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Description 

This  invention  concerns  a  method  for  depositing 
coatings  in  a  glow  discharge  plasma. 

Carbon  coatings  are  useful  on  for  example  5 
germanium  lenses  used  in  infra  red  thermal  ima- 
gers  since  the  carbon  coatings  are  very  hard, 
wear-resistant  and  substantially  transparent  to  in- 
fra  red  radiation.  Both  silicon  and  germanium  are 
transparent  to  infra  red  and  are  useful  in  various  10 
infra  red  equipments. 

There  are  a  number  of  techniques  for  coating 
substrates.  For  example  a  substrate  may  be  sus- 
pended  above  a  cathode  target  of  the  coating 
material  in  a  vacuum.  Argon  ions  are  caused  to  15 
strike  the  target  thereby  knocking  off  small  parti- 
cles  of  the  target  material  which  adhere  to  the 
substrate.  Such  a  technique  is  known  as  sputte- 
ring.  Carbon  can  be  sputtered  but  the  coating  for- 
med  is  graphitic  not  diamond-like.  20 

Coatings  may  be  grown  in  a  plasma.  For 
example  a  substrate  may  be  used  as  a  cathode 
in  a  D.C.  or  R.F.  excited  hydrocarbon  plasma. 
Carbon  ions  are  attracted  to  strike  the  substrate 
and  form  a  carbon  layer  which  for  appropriate  25 
temperature  and  pressure  conditions,  is  diamond- 
like.  Likewise  silicon  and  germanium  may  be  res- 
pectively  grown  from  a  silane  and  germane  plas- 
ma. 

Amorphous  layers  of  silicon  have  been  grown  30 
for  use  as  solar  cells  by  controlling  doping  impuri- 
ties  in  the  plasma.  This  control  of  doping  allows 
p-n  junctions  and  p-i-n  junctions  to  be  formed  by 
deposition  in  a  glow  discharge. 

Techniques  for  growing  carbon  films  are  des-  35 
cribed  in  the  following  articles  and  their  associa- 
ted  references:  Thin  Film  Solids  58  (1979)  101  - 
105,106,107-116,117-120. 

Techniques  for  growing  amorphous  layers  of 
silicon  and  germanium  by  glow  discharge  are  40 
described  in  the  following  article  and  its  associa- 
ted  references;  Spear  W.  E.  Doped  Amorphous 
Semiconductor,  Advances  in  Physics  1977  Vol. 
26,  No.  6,  811-845. 

A  disadvantage  with  the  prior  art  glow  dis-  45 
charge  deposition  is  that  in  order  to  achieve  rea- 
sonable  deposition  rates  high  potentials  have  to 
be  applied  or  developed  at  the  cathode,  so  that 
the  substrate  is  subjected  to  high  energy  incident 
particles.  This  tends  to  affect  the  stress  in  the  co-  50 
ating  and  increases  the  back  sputtering  rate.  In 
some  cases  this  prevents  deposition  of  a  layer  at 
all. 

In  the  present  invention  the  generation  of  ions 
and  the  deposition  of  a  coating  are  controlled  in-  55 
dependently. 

According  to  this  invention  a  method  of  depo- 
siting  an  infra  red  transparent  coating  comprises 
the  steps  of  admitting  a  hydro  carbon  gas  into  a 
chamber,  providing  a  plasma  of  the  gas  between  60 
an  anode  and  cathode  in  the  chamber  by  applica- 
tion  of  an  electrical  potential  between  the  anode 
and  cathode,  arranging  the  surface  of  a  substrate 
to  be  coated  to  face  the  cathode  in  a  position 
spaced  from  and  parallel  thereto,  controlling  the  65 

substrate  temperature  independently  of  the  plas- 
ma  temperature  by  a  heater  and  cooler,  control- 
ling  the  substrate  potential  independently  of  the 
potential  on  the  cathode  at  a  value  of  -200V  D.C. 
initially,  gradually  reducing  to  about  zero  volts,  or 
without  a  bias  voltage  on  the  substrate,  control- 
ling  the  plasma  conditions  of  vacuum  and  ca- 
thode  potential  such  that  positively  charged  ions 
of  carbon  in  the  plasma  are  attracted  to  and  strike 
the  cathode  where  they  are  neutralised  to  form 
carbon  atoms  which  leave  the  cathode  and  strike 
the  substrate  to  form  a  coating  of  very  hard  infra 
red  transparent  carbon  having  a  low  internal 
strain. 

