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©  Process  and  apparatus  for  the  codeposition  of  metallic  oxides  on  plastic  films. 
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©  In  order  to  obtain  a  layer  of  mixed  oxides  on  a  substrate  consisting  of  a  plastic  film  (F),  there  is  proposed  a 
method  in  which  an  oxide  tending  to  give  off  oxygen  is  evaporated  from  a  first  evaporating  source  (21),  while  a 
getter  metal  is  evaporated  from  a  second  source  (23).  The  latter  metal  deposits  in  the  form  of  an  oxide, 
absorbing  the  oxygen  given  off  from  the  oxide  evaporated  in  the  first  source. 
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The  invention  relates  to  a  process  for  the  production  of  a  plastic  film  having  a  dielectric  layer  deposited 
by  vacuum  evaporation,  and  an  apparatus  for  carrying  out  the  said  process. 

It  is  known  that  the  deposition  of  a  layer  of  dielectric  material,  in  particular  of  a  metallic  oxide,  on  a 
plastic  film,  optionally  in  the  presence  of  a  metallic  layer,  imparts  to  the  said  film  a  high  barrier  effect,  which 

5  renders  it  suitable  for  use  in,  for  example,  the  food  packaging  sector. 
The  technique  of  vacuum  deposition  presents  considerable  problems  from  the  point  of  view  of  the 

conditions  of  evaporation  (in  particular  in  respect  of  maintaining  high  levels  of  vacuum  in  the  deposition 
chamber),  from  the  point  of  view  of  the  optical  and  aesthetic  quality  of  the  deposited  layer,  and  from  the 
point  of  view  of  the  costs  of  the  products  employed  for  the  deposition. 

io  Currently,  in  order  to  obtain  a  product  which  provides  a  sufficient  barrier  to  oxygen  and  to  moisture  and 
which  at  the  same  time  has  a  transparent  appearance,  silicon  monoxide  is  employed.  This  material  has  the 
disadvantage  of  being  extremely  expensive.  Furthermore,  the  plastic  film  treated  with  silicon  monoxide 
acquires  a  yellowish  coloration. 

Silicon  dioxide  involves  much  lower  costs  but  the  film  obtained  does  not  exhibit  the  desired  barrier 
75  effect. 

A  first  object  of  the  invention  is  accordingly  that  of  proposing  a  process  and  an  apparatus  of  vacuum 
deposition  on  a  plastic  film,  in  which  there  is  obtained  a  barrier  effect  superior  to  that  obtainable  with  the 
conventional  techniques. 

A  further  object  of  the  present  invention  is  that  of  providing  a  process  and  a  corresponding  apparatus 
20  which  permit  obtaining  a  plastic  film  with  a  deposit  of  oxides  which  has  the  properties  of  transparency  and 

absence  of  colour  required  specifically  for  applications  in  the  foodstuffs  sector. 
A  further  object  of  the  present  invention  is  the  provision  of  a  method  and  an  apparatus  which  permit 

obtaining  improved  morphological  structures  of  the  oxide  layer  on  the  plastic  film,  in  particular  by  controlling 
the  pressure  within  the  vacuum  chamber. 

25  These  and  other  objects  and  advantages  of  the  invention,  which  will  appear  clearly  to  those  skilled  in 
the  art  from  reading  the  text  which  follows,  are  achieved  with  a  process  for  the  production  of  a  plastic  film 
having  a  vacuum-deposited  dielectric  layer,  characterized  in  that  there  is  performed,  on  the  said  plastic  film, 
a  vapour  phase  codeposition  of  a  first  material  consisting  of  an  oxide  which  tends,  as  a  result  of  the  high 
evaporation  temperature,  to  dissociate,  liberating  oxygen,  during  the  deposition  and  of  a  second  material 

30  consisting  of  a  metal  having  a  "getter"  effect. 
There  exist  metals  which  have  the  property,  if  evaporated  in  vacuo,  of  condensing  whilst  absorbing  the 

residual  gases,  in  particular  of  becoming  oxidized  while  absorbing  oxygen.  This  property  is  known  by  the 
name  of  getter  effect.  The  invention  is  based  on  the  concept  of  codepositing,  on  a  substrate  or  plastic  film 
and  in  a  single  vacuum  chamber,  a  thin  layer  resulting  from  the  coevaporation  of  an  oxide,  which  tends  to 

