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Description 

The  present  invention  relates  to  a  process  for 
producing  a  continuous  web  of  an  electrically  in- 
sulated  metallic  substrate  for  a  solar  cell,  a  printed 
circuit  board  or  an  IC  board. 

Heretofore,  there  has  been  used  a  solar  battery 
comprising  a  plurality  of  solar  cells  formed  on  a 
substrate  in  a  pattern  and  connected  in  series,  and 
a  printed  circuit  board  having  high  heat  resistance 
and  low  heat  conductivity  has  also  been  used. 

In  such  a  solar  battery,  since  the  cells  must  be 
connected  in  series,  it  is  necessary  that  adjacent 
cells  are  electrically  insulated.  For  example,  when  a 
metallic  substrate  is  used  as  a  substrate  for  a  solar 
cell,  the  substrate  must  be  subjected  to  insulation 
treatment.  Usually,  such  treatment  comprises  the 
steps  of  polishing  the  surface  of  a  web  of  a  metallic 
substrate  which  is  rolled  out,  attaching  a  protective 
sheet  thereto,  cutting  the  web  in  a  predetermined 
shape  by  etching  or  by  press,  removing  the  protec- 
tive  sheet,  and  then  subjecting  it  to  insulation  treat- 
ment  for  formation  of  an  insulation  layer.  On  the 
thus  formed  insulation  layer  a  patterned  back  elec- 
trode  is  formed  by  vapor  deposition  or  sputtering. 
The  back  electrode  may  be  formed  over  the  sur- 
face,  and  then  patterned  by  etching. 

In  the  production  process  described  above,  the 
cut  substrates  must  be  handled  one  by  one,  which 
requires  much  time  and  labor,  and  many  handling 
procedures  decrease  the  yield  and  productivity.  As 
considered  from  the  operation  in  the  individual  pro- 
cessing  steps,  usually,  a  batch  system  is  suitable 
for  the  production  process. 

When  the  active  layers  of  a  solar  cell  are 
formed,  the  substrate  must  be  heated  to  a  tem- 
perature  as  high  as  200  to  350°C  and  hence  the 
insulation  layer  is  required  to  be  resistant  at  such 
temperature.  For  this  reason,  a  resin  having  a  good 
heat  resistance  such  as  a  polyimide  is  used  as  a 
material  for  the  insulation  layer.  The  process  for 
forming  the  insulation  layer  of  the  resin  comprises 
the  steps  of  coating  a  metallic  substrate  with  a 
polyimide  resin  by  spin  coating  or  dipping,  and 
heating  the  resin  coating  for  curing  the  resin  and 
for  degassing.  However,  this  process  is  very  com- 
plicated  and  entails  a  high  reject  rate.  Generally, 
the  higher  the  layer  forming  temperature  in  the 
active  layers  of  the  solar  cell,  the  higher  the  quality 
of  the  solar  cell.  However,  in  case  of  producing  a 
solar  cell  by  using  the  substrate  having  the  insula- 
tion  layer  of  polyimide  resin,  or  the  like,  the  layer 
forming  temperature  is  at  most  250°C  because 
cracks  occur  in  the  back  electrode  when  subjecting 
the  substrate  to  a  higher  temperature.  Moreover, 
condensation  takes  place  in  the  insulation  layer  of 
the  resin  during  heating  to  emit  H20  and  impuri- 
ties,  whereby  detracting  from  the  performance  of 

the  solar  cell. 
Accordingly,  use  of  the  substrate  having  the 

insulation  layer  of  the  resin  is  not  advantagous  to 
produce  a  high  quality  solar  cell. 

5  The  field  of  a  printed  circuit  board  calls  for 
development  of  a  printed  circuit  board  in  form  of  an 
insulated  metallic  substrate  in  view  of  its  heat  resis- 
tance  in  soldering  and  of  its  low  heat  conductivity. 
In  the  production  of  solar  cells  it  is  known  (EP  0 

70  041  773  A1)  to  provide  an  insulating  coating  com- 
prising  of  Si02  or  ShNu  on  a  substrate.  Si02  and 
ShNu  are  crystaline  materials. 

