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Description 

This  invention  relates  to  a  method  of  preventing 
backside  growth  on  substrates  in  an  impinging  vapor 
deposition  system. 

Backside  growth  on  substrates  in  an  impinging 
chemical  vapor  deposition  system,  if  not  prevented, 
often  results  in  cracking  of  the  deposit.  Such  growth 
also  makes  it  difficult  to  achieve,  in  a  vapor  deposi- 
tion  system,  replication  of  the  figure  and  finish  of  pre- 
shaped  structures.  The  presence  of  such  growth  is 
further  disadvantageous  in  that  post  deposition  ma- 
chining  is  required  to  separate  the  substrate  deposit 
from  the  deposition  fixture.  Backside  growth  on  sub- 
strates  thus  is  particularly  detrimental  in  lightweight 
rapid  optics  fabrication. 

A  process  is  disclosed  in  EP-A-411  910  for  fabri- 
cating,  by  vapor  deposition,  lightweight  structures 
out  of  refractory  materials.  The  methods  and  light- 
weight  structures  disclosed  in  that  application  in- 
volve  a  core  to  define  the  shape  and  size  of  each 
structure.  The  core  is  coated  with  an  appropriate  de- 
posit,  such  as  silicon  carbide  (SiC)  or  silicon  (Si),  to 
give  the  structure  strength  and  stiffness  and  for 
bonding  thereof  to  another  surface,  for  example,  the 
surface  of  a  substrate  comprising  the  faceplate  of  a 
mirror  being  fabricated. 

In  the  fabrication  of  mirrors,  graphite  may  be 
used  to  form  a  mandrel  for  replicating  on  a  SiC  face- 
plate.  One  side  of  the  mandrel  is  optically  fabricated, 
either  as  flat  or  as  a  convex  spherical  shape.  The 
other  side  of  the  mandrel  is  lapped  flat.  The  lapped 
side  of  the  mandrel  is  bonded  by  means  of  pillars  and 
graphite  cement  to  a  baffle  plate  in  a  vapor  deposition 
reactor.  The  mandrel  is  then  coated  with  multiple 
coats  of  a  suspension  of  carbon  in  solvent,  following 
which  the  surface  of  the  mandrel  is  buffed  or  polished 
to  make  it  as  shiny  as  possible  without  significantly 
altering  its  figure.  Deposition  of  SiC  on  the  mandrel 
is  then  effected.  Without  separating  the  faceplate 
from  the  mandrel,  the  exposed  SiC  surface  may  be 
etched  with  hot  potassium  hydroxide  (KOH)  to  im- 
prove  bonding  of  graphite  to  SiC.  A  lightweight  struc- 
ture  core  is  then  fabricated  from  flat  or  curved  graph- 
ite  ribs,  as  disclosed  in  the  aforementioned  applica- 
tion  for  patent.  After  being  bonded  together  with 
graphite  cement,  the  lightweight  structure  core  is 
bonded  with  graphite  cement  to  the  etched  SiC  sur- 
face  of  the  mandrel.  SiC  is  then  deposited  to  enclose 
the  lightweight  structure  core  following  which  the 
baffle  plate  is  separated  from  the  baffle  pillars.  Con- 
trolled  edging  may  be  performed  to  remove  excess 
SiC  deposit.  Using  a  blade,  the  interface  between  the 
graphite  mandrel  and  the  SiC  faceplate  may  then  be 
opened  to  recover  the  SiC  coated  mirror  faceplate. 
The  latter  is  then  ready  for  Si  coating. 

Selective  deposit  to  confine  Si  growth  to  only  the 
front  face  of  the  SiC  coated  faceplate  in  the  fabrica- 

tion  of  the  mirror  surface  is  very  important.  This  is  for 
the  reason,  mentioned  hereinbefore,  that  Si  growth 
on  the  backside  of  the  SiC  faceplate  is  disadvanta- 
geous  in  that,  if  not  prevented,  cracking  of  the  deposit 

5  on  the  front  side  often  results,  making  replication  in 
a  vapor  deposition  system  difficult  to  achieve,  and 
additionally  requiring  post  deposition  machining  to 
separate  the  substrate-deposit  from  the  deposition 
fixture. 

