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Description 

FIELD  OF  THE  INVENTION  AND  RELATED  ART  STATEMENT 

5  1.  FIELD  OF  THE  INVENTION 

The  present  invention  relates  to  a  method  for  manufacturing  a  functional  thin  film  by  using  a  vacuum  evap- 
oration,  which  enables  improved  orientation  i.e.  an  improved  uniform  orientation  or  alignment  of  constituent 
particles,  e.g.  crystals,  of  the  film)  and  high  speed  formation  of  film. 

10 
2.  DESCRIPTION  OF  THE  RELATED  ART 

The  functional  thin  film  is  usedfora  metal  thin  film  type  magnetic  recording  medium  having  high  recording 
density  or  for  an  orientated  film  of  a  liquid  crystal  device.  The  metal  thin  film  type  magnetic  recording  medium 

15  is  suitable  for  high  density  magnetic  recording,  and  the  orientated  film  for  a  liquid  crystal  is  one  of  the  most 
important  part  in  the  liquid  crystal.  They  are  applied  in  various  field  of  a  wide  range  such  as  an  image  apparatus 
and  an  information  machine. 

With  the  development  of  information-leadershipped  society,  remarkable  development  of  the  magnetic  re- 
cording  medium  e.g.  higher  densities  of  recording  has  been  carried  out.  Acoated  magnetic  recording  medium 

20  is  an  example  of  the  conventional  recording  media.  The  coated  magnetic  recording  medium  consists  of  a  coat- 
ed  magnetic  layer  including  powdered  ferromagnetic  material  e.g.  y-Fe203,  CrO  or  pure  iron  and  binder  on  a 
high  polymer  film,  and  is  used  as  an  audio  tape  or  a  video  tape. 

Ametal  thin  film  type  recording  medium  has  been  investigated  in  order  to  improve  coercive  force,  recording 
density  and  electromagnetic  transducing  characteristics.  The  metal  thin  film  type  recording  medium  is  formed 

25  by  deposition  of  magnetic  metal  e.g.  Fe,  Ni,  Co,  Cr  or  the  like  or  alloy  thereof  on  a  high  polymer  film  by  using 
a  method  of  deposition  (e.g.  a  vacuum  evaporation,  a  plating,  an  ion  plating  or  a  sputtering).  And  an  audio 
tape  and  a  video  tape  as  ferromagnetic  metal  thin  film  type  recording  media  are  realized  by  using  a  method 
of  a  vacuum  evaporation  wherein  an  oblique  incident  angle  is  used  (hereinafter  it  is  abbreviated  to  an  oblique 
vacuum  evaporation  method). 

30  A  conventional  metal  thin  film  type  recording  medium  is  formed  by  evaporation-deposited  Co-Ni-0  on  a 
non-magnetic  substrate  of  polyethylene  terephthalate  (hereinafter  it  is  abbreviated  to  PET)  by  using  an  oblique 
vacuum  evaporation  method  wherein  an  incident  angle  of  vaporized  metal  atom  is  in  the  range  of  from  about 
90°  to  about  40°  .  Hereinafter,  the  incident  angle  of  vaporized  metal  atom  is  defined  by  measuring  from  the 
normal  line  to  the  face  of  the  object  film  to  be  vaporized.  The  above-mentioned  oblique  vacuum  evaporation 

35  method  has  following  problems:  evaporation  rate  of  magnetic  metal  is  very  small  such  as  10%  or  below,  de- 
position  rate  of  the  metal  thin  film  is  small  and  productivity  of  the  magnetic  recording  medium  is  poor. 

Further,  there  has  been  no  way  for  controlling  orientation  of  crystal  during  deposition  of  the  oblique  vacuum 
evaporation  method.  So  it  has  been  difficult  to  obtain  a  well-balanced  metal  thin  film  type  recording  medium 
in  both  magnetic  characteristics  (e.g.  coercivity)  and  electromagnetic  transducing  characteristics. 

40  A  metal  thin  film  type  perpendicular  magnetic  recording  medium,  which  has  been  noticed  in  recent  years, 
is  formed  by  deposition  of  Co-Cr  on  a  polyimide  film  (hereinafter  it  is  abbreviated  to  PI)  by  using  a  vacuum 
evaporation  for  perpendicular  magnetic  recording  medium  wherein  an  incident  angle  of  vaporized  metal  atom 
is  about  0°.  Thus,  evaporation  rate  is  relatively  larger  than  that  of  the  above-mentioned  oblique  vacuum  evap- 
oration  method.  It  is  necessary  to  keep  narrow  range  of  the  incident  angle  such  as  0°  +5°  determined  by  a 

45  gap  between  inhibitors  (masks),  since  vaporized  metal  atom  having  enlarged  oblique  incident  angle  has  bad 
influence  upon  the  magnetic  characteristics.  That  is,  it  is  impossible  to  widen  the  gap  between  inhibitors 
(masks)  which  determine  the  incident  angle  in  order  to  enlarge  the  deposition  rate. 

Thus  the  vacuum  evaporation  for  perpendicular  magnetic  recording  medium  has  the  following  problem 
similarly  to  the  oblique  vacuum  evaporation  method.  Evaporation  rate  of  magnetic  metal  is  small  and  produc- 

50  tivity  of  the  magnetic  recording  medium  is  small.  And  further,  there  is  also  no  way  for  control  on  orientation 
of  crystal  during  deposition. 

On  the  other  hand,  it  has  been  required  to  develop  an  orientated  film  having  more  improved  orientation 
for  use  in  a  liquid  crystal  cell,  since  recently  used  color  liquid  crystal  display  apparatus  necessitates  it  more 
than  monochrome  one.  The  orientated  film  is  of  ferroelectric  material  formed  on  a  substrate  e.g.  glass  plate. 