An  object  of  the  present  invention  is  to  provide 
a  process  for  continuously  forming  an  insulation 

75  layer  of  an  inorganic  insulation  material  and  a  back 
electrode  on  a  metallic  substrate  and,  if  necessary, 
cleaning  the  substrate,  patterning  the  back  elec- 
trode  and  cutting  the  produced  insulated  substrate, 
whereby  reducing  time,  cost,  processing  steps  and 

20  labor  while  increasing  yield,  productivity,  and  heat 
resistance,  and  further  improving  the  performance 
of  the  solar  cell  itself. 

According  to  the  present  invention,  there  is 
provided  a  process  for  producing  a  continuous  web 

25  of  a  metallic  substrate  having  an  electric  insulation 
layer  comprising  the  steps  of  depositing  an  insula- 
tion  layer  of  a  non-monocrystalline  material  con- 
taining  Si  and  having  a  carbon  content  of  not  less 
than  10%  by  atom  on  a  continuous  web  of  a 

30  metallic  substrate  by  plasma  CVD  method  or  sput- 
tering  method,  and  depositing  a  back  electrode 
thereon  by  sputtering  method  or  vapor  deposition 
method  in  a  continuous  operation. 

As  the  metallic  substrate  used  in  the  present 
35  invention,  there  are  employed  a  metal  plate  such 

as  iron,  aluminum,  nickel,  copper,  zinc,  an  alloy 
thereof,  stainless  steel  and  brass,  and  a  plate  of  a 
metal  or  a  resin  which  is  surface-treated  with  other 
metals  such  as  aluminum  and  silver.  The  metallic 

40  substrate  is  preferably  of  a  continuous  web  having 
a  thickness  of  about  0.03  to  2.0  mm  and  a  width  of 
about  10  to  500  mm.  The  continuous  web  is  prefer- 
ably  a  hoop  material  in  roll  form  from  the  stand- 
point  of  handling. 

45  The  surface  of  the  metallic  substrate  is  prefer- 
ably  polished  by  the  usual  method  since  the 
polishing  treatment  can  prevent  the  insulation  layer 
from  adverse  effects  on  the  yield  such  as  electrical 
contact  through  pin  holes  in  the  insulation  layer. 

50  For  further  increasing  the  yield,  a  sophisticated 
treatment  such  as  composite  electrochemical 
polishing  is  preferably  employed  from  the  stand- 
point  of  improving  the  performance  of  the  insulated 
substrate.  If  the  yield  is  sacrificed  to  some  extent, 

55  it  is  advantageous  from  the  standpoint  of  cost  to 
use  an  unpolished  substrate  whose  Rmax  is  not 
more  than  0.5  urn,  for  example,  about  0.3  to  0.5 
linn.  When  the  surface  roughness  of  a  polished 

3 
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metalic  substrate  is  Rmax   ̂ 0.3  urn,  if  an  insulation 
layer  is  deposited  to  an  extent  of  about  2.0  urn,  the 
occurrence  of  the  above-mentioned  electrical  con- 
tact  can  be  reduced  to  zero,  as  compared  with  the 
case  of  forming  the  same  insulation  layer  on  a 
substrate  having  a  Rmax  of  about  0.5  urn.  In  the 
case  of  Rmax   ̂ 0.2  urn,  even  if  the  thickness  of  the 
insulation  layer  is  about  1.5  urn,  the  yield  is  the 
same  as  that  in  the  case  of  using  the  substrate  of 
Rmax  =  0.3  urn  and  depositing  the  insulation  layer 
of  about  2.0  urn.  If  sophisticated  composite  elec- 
trochemical  polishing  which  ensures  Rmax   ̂ 0.05 
urn  is  applied  to  the  substrate,  perfect  electric 
insulation  can  be  obtained  even  if  the  insulation 
layer  thickness  is  only  1  urn.  In  addition,  the  sur- 
face  roughness  is  at  least  0.005  urn  from  the 
standpoint  of  adhesion.  If  the  surface  roughness  is 
less  than  0.005  urn,  there  is  a  danger  that  the 
insulation  layer  is  peeled  off. 

