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Description 

This  invention  relates  to  deposition  processes. 
In  particular  the  invention  relates  to  deposition  pro- 
cesses  for  depositing  polysilicon  from  silane  gas 
using  low  pressure  chemical  vapour  deposition 
techniques. 

Low  pressure  chemical  vapour  deposition  of 
polysilicon  from  silane  is  an  industry-standard  tech- 
nique.  In  this  technique  silane  gas  is  passed 
through  a  hot  walled  deposition  vessel  containing 
the  substrates  on  which  it  is  required  to  deposit  the 
polysilicon,  such  that  the  reaction  of  the  silane  with 
the  heated  substrates  causes  decomposition  of  the 
silane  such  that  respective  polysilicon  films  are 
deposited  on  the  substrates.  Typical  process  pa- 
rameters  using  the  technique  are  a  deposition  ves- 
sel  temperature  of  630  °  C,  and  a  silane  gas  flow  of 
between  20  to  60  standard  cm3  per  minute  through 
the  vessel,  the  vessel  being  held  at  a  pressure  of 
between  10  and  30  Rascals  using  a  rotary  or  rotary 
and  Root  pump  system  pumping  at  between  50  to 
300  litres  per  minute. 

The  grain  structure  of  the  polysilicon  films  pro- 
duced  by  such  a  process  are  invariably  micro- 
crystalline,  with  a  grain  size  of  around  20nm. 

Such  films  are  not  satisfactory  for  some  thin 
film  electronic  devices,  for  example  transistors,  as 
grain  boundary  effects  dominate  and  degrade  the 
performance  of  the  devices.  Whilst  it  is  possible  to 
obtain  larger  grain  sizes  by  increasing  the  tempera- 
ture  of  the  substrate,  this  is  not  possible  where,  for 
example,  the  substrates  are  made  of  glass.  The 
use  of  such  glass  substrates  is  becoming  of  in- 
creasing  industrial  importance,  for  example  in  ma- 
trix  addressed  large  panel  displays  in  which  the 
transistors  form  switching  elements. 

EP-A-0  167  703  discloses  a  vapour  deposition 
method  in  which  a  carrier  gas  is  heated,  silane  is 
mixed  with  the  carrier  gas,  and  the  mixture  is 
passed  over  a  batch  of  substrates.  The  partial 
pressure  of  the  silane  is  from  0.013  to  1300 
Pascals,  but  the  carrier  gas  pressure  is  from  130  - 
100,000  Pascals.  The  high  total  pressure  in  the 
reactor  will  result  in  a  deposited  film  of  small  grain 
size. 

EP-A-0  143  701  discloses  a  method  in  which  a 
disilane  pressure  of  some  tens  of  Pascals  to  some 
thousands  of  Pascals  is  used.  This  method  pro- 
duces  a  deposited  film  of  amorphous  silicon. 

It  is  an  object  of  the  present  invention  to  pro- 
vide  a  deposition  process  for  depositing  polysilicon 
using  low  pressure  chemical  vapour  deposition 
techniques  wherein  the  grain  size  of  the  deposited 
polysilicon  is  increased. 

According  to  the  present  invention  there  is 
provided  a  process  for  depositing  a  polysilicon  film 
on  a  substrate,  characterised  by  the  steps  of  heat- 

ing  the  substrate  in  a  hot  wall  reactor  to  a  tempera- 
ture  up  to  about  630  °C;  and  passing  silane  gas 
over  the  substrate  so  that  the  heated  substrate 
causes  decomposition  of  the  silane  gas,  the  total 

5  pressure  in  the  reactor  being  no  greater  than  1 
Pascal;  whereby  a  film  of  undoped  polysilicon  hav- 
ing  a  grain  size  of  at  least  about  400nm  with 
substantially  no  twinning  is  deposited  on  the  sub- 
strate. 

io  A  deposition  process  in  accordance  with  the 
invention  will  now  be  described,  by  way  of  example 
only,  with  reference  to  the  accompanying  figure 
which  is  a  schematic  diagram  of  the  chemical 
vapour  deposition  apparatus  used  in  the  process. 

75  Referring  to  the  drawing,  the  apparatus  in- 
cludes  a  furnace  tube  1  in  which  are  placed  a  stack 
of  closely  spaced  silicon  wafers  3  arranged  within 
the  tube  so  as  to  enable  the  high  throughput  of 
gases  through  the  tube.  The  tube  has  a  gas  inlet  to 

20  which  are  connected  sources  of  N2  5  and  SihU  7 
via  a  gas  manifold  and  an  appropriate  valve  sys- 
tem.  The  tube  also  has  a  gas  outlet  to  which  is 
connected  a  pumping  system  comprising  a  Roots 
pump  9  backed  by  a  rotary  pump  1  1  and  a  Turbo 