10  The  present  invention  consists  in  a  method  for 
preventing  backside  growth  on  a  substrate  in  an  im- 
pinging  vapor  deposition  system  including  a  reactor  in 
which  vapor  deposition  takes  place,  comprising  the 
steps  of  (a)  mounting  the  substrate  on  pillars  in  the 

15  reactor,  (b)  fabricating  from  flexible  graphite  a  hollow 
body  that  is  compatible  with  the  substrate  and  is  open 
at  one  end  but  closed  at  the  other  end,  using  graphite 
cement  as  a  bonding  agent,  (c)  mounting  the  hollow 
body  on  the  pillars  in  cooperative  relation  with  the 

20  substrate  with  the  open  end  thereof  facing  the  back- 
side  of  the  substrate,  (d)  pressing  and  sealing  the 
open  end  of  the  hollow  body  against  the  substrate 
closely  adjacent  the  periphery  thereof,  and  (e)  upon 
completion  of  the  vapor  deposition  process,  remov- 

25  ing  the  hollow  body  from  the  substrate  by  piercing  the 
hollow  body  and  breaking  it  up  into  pieces. 

There  can  thus  be  provided  a  simple  inexpensive 
method  to  prevent  backside  growth  on  substrates  in 
a  vapor  deposition  system,  which  method  does  not 

30  require  any  machining  to  remove  excessive  material. 
The  method  of  the  invention  can  be  used  for  ex- 

ample  to  deposit  SiC  and  Si  selectively  in  a  chemical 
vapor  deposition  reactor. 

The  pillars  are  preferably  supported  by  a  baffle 
35  backplate  in  the  vapor  deposition  reactorand  bonded 

with  a  suitable  bonding  agent  to  the  substrate  as  near 
the  periphery  of  the  substrate  as  possible. 

The  piercing  and  breaking  up  of  the  hollow  body 
to  remove  it  from  the  substrate  is  preferably  effected 

40  by  mechanical  means. 
In  carrying  out  the  method  in  accordance  with  a 

preferred  embodiment  of  the  invention,  an  appropri- 
ate  substrate  which  may  be  of  any  shape  (hexagonal, 
square,  triangular,  circular,  etc.)  and  size  is  mounted 

45  on  a  sufficient  number  of  pillars  made  of  graphite  or 
any  other  suitable  material.  The  pillars  are  bonded 
with  a  suitable  bonding  agent  to  the  substrate  as  near 
the  periphery  of  the  substrate  as  possible.  An  appro- 
priate  hollow  body,  open  on  one  end  but  closed  on  the 

so  other  and  compatible  with  the  substrate,  is  fabricated 
from  flexible  graphite,  preferably  a  graphite  cloth,  for 
example  that  made  underthe  trade  name  "GRAFOIL" 
and  commercially  available  from  Union  Carbide  Cor- 
poration,  Old  Ridgebury  Road,  Danbury,  Connecticut 

55  06817.  The  hollow  body  is  then  mounted  on  the  pil- 
lars  with  the  open  end  facing  the  backside  of  the  sub- 
strate,  with  the  interface  of  the  closed  end  with  the 
pillars  being  sealed.  The  open  end  of  the  body  is 
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pressed  against  the  substrate  and  sealed  thereto 
with  a  bonding  agent.  This  arrangement  completely 
covers  the  backside  of  the  substrate  and  thus  pre- 
vents  any  vapor  deposition  thereon  during  the  vapor 
deposition  process.  Vapor  deposition  occurs,  how- 
ever,  on  the  outer  surface  of  the  hollow  body. 

The  hollow  body  with  a  vapor  deposited  coating 
thereon  is  readily  removed  from  the  substrate  with  no 
resulting  damage  to  the  substrate.  Specifically,  since 
GRAFOIL  is  quite  flexible,  the  Si  coated  hollow  body 
is  readily  broken  into  small  pieces  by  using  a  piercing 
tool  and  a  pair  of  pliers.  Cracks  produced  in  the  coat- 
ed  GRAFOIL,  while  it  is  being  removed  from  the  sub- 
strate,  do  not  propagate  to  the  substrate.  This  is  for 
the  reason  that  the  substrate  is  perpendicular  to  the 
GRAFOIL  body,  and  GRAFOIL  is  flexible,  and  there- 
fore,  deforms  as  stresses  develop  due  to  material 
growth  and  any  thermal  expansion  mismatch. 

For  a  better  understanding  of  the  invention,  its 
operating  advantages,  and  specific  objects  attained 
by  its  use,  reference  is  made  to  the  accompanying 
drawings  and  descriptive  matter  in  which  a  preferred 
embodiment  of  the  invention  is  illustrated. 