The  insulation  layer  formed  by  the  present 
invention  is  formed  on  the  continuous  metallic  sub- 
strate  by  the  usual  plasma  CVD  method  using 
silane  gas  alone  or  a  suitable  mixed  gas  prepared 
by  mixing  silane  gas  with  a  hydrocarbon  gas  such 
as  methane  or  ethylene,  ammonia  gas,  hydrogen 
and  oxygen,  or  by  the  usual  sputtering  method 
using  a  mixed  gas  of  an  inert  gas  such  as  argon  or 
helium  with  hydrogen,  a  hydrocarbon  gas  and  a 
silicon-containing  compound  gas,  and  using  a  tar- 
get  made  of  SiC,  graphite,  silicon,  or  the  like.  The 
thickness  of  the  insulation  layer  is  not  particularly 
limited,  but  is  preferably  about  0.1  to  200  urn, 
more  preferably  0.5  to  20  urn. 

The  composition  of  the  insulation  layer  is  not 
particularly  limited.  From  the  standpoint  of  break- 
down  voltage,  it  is  advantageous  to  employ  a  ma- 
terial  having  a  wide  band  gap  such  as  Si(1.x)Cx:H 
(wherein  x  is  0.1  to  0.9),  Si(1.x.y)CxNy:H  (wherein  x  is 
as  defined  above,  y  is  0  to  0.9,  and  x  +  y   ̂ 1),  or 
Si(1.x.y)CxOy:H  (wherein  x  and  y  are  as  defined 
above).  Further,  the  insulation  layer  is  preferably 
non-monocrystalline,  particularly  amorphous  be- 
cause  of  its  structural  flexiblility  and  resistance  to 
cracks.  From  the  standpoint  of  insulation,  it  is  de- 
sirable  to  use  a  material  having  10_G  O'cm-1  or 
less,  preferably  10-8  O'cm-1  or  less. 

The  insulation  layer  contains  carbon  atoms  of 
not  less  than  10  %.  If  the  carbon  content  is  less 
than  10  %,  the  dielectric  breakdown  voltage  de- 
creases  to  50  V/u.m  or  less,  which  means  insuffi- 
ciency  in  point  of  insulating  performance.  If  the 
carbon  content  is  30  %  or  more,  the  dielectric 
breakdown  voltage  of  the  insulation  layer  further 
increases  to  100  V/u.m  or  more,  which  is  preferable 
for  a  semiconductor  device  produced  by  glow  dis- 
charge.  A  material  for  the  insulation  layer  with  a 
large  carbon  content  is  more  preferable  for  use  as 
an  IC  or  printed  circuit  board  since  its  heat  con- 

ductivity  is  high. 
Further,  in  case  of  using,  as  the  plasma  CVD 

method,  a  parallel  plate  electrode  method,  a  meth- 
od  in  which  the  substrate  is  set  within  ±  3  cm  from 

5  the  plasma  region,  or  a  parellel  plate  electrode 
method  in  which  an  electrode  involving  a  magnet 
arranged  so  as  to  give  a  magnetic  field  component 
being  parallel  to  the  electrode,  damage  to  the  de- 
posited  insulation  layer  due  to  plasma  is  very  little, 

io  and  hence  an  insulation  layer  with  less  defect  can 
be  obtained. 

When  the  deposition  of  the  insulation  layer  is 
carried  out  by  rasing  the  temperature  from  100  to 
400°C,the  layer  can  be  increased  in  adhesive 

75  strength  and  heat  stability,  and  internal  stresses  of 
the  layer  can  be  reduced.  Further,  if  the  DC  poten- 
tial  difference  (Vb)  for  plasma  CVD  method  is  10  V 
or  less,  two  sheets  of  insulated  substrate  can  be 
produced  at  a  time  by  using  two  hoop  metalic 

20  webs  and  a  set  of  plasma  CVD  electrodes. 
In  the  present  invention,  after  the  insulation 

layer  is  formed  on  the  metalic  substrate,  a  back 
electrode  is  depostited  thereon. 