55  A  conventional  ferroelectric  orientated  film  for  a  liquid  crystal  is  developed  on  an  extension  of  a  TN  (Twisted 
Nematic)  liquid  crystal.  The  conventional  ferroelectric  orientated  film  is  mainly  formed  through  rubbing  of  a 
film  whereon  polyimide  is  applied.  But  the  conventional  film  is  insufficient  in  orientation,  since  sufficient  uni- 
form  orientation  (alignment)  of  constituent  particles  (crystals)  of  the  film  has  not  been  obtained. 
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Recently,  an  orientated  film  formed  by  using  a  conventional  oblique  vacuum  evaporation  of  silicon  oxide 
(SiO  orSi02)  has  been  investigated,  and  electric  resistance  heating  is  used  in  the  oblique  vacuum  evaporation. 
When  the  orientated  film  is  used  as  an  orientated  film  for  a  liquid  crystal,  it  is  necessary  to  use  an  incident 

5  angle  of  vaporized  atom  (of  silicon  oxide)  only  in  the  narrow  range  of  from  about  90°  to  about  85°  in  order  to 
improve  the  resolution  of  the  liquid  crystal  display.  The  range  of  the  incident  angle  is  smaller  than  that  of  the 
above-mentioned  oblique  vacuum  evaporation  method  (i.e.  90°  —  40°  ).  Thus,  the  oblique  vacuum  evaporation 
of  silicon  oxide  has  problems  similar  to  the  above-mentioned  oblique  vacuum  evaporation  method.  That  is, 
evaporation  rate  of  silicon  oxide  is  small,  deposition  rate  of  the  silicon  oxide  film  is  small  and  productivity  of 

10  the  orientated  film  is  small.  And  further,  there  is  no  way  for  control  on  orientation  of  constituent  particles  (crys- 
tals)  during  deposition,  either. 

OBJECT  AND  SUMMARY  OF  THE  INVENTION 

15  The  present  invention  is  intended  to  solve  the  above-mentioned  problems,  and  purpose  of  the  present  in- 
vention  is  to  provide  an  improved  method  for  manufacturing  functional  thin  film  which  has  splendid  property 
of  orientation  (alignment)  of  constituent  particles  (crystals)  of  the  film  with  high  productivity. 

The  method  for  manufacturing  functional  thin  film  in  accordance  with  the  present  invention  is  character- 
ized  in  that 

20  the  thin  film  is  evaporation-deposited  on  the  substrate  with  orientation  of  particles  of  the  material  under 
regulation  by  a  gas  flow  in  a  manner  that  direction  of  the  gas  flow  at  a  gas  discharge  nozzle  substantially  in- 
tersects  direction  of  flow  of  vapor  of  the  material  onto  the  substrate. 

By  the  method  for  manufacturing  the  functional  thin  film,  the  gas  flow  controls  the  orientation  and  the  func- 
tional  thin  film  having  improved  orientation  of  the  material  particles  and  having  improved  characteristics  (e.g. 

25  magnetic  characteristic  and  electromagnetic  transducing  characteristic  or  resolution  and  orientation  distrib- 
ution  factor)  is  manufactured  with  high  productivity. 

Metal  thin  film  type  magnetic  recording  medium  as  one  of  the  functional  thin  films  can  be  made  with  a 
high  productivity  which  is  about  two  times  as  high  as  that  by  the  conventional  oblique  deposition  method  with- 
out  undesirable  decrease  of  magnetic  characteristics  and  electromagnetic  transducing  characteristics.  That 

30  is,  in  the  conventional  oblique  deposition  method,  it  is  necessary  to  use  narrow  range  of  the  incident  angle 
e.g.  from  90°  to  40°  in  order  to  keep  a  sufficient  electromagnetic  transducing  characteristic  for  a  metal  thin 
film  deposited  tape  for  video.  In  contrast,  according  to  the  present  invention,  when  such  a  wide  range  of  the 
incident  angle  e.g.  from  90°  to  20°  is  used  for  realizing  high  productivity,  a  deposition  rate  which  is  larger  than 
that  of  the  conventional  oblique  deposition  method  is  obtained.  And  it  is  still  possible  to  keep  sufficient  elec- 

35  tromagnetic  transducing  characteristic  being  equal  or  superior  to  that  of  the  conventional  oblique  method,  by 
utilization  of  the  gas  flow  which  substantially  intersects  the  flow  of  vapor  of  magnetic  metal.  Further,  when 
the  above-mentioned  wide  range  of  the  incident  angle  is  used  at  the  same  deposition  rate  as  that  of  the  con- 
ventional  oblique  deposition  method,  significantly  improved  magnetic  characteristics  and  electromagnetic 
transducing  characteristics  are  obtained. 

40  With  regard  to  an  orientated  film  for  a  liquid  crystal  as  one  of  the  functional  thin  films,  improved  orientation 
of  the  material  particles  and  high  productivity  is  obtained  by  utilization  of  the  gas  flow  which  substantially  in- 
tersects  the  flow  of  vapor  of  the  material  during  deposition.  By  the  comparison  of  the  orientated  film  with  a 
conventional  one  which  is  made  by  rubbing  of  the  polyimide  film,  undesirable  reversed  domain  (which  is  an 
area  where  the  orientation  is  not  uniform)  is  observed  at  the  edge  part  of  the  conventional  orientated  film,  so 

45  the  conventional  orientated  film  shows  80%  of  an  orientation  distribution  factor  (which  is  defined  as  a  ratio  of 
the  area  to  a  total  area).  In  contrast,  the  orientated  film  obtained  by  the  method  of  the  present  invention  shows 
100%  of  the  orientation  distribution  factor,  since,  uniform  orientation  is  obtained  even  at  the  edge  part  of  the 
film. 

In  this  case,  resolution  of  the  liquid  crystal  display  constituted  by  using  the  orientated  film  of  the  present 
so  invention  is  kept  on  the  same  level  as  that  of  the  liquid  crystal  display  constituted  by  using  a  conventional  ori- 

entated  film  formed  by  using  the  conventional  oblique  vacuum  evaporation  method,  even  though  the  depos- 
ition  rate  is  larger  than  that  of  the  conventional  oblique  deposition  by  two-digit  figures. 

In  order  to  improve  the  advantage  of  the  present  invention,  a  most  suitable  pressure  in  a  chamber  for  use 
is  in  the  range  of  from  1  x  1  0"3  Torr  to  1  x  1  0"5  Torr.  In  case  the  inside  of  the  chamber  is  kept  at  low  vacuum 

55  than  1  x  10"3Torr,  melting  of  an  evaporating  material  e.g.  metal  or  silicon  oxide  (compound)  becomes  unstable. 
In  case  the  inside  of  the  chamber  is  kept  at  higher  vacuum  than  1  x  10"5  Torr,  obtained  effect  of  the  present 
invention  is  not  changed  any  more. 