With  this  description  of  the  invention,  a  detailed 
description  follows  with  reference  being  made  to  the 
accompanying  drawings  which  form  part  of  the  spec- 
ification  wherein: 

Figs.  1  and  2  are  top  plan  and  side  views,  respec- 
tively,  of  a  structure  in  accordance  with  the  in- 
vention  for  preventing  growth  on  the  backside  of 
a  substrate  in  an  vapor  deposition  system; 
Fig.  3  is  a  sectional  view  taken  along  the  lines  3- 
3  of  Fig.  2; 
Fig.  4  is  a  schematic  illustration  of  an  impinging 
chemical  vapor  deposition  system  used  to  depos- 
it  refractory  material  on  the  substrate  of  Fig.  1  ; 
and 
Fig.  5  illustrates  an  SiC  substrate  covered  with  a 
GRAFOIL  body  on  the  backside  after  completion 
of  Si  deposition. 
Fig.  1  illustrates  the  method  used  to  prevent 

growth  on  the  backside  of  a  circular  SiC  substrate  10 
in  an  impinging  chemical  vapor  deposition  system 
which  may  be  of  a  conventional  type  such  as  that  des- 
ignated  12  in  Fig.  4.  Substrate  10  may  comprise  the 
faceplate  of  a  mirror  being  fabricated.  As  best  seen  in 
Figs.  2  and  3,  there  is  provided,  in  accordance  with 
the  invention,  a  hollow  cylindrical  body  14  which  pre- 
ferably  is  made  of  GRAFOIL,  a  flexible  graphite,  that 
is  compatible  with  substrate  10.  The  hollow  body  14 
has  substantially  the  same  diameter  as  the  substrate 
10  and  is  open  at  one  end  but  closed  at  the  other.  The 
hollow  body  14  is  mounted  in  cooperative  relation 
with  the  substrate  10  on  a  plurality  of  pillars  16  of 
which,  for  convenience  of  illustration,  two  only  are 
shown  in  the  drawings.  The  pillars  16  are  bonded  with 
a  suitable  bonding  agent  to  the  substrate  10  as  near 
the  periphery  thereof  as  possible.  The  open  end  of 

the  hollow  body  14  is  positioned  facing  the  backside 
of  the  substrate  10,  with  the  pillars  16  extending 
through  the  closed  end  thereof  in  sealing  relation 

5  therewith,  being  sealed  with  graphite  cement.  The 
pillars  16,  in  turn,  are  mounted  on  and  supported  by 
a  baffle  backplate  1  8  having  a  centrally  located  open- 
ing  20.  The  open  end  of  the  hollow  body  14  is  pressed 
against  the  substrate  10  and  sealed  there  against 

10  with  a  suitable  bonding  agent  (not  shown).  In  Fig.  2 
the  arrows  indicate  the  direction  of  flow  relatively  to 
the  substrate  10,  of  the  depositon  vapor  during  the 
vapor  deposition  process. 

With  this  arrangement,  the  backside  of  the  sub- 
is  strate  10  is  completely  covered  whereby  during  a  Si 

vapor  deposition  process,  vapor  deposition  on  the 
backside  of  the  substrate  10  is  prevented.  Vapor  de- 
position  of  Si  occurs,  however,  on  the  outer  surface 
of  the  hollow  body  14. 

20  Fig.  4  schematically  illustrates  a  chemical  vapor 
deposition  system  that  may  be  used  for  the  selective 
deposit  of  SiC  and  Si  on  the  substrate  of  Figs.  1-3.  As 
shown  in  Fig.  4,  Argon  enters  a  bubbler  chamber  24 
from  a  source  (not  shown)  by  way  of  a  valve  26  and 

25  line  28.  Chamber  24  may  contain  methyltrichlorosi- 
lane  (CH3SiCI3)  ortrichlorosilane  (SiHCI3).  Methyltri- 
chlorosilane  is  preferred  to  produce  a  silicon  carbide 
(SiC)  deposit.  Trichlorosilane  is  preferred  to  produce 
a  silicon  (Si)  deposit.  As  those  skilled  in  the  art  un- 

30  derstand,  however,  other  hydrocarbon  and  silane 
sources  can  be  used  to  produce  SiC  and  Si  deposits. 
Both  of  these  materials  have  been  fabricated  over  a 
wide  range  of  deposition  temperature  and  reactor 
pressure,  as  described  more  fully  in  the  aforemen- 

35  tioned  application  for  patent. 
Argon  bubbles  carrying  the  reagent  CH3SiCI3  or 

SiHCI3  entera  line  30  underthe  control  of  a  valve  32. 
Hydrogen  enters  the  line  30  from  a  source  (not 
shown)  under  the  control  of  a  valve  34.  The  reagents 