The  back  electrode  is  a  mono  layer  or  a  mul- 
25  tiple  layer  formed  by  the  usual  sputtering  method 

using,  as  a  target,  a  metal  such  as  aluminum, 
nickel,  chromium,  molybdenum,  silver,  gold,  cop- 
per  or  an  alloy  thereof,  or  an  electrically  conductive 
oxide  such  as  ITO,  Sn02  or  CdxSnOy,  or  by  the 

30  usual  vapor  deposition  method  in  which  the  above- 
mentioned  metal,  alloy  or  electrically  conductive 
oxide  is  heated  by  electron  beam  or  by  electric 
resistance.  The  thickness  of  the  electrode  is  gen- 
erally  20  (200  A)  to  100  urn,  preferably  40  to  1000 

35  urn  (400  to  10000  A). 
The  deposition  of  the  back  electrode  by  the 

sputtering  method  may  be  performed  over  the  en- 
tire  surface  without  using  a  mask  or  may  be  pat- 
terned  by  using  a  mask.  When  the  deposition  of 

40  the  back  electrode  by  the  sputtering  method  is 
performed  at  a  temperature  of  from  room  tempera- 
ture  to  400°C,  the  electrode  thus  formed  has  a  low 
electric  resistance  and  an  increased  adhesive 
strength. 

45  The  material  of  the  back  electrode  is  not  par- 
ticularly  limited,  and  a  conventional  material  for  a 
back  electrode  can  be  employed.  Examples  of  the 
materials  of  the  back  electrode  are,  for  instance,  a 
metal  such  as  aluminum,  chromium,  nickel,  molyb- 

50  denum,  SUS,  silver,  copper  or  gold;  ITO;  Sn02: 
CdxSnOy,  and  the  like.  For  solar  cells,  there  is 
preferably  employed  a  back  electrode  comprising  a 
first  layer  of  aluminum,  Ag,  TiAg  or  Cr,  which  is 
coated  with  an  electrically  conductive  film  of  an 

55  oxide  such  as  ITO,  Sn02,  CdxSnOy  or  a  metal 
oxide  (Ti02,  Nb2  03)  in  a  thickness  of  not  more 
than  several  nm  (ten  A),  because  of  its  high  reflec- 
tance. 

4 
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The  present  invention  is  more  particularly  de- 
scribed  and  explained  by  means  of  the  accom- 
panied  drawings  which  show  in  Figs  1  to  10  sec- 
tional  views  of  different  apparatus  for  practising  the 
present  invention. 

In  Fig.  1,  a  continuous  web  of  a  metallic  sub- 
strate  11  from  a  supply  roll  12  installed  in  a  supply 
chamber  1  is  fed  to  a  plasma  chamber  2  through  a 
slit  41  formed  in  a  partition  wall  40  continuously  or 
intermittently  at  a  rate  of  about  0.01  to  100  m/min. 
In  the  plasma  chamber  2  there  are  installed  an  RF 
electrode  21  for  depositing  an  insulation  layer  by 
plasma  CVD  method,  a  heater  22  for  the  substrate 
1  1  ,  and  gas  introducing  means  and  gas  exhausting 
means  (not  shown). 

The  metallic  substrate  11  fed  to  the  plasma 
chamber  2,  while  being  heated  by  the  heater  22,  is 
moved  toward  a  slit  43  in  a  partition  wall  42.  A 
mixed  gas  of  predetermined  composition  is  being 
introduced  into  the  plasma  chamber  2  so  that  the 
gas  pressure  therein  can  be  maintained  at  1.33  to 
1333  Pa  (0.01  to  10  Torr.)  The  introduced  gas  is 
changed  into  plasma  by  a  high  frequency  voltage 
of,  e.g.  1  kHz  to  100  MHz  from  the  RF  electrode 
and  is  deposited  on  the  substrate  11  which  is 
moving  with  heating,  whereby  an  insulation  layer  is 
formed. 

The  metallic  substrate  11  having  the  insulation 
layer  thereon  is  fed  to  a  sputtering  chamber  3 
through  the  slit  43.  In  the  sputtering  chamber  3 
there  are  installed  cathode  electrode  pair  23  con- 
sisting  of  a  target  and  an  anode,  a  heater  24  for  the 
insulated  substrate,  and  gas  introducing  means  and 
gas  exhausiting  means  (not  shown). 