In  order  to  enlarge  effect  of  the  present  invention,  suitable  thickness  of  the  deposited  metal  thin  (magnetic) 
film  is  above  300  A.  When  the  thickness  becomes  so  large,  crack  or  the  like  is  apt  to  occur  on  the  film,  Thus 
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the  suitable  thickness  is  below  5000  A.  It  is  more  preferable  to  use  more  than  two  nozzles  for  the  gas  flow  in 
order  to  enlarge  effect  of  the  present  invention. 

While  the  novel  features  of  the  invention  are  set  forth  particularly  in  the  appended  claims,  the  invention, 
5  both  as  to  organization  and  content,  will  be  better  understood  and  appreciated,  along  with  other  objects  and 

features  thereof,  from  the  following  detailed  description  taken  in  conjunction  with  the  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

10  FIG.1  is  a  side  view  of  a  first  embodiment  of  vacuum  evaporation  apparatus  forforming  a  longitudinal  mag- 
netic  film  on  the  substrate  embodying  the  present  invention. 

FIG.2  is  aside  view  of  a  second  embodiment  of  vacuum  evaporation  apparatus  forforming  a  perpendicular 
magnetic  film  on  the  substrate  embodying  the  present  invention. 

FIG.3  is  a  side  view  of  a  third  embodiment  of  vacuum  evaporation  apparatus  for  forming  a  longitudinal 
15  magnetic  film  on  the  substrate  embodying  the  present  invention. 

FIG.4  is  a  side  view  of  a  fourth  embodiment  of  vacuum  evaporation  apparatus  forforming  an  orientated 
film  for  a  liquid  crystal  on  a  substrate  embodying  the  present  invention. 

It  will  be  recognized  that  some  or  all  of  the  Figures  are  schematic  representations  for  purposes  of  illus- 
tration  and  do  not  necessarily  depict  the  actual  relative  sizes  or  locations  of  the  elements  shown. 

20 
DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

Hereafter,  preferred  embodiments  of  the  present  invention  are  explained  with  reference  to  the  accompa- 
nying  drawings. 

25 
1.  First  embodiment: 

FIG.1  is  a  side  view  of  a  first  embodiment  of  vacuum  evaporation  apparatus  forforming  a  longitudinal  mag- 
netic  film  on  the  substrate  embodying  the  present  invention. 

30  A  conventional  vacuum  pump  10  is  used  for  realizing  reduced  atmosphere  in  a  vacuum  chamber  11.  Mag- 
netic  material  6  in  a  melting  pot  5  of  porcelain  (MgO)  is  melt  by  irradiation  from  a  known  270°  -deflection  type 
electron  gun  (not  shown  in  FIG.1).  Over  the  melting  pot  5,  a  substrate  1  consisting  of  high  polymer  film  is  fed 
out  from  a  supplying  reel  2  and  transferred  on  the  circumference  of  a  cylindrical  cooling  can  3,  whereon  evapo- 
rated  magnetic  material  is  deposited  on  the  substrate  1  in  transfer.  And  the  substrate  1  is  wound  on  a  winding 

35  reel  4. 
Unnecessary  flow  of  vapor  of  the  evaporated  magnetic  material  is  obstructed  by  an  inhibitor  7.  In  FIG.1  , 

the  inhibitor  7  is  disposed  in  a  manner  that  it  enables  the  flow  of  vapor  within  the  range  of  incident  angle  from 
90°  to  0°  . 

A  nozzle  8  is  fixed  on  the  inhibitor  7  in  a  manner  that  a  gas  flow  from  the  nozzle  8  intersects  the  vapor 
40  flow.  The  gas  flow  is  shown  by  an  arrow  G  in  FIG.1.  The  direction  of  axis  of  the  nozzle  8  is  substantially  parallel 

to  the  surface  of  the  magnetic  material  6  in  the  melting  pot  5.  The  direction  of  the  axis  of  the  nozzle  8  can  be 
slanted  for  the  substrate  1  ,  and  degree  of  such  a  slant  depends  on  design  of  the  vacuum  evaporation  appa- 
ratus.  It  is  at  least  necessary  that  the  gas  flow  from  the  nozzle  8  intersects  the  vapor  flow. 

In  this  invention,  to  intersect  means  that  the  direction  of  the  gas  flow  which  is  immediately  after  leaving 
45  the  nozzle  is  perpendicular  to  the  direction  of  the  flow  of  the  vapor  of  the  evaporated  material. 

The  gas  is  introduced  from  a  gas  cylinder  12  into  the  vacuum  chamber  11.  An  inert  gas  (e.g.  nitrogen) 
alone  or  mixture  of  inert  gas  with  oxygen  is  used  as  the  gas.  It  is  most  preferable  to  use  the  nozzle  8  having 
a  row  of  plural  holes  of  small  diameter  disposed  in  a  manner  that  the  row  of  holes  are  in  the  direction  perpen- 
dicular  to  the  sheet  of  FIG.1  in  orderto  obtain  uniform  orientation  of  crystals  of  magnetic  material  (metal)  across 

so  the  whole  width  of  the  film. 
The  high  polymer  film  used  in  the  first  embodiment  shown  in  FIG.1  can  be  made  by  selecting  from  the 

following  materials:  PET,  polyethylene  naphthalate  (hereinafter  it  is  abbreviated  to  PEN),  PI,  polyamide  (e.g. 
aramid)  and  the  like.  The  magnetic  material  for  use  in  the  first  embodiment  includes  metals  such  as  Co,  Ni, 
Cr  and  Fe,  and  these  metals  can  be  melt  alone  or  in  combination  with  two  or  more  as  an  alloy.  The  magnetic 

55  material  is  deposited  on  the  high  polymer  film  as  a  state  of  a  metal,  an  alloy  or  a  compound  of  metal  (e.g.  oxi- 
dized  metal). 

In  order  to  obtain  characteristics  of  sufficient  electromagnetic  transducing  and  the  like,  thickness  of  the 
deposited  magnetic  film  needs  to  be  above  300  A.  However,  when  the  thickness  becomes  larger  than  5000 
A,  crack  or  the  like  damage  is  apt  to  occur  on  the  film.  Thus  the  suitable  thickness  is  between  300  Aand  5000 

4 
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A. 
In  case  the  pressure  in  the  vacuum  chamber  11  is  higher  than  1  x  10"3Torr,  deposition  becomes  unstable, 

but  even  for  the  pressure  which  is  lower  than  1  x  1Ch5  Torr  the  obtained  effect  is  not  changed.  Therefore,  the 
5  suitable  range  is  between  1  x  1Ch3  Torr  and  1  x  1Ch5Torr. 