35  dissociate,  liberating  oxygen,  and  of  a  getter  metal.  The  two  evaporating  materials  condense  on  the 
substrate:  the  first  material  deposits  in  the  form  of  a  sub-oxide;  the  second,  which  evaporates  as  a  metal, 
deposits  as  an  oxide  by  bonding  to  the  oxygen  liberated  from  the  first  material,  jointly  giving  rise  to  a 
dielectric  layer  of  mixed  oxides. 

This  new  method  of  codeposition  makes  it  possible  to  achieve  numerous  advantages.  Thus  when  using, 
40  for  example,  silicon  dioxide  as  the  oxide,  the  latter  tends  to  dissociate,  liberating  oxygen.  The  oxygen 

liberated  combines  with  the  getter  metal,  for  example  magnesium.  In  this  way  there  is  deposited,  on  the 
plastic  film,  a  layer  of  dielectric  material  consisting  of  the  mixed  oxides  of  magnesium  and  silicon,  in  which 
the  silicon  oxide  has  an  optimum  ratio  of  oxygen  to  silicon,  in  the  region  of  about  1.5  oxygen  atoms  per 
silicon  atom. 

45  This  layer  of  mixed  oxides  exhibits  excellent  barrier  properties  and  excellent  properties  of  transparency 
and  absence  of  colour. 

Furthermore,  it  is  obtained  starting  from  low  cost  materials,  for  silicon  dioxide  is  vastly  cheaper  than 
silicon  monoxide. 

The  use  of  a  process  of  codeposition  with  getter  metals  furthermore  provides  other  important 
50  advantages.  Thus,  the  presence  of  the  getter  metal,  which  tends  to  absorb  the  oxygen  liberated  during  the 

evaporation  of  the  oxide,  reduces  the  pressure  in  the  deposition  chamber  and  thus  improves  the  quality  of 
the  deposited  layer  in  that  the  latter  is  obtained  with  a  higher  molecular  energy.  This  is  due  to  the  fact  that 
the  absorption  of  the  oxygen  by  the  getter  metal  reduces  the  number  of  collisions  between  the  molecules 
originating  from  the  oxide  evaporation  source  and  the  oxygen  molecules  which  would  otherwise  be  free. 

55  Furthermore,  the  formation  of  a  mixed  oxide  layer  rather  than  of  an  oxide  of  the  same  species,  has 
advantages  from  the  point  of  view  of  stability. 

In  order  to  avoid  the  getter  metal  depositing  in  a  metallic  form  -  for  example  due  to  the  amount  of 
oxygen  liberated  from  the  oxide  of  a  first  source  being  insufficient  -  it  is  possible  to  provide,  according  to  an 
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improved  embodiment  of  the  method  according  to  the  invention,  the  introduction  of  a  controlled  amount  of 
oxygen  into  the  deposition  chamber.  This  makes  it  possible  to  achieve  complete  oxidation  of  the  getter 
metal  and  hence  to  obtain  the  deposition  of  a  layer  consisting  totally  of  mixed  oxides,  without  a  trace  of  free 
metals. 

5  The  process  according  to  the  invention  can  be  carried  out  not  only  with  silicon  dioxide  as  the  first 
material  but  also  with  other  oxides  which  tend  to  release  oxygen,  for  example  alumina. 

The  metallic  getter  material  which  may  be  employed  can  be  magnesium,  aluminium,  barium  or  another 
metal  having  equivalent  properties  and  capable  of  forming  an  oxide  suitable  for  the  formation  of  a  barrier  on 
a  plastic  film. 

io  According  to  a  preferred  embodiment  of  the  method  according  to  the  invention,  silicon  dioxide  is 
employed  as  the  first  material  and  magnesium  as  the  second  material. 