The  insulated  substrate  1  1  fed  to  the  sputtering 
chamber  3,  preferably  while  being  heated  by  the 
heater  24,  is  moved  toward  a  slit  45  in  a  partition 
wall  44.  Argon  gas  or  helium  gas  from  the  gas 
introducing  means  are  introduced  into  the  sputter- 
ing  chamber  3  so  that  the  gas  pressure  therein  can 
be  maintained  at  about  0.013  to  133  Pa  (10_+  to  1 
Torr).  The  introduced  gas  is  changed  into  plasma 
with  the  anode  of  the  electrode  pair  23,  and  the 
gas  plasma  strikes  the  target  to  sputter  atoms  in 
the  target  into  plasma.  The  sputtered  atoms  de- 
posit  on  the  insulation  layer  on  the  substrate  11 
which  is  moving  preferably  with  heating,  whereby  a 
back  electrode  is  formed. 

The  insulated  substrate  1  1  with  the  back  elec- 
trode  is  passed  through  a  slit  45  and  wound  on  a 
winding  roll  13  installed  in  a  winding  chamber  4. 

The  apparatus  shown  in  Fig.  1  may,  if  neces- 
sary,  be  provided  with  a  cleaning  chamber  8  and  a 
drying  chamber  9,  as  shown  in  Fig.  6,  to  clean  the 
surface  of  the  metallic  substrate  1  1  . 

The  apparatus  shown  in  Fig.  2  has  an  inter- 
mediate  chamber  5  provided  between  the  supply 
chamber  1  and  the  plasma  chamber  2,  an  inter- 

mediate  chamber  6  provided  between  the  plasma 
chamber  2  and  the  sputtering  chamber  3,  and  an 
intermediate  chamber  7  provided  between  the 
sputtering  chamber  3  and  the  winding  chamber  4 

5  which  can  serve  to  exhaust  the  gases  and  to  adjust 
the  inner  pressure.  According  to  this  embodiment, 
mutual  diffusion  of  the  gases  from  adjacent  cham- 
bers  can  be  prevented,  and  thus  a  product  of  high 
quality  can  be  stably  obtained.  It  is  preferable  that 

io  the  pressures  in  the  plasma  chamber  2,  sputtering 
chamber  3,  and  intermediate  chambers  5,  6  and  7 
are  adjusted  so  that  the  pressure  in  the  intermedi- 
ate  chamber  is  not  more  than  2/3,  preferably  not 
more  than  1/2,  more  preferably  not  more  than  1/10 

is  of  the  pressure  of  one  of  the  adjacent  chambers 
which  has  the  lower  pressure. 

The  apparatus  shown  in  Fig.  2  may,  if  neces- 
sary,  be  provided  with  the  cleaning  chamber  8  and 
the  drying  chamber  9,  as  shown  in  Fig.  6,  for 

20  cleaning  the  surface  of  the  metalic  substrate  1  1  . 
As  shown  in  Fig.  3,  the  intermediate  chamber  6 

may  be  provided  with  mask  supply  means  16  for 
supplying  a  mask  17  and  for  relative  positioning  of 
the  mask  with  the  insulated  substrate.  The  inter- 

25  mediate  chamber  7  may  be  provided  with  mask 
winding  means  18  for  winding  the  mask  17  fed 
from  the  mask  supply  means  16.  According  to  this 
embodiment,  when  the  insulated  substrate  11  is 
supplied  to  the  sputtering  chamber  3,  the  mask  17 

30  positioned  relative  to  the  insulated  substrate  is  also 
supplied  to  the  sputtering  chamber  3  so  as  to  form 
a  back  electrode  through  the  mask  17.  This  makes 
continuous  production  of  patterned  back  electrodes 
possible. 