[  Example  1  ] 

Video  tape  samples  of  this  Example  1  of  the  present  invention  was  formed  by  using  the  first  embodiment 
10  of  the  evaporation  apparatus  shown  in  FIG.1.  In  this  Example  1,  a  lO^m  thick  and  150  mm  wide  PET  film  was 

used  as  a  high  polymerf  ilm,  and  Co  -  Ni  (20  wt%)  was  used  as  the  magnetic  material  6.  Co  -  Ni  was  deposited 
to  form  a  2000  A  thick  magnetic  film  on  the  PET  film  which  was  running  at  8  m/min.  The  obtained  magnetic 
film  was  a  longitudinal  magnetic  film  that  has  the  easy  magnetization  axis  in  longitudinal  direction  of  the  plane 
of  the  magnetic  film.  A  mixed  gas  of  nitrogen  and  oxygen  is  flown  from  the  nozzle  8  toward  the  vapor  flow  of 

15  magnetic  metal  and  the  PET  film  at  a  rate  of  0.5  l/min. 
In  this  case,  number  of  the  holes  of  the  nozzle  8  was  ten,  and  gas  flows  from  each  holes  were  made  con- 

stant  and  even  by  design  of  each  holes.  Deposition  was  made  under  pressure  of  about  5x10-5  Torr  in  the 
vacuum  chamber  11. 

In  this  case  mixing  ratio  of  nitrogen  to  oxygen  was  4:1  ,  and  volume  of  the  vacuum  chamber  was  about  3 
20  m3.  But  it  was  necessary  to  change  the  mixing  ratio  and/or  the  rate  of  gas  flow  according  to  design  of  the  whole 

evaporation  apparatus  and  condition  of  deposition. 

[  Comparison  example  1  ] 

25  Video  tape  samples  of  this  Comparison  example  1  was  formed  by  the  same  way  as  the  example  1  expect 
the  following  points: 

(1)  An  apparatus  using  the  conventional  oblique  evaporation  method  was  used,  wherein  the  incident  angle 
of  vaporized  atoms  was  in  the  range  of  from  90°  to  40°  . 
(2)  The  same  mixed  gas  was  introduced  into  the  vacuum  chamber  without  using  the  nozzle  8  shown  in 

30  FIG.1. 

2.  Second  embodiment: 

FIG.2  is  a  side  view  of  a  second  embodiment  of  a  vacuum  evaporation  apparatus  for  forming  a  perpen- 
35  dicular  magnetic  film  on  the  substrate  embodying  the  present  invention.  Corresponding  parts  and  components 

to  the  first  embodiment  are  shown  by  the  same  numerals  and  marks,  and  the  description  thereon  made  in  the 
first  embodiment  similarly  apply.  Differences  and  features  of  this  second  embodiment  from  the  first  embodi- 
ment  are  as  follows. 

Unnecessary  flow  of  vapor  of  the  evaporated  magnetic  material  is  obstructed  by  inhibitors  7a  and  7b  to 
40  produce  a  regulated  vapor  flow.  In  FIG.2,  the  inhibitors  7a  and  7b  are  disposed  in  a  manner  that  they  enable 

the  flow  of  vapor  within  the  range  of  incident  angle  from  +15°  to  -15°  . 
Nozzles  8a  and  8b  are  fixed  on  the  respective  inhibitors  7a  and  7b  in  a  manner  that  respective  gas  flows 

from  the  nozzles  8a  and  8b  intersect  the  vapor  flow.  The  gas  flows  are  shown  by  arrows  Ga  and  Gb  in  FIG.2. 
The  configuration  and  disposition  of  each  nozzles  8a  and  8b  were  the  same  as  the  nozzle  8  of  the  first  em- 

45  bodiment. 
Since  heat-resistivity  is  necessary  for  the  high  polymer  film  used  in  the  perpendicular  magnetic  recording 

medium,  the  film  should  be  made  from  the  following  materials:  polyimide,  aramide,  PET  etc.  The  following  ma- 
terials,  conditions  and  used  in  this  second  embodiment  are  the  same  as  those  shown  in  the  first  embodiment: 
the  magnetic  material,  state  of  the  deposited  magnetic  material,  condition  of  deposition,  thickness  of  the  de- 

50  posited  magnetic  material,  introduced  gas. 

[  Example  2  ] 

Video  tape  samples  of  this  Example  2  of  the  present  invention  was  formed  by  using  the  second  embodi- 
55  ment  of  the  evaporation  apparatus  shown  in  FIG.2.  In  this  Example  2,  a  10  urn  thick  and  150  mm  wide  PI  film 

was  used  as  the  high  polymer  film,  Co  -  Ni  (20  wt%)  was  used  as  the  magnetic  material.  Co  -  Ni  was  deposited 
to  form  a  2000  A  thick  magnetic  film  on  the  PI  film  which  was  running  at  8  m/min.  Nitrogen  gas  were  flown 
from  the  nozzles  8a  and  8b  toward  the  vapor  flow  of  the  magnetic  metal  at  a  rate  of  0.3  l/min.  Deposition  was 
made  under  pressure  of  about  2  x  10"4  Torr,  the  obtained  magnetic  film  was  a  perpendicular  magnetic  film 
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that  has  the  easy  magnetization  axis  which  is  perpendicular  to  the  surface  of  the  magnetic  film. 

[  Comparison  example  2  ] 
5 

Video  tape  samples  of  this  Comparison  example  2  were  formed  by  the  same  way  as  the  example  2  except 
the  following  points: 

(1)  An  apparatus  using  the  conventional  vacuum  evaporation  for  perpendicular  magnetic  recording  me- 
dium  was  used,  wherein  an  incident  angle  of  vaporized  atom  was  in  the  rage  of  0°  +  5°  . 

10  (2)  The  same  gas  was  introduced  into  the  vacuum  chamber  without  using  the  nozzles  8a  and  8b  shown 
in  FIG.2. 