Apparatus  for  depositing  a  coating  on  a  subs- 
trate  by  the  method  of  this  invention  comprises  a 
vacuum  tight  chamber,  a  pump  for  providing  a  va- 
cuum  within  the  chamber,  means  for  introducing 
a  gas  of  material  to  be  deposited  as  a  coating  into 
the  chamber,  means  for  applying  a  controllable 
voltage  between  an  anode  and  a  cathode  within 
the  chamber  to  provide  a  plasma  of  the  gas  in  the 
chamber,  means  for  supporting  a  substrate  with  a 
surface  to  be  coated  facing  the  cathode  in  a  posi- 
tion  spaced  from  and  parallel  thereto,  the  electri- 
cal  potential  of  the  substrate  being  controllable  in- 
dependently  of  the  potential  of  the  cathode, 
means  for  controlling  the  temperature  of  the 
substrate  independently  of  the  plasma  tempera- 
ture,  the  arrangement  being  capable  of  providing 
conditions  of  vacuum  and  voltage  on  the  cathode 
such  that,  in  operation,  positive  ions  of  material  to 
be  deposited  are  attracted  to  and  strike  the  ca- 
thode  where  they  are  neutralised  to  form  atoms  of 
the  coating  material  which  leave  the  cathode  to 
form  the  required  coating  on  the  substrate. 

Additionally  the  method  and  apparatus  may 
include  a  bias  voltage  supply  to  the  substrate  for 
preliminary  cleaning  and  for  use  during  deposition 
of  carbon  to  affect  an  ion  plating  enhancement  of 
the  deposition. 

The  gas  admitted  to  the  chamber  may  be  a 
hydro  carbon  (e.g.  propane,  butane,  etc.)  to  form 
a  hard  carbon  coating;  silane  to  form  a  thin  silicon 
bonding  layer,  or  germane  to  form  a  thin  germa- 
nium  bonding  layer. 

The  method  of  this  invention  separates  the 
generation  of  ions  of  carbon,  silicon,  germanium 
and  the  deposition  onto  the  substrate.  Also  the 
substrate  temperature  and  potential  is  inde- 
pendent  of  the  temperature  and  potential  involved 
in  the  generation  of  the  ions. 

The  invention  will  now  be  described,  by  way 
of  example  only,  with  reference  to  the  accompa- 
nying  drawings,  of  which 

Figure  1  is  a  diagrammatic  view  in  section  of 
apparatus  for  growing  coatings  of  hard 
carbon;  and 

Figure  2  is  a  cross  section  of  a  carbon  coating 
on  a  substrate. 

As  shown  in  Figure  1  a  vacuum  tight  chamber  1 
has  an  annular  wall  section  2  and  top  and  bottom 
end  plates  3,  4  respectively.  A  gas  inlet  pipe  5  al- 
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lows  gas  to  enter  the  chamber  1  through  a  valve 
6.  A  gas  supply  (not  shown)  is  connected  to  the 
valve  6  and  may  be  pressurised  cylinders  of  ar- 
gon,  butane,  and  possibly  silane,  germane, 
phosphine,  or  borane.  A  gas  outlet  pipe  7,  valve  8 
and  vacuum  pump  9  enable  the  required  pressu- 
re  to  be  maintained  in  the  chamber  1  .  Inside  the 
chamber  1  is  a  water  cooled  cathode  structure  10 
comprising  an  aluminium  plate  11  spaced  from 
the  chamber  bottom  plate  4  by  an  insulator  12 
which  also  carries  an  RF  supply  conductor  13 
and  cooling  water  to  the  cathode  plate  11  .  An  RF 
supply  14  typically  200  watts,  1000  volts  at  13 
MHz  feeds  the  cathode  10  through  a  200  pF  ca- 
pacitor  15.  The  top  and  bottom  plates  3,  4  are 
electrically  connected  together  and  to  earth. 