35  When  using  the  continuous  web  of  the  metallic 
substrate  11  covered  with  a  protective  sheet,  pro- 
tective  sheet  winding  means  15  for  winding  a  pro- 
tective  sheet  14  may  be  installed  in  the  supply 
chamber  1,  as  shown  in  Fig.  4.  In  this  embodiment, 

40  the  metallic  substrate  11  covered  with  the  protec- 
tive  sheet  14  can  be  used,  and  thus  the  metallic 
substrate  having  clean  surface  can  be  supplied 
without  the  cleaning  treatment  to  the  plasma  cham- 
ber  2  while  winding  the  protective  sheet.  Further, 

45  when,  with  the  winding  chamber  4,  protective  sheet 
supply  means  19  for  supplying  a  protective  sheet 
20  is  provided,  the  insulated  substrate  with  the 
back  electrode  is  wound  while  supplying  the  pro- 
tective  sheet  to  give  the  product  whose  back  elec- 

50  trade  surface  is  protected. 
Also,  as  shown  in  Fig.  5,  the  mask  supplying 

means  16  and  mask  winding  means  18  shown  in 
Fig.  3  may  be  assembled  with  the  apparatus  shown 
in  Fig.  4.  According  to  the  apparatus,  patterning  is 

55  achieved  during  formation  of  the  back  electrode. 
In  addition,  as  shown  in  Fig.  6,  before  the 

metallic  substrate  11  is  supplied  to  the  plasma 
chamber  2,  it  may  be  cleaned  in  the  cleaning 

5 
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chamber  8  by  the  usual  method,  and  dried  in  the 
drying  chamber  9  by  drying  means  25  such  as  an 
infrared  heater  or  a  sheathed  heater,  if  necessary 
subjected  to  a  plasma  treatment  with  a  gas  such  as 
nitrogen,  hydrogen,  argon  or  helium  to  clean  the 
substrate  surface.  The  cleaned  substrate  is  sup- 
plied  to  the  plasma  chamber  2,  the  intermediate 
chamber  10  and  the  sputtering  chamber  3  so  as  to 
form  the  insulation  layer  and  the  back  electrode, 
and  then  wound.  For  the  cleaning  in  the  cleaning 
chamber  8,  solvent  vapor  cleaning  may  be  added 
to  the  usual  cleaning. 

Instead  of  the  apparatus  shown  in  Fig.  3  or  5, 
which  produce  the  patterned  back  electrode  by 
using  the  mask,  as  shown  in  Fig.  7,  the  metallic 
substrate  with  the  insulation  layer  and  the  back 
electrode  may  be  supplied  to  an  etching  chamber 
33,  where  a  resist  film  is  formed  by  printing  on  the 
back  electrode  by  resist  applying  means  34.  Alter- 
natively,  a  resist  film  applied  to  the  entire  surface 
of  the  back  electrode  is  exposed  to  light  by  expo- 
sure  means  35  using  a  photomask  (not  shown)  to 
form  a  pattern,  followed  by  etching  by  plasma 
etching  means  36  to  pattern  the  back  electrode. 

The  apparatus  shown  in  Fig.  7  may  be  assem- 
bled  with  the  protective  sheet  winding  means  15 
and  the  protective  sheet  supplying  means  19  as 
shown  in  Fig.  4  to  provide  an  apparatus,  shown  in 
Fig.  8. 

Furthermore,  a  cutting  chamber  31  may  be 
provided  with  the  aforementioned  embodiments.  In 
this  embodiment,  the  metallic  substrate  11  is  fed 
successively  through  the  plasma  chamber  2,  an 
intermediate  chamber  28  for  differential  exhausting, 
the  sputtering  chamber  3  and  intermediate  cham- 
bers  29  and  30  for  differential  exhausting,  and  then 
is  supplied  in  form  of  a  continuous  web  to  the 
cutting  chamber  31.  In  the  cutting  chamber  31,  the 
continuous  product  is  cut  to  a  predetermined  size 
by  cutting  means  32  such  as  a  press,  etching  or 
laser.  In  addition,  when  scrap  forms,  the  scrap  may 
be  wound  on  a  scrap  winding  roll  37  by  an  induc- 
tion  roll  38. 