3.  Third  embodiment: 

15  FIG.3  is  a  side  view  of  a  third  embodiment  of  a  vacuum  evaporation  apparatus  forforming  a  longitudinal 
magnetic  film  on  the  substrate  embodying  the  present  invention.  Corresponding  parts  and  components  to  the 
first  embodiment  are  shown  by  the  same  numerals  and  marks,  and  the  description  thereon  made  in  the  first 
embodiment  similarly  apply.  Differences  and  features  of  this  third  embodiment  from  the  first  embodiment  are 
as  follows. 

20  Unnecessary  flow  of  vapor  of  the  evaporated  magnetic  material  is  obstructed  by  inhibitors  7c  and  7d  to 
produce  a  regulated  vapor  flow.  In  FIG.3,  the  inhibitors  7c  and  7d  are  disposed  in  a  manner  that  they  enable 
flow  of  vapor  flow  within  the  range  of  incident  angle  from  90°  (at  position  of  starting  deposition)  to  0°  (at  position 
of  finishing  deposition). 

Nozzles  8c  and  8d  are  fixed  on  the  respective  inhibitors  7c  and  7d  in  a  manner  that  respective  gas  flow 
25  from  the  nozzles  8c  and  8d  intersect  the  vapor  flow.  The  gas  flow  are  shown  by  arrow  Gc  and  Gd  in  FIG.3. 

The  configuration  and  disposition  of  each  nozzles  8c  and  8d  were  the  same  as  the  nozzle  8  of  the  first  em- 
bodiment. 

The  high  polymer  film  used  in  the  third  embodiment  shown  in  FIG.3  is  made  from  the  following  materials, 
PET,  PEN,  PI,  poliamide,  aramide  and  the  like.  The  following  materials,  conditions  used  in  this  third  embodi- 

30  ment  are  the  same  as  those  shown  in  the  first  embodiment:  the  magnetic  material,  state  of  the  deposited  mag- 
netic  material,  condition  of  deposition  and  introduced  gas. 

In  order  to  keep  a  sufficient  magnetic  characteristic  suitable  thickness  of  the  deposited  metal  thin  (mag- 
netic)  film  was  above  300  A.  When  the  thickness  becomes  so  large  such  as  above  5000  A,  crack  or  the  like 
is  apt  to  occur  on  the  surface  of  the  magnetic  film,  and  the  magnetic  characteristic  is  not  improved  any  longer. 

35  A  most  suitable  pressure  in  the  vacuum  chamber  11  is  in  the  range  of  from  1  x  10"3  Torr  to  1  x  10"5  Torr  the 
range  which  is  as  same  as  the  range  mentioned  in  the  first  embodiment. 

[  Example  3  ] 

40  Video  tape  samples  of  this  Example  3  of  the  present  invention  were  formed  by  using  the  third  embodiment 
of  the  evaporation  apparatus  shown  in  FIG.3.  In  this  Example  3,  a  10  urn  thick  and  150  mm  wide  PET  film 
was  used  as  a  high  polymerf  i  Im,  and  Co  -  Ni  (20  wt%)  was  used  as  the  magnetic  material.  Co  -  Ni  was  deposited 
to  form  a  2000  A  thick  magnetic  film  on  the  PET  film  which  was  running  at  8  m/min.  A  mixed  gas  of  nitrogen 
and  oxygen  is  flown  from  the  nozzle  8c  at  position  of  starting  deposition  (i.e.  at  the  side  of  large  incident  angle) 

45  at  a  rate  of  0.1  l/min,  and  same  mixed  gas  is  flown  from  the  nozzle  8d  at  position  of  finishing  deposition  (i.e. 
at  the  side  of  small  incident  angle)  at  a  rate  of  0.5  l/min.  Deposition  was  made  under  pressure  of  about  5  x 
10"5  Torr.  The  obtained  magnetic  film  was  a  longitudinal  magnetic  film  that  has  the  easy  magnetization  axis 
is  longitudinal  direction  of  the  plane  of  magnetic  film. 

In  this  case  mixing  ratio  of  nitrogen  to  oxygen  was  4:1  ,  and  volume  of  the  vacuum  chamber  was  about  3 
so  m3.  But  it  was  necessary  to  change  the  mixing  ratio  and/or  the  rate  of  gas  flow  according  to  design  of  the  whole 

evaporation  apparatus  and  condition  of  deposition. 

4.  Evaluation  tests: 

55  The  following  evaluation  tests  were  made  on  different  tape  sample  obtained  in  the  foregoing  examples 
and  comparison  examples. 

6 
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[  Coercive  force  He  ] 

The  coercive  force  was  measured  with  a  vibration  sample  type  magnetometer. 
5 

[  Electromagnetic  transducing  characteristic  ] 

An  RF  output  (at  5  MHz)  of  each  sample  video  tape  was  measured  by  using  an  8  mm  video  system  VTR. 
The  measured  RF  output  was  expressed  in  terms  of  the  value  relative  to  that  of  the  comparison  example  1  , 

10  and  the  RF  output  of  the  comparison  example  1  was  defined  as  OdB. 

[  Deposition  rate  ] 

Deposition  rate  (A/sec)  of  the  magnetic  material  deposited  on  the  substrate  was  expressed  in  terms  of 
15  the  value  relative  to  that  of  the  comparison  example  1  . 

Table  1  shows  results  of  these  evaluation  tests  as  to  respective  sample  tapes. 

20 
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T a b l e   1 

5 

C o e r c i v e   E l e c t r o m a g n e t i c   D e p o s i t i o n  
10  t r a n s d u c i n g  

f o r c e : H c ( 0 e )   c h a r a c t e r i s t i c   r a t e  
( d B )  

15 

Example   1  1080  0  2 

20 

C o m p a r i s o n   1050  0  1 

25  e x a m p l e   1 

E x a m p l e   2  850  + 4   5 
30 

35  C o m p a r i s o n   800  +  3 .8   3 

e x a m p l e   2 

40 
Example   3  1200  + 3 . 5   2 

45 

From  the  above-mentioned  results  shown  in  table  1  ,  the  following  conclusion  was  obtained: 

so  [  The  comparison  between  Example  1  and  Comparison  example  1  ] 

The  coercive  force  and  the  RF  output  (dB),  which  indicates  the  magnetic  characteristic  and  electromag- 
netic  transducing  characteristic  of  the  Example  1  ,  was  equal  to  or  better  than  that  of  the  Comparison  example 
1  .  It  means  that  improved  orientation  of  crystals  in  the  magnetic  film  was  kept  in  spite  of  adopting  a  wide  range 

55  (i.e.  90°  —  0°  )  of  the  incident  angle  of  the  vaporized  atoms.  The  gas  flow  G  controlled  the  effective  range  of 
incident  angle  widely,  that  is  90°  —  0°  ,  in  a  manner  that  the  incident  angle  is  aligned  in  a  certain  range  for 
forming  the  longitudinal  magnetic  film.  That  is,  the  improved  orientation  of  crystals  in  the  magnetic  film  was 
controlled  by  the  gas  flow  G. 