25  pump  12  also  backed  by  a  rotary  pump  13.  Two 
Pirani  gauges  15,  17,  a  capacitance  manometer  18 
and  a  Penning  gauge  19  are  provided  in  order  to 
monitor  the  pressures  in  the  system,  an  appro- 
priate  valve  system  being  provided  to  control  the 

30  system. 
In  use  of  the  apparatus  the  tube  1  is  heated  to 

about  630  °C,  and  pumped  out  to  a  pressure  of 
less  than  0.1  Pascal  i.e.  0.8m  Torr  using  initially 
the  Roots  pump  and  subsequently  the  Turbo 

35  pump.  The  SihU  is  bled  through  the  tube  1  at  a 
rate  of  1.0  cm3  per  minute  the  pumping  system 
pumping  at  a  rate  of  990  to  2300  litres  per  minute, 
i.e.  350  to  800  cubic  feet  per  minute,  to  maintain 
pressure  in  the  tube  1  of  between  0.25  and  1 

40  Pascal,  i.e.  between  2.5  and  10m  Torr. 
After  the  deposition  process  has  taken  place, 

N2  from  the  source  7  is  used  to  vent  the  system. 
It  is  found  that  the  polysilicon  films  deposited 

on  the  substrates  using  the  process  described 
45  herebefore  corresponding  to  silane  pressures  of  1 

Pascal  have  grain  sizes  of  400nm  whilst  those 
corresponding  to  silane  pressure  of  0.25  Pascal 
have  grain  sizes  of  1000nm.  Each  grain  is  essen- 
tially  single  crystal  in  character,  in  particular  an 

50  absence  of  twinning  being  noted,  the  grains  being 
separated  by  very  narrow  inter-grain  regions.  This 
may  be  explained  by  the  observation  by  the  in- 
ventors  that  the  pressure  of  the  silane  gas  passing 
the  heated  substrates  critically  affects  the  first 

55  stages  of  nucleation,  a  decrease  in  pressure  lead- 
ing  to  nucleation  becoming  a  rare  event.  This  lack 
of  nucleation  thus  leads  to  polysilicon  films  of  larg- 
er  grain  size  than  is  normally  possible  with  conven- 
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tional  low  pressure  chemical  vapour  deposition 
techniques,  the  observed  grain  size  increasing  as 
the  pressure  is  decreased,  the  grain  tending  to 
become  columnar  with  increasing  size.  The  in- 
ventors  have  also  investigated  the  temperature  de- 
pendence  of  this  effect,  finding  that  the  pressure 
dependence  of  the  grain  size  persists  to  tempera- 
tures  as  low  as  580  °C,  although  the  grain  size  is 
reduced  compared  to  films  deposited  at  higher 
temperatures  and  equivalent  silane  gas  pressures, 
it  being  necessary  to  reduce  the  pressure  to 
achieve  corresponding  grain  size  to  the  films  de- 
posited  at  higher  temperatures.  Thus  it  is  found 
that  for  substrate  temperatures  of  580  °  C,  with 
silane  pressures  of  0.1  Pascal,  grain  sizes  of 
750nm  are  achievable.  It  will  be  appreciated  that  in 
conventional  low  pressure  chemical  vapour  tech- 
niques  films  deposited  at  such  low  substrate  tem- 
peratures  are  amorphous.  Such  low  substrate  tem- 
peratures  are,  of  course,  very  desirable  for  deposi- 
tion  processes  using  glass  substrates. 

It  is  found  that  thin  film  transistors  fabricated 
using  films  deposited  by  a  process  in  accordance 
with  the  invention  have  a  much  improved  perfor- 
mance  due  to  the  larger  grain  size  than  films 
produced  by  known  processes.  Whilst  the  films 
produced  by  the  process  according  to  the  invention 
have  better  electrical  characteristics  than  previous 
films,  they  do  have  a  rougher  surface,  but  this  can 
be  compensated  for  by  modificiations  in  the  device 
technology  for  the  devices  incorporating  the  films. 

It  will  be  appreciated  that  further  improvements 
in  the  polysilicon  deposited  by  a  process  in  accor- 
dance  with  the  invention  may  be  obtained  by  use 
of  even  lower  pressures  within  the  deposition  ves- 
sel  for  example  down  to  0.03  Pascal. 

It  will  also  be  appreciated  that  by  introducing 
an  appropriate  dopant  gas,  for  example  phosphine 
diborine  or  arsine  into  the  deposition  vessel,  doped 
polysilicon  layers  may  be  produced  by  a  process 
in  accordance  with  the  invention,  it  being  possible 
to  produce  p-n  junctions  by  this  means.  Generally 
the  dopant  will  have  a  low  flow  rate  compared  to 
the  silane  gas,  typically  0.1%  of  the  silane  gas 
flow. 

It  will  also  be  appreciated  that  whilst  SihU  is 
the  silane  gas  used  in  the  process  described  by 
way  of  example,  other  silane  gases  may  be  used  in 
a  process  in  accordance  with  the  invention. 