40  may  be  introduced  into  the  reactor  22  through  a  cen- 
tral  injector  31  .  Reactor  22  includes  a  conventional 
ceramic  deposition  chamber  23  contained  within  a  re- 
action  zone  tube  25,  which  chamber  23  may  be  heat- 
ed  between  about  830°  and  1  350°C.  by  suitable  heat- 

45  ing  elements  (not  shown). 
Gaseous  products  are  removed  from  the  reactor 

22  through  a  filter  36  through  a  line  38  to  a  vacuum 
pump  40.  From  the  vacuum  pump  40,  the  gases  are 
conveyed  through  a  line  42  to  a  scrubber  44.  The  gas- 

so  es  are  then  vented  to  the  atmosphere. 
In  Fig.  5  there  is  illustrated  a  perspective  view  of 

the  substrate  10  and  GRAFOIL  body  14  after  the 
completion  of  Si  deposition.  Since  GRAFOIL  is  quite 
flexible,  the  Si  coated  GRAFOIL  is  readily  broken  into 

55  small  pieces  by  using  a  piercing  tool  and  a  pair  of 
pliers.  While  removing  the  coated  GRAFOIL,  cracks 
do  not  propagate  to  the  substrate  10  because  the 
substrate  10  is  perpendicular  to  the  GRAFOIL  body 
14,  and  because  GRAFOIL  is  flexible  and  therefore 
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deforms  as  stresses  develop  due  to  Si  growth  and 
thermal  expansion  mismatch. 

Thus,  in  accordance  with  the  invention,  there  has 
been  provided  a  method  to  selectively  deposit  SiC 
and  Si  in  a  chemical  vapor  deposition  system.  The 
method  is  unique  in  providing  a  facile  and  inexpen- 
sive  way  to  prevent  backside  growth  in  a  vapor  depos- 
ition  system  and  thus  facilitate  replication  of  the  fig- 
ure  and  finish  of  preshaped  structures.  The  method 
is  further  characterized  in  that  machining  is  not  re- 
quired  to  remove  excessive  material. 

Claims 

1.  A  method  for  preventing  backside  growth  on  a 
substrate  (10)  in  an  impinging  vapor  deposition 
system  (12)  including  a  reactor  (22)  in  which  va- 
por  deposition  takes  place,  comprising  the  steps 
of 

(a)  mounting  the  substrate  (10)  on  pillars  (16) 
in  the  reactor  (22), 
(b)  fabricating  from  flexible  graphite  a  hollow 
body  (14)  that  is  compatible  with  the  sub- 
strate  and  is  open  at  one  end  but  closed  at  the 
other  end,  using  graphite  cement  as  a  bond- 
ing  agent, 
(c)  mounting  the  hollow  body  (14)  on  the  pil- 
lars  (16)  in  cooperative  relation  with  the  sub- 
strate  (10)  with  the  open  end  thereof  facing 
the  backside  of  the  substrate, 
(d)  pressing  and  sealing  the  open  end  of  the 
hollow  body  against  the  substrate  closely  ad- 
jacent  the  periphery  thereof,  and 
(e)  upon  completion  of  the  vapor  deposition 
process,  removing  the  hollow  body  (14)  from 
the  substrate  (1  0)  by  piercing  the  hollow  body 
and  breaking  it  up  into  pieces. 

2.  Amethod  according  to  claim  1  wherein  in  step  (b) 
the  hollow  body  (14)  is  fabricated  from  graphite 
cloth. 

3.  Amethod  according  to  claim  1  or  claim  2  wherein 
said  pillars  (16)  are  supported  by  a  baffle  back- 
plate  (18)  in  the  vapor  deposition  reactor  and 
bonded  with  a  suitable  bonding  agent  to  the  sub- 
strate  (10)  near  the  periphery  thereof. 

4.  A  method  according  to  any  preceding  claim 
wherein  the  piercing  and  breaking  up  of  the  hol- 
low  body  to  remove  it  from  the  substrate  is  effect- 
ed  by  mechanical  means. 