And  a  high  speed  deposition  of  the  deposition  rate  which  is  two  times  as  large  as  that  of  the  Comparison 
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example  1  was  obtained  in  the  Example  1  .  The  reason  is  that  the  vaporized  atoms  in  the  range  of  incident  angle 
from  40°  to  0°  ,  which  could  not  be  utilized  in  the  conventional  oblique  evaporation  method,  were  made  to  be 
utilized  by  the  gas  flow  G  shown  in  FIG.1,  so  that  the  deposition  rate  of  the  Example  1  became  two  times  as 

5  large  as  that  of  the  Comparison  example  1  . 

[  The  comparison  between  Example  2  and  Comparison  example  2  ] 

The  coercive  force  and  the  RF  output  of  the  Example  1  was  equal  to  or  better  than  that  of  the  comparison 
10  example  2.  It  means  that  improved  orientation  of  crystals  in  the  magnetic  film  was  kept  in  spite  of  adopting  a 

wide  range  (i.e.  +15°  —  15°  )  of  the  incident  angle  of  the  vaporized  atoms.  The  gas  flows  Gaand  Gb  controlled 
the  effective  range  of  incident  angle  widely,  that  is  +15°  —  15°  ,  in  a  manner  that  the  incident  angle  is  aligned 
in  a  certain  range  (i.e.  about  0°  )  for  forming  the  perpendicular  magnetic  film.  That  is,  the  improved  orientation 
of  crystals  in  the  perpendicular  magnetic  film  was  controlled  by  the  gas  flows  Ga  and  Gb. 

15  And  a  high  speed  deposition  of  the  deposition  rate  which  is  about  two  times  as  large  as  that  of  the  the 
comparison  example  2,  was  obtained  in  the  example  2.  The  reason  is  that  the  vaporized  atoms  in  the  range 
of  the  incident  angle  from  +1  5°  to  +5°  and  that  of  from  -5°  to  -  1  5°  ,  which  could  not  be  uti  lized  in  the  conventional 
vacuum  evaporation  for  perpendicular  magnetic  recording  medium,  were  made  to  be  utilized  by  the  gas  flows 
Ga  and  Gb  shown  in  FIG.2,  so  that  the  deposition  rate  of  the  example  2  became  about  two  times  as  large  that 

20  of  the  comparison  example  2. 

[  The  comparison  of  the  example  3  and  the  example  1  ] 

The  deposition  rate  of  the  Example  3  was  the  same  as  that  of  the  Example  1.  In  the  Example  3,  introduction 
25  of  both  gas  flows  (Gc,  Gd)  shown  in  FIG.3  at  the  side  of  starting  of  deposition  and  at  the  side  of  finishing  of 

deposition  resulted  in  improved  coercive  force  and  electromagnetic  transducing  characteristic,  owing  to  im- 
provement  of  orientation  of  crystals  in  the  magnetic  film.  In  this  example  3,  the  vaporized  atoms  in  about  90° 
range  of  incident  angle,  which  were  not  suitable  forforming  a  longitudinal  magnetic  film,  were  utilized  forform- 
ing  the  longitudinal  magnetic  film  by  the  gas  flow  Gd.  That  is,  the  gas  flow  Gd  controlled  the  incident  angle 

30  of  the  vaporized  atoms  effectively  regulating  the  incident  angle  to  a  certain  angle,  without  making  loss  of  the 
evaporated  material,  thereby  to  efficiently  form  the  longitudinal  magnetic  film.  Similarly,  the  gas  flowGc  also 
controlled  the  incident  angle  of  the  vaporized  atoms. 

An  angle  of  the  orientation  of  crystals  (hereinafter  it  is  abbreviated  to  an  orientation  angle)  of  the  longitu- 
dinal  magnetic  film  was  controlled  by  both  gas  flows  Gd  and  Gc.  In  other  words,  the  orientation  angle  is  varied 

35  and  controlled  by  the  conditions  (e.g.  rate  of  gas  flow,  mixing  ratio  of  constituent  gas  etc.)  of  the  gas  flows 
Gd  and  Gc.  And  determination  of  conditions  of  the  gas  flow  for  a  suitable  control  on  an  orientation  angle  de- 
pends  on  design  of  the  nozzles,  the  vacuum  chamber  etc.  It  is  needless  to  say  that  the  orientation  angle  of 
the  magnetic  film  can  be  controlled  similarly  by  the  gas  flow(s)  in  the  above-mentioned  first  and  second  em- 
bodiments. 

40 
5.  Fourth  embodiment: 

FIG.4  is  a  side  view  of  a  fourth  embodiment  of  vacuum  evaporation  apparatus  forforming  an  orientated 
film  on  a  substrate  for  a  liquid  crystal  device  embodying  the  present  invention. 

45  Corresponding  parts  and  components  to  the  first  embodiment  are  shown  by  the  same  numerals  and 
marks,  and  the  description  thereon  made  in  the  first  embodiment  similarly  apply.  Differences  and  features 
of  this  fourth  embodiment  from  the  first  embodiment  are  as  follows. 

An  evaporating  material  6'  including  silicon  (e.g.  silicon  in  free  state  or  silicon  oxide)  in  a  melting  pot  5  of 
porcelain  (MgO)  is  melt  by  irradiation  from  a  known  270°  -deflection  type  electron  gun  (not  shown  in  FIG.4). 

so  A  substrate  1  '  of  glass  is  fixed  on  a  holder  3'  over  the  melting  pot  5,  and  material  evaporated  from  the  evap- 
orating  material  6'  is  deposited  onto  the  substrate  V. 

Unnecessary  flow  of  vapor  of  the  evaporated  material  is  obstructed  by  an  inhibitor  7'.  The  inhibitor  7'  is 
disposed  in  a  manner  effectively  to  regulate  the  flow  of  vapor  within  in  the  range  of  incident  angle  from  90°  to 
70°  . 