The  apparatus  according  to  the  invention,  for  carrying  out  the  process  described  above,  is  characterized 
in  that  it  comprises  -  in  one  and  the  same  deposition  chamber  -  a  first  source  for  the  evaporation  of  a  first 
material  consisting  of  an  oxide  which  tends  to  dissociate  and  a  second  source  for  the  evaporation  of  a 

is  second  material  consisting  of  a  metal  having  a  getter  effect. 
Advantageously,  the  first  source  can  be  an  electron  gun,  for  example  of  the  "PIERCE"  type,  as  the 

temperatures  required  for  the  evaporation  of  the  oxides  employed  in  this  sector  are  extremely  high.  The 
source  for  the  evaporation  of  the  getter  metal  can  however  also  be  a  resistance  crucible  or  other  source  at 
a  relatively  low  temperature. 

20  Advantageously,  the  apparatus  can  be  combined  with  a  source  of  oxygen  for  introducing,  into  the 
deposition  chamber,  controlled  amounts  of  oxygen  for  the  purposes  explained  above. 

A  further  subject  of  the  invention  is  a  plastic  film  having  a  deposit  of  a  thin  layer  of  mixed  oxides. 
The  attached  figure  shows,  very  schematically,  a  deposition  chamber  according  to  the  invention,  in 

cross-section. 
25  Referring  to  the  drawing,  1  generically  indicates  the  chamber  divided  by  a  partition  3  into  two  half- 

chambers:  the  lower  half-chamber  marked  5  and  in  the  text  which  follows  simply  referred  to  as  the 
deposition  chamber  contains  the  evaporation  sources.  The  upper  chamber,  marked  7,  houses  a  reel  Bi 
from  which  the  film  F,  onto  which  the  deposition  is  to  be  effected,  unwinds,  and  a  reel  B2  onto  which  the 
film  is  wound  after  the  deposition.  The  film  F  is  passed  round  a  drum  9  rotating  in  direction  f9,  the  lower 

30  portion  of  which  drum  protrudes  into  the  deposition  chamber  5.  The  film  F  is  passed  around  the  drum  9  in 
such  a  way  as  to  pass  through  the  deposition  chamber  5. 

The  chamber  7  is  connected,  by  means  of  a  pipe  11,  to  a  suction  pump  which  is  not  shown  and  which 
ensures  a  sufficient  degree  of  pressure  reduction  in  the  said  chamber  7.  The  chamber  5  is  connected,  by 
means  of  a  coupling  13,  to  another  pump,  which  is  not  shown  and  which  ensures  a  sufficient  level  of 

35  vacuum  in  the  said  chamber  5. 
In  the  chamber  5  is  located  a  first  evaporation  source,  generically  indicated  by  15.  The  source  15  is 

shown  schematically  in  the  form  of  an  electron  gun  evaporation  source.  The  electron  gun  is  indicated 
schematically  by  17  and  is  combined  with  means  19  for  deflecting  the  electron  beam  which  is  directed 
towards  the  material  to  be  evaporated,  contained  in  a  crucible  21.  In  the  deposition  chamber  5  there  is 

40  furthermore  located  a  second  evaporation  source  23,  for  example  consisting  of  a  crucible  heated  by 
resistance,  by  induction  or  by  other  means. 

The  deposition  chamber  5  is  connected  to  an  oxygen  source  generically  shown  schematically  at  25. 
Means  indicated  schematically  by  29  for  regulating  the  flow  of  oxygen  into  the  deposition  chamber  5  are 
provided  on  the  pipe  27  which  connects  the  source  25  to  the  interior  of  the  chamber  5. 

45  According  to  the  invention,  the  oxide  which  tends  to  dissociate  is  evaporated  in  the  evaporation  source 
21  and  the  getter  metal  is  evaporated  in  the  source  23.  An  application  example,  with  numerical  data  relating 
thereto,  is  presented  below. 