Patentanspruche 

1.  Verfahren  zur  Verhinderung  von  Ruckseiten- 

wachstum  auf  einem  Substrat  (10)  in  einem 
Abscheldungssystem  (12)  mit  auftreffendem 
Dampf  mit  einem  Reaktor  (22),  in  welchem 

5  Dampfphasenabscheidung  stattfindet,  mit  den 
Stufen,  in  denen  man 

a)  das  Substrat  (10)  auf  Stutzen  (16)  in  dem 
Reaktor  (22)  anordnet, 
b)  aus  flexiblem  Graphit  einen  Hohlkorper 

10  (14)  herstellt,  der  mit  dem  Substrat  kompati- 
bel  ist  und  an  einem  Ende  offen,  aber  an  dem 
anderen  Ende  verschlossen  Ist,  wobei  man 
als  Bindemittel  Graphitzement  verwendet, 
c)  den  Hohlkorper  (14)  auf  den  Stutzen  (16)  in 

15  Zusammenwirken  mit  dem  Substrat  (10)  an- 
ordnet,  wobei  sein  offenes  Ende  zur  Rucksei- 
te  des  Substrates  hin  blickt, 
d)  das  offene  Ende  des  Hohlkorpers  gegen 
das  Substrat  in  enger  Nahe  zu  dessen  Um- 

20  fang  prelit  und  abdichtet  und 
e)  nach  Beendigung  des  Dampfphasenab- 
scheidungsverfahrens  den  Hohlkorper  (14) 
von  dem  Substrat  (10)  entfernt,  indem  man 
den  Hohlkorper  durchschlagt  und  ihn  in 

25  Stucke  zerbricht. 

2.  Verfahren  nach  Anspruch  1  ,  bei  dem  man  in  der 
Stufe  b)  den  Hohlkorper  (14)  aus  Graphitstoff 
herstellt. 

30 
3.  Verfahren  nach  Anspruch  1  oder  Anspruch  2,  bei 

dem  die  Stutzen  (16)  von  einer  Ablenkruckseiten- 
platte  (18)  in  dem  Dampfphasenabscheidungsre- 
aktor  unterstutzt  und  mit  einem  geeigneten  Bin- 

35  demittel  an  das  Substrat  (10)  nahe  dessen  Urn- 
fang  bindet 

4.  Verfahren  nach  einem  der  vorausgehenden  An- 
spruche,  bei  dem  das  Durchstolien  und  Aufbre- 

40  chen  des  Hohlkorpers  zu  seiner  Entfernung  von 
dem  Substrat  durch  mechanische  Mittel  bewirkt 
wird. 

45  Revendications 

1.  Procede  de  prevention  de  la  croissance  sur  la 
face  arriere  d'un  substrat  (10)  dans  un  systeme 
de  depot  en  phase  vapeur  par  impact  (12) 

so  comportant  un  reacteur  (22)  dans  lequel  a  lieu  le 
depot  en  phase  vapeur,  comprenant  les  etapes 
consistant  a: 

(a)  monter  le  substrat  (10)  sur  des  colonnes 
(16)  dans  le  reacteur  (22), 

55  (b)  fabriquer  en  graphite  souple  un  corps 
creux  (14)  qui  est  compatible  avec  le  substrat 
et  est  ouvert  a  une  extremite  mais  ferme  a 
I'autre  extremite,  en  utilisant  du  ciment  de 
graphite  comme  agent  adhesif, 

4 
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(c)  monterle  corps  creux  (14)  surles  colon  nes 
(16)  en  relation  de  cooperation  avec  le  subs- 
trat  (10),  son  extremite  ouverte  etant  dirigee 
vers  la  face  arriere  du  substrat,  5 
(d)  presser  et  sceller  I'extremite  ouverte  du 
corps  creux  contre  le  substrat  a  proximite  di- 
rects  de  sa  peripheric  et 
(e)  apres  achievement  du  processus  de  depot 
en  phase  vapeur,  retirerle  corps  creux  (14)  du  10 
substrat  (10)  en  percant  le  corps  creux  et  en 
le  cassant  en  morceaux. 

Precede  selon  la  revendication  1,  dans  lequel  a 
I'etape  (b)  le  corps  creux  (14)  est  fabrique  en  tis-  15 
su  de  graphite. 

Precede  selon  la  revendication  1  ou  la  revendica- 
tion  2,  dans  lequel  lesdites  colonnes  (16)  sont 
portees  par  un  socle  de  deviation  (18)  dans  le  20 
reacteur  de  depot  en  phase  vapeur  et  collees  a 
I'aide  d'un  agent  adhesif  approprie  au  substrat 
(10)  a  proximite  de  sa  peripheric. 

Precede  selon  I'une  quelconque  des  revendica-  25 
tions  precedentes,  dans  lequel  le  percage  et  la 
cassure  du  corps  creux  destines  a  le  retirer  du 
substrat  sont  effectues  par  des  moyens  mecani- 
ques. 
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