55  A  nozzle  8'  is  fixed  on  the  inhibitor  7'  in  a  manner  that  a  gas  flow  from  the  nozzle  8'  interstects  the  vapor 
flow.  The  gas  flow  is  shown  by  an  arrow  Ge  in  FIG.4.  The  configuration  and  disposition  of  the  nozzle  8'  was 
the  same  as  the  nozzle  8  of  the  first  embodiment. 

The  evaporating  material  6'  of  silicon  can  be  chosen  properly  from;  SiO,  Si02,  free  state  silicon,  etc.  Suit- 
able  range  of  the  thickness  of  deposited  film  on  the  substrate  is  from  300  A  to  5000  A. 

9 
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[  Example  4  ] 

Orientated  film  samples  of  this  example  4  of  the  present  invention  was  formed  by  using  the  fourth  em- 
5  bodiment  of  the  evaporation  apparatus  shown  in  FIG.4. 

In  this  example  4,  a  0.5  mm  thick,  150  mm  long  and  150  mm  wide  glass  plate  was  used  as  the  substrate 
1  ',  free  state  silicone  was  used  as  the  evaporating  material  6'  of  silicon.  A  mixed  gas  of  nitrogen  and  oxygen 
was  flown  from  the  nozzle  8'  at  a  rate  of  0.1  l/min  toward  the  vapor  flow  of  the  silicon.  And  silicon  oxide  was 
deposited  to  form  a  2000  A  thick  orientated  film  for  a  liquid  crystal  on  the  glass  plate. 

10  Deposition  was  made  under  pressure  of  about  5x10-5  Torr 
In  this  case  mixing  ratio  of  nitrogen  to  oxygen  was  4:1  ,  and  volume  of  the  vacuum  chamber  was  about  3 

m3.  But  it  was  necessary  to  change  the  mixing  ratio  and/or  the  rate  of  gas  flow  according  to  design  of  the  whole 
evaporation  apparatus  and  condition  of  deposition. 

15  [  Comparison  example  4  ] 

Orientated  film  samples  of  this  comparison  example  4  were  formed  by  the  same  way  as  the  example  4 
except  the  following  points: 

(1)  The  apparatus  shown  in  FIG.4  was  also  used  as  an  apparatus  of  a  conventional  oblique  vacuum  evap- 
20  oration  (method),  wherein  an  incident  angle  of  vaporized  atoms  was  set  in  the  range  of  from  90°  to  85°  by 

disposition  of  the  inhibitor  7'. 
(2)  The  same  mixed  gas  was  introduced  into  the  vacuum  chamber  11  without  using  the  nozzle  8'  shown 
in  FIG.4. 

25  [  Comparison  example  5  ] 

Orientated  f  i  Im  samples  of  this  comparison  example  5  were  formed  by  rubbing  of  the  polyimide  film  formed 
on  the  glass  plate  which  was  the  same  as  that  used  in  the  example  4. 

30  6.  Evaluation  test: 

The  following  evaluation  testes  were  made  on  different  samples  obtained  in  the  foregoing  example  and 
comparison  examples. 

35  [  Observation  as  a  liquid  crystal  display  ] 

A  liquid  crystal  display  was  assembled  by  using  the  orientated  film  sample.  And  resolution  and  reversed 
domain  of  the  liquid  crystal  display  was  observed  in  the  state  of  actual  use.  The  result  of  the  observation  was 
defined  as  follows; 

40  (  1  )  As  to  resol  ut  ion  : 
The  resolution  observed  in  the  comparison  example  4  was  defined  as  "Good".  And  resolution  of  the 

example  4  and  the  comparison  example  5  were  observed  in  comparison  with  that  observed  in  the  com- 
parison  example  4.  And  in  case  the  resolution  was  not  as  good  as  the  comparison  example  4,  the  resolution 
was  defined  as  "Poor". 

45  (2)  As  to  reversed  domain: 
Undesirable  reversed  domain  means  an  area  where  the  orientation  is  not  uniform.  A  ratio  of  an  area 

whereon  no  reversed  domain  is  observed  to  a  total  area  of  the  display  is  defined  as  an  orientation  distrib- 
ution  factor  (%).  That  is,  1  00%  of  the  orientation  distribution  factor  means  that  no  reversed  domain  is  ob- 
served. 

50 
[  Deposition  rate  ] 

Deposition  rate  (A/sec)  of  the  silicon  compound  on  the  substrate  was  expressed  in  terms  of  the  value  rel- 
ative  to  that  of  the  comparison  example  4. 

55  Table  2  shows  results  of  these  evaluation  tests  as  to  respective  samples. 
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T a b l e   2 

5 

O b s e r v a t i o n   as  a  l i q u i d  
10 

c r y s t a l   d i s p l a y   D e p o s i t i o n   r a t e  

15  R e s o l u t i o n   O r i e n t a t i o n  

d i s t r i b u t i o n  

f a c t o r  
20 

E x a m p l e   4  Good  100  %  1 0 0  

25 

C o m p a r i s o n   Good  100  %  1 
30 

e x a m p l e   4 

35  C o m p a r i s o n   Poor   80  % 

e x a m p l e   5 

40 
From  the  above-mentioned  results  shown  in  table  2,  the  following  conclusion  was  obtained: 

[  The  comparison  between  Example  4  and  Comparison  example  4  ] 

45  The  resolution  and  the  orientation  distribution  factor  which  indicate  a  most  important  characteristics  of 
the  liquid  crystal  display  of  the  example  4  was  equal  to  that  of  the  comparison  example  4.  It  means  that  im- 
proved  orientation  of  crystals  in  the  orientated  film  was  kept  in  spite  of  adopting  a  wide  range  (i.e.  90°  —  70°  ) 
of  the  incident  angle  of  the  vaporized  silicone  compounds.  The  gas  flow  Ge  controlled  the  effective  range  of 
incident  angle  widely,  that  is  90°  —  70°  ,  in  a  manner  that  the  incident  angle  is  aligned  in  a  certain  range  for 

so  forming  an  improved  orientated  film.  In  addition,  the  deposition  rate  was  larger  than  that  of  the  conventional 
oblique  vacuum  evaporation  method  by  two-digit  figures,  and  it  resulted  in  drastically  high  productivity. 