A  substrate  16  to  be  coated  is  held  in  a  subs- 
trate  mounting  1  7  which  is  insulated  from  the  top 
plate  3.  The  distance  between  the  cathode  plate 
11  and  substrate  16  is  typically  7  cm.  Inside  the 
substrate  mounting  17  is  a  heater/cooler  18 
connected  to  a  heater/cooler  supply  19  outside 
the  chamber  1.  The  substrate  16  nay  have  a  bias 
voltage  applied  thereto  from  a  bias  voltage  supply 
20.  A  sheathed  thermocoupler  21  passes  inside  a 
tube  22  in  the  mounting  17  to  measure  substrate 
16  temperature. 

in  a  modification  the  RF  supply  14  is  replaced 
by  a  D.C.  supply  and  the  capacitor  15  removed. 

Operation  to  carbon  coat  a  substrate  of  elec- 
trically  conducting  (e.g.  resistivity  5  -  20  ohm  cm) 
doped  germanium  is  as  follows. 

The  substrate  16  is  mounted  on  the  mounting 
17  and  cleaned  in  the  usual  manner  e.g.  by  wi- 
ping  with  a  solvent  such  as  alcohol.  The  appara- 
tus  of  Figure  1  is  assembled  and  the  chamber  1 
evacuated  by  the  pump  9  to  less  than  1.3  x  10"3 
Pa  (10"5Torr)  to  remove  contaminants. 

Argon  gas  is  admitted  through  the  valve  6  and 
pipe  5  to  a  pressure  of  about  1  .33  Pa  (10'2  Torr.) 
on  an  air  calibrated  gauge  and  the  substrate  16 
heated  to  about  200°C. 

The  plasma  is  generated  in  argon  by  energi- 
sing  the  cathode  10  whilst  a  bias  voltage  of  about 
-200  volts  D.C.  is  applied  to  the  substrate  1  6  from 
the  supply  20.  This  provides  bombardment  of  the 
substrate  with  argon  ions  thereby  cleaning  the 
substrate  surface  to  be  coated.  About  2  minutes 
of  cleaning  is  adequate.  The  cleaning  bias  volt- 
age  is  then  removed. 

The  argon  is  then  removed  from  the  chamber 
1  by  the  pump  9  and  a  hydro-carbon  gas,  e.g.  bu- 
tane,  is  admitted  to  the  chamber  1  through  the  in- 
let  pipe  5  to  a  pressure  of  0.93  to  1  .3  Pa  (0.7  to  1 
x  10  Torr)  on  the  air  calibrated  gauge. 

A  bias  voltage  of  about  -200  volts  D.C.  is  ap- 
plied  to  the  heated  substrate  16  and  the  RF  sup- 
ply  14  to  the  cathode  1  1  is  switched  on.  Typically 
the  RF  is  1  kVolt  at  13  MHz,  and  at  200  watts  po- 
wer.  In  consequence  the  butane  gas  becomes  io- 
nised;  positively  charged  carbon  ions  strike  the 
cathode  1  1  where  some  stick  but  most  leave  as 
neutral  carbon  atoms  and  strike  the  substrate  16. 
The  result  of  the  bias  voltage  on  the  substrate  is 
to  increase  bonding  between  substrate  and  carb- 

on  by  the  process  of  ion  plating.  After  an  initial 
amount  of  carbon  has  been  deposited  the  bias 
voltage  is  gradually  reduced  to  around  0  from  - 
200  volts  D.C. 

5  After  about  two  hours  the  substrate  is  coated 
to  a  thickness  of  about  1  urn  with  a  hard  carbon 
coating  23  (Figure  2).  The  apparatus  is  then  swit- 
ched  off  and  allowed  to  cool. 

If  a  new  cathode  plate  11  is  to  be  used  it  is  gi- 
10  ven  an  initial  carbon  coating  following  the  above 

process  without  use  of  a  substrate.  This  reduces 
the  possibility  of  sputtering  aluminium. 

The  above  process  of  depositing  hard  carbon 
using  an  RF  supply  can  also  be  carried  out  using 

15  a  D.C.  (direct  current)  supply.  In  this  case  the  ca- 
thode  supply  is  at  about  -1  kVolt. 