If  the  DC  potential  difference  (Vb)  between  the 
RF  electrode  and  the  metallic  substrate  is  con- 
trolled  to  10  V  or  less,  it  is  possible,  as  shown  in 
Fig.  10,  to  form  insulation  layers  on  two  metallic 
substrates  11a  and  11b  at  a  time.  In  this  embodi- 
ment,  two  supply  rolls  12a  and  12b  are  installed  in 
the  plasma  chamber  2,  and  plasma  discharge  is 
effected  by  using  a  single  heater  22  and  a  single 
heater-containing  RF  electrode  21a.  In  addition,  in 
Fig.  10,  the  heater-containing  RF  electrode  21a  and 
heater  22  may  be  horizontally  arranged  one  above 
the  other  between  the  substrates  11a  and  11b. 
Alternatively,  the  heater-containing  RF  electrode 
21a  and  heater  22  may  be  vertically  arranged  be- 
tween  the  substrates  11a  and  11b  with  the  entire 

apparatus  turned  through  90°.  The  insulated  sub- 
strates  11a  and  11b  with  the  insulation  layer  are 
supplied  to  the  sputtering  chamber  3  where  back 
electrodes  are  formed  on  the  respective  insulation 

5  layers  by  electrode  pairs  23a  and  23b  and  heaters 
24a  and  24b.  The  products  are  wound  on  the 
winding  rolls  13a  and  13b  in  the  winding  chambers 
4a  and  4b. 

Though  the  above-mentioned  embodiments  re- 
io  late  to  the  process  of  forming  the  insulation  layer 

by  plasma  CVD  method  and  subsequently  forming 
the  back  electrode  by  sputtering  method,  the  in- 
sulation  layer  may  be  formed  by  sputtering  method 
and  the  back  electrode  may  be  formed  by  vapor 

is  deposition  method. 
According  to  the  present  invention,  the  insula- 

tion  layer  and  the  back  electrode  can  be  continu- 
ously  formed  on  the  continuous  web  of  the  metallic 
substrate  by  a  single  apparatus.  Therefore,  han- 

20  dling  between  individual  steps  is  unnecessary, 
which  can  reduce  time  and  labor  and  can  obtain 
the  desired  product  at  a  high  speed  and  low  cost. 
Further,  because  the  process  of  the  present  inven- 
tion  can  be  carried  out  in  closed  system,  there  is 

25  no  possibility  of  contamination  by  dust,  which 
makes  the  yield  increase.  Further,  the  process  can 
be  automatically  carried  out  because  the  steps  can 
be  continuously  performed  up  to  the  patterning  of 
the  back  electrode,  and  furthermore  if  desired,  up 

30  to  cutting. 

Claims 

1.  Process  for  producing  a  continuous  web  of  an 
35  electrically  insulated  metallic  substrate  for  a 

solar  cell,  a  printed  circuit  board  or  an  IC 
board,  comprising  the  steps  of  depositing  an 
insulation  layer  of  a  non-monocrystalline  ma- 
terial  containing  Si  and  having  a  carbon  con- 

40  tent  of  not  less  than  10%  by  atom  on  a  con- 
tinuous  web  of  a  metallic  substrate  by  plasma 
CVD  method  or  sputtering  method,  and  depos- 
iting  a  back  electrode  on  the  insulation  layer 
by  sputtering  method  or  vapor  deposition 

45  method. 

2.  Process  as  claimed  in  claim  1  ,  characterized  in 
that  said  insulation  layer  further  contains  at 
least  one  element  selected  from  the  group 

50  consisting  of  O,  N  and  Ge. 

3.  Process  as  claimed  in  claim  1  or  2,  character- 
ized  in  that  said  insulation  layer  is  made  of 
amorphous  material. 

55 
4.  Process  as  claimed  in  claim  3,  characterized  in 

that  said  insulation  layer  is  Si:H,  Si(1.x)Cx:H 
(wherein  x  is  0.1  to  0.9),  Si(1.x.y)CxNy:H  (wherein 

6 
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x  is  as  defined  above,  y  is  0  to  0.9,  and  x  +  y 
 ̂ 1)  or  Si(1.x.y)CxOy:H  (wherein  x  and  y  are  as 

defined  above). 

5.  Process  as  claimed  in  claim  1  ,  characterized  in 
that  said  back  electrode  is  a  monolayer  or  a 
multiple  layer  of  aluminum,  chromium,  nickel, 
molybdenum,  copper,  zinc,  silver,  tin,  or  an 
alloy  thereof,  a  metal  oxide  thereof,  a  titanium 
silver  alloy,  nichrome,  SUS  or  ITO. 