[The  comparison  between  Example  4  and  Comparison  example  5] 

55  In  the  Example  4,  the  most  important  characteristics  of  the  liquid  crystal  display,  that  is,  resolution  and 
orientation  distribution  factor,  were  better  than  that  of  the  Comparison  example  5. 

Although  the  present  invention  has  been  described  in  terms  of  the  presently  preferred  embodiments,  it  is 
to  be  understood  that  such  disclosure  is  not  to  be  interpreted  as  limiting.  Various  alterations  and  modifications 
will  no  doubt  become  apparent  to  those  skilled  in  the  art  after  having  read  the  above  disclosure.  Accordingly, 
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it  is  intended  that  the  appended  claims  be  interpreted  as  covering  all  alterations  and  modifications  as  fall  within 
the  true  spirit  and  scope  of  the  invention. 

Claims 

1.  In  a  method  for  manufacturing  a  functional  thin  film  wherein  a  thin  film  containing  at  least  a  material  is 
formed  on  a  substrate  by  a  vacuum  evaporation  method, 

the  improvement  that 
said  thin  film  is  evaporation-deposited  on  said  substrate  1  with  orientation  of  particles  of  said  ma- 

terial  under  regulation  by  a  gas  flow  G  in  a  manner  such  that  the  direction  of  said  gas  flow  at  a  gas  dis- 
charge  nozzle  8  substantially  intersects  direction  of  flow  of  vapor  of  said  material  onto  said  substrate. 

2.  Method  in  accordance  with  claim  1,  wherein  said  material  is  one  member  selected  from  the  group  con- 
sisting  of  metal  and  metal  compound. 

3.  Method  in  accordance  with  claim  1  wherein  said  material  is  a  magnetic  material  of  at  least  one  member 
selected  from  the  group  consisting  of  Co,  Fe,  Cr  and  Ni. 

4.  Method  in  accordance  with  claim  1,  wherein  said  thin  film  is  an  orientated  film  for  a  liquid  crystal,  and 
said  material  is  one  member  selected  from  the  group  consisting  of  silicon  and  silicon  compound. 

5.  Method  in  accordance  with  claim  1,  wherein  said  thin  film  has  a  thickness  in  the  range  of  from  300  Ato 
5000  A. 

6.  Method  in  accordance  with  claim  1  ,  said  functional  film  is  formed  under  a  pressure  in  the  range  of  from 
1  x  10-3  Torr  to  1  x  lO^Torr. 

Patentanspruche 

1.  Verfahren  zum  Herstellen  eines  funktionellen  dunnen  Films,  wobei  ein  dunner  Film,  der  wenigstens  ein 
Material  aufweist,  durch  ein  Vakuum-Evaporationsverfahren  bzw.  VakuumAufdampfverfahren  auf  einem 
Substrat  ausgebildet  wird, 

wobei  der  dunne  Film  auf  dem  Substrat  1  evaporationsabgeschieden  wird,  mit  einer  Orientierung 
von  Teilchen  des  Materials  mit  einer  Regulierung  durch  einen  Gasf  luli  G  auf  eine  Weise,  dali  die  Richtung 
des  Gasflusses  bei  einer  Gasabgabeduse  8  im  wesentlichen  die  Richtung  des  Gasflusses  des  Materials 
auf  das  Substrat  schneidet. 

2.  Verfahren  nach  Anspruch  1,  wobei  das  Material  ein  Mitglied  aus  der  Gruppe  ist,  die  aus  Metall  und  Me- 
tallverbindungen  besteht. 

3.  Verfahren  nach  Anspruch  1  ,  wobei  das  Material  ein  magnetisches  Material  von  wenigstens  einem  Mitglied 
aus  der  Gruppe  ist,  die  aus  Co,  Fe,  Cr  und  Ni  besteht. 

4.  Verfahren  nach  Anspruch  1,  wobei  der  dunne  Film  ein  orientierter  Film  fur  ein  Flussigkristall  ist,  und  das 
Material  ein  Mitglied  aus  der  Gruppe  ist,  die  aus  Silicium  und  Siliciumverbindungen  besteht. 

5.  Verfahren  nach  Anspruch  1,  wobei  der  dunne  Film  eine  Dicke  im  Bereich  von  300  A  bis  5000  A  aufweist. 

6.  Verfahren  nach  Anspruch  1  ,  wobei  derfunktionelle  Film  untereinem  Druck  in  dem  Bereich  von  1  x  10"3Torr 
bis  1  x  lO^Torr  gebildet  wird. 

Revendications 

1.  Precede  pourfabriquerun  film  mince  fonctionnel  dans  lequel  un  film  mince  contenantau  moins  un  ma- 
teriau  est  forme  sur  un  substrat  par  un  procede  d'evaporation  sous  vide,  Amelioration  consiste  en  ce 
que  leditf  ilm  mince  est  depose  par  evaporation  sur  ledit  substrat  (1)  avec  I'orientation  des  particules  dudit 
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materiau  sous  la  regularisation  d'un  flux  de  gaz  (G)  de  maniere  telle  que  la  direction  dudit  flux  de  gaz  au 
niveau  de  la  bused'evacuation  de  gaz  (8)  coupe  nettement  la  direction  duflux  de  la  vapeur  dudit  materiau 
sur  ledit  substrat. 

Precede  selon  la  revendication  1  ,  dans  lequel  ledit  materiau  est  un  element  choisi  dans  le  groupe  cons- 
titue  d'un  metal  et  d'un  compose  metallique. 

Precede  selon  la  revendication  1,  dans  lequel  ledit  materiau  est  un  materiau  magnetique  d'au  moins  un 
element  choisi  dans  le  groupe  constitue  de  Co,  Fe,  Cr  et  Ni. 

Precede  selon  la  revendication  1,  dans  lequel  ledit  film  mince  est  un  film  oriente  pour  un  cristal  liquide 
et  ledit  materiau  est  un  element  choisi  dans  le  groupe  qui  est  constitue  du  silicium  et  d'un  compose  de 
silicium. 

Precede  selon  la  revendication  1,  dans  lequel  leditfilm  mince  presents  uneepaisseursituee  dans  la  plage 
allant  de  300  A  a  5000  A. 

Precede  selon  la  revendication  1  ,  dans  lequel  ledit  film  fonctionnel  est  forme  sous  une  pression  variant 
dans  la  plage  de  1  x  1  0"3  Torr  a  1  x  1  0"5  Torr. 
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