes,  a  I'interieur  duquel  chacune  desdites  pha- 
ses  d'addition  (2,  5,  5a)  presente  un  axe  a  ou 
un  axe  b  oriente  perpendiculairement  a  la  sur-  20 
face  principale  (4,  6)  dudit  film  mince  constitue 
d'oxyde  supraconducteur. 

7.  Le  film  mince  d'oxyde  supraconducteur  selon 
I'une  quelconque  des  revendications  preceden-  25 
tes,  a  I'interieur  duquel  chacune  desdites  pha- 
ses  d'addition  (2,  5,  5a)  contient  au  moins  un 
element  metallique  au  sein  duquel  Cu  fait  au 
moins  60%  en  pourcentage  atomique  de  tous 
les  elements  metalliques  contenus  dans  ladite  30 
phase  d'addition  (2,  5,  5a). 

8.  Le  film  mince  d'oxyde  supraconducteur  selon 
I'une  quelconque  des  revendications  preceden- 
tes,  a  I'interieur  duquel  lesdites  phases  d'  ad-  35 
dition  (2,  5,  5a)  contiennent  des  particules  de 
CuO. 

9.  Le  film  mince  d'oxyde  supraconducteur  selon 
I'une  quelconque  des  revendications  preceden-  40 
tes,  a  I'interieur  duquel  ladite  matrice  (1)  est 
de  type  monocristalline. 

10.  Le  film  mince  d'oxyde  supraconducteur  selon 
I'une  quelconque  des  revendications  preceden-  45 
tes,  a  I'interieur  duquel  ladite  matrice  (1)  pre- 
sente  des  domaines  (4,  6)  qui,  lorsqu'ils  sont 
orientes  selon  I'axe  a-b,  sont  differents  des 
autres  domaines  (4,  6). 

7 
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