APPLICATION  EXAMPLE 
50 

Silicon  dioxide  (SiCfe)  and  magnesium  (Mg)  are  used  as  the  deposition  materials. 
The  process  parameters  are  as  follows: 

55 

3 
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Film  width:  1  m 
Linear  feed  rate  of  the  film:  5  m/sec 
Thickness  of  the  layer  to  be  deposited:  1000  A 
Composition  of  the  layer  deposited:  Si015  +  MgO 

66  g/min  of  Si02  and  13.2  g/min  of  Mg  are  required  to  obtain  this  layer.  Since  not  all  the  material 
evaporated  deposits  on  the  film,  if  a  utilization  factor  of  0.5  (defined  as  the  ratio  of  material  actually 
deposited  on  the  plastic  film  to  material  evaporated)  is  assumed,  132  g/min  of  SiCfe  and  26.4  g/min  of  Mg 

io  are  found  to  be  necessary. 
The  pressure  prevailing  in  the  deposition  chamber  5  must  be  of  the  order  of  1  •10-2  Pascal. 
The  temperatures  for  the  evaporation  of  SiCfe  are  of  the  order  of  magnitude  of  1400°C  while  the 

temperature  for  the  evaporation  of  the  magnesium  is  of  the  order  of  600  °  C. 
The  composition  of  the  layer  of  mixed  oxides  which  is  obtained  can  be  represented  approximately  by 

is  the  formula 

Sid  .5  (MgO)0  5 

The  process  can  be  regulated  as  follows.  Having  fixed  the  thickness  of  the  layer  of  mixed  oxides  which 
20  it  is  desired  to  deposit  and  having  determined  the  speed  of  advance  of  the  plastic  film,  the  power  of  the 

electron  gun  15  and  the  range  of  the  oxygen  from  the  source  25  are  determined.  The  degree  of  vacuum  in 
the  deposition  chamber  5  is  determined  by  means  of  a  pressure  transducer  shown  schematically  by  31. 
The  temperature  of  the  source  23  (from  which  the  getter  metal  evaporates)  is  regulated  so  as  to  keep  the 
degree  of  vacuum  constant  in  the  chamber  5.  This  is  achieved  by  increasing  the  temperature  of  the  source 

25  23  when  an  increase  in  the  pressure  in  the  deposition  chamber  5  is  recorded.  In  effect,  this  increases  the 
amount  of  getter  metal  evaporated  and  hence  the  amount  of  oxygen  absorbed. 

In  order  to  achieve  this  regulating  effect,  a  central  processing  unit,  schematically  indicated  by  33, 
receives  the  data  relating  to  the  degree  of  vacuum  from  the  sensor  31,  and  also  the  value  of  the 
temperature  of  the  source  23  (from  the  line  35),  and  consequently  controls  the  heating  resistance  37  of  the 

30  source  23. 
In  the  attached  drawing,  the  clouds  of  vapour  emitted  from  the  two  sources  are  separate.  This  does  not 

mean  that  the  sources  21  and  23  cannot  be  adjacent  so  as  to  achieve  a  more  or  less  extensive 
superposition  of  the  said  clouds. 

Furthermore,  the  spatial  arrangement  of  the  sources  21  and  23  can  be  inverted  so  as  to  achieve  a 
35  deposit  with  the  reverse  stratification. 

In  order  to  increase  the  efficiency  of  the  metal  source,  the  latter  can  be  associated  with  a  pair  of  radio 
frequency  electrodes  38  which  bring  about  an  ionization  of  the  cloud  of  vapours  emitted  from  the  source  23. 
In  this  way  a  plasma-assisted  deposition  is  achieved. 

Finally,  as  regards  the  choice  of  materials  to  evaporate,  instead  of  silicon  dioxide  and  magnesium,  as  in 
40  the  embodiment  illustrated  above,  other  materials  may  be  used,  such  as,  for  example,  silica  and  aluminium. 

In  that  case,  the  crucible  23  will  be  replaced  by  a  conventional  system  for  the  evaporation  of  aluminium, 
typically  a  small  boat  fed  with  A1  metal  wire  and  heated  by  the  Joule  effect.  The  electrodes  38  can  be 
provided  in  this  case  also. 

45  Claims 

1.  Process  for  the  production  of  a  plastic  film  having  a  dielectric  layer  deposited  by  vacuum  evaporation, 
characterized  in  that  there  is  performed,  on  the  said  plastic  film,  a  codeposition  of  a  first  material 
consisting  of  a  sub-oxide  resulting  from  the  evaporation  of  an  oxide  which  tends  to  dissociate,  liberating 

50  oxygen,  and  of  a  second  material  consisting  of  a  metal  having  a  getter  effect. 