The  independent  control  of  carbon  ion  gene- 
ration,  i.e.  gas  ionisation  and  impact  on  the  ca- 
thode,  and  the  control  of  deposition  onto  the 

20  substrate  by  substrate  temperature  and  bias  volt- 
age  allows  deposition  of  the  desired  carbon  form 
with  reduced  induced  stress.  This  permits  growth 
of  thick  low  strain  carbon  coatings. 

Electrically  insulating  substrates  nay  also  be 
25  coated  with  hard  carbon  coatings.  For  example 

calcium  aluminate,  zinc  sulphide,  and  zinc  sele- 
nide  may  be  coated. 

To  coat  insulating  or  other  substrates  the  pro- 
cess  is  similar  except  that  if  the  film  bond  proves 

30  to  be  weak  depending  upon  the  material  a  thin 
bonding  layer  of  silicon  or  germanium  may  be  de- 
posited  on  e.g.  aluminium  or  stainless  steel,  or 
glass,  substrates  prior  to  carbon  coating. 

Such  bonding  layers  may  be  deposited  by 
35  sputtering  off  a  silicon  or  germanium  target  in  a 

well  known  matter.  Alternatively  the  bonding 
layers  may  be  deposited  by  glow  discharge  using 
a  gas  of  silane  or  germane  instead  of  butane  in 
the  illustrated  apparatus.  Deposition  of  the  carbon 

40  layer  follows  deposition  of  the  bonding  layer.  For 
some  substrate  materials  an  initial  bonding  layer 
of  oxide  may  be  necessary  under  the  silicon  or 
germanium  layer. 

In  all  the  above  processes  carbon  coatings 
45  nay  be  deposited  without  a  bias  voltage  on  the 

substrate. 

i-3 

Claims 
50 

1.  A  method  of  depositing  an  infra  red  transpa- 
rent  coating  comprising  the  steps  of  admitting  a 
hydro  carbon  gas  into  a  chamber,  providing  a 
plasma  of  the  gas  between  an  anode  and  catho- 

55  de  in  the  chamber  by  application  of  an  electrical 
potential  between  the  anode  and  cathode,  arran- 
ging  the  surface  of  a  substrate  to  be  coated  to  fa- 
ce  the  cathode  in  a  position  spaced  from  and  pa- 
rallel  thereto,  controlling  the  substrate  temperatu- 

60  re  independently  of  the  plasma  temperature  by  a 
heater  and  cooler,  controlling  the  substrate  poten- 
tial  independently  of  the  potential  on  the  cathode 
at  a  value  of  -200  V  D.C.  initially,  gradually  redu- 
cing  to  about  zero  volts,  or  without  a  bias  voltage 

65  on  the  substrate,  controlling  the  plasma  condi- 
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tions  of  vacuum  and  cathode  potential  such  that 
positively  charged  ions  of  carbon  in  the  plasma 
are  attracted  to  and  strike  the  cathode  where  they 
are  neutralised  to  form  carbon  atoms  which  leave 
the  cathode  and  strike  the  substrate  to  form  a  5 
coating  of  very  hard  infra  red  transparent  carbon 
having  a  low  internal  strain. 

2.  The  method  of  claim  1  wherein,  prior  to  gro- 
wing  the  layer  of  carbon,  silane  gas  is  admitted  to  10 
grow  a  thin  bonding  layer  of  silicon. 

3.  The  method  of  claim  1  wherein,  prior  to  gro- 
wing  the  layer  of  carbon,  germane  gas  is  admit- 
ted  to  grow  a  thin  bonding  layer  of  germanium.  15 