Claims 

1.  A  process  for  depositing  a  polysilicon  film  on  a 
substrate  (3),  characterised  by  the  steps  of 
heating  the  substrate  in  a  hot  wall  reactor  (1)  to 
a  temperature  up  to  about  630  °  C;  and  passing 
silane  gas  over  the  substrate  so  that  the  heat- 
ed  substrate  causes  decomposition  of  the 

silane  gas,  the  total  pressure  in  the  reactor 
being  no  greater  than  1  Pascal;  whereby  a  film 
of  undoped  polysilicon  having  a  grain  size  of  at 
least  about  400nm  with  substantially  no  twin- 

5  ning  is  deposited  on  the  substrate. 

2.  A  process  according  to  Claim  1,  characterised 
in  that  the  temperature  is  in  a  range  from 
about  580  °  C  to  about  630  °  C. 

10 
3.  A  process  according  to  Claim  1  or  Claim  2, 

characterised  in  that  the  pressure  is  in  a  range 
from  about  0.03  Pascal  to  about  1  Pascal. 

is  4.  A  process  according  to  any  preceding  claim, 
characterised  in  that  the  silane  gas  is  SihU. 

5.  A  process  according  to  any  preceding  claim, 
characterised  in  that  the  substrate  (3)  is 

20  formed  of  glass. 

Revendicatlons 

1.  Procede  de  depot  d'un  film  de  silicium  poly- 
25  cristallin  sur  un  substrat  (3),  caracterise  en  ce 

qu'il  comprend  des  etapes  de  chauffage  du 
substrat  dans  un  reacteur  (1)  a  paroi  chaude  a 
une  temperature  pouvant  atteindre  630  °  C  en- 
viron,  et  de  circulation  d'un  silane  gazeux  sur 

30  le  substrat  afin  que  le  substrat  chauffe  provo- 
que  la  decomposition  du  silane  gazeux,  la 
pression  totale  dans  le  reacteur  ne  depassant 
pas  1  Pa,  si  bien  qu'un  film  de  silicium  poly- 
cristallin  non  dope  ayant  une  dimension  granu- 

35  laire  d'au  moins  400  nm  environ  pratiquement 
sans  maclage  se  depose  sur  le  substrat. 

2.  Procede  selon  la  revendication  1,  caracterise 
en  ce  que  la  temperature  est  comprise  entre 

40  environ  580  et  630  °  C. 

3.  Procede  selon  la  revendication  1  ou  2,  caracte- 
rise  en  ce  que  la  pression  est  comprise  entre 
environ  0,03  Pa  et  1  Pa. 

45 
4.  Procede  selon  I'une  quelconque  des  revendi- 

cations  precedentes,  caracterise  en  ce  que  le 
silane  gazeux  est  SihU. 

50  5.  Procede  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  caracterise  en  ce  que  le 
substrat  (3)  est  forme  de  verre. 

Patentanspruche 
55 

1.  Verfahren  zum  Abscheiden  einer  Polysiliciums- 
chicht  auf  einem  Substrat  (3), 
gekennzeichnet  durch 

3 
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die  Schritte  der  Erwarmung  des  Substrats  in 
einem  Hei/Swandreaktor  (1)  auf  eine  Tempera- 
tur  bis  zu  etwa  630  °  C;  und  des  Leitens  von 
Silangas  uber  das  Substrat,  so  da/S  das  er- 
warmte  Substrat  eine  Zersetzung  des  Silanga-  5 
ses  bewirkt,  wobei  der  Gesamtdruck  im  Reak- 
tor  nicht  gro/Ser  als  1  Pascal  ist;  wodurch  eine 
Schicht  aus  nicht  dotiertem  Polysilicium  mit 
einer  Korngro/Se  von  zumindest  urn  400  nm  im 
wesentlichen  ohne  Zwillingsbildung  auf  dem  10 
Substrat  abgeschieden  wird. 

2.  Verfahren  nach  Anspruch  1  , 
dadurch  gekennzeichnet, 
da/S  die  Temperatur  in  einem  Bereich  von  etwa  is 
580  °  C  bis  etwa  630  °  C  liegt. 

3.  Verfahren  nach  Anspruch  1  oder  Anspruch  2, 
dadurch  gekennzeichnet, 
da/S  der  Druck  in  einem  Bereich  von  etwa  0,03  20 
Pascal  bis  etwa  1  Pascal  liegt. 

4.  Verfahren  nach  einem  vorhergehenden  An- 
spruch, 
dadurch  gekennzeichnet,  25 
da/S  das  Silangas  SihU  ist. 

5.  Verfahren  nach  einem  vorhergehenden  An- 
spruch, 
dadurch  gekennzeichnet,  30 
da/S  das  Substrat  (5)  aus  Glas  gebildet  ist. 
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