2.  Process  according  to  Claim  1,  characterized  in  that  the  said  first  material  comprises  silicon  dioxide 
(Si02)  or  alumina  (Al203). 

55  3.  Process  according  to  Claim  1  or  2,  characterized  in  that  the  said  second  material  comprises 
magnesium,  aluminium  or  barium. 
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4.  Process  according  to  one  or  more  of  Claims  1  to  3,  characterized  in  that  the  said  first  material 
comprises  silicon  dioxide  and  the  said  second  material  comprises  magnesium. 

5.  Process  according  to  one  or  more  of  the  preceding  claims,  characterized  in  that  during  the  codeposi- 
5  tion  stage  oxygen  is  added  in  a  controlled  amount,  the  said  oxygen  preventing  the  deposition  of  the 

said  second  material  in  the  metallic  state  on  the  plastic  film. 

6.  Process  according  to  one  or  more  of  the  preceding  claims,  characterized  in  that  having  fixed  the  speed 
of  advance  of  the  plastic  film  and  the  thickness  of  the  thin  layer  of  deposit,  the  deposition  process  is 

io  regulated  by  keeping  the  power  of  the  oxide  evaporation  source  constant  and  varying  the  temperature 
of  the  metal  evaporation  source  as  a  function  of  the  degree  of  vacuum  in  the  deposition  chamber. 

7.  Apparatus  for  the  vacuum  deposition  of  oxides  on  a  plastic  film,  characterized  in  that  it  comprises,  in 
one  and  the  same  deposition  chamber,  a  first  source  for  the  evaporation  of  a  first  material  consisting  of 

is  an  oxide  which  tends  to  dissociate  during  evaporation,  liberating  oxygen,  and  a  second  source  for  the 
evaporation  of  a  second  material  consisting  of  a  metal  having  a  getter  effect. 

8.  Apparatus  according  to  Claim  7,  characterized  in  that  the  said  first  source  is  an  electron  gun  source. 

20  9.  Apparatus  according  to  Claim  7  or  8,  characterized  in  that  the  said  second  source  is  a  resistance 
source. 

10.  Apparatus  according  to  one  or  more  of  Claims  7  to  9,  characterized  in  that  it  comprises  an  oxygen 
source  for  introducing  controlled  amounts  of  oxygen  into  the  deposition  chamber. 

25 
11.  Apparatus  according  to  one  or  more  of  Claims  7  to  10,  characterized  in  that  it  comprises,  in  the 

deposition  chamber,  a  sensor  for  determining  the  degree  of  vacuum,  a  sensor  for  determining  the 
temperature  of  the  source  of  evaporation  of  the  second  material  and  means,  which  can  be  regulated,  of 
heating  the  said  source  of  evaporation  of  the  second  material,  and  that  it  furthermore  comprises  a 

30  central  unit  which  regulates  the  temperature  of  the  said  source  of  evaporation  of  the  second  material  as 
a  function  of  the  degree  of  vacuum  which  has  been  determined. 

12.  Plastic  film  having  a  thin  layer  of  dielectric  material  obtained  by  vacuum  deposition,  characterized  in 
that  the  said  thin  layer  consists  of  a  layer  of  mixed  oxides. 

35 
13.  Plastic  film  according  to  Claim  12,  characterized  in  that  the  said  layer  of  mixed  oxides  consists  of  a 

sub-oxide  obtained  from  an  oxide  which  tends  to  dissociate  and  of  an  oxide  of  a  metal  having  a  getter 
effect. 

40  14.  Plastic  film  according  to  Claim  13,  characterized  in  that  the  sub-oxide  is  a  silicon  sub-oxide  of  formula 
SiOx,  with  x  having  any  value  between  1  and  2,  and  in  that  the  metal  oxide  having  a  getter  effect  is 
MgO. 

15.  Plastic  film  according  to  Claim  14,  characterized  in  that  the  dielectric  layer  has  a  composition  which 
45  can  be  expressed  by  the  formula  Si015  •  (MgO)0.5. 

50 

55 
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