d'un  potentiel  electrique  entre  I'anode  et  la  catho- 
de,  la  disposition  de  la  surface  d'un  substrat  a  re- 
vetir  afin  qu'elle  se  trouve  en  face  de  la  cathode, 
a  distance  de  celle-ci  et  parallelement  a  celle-ci, 
le  reglage  de  la  temperature  du  substrat  indepen- 
damment  de  la  temperature  du  plasma  a  I'aide  de 
dispositifs  de  chauffage  de  refroidissement,  le 
reglage  du  potentiel  electrique  du  substrat,  inde- 
pendamment  du  potentiel  de  la  cathode,  a  une 
valeur  de  -200  V  continus  initialement  t  la  diminu- 
tion  progressive  jusqu'a  zero  volt  environ  ou  bien 
sans  tension  de  polarisation  appliquee  au  sub- 
strat,  le  reglage  des  conditions  de  vide  du  plasma 
et  du  potentiel  cathodique  afin  que  des  ions  char- 
ges  positivement  de  carbone  present  dans  le 
plasma  soient  attires  par  la  cathode  et  viennent 
frapper  celle-ci  sur  laquelle  its  sont  neutralises  en 
formant  des  atomes  de  carbone  qui  quittent  la 
cathode  et  frappent  le  substrat  en  formant  un 
revetement  de  carbone  tres  dur,  transparent  a 
I'infra-rouge  et  ayant  une  faible  tension  mecan- 
ique  (ou  contrainte)  interne. 

2.  Precede  selon  la  revendication  1  ,  dans  lequel 
avant  de  faire  croTtre  la  couche  de  carbone,  on 
admet  du  silane  gazeux  pour  former  et  faire  crott- 
re  une  mince  couche  de  silicium  de  liaison. 

3.  Precede  selon  la  revendication  1  dans  lequel, 
avant  de  faire  croitre  la  couche  de  carbone,  on 
admet  du  germane  gazeux  pour  former  et  faire 
croitre  une  mince  couche  de  germanium  de  liai- 
son. 

Patentanspruche 

1.  Verfahren  zum  Abscheiden  einer  fur  Infrarot  20 
durchlassigen  Beschichtung,  umfassend  die 
Schritte:  Einleiten  eines  Kohlenwasserstoffgases 
in  eine  Kammer,  Erzeugen  eines  Plasmas  des 
Gases  zwischen  einer  Anode  und  einer  Kathode 
in  der  Kammer  durch  Anlegen  eines  elektrischen  25 
Potentials  zwischen  Anode  und  Kathode,  Anord- 
nen  der  zu  beschichtenden  Oberflache  eines 
Substrats  derart,  daB  sie  der  Kathode  in  einer  da- 
von  beabstandeten  und  dazu  parallelen  Lage 
gegenubersteht,  Regeln  der  Substrattemperatur  30 
unabhangig  von  der  Plasmatemperatur  durch  ei- 
ne  Heiz-  und  eine  Kuhleinheit,  Einstellen  des 
Substratpotentials  unabhangig  von  dem  Potential 
an  der  Kathode  auf  einen  Anfangswert  von  -200 
V  Gleichspannung,  allmahliches  Verringern  auf  35 
etwa  0  V  Oder  ohne  Vorspannung  am  Substrat, 
Regeln  der  Plasmabedingungen  Unterdruck  und 
Kathodenpotential  derart,  daB  positiv  geladene 
Kohlenstoffionen  im  Plasma  an  die  Kathode  an- 
gezogen  werden  und  auf  sie  auftreffen,  wo  sie  40 
neutralisiert  werden  unter  Bildung  von  Kohlen- 
stoffatomen,  die  die  Kathode  verlassen  und  auf 
das  Substrat  auftreffen  unter  Bildung  einer  Be- 
schichtung  aus  sehr  hartem,  fur  Infrarot  durchlas- 
sigem  Kohlenstoff  mit  sehr  geringer  innerer  Span-  45 
nung. 

2.  Verfahren  nach  Anspruch  1,  wobei  vor  dem 
Aufwachsen  der  Kohlenstoffschicht  Silan  einge- 
leitet  wird  zum  Aufwachsen  einer  dunnen  Bin-  50 
dungsschicht  aus  Silicium. 

3.  Verfahren  nach  Anspruch  1,  wobei  vor  dem 
Aufwachsen  der  Kohlenstoffschicht  Monogerman 
eingeleitet  wird  zum  Aufwachsen  einer  dunnen  55 
Bindungsschicht  aus  Germanium. 

Revendications 

1  .  Precede  de  depot  d'un  revetement  transparent 
a  I'infra-rouge  comprenant  les  etapes  d'admission 
d'un  gaz  hydrocarbone,  dans  une  chambre,  la 
formation  d'un  plasma  du  gaz  entre  une  anode  et 
une  cathode  dans  la  chambre  par  application 

60 

65 
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