6.  Process  as  claimed  in  claim  1  ,  characterized  in 
that  said  continuous  metallic  substrate  web  is  a 
hoop  material  in  roll. 

7.  Process  as  claimed  in  claim  1  ,  characterized  in 
that  said  metallic  substrate  is  made  of  iron, 
aluminum,  nickel,  copper  or  zinc  or  an  alloy 
thereof,  stainless  steel,  brass  or  surface-treat- 
ed  metal. 

8.  Process  as  claimed  in  anyone  of  claims  1  to  7, 
characterized  in  that  the  surface  of  said  metal- 
lic  substrate  is  polished  before  said  insulation 
layer  is  deposited  thereon. 

9.  Process  as  claimed  in  claim  8,  characterized  in 
that  the  surface  roughness  of  the  polished  sur- 
face  of  said  substrate  is  Rmax   ̂ 0.5  urn. 

10.  Process  as  claimed  in  claim  8,  characterized  in 
that  the  surface  roughness  of  the  polished  sur- 
face  of  said  substrate  is  Rmax   ̂ 0.2  urn. 

11.  Process  as  claimed  in  claim  1,  characterized  in 
that  said  plasma  CVD  method  or  sputtering 
method  is  a  parallel  plate  electrode  method,  a 
method  in  which  the  substrate  is  set  within  ±  3 
cm  from  the  plasma  region,  or  a  parallel  plate 
electrode  method  using  an  electrode  installing 
a  magnet  arranged  so  that  a  magnetic  field 
component  is  parallel  to  the  electrode  plate. 

12.  Process  as  claimed  in  claim  11,  characterized 
in  that  the  deposition  of  said  insulation  layer  is 
carried  out  at  a  substrate  temperature  of  100 
to  400°C. 

13.  Process  as  claimed  in  claim  1,  characterized  in 
that  the  back  electrode  is  deposited  in  pattern 
by  using  a  mask. 

14.  Process  as  claimed  in  claim  13,  characterized 
in  that  the  deposition  of  the  back  electrode  is 
carried  out  at  a  substrate  temperature  of  from 
room  temperature  to  400°C. 

Revendicatlons 

1.  Procede  pour  produire  un  produit  continu  sur 
un  substrat  metallique  isole  electriquement 
pour  une  cellule  solaire,  une  carte  de  circuit 

5  imprime  ou  une  plaque  de  circuit  integre,  com- 
portant  les  operations  de  deposition  d'une  cou- 
che  isolante  sur  un  materiau  non  monocristallin 
contenant  du  Si  et  ayant  une  teneur  en  carbo- 
ne  d'au  moins  10%  en  atomes  sur  une  piece 

io  continue  d'un  substrat  metallique  par  la  metho- 
de  de  plasma  CVD  ou  la  methode  de  sputte- 
ring,  et  la  depostion  d'une  electrode  arriere  sur 
la  couche  isolee  par  la  methode  de  sputtering 
ou  la  methode  de  metallisation  sous  vide. 

15 
2.  Procede  conforme  a  la  revendication  1,  carac- 

terise  en  ce  que  ladite  couche  isolee  contient 
en  outre  au  moins  un  element  choisi  dans  le 
groupe  compose  de  O,  N  et  Ge. 

20 
3.  Procede  conforme  aux  revendications  1  ou  2, 

caracterise  en  ce  que  ladite  couche  isolee  est 
constitute  d'un  materiau  amorphe. 

25  4.  Procede  conforme  a  la  revendication  3,  carac- 
terise  en  ce  que  ladite  couche  isolante  est  en 
Si:H,  Si(1.x)Cx:H  (dans  laquelle  x  est  compris 
entre  0,1  et  0,9),  Si(1.x.y)CxNy:H  (dans  laquelle  x 
est  defini  comme  ci-dessus,  y  est  compris 

30  entre  0  et  0,9  et  x  +  y   ̂ 1)  ou  Si(1.x.y)CxOy:H 
(dans  laquelle  x  et  y  sont  definis  comme  ci- 
dessus). 

5.  Procede  conforme  a  la  revendication  1,  carac- 
35  terise  en  ce  que  ladite  electrode  arriere  est 

une  couche  unique  ou  une  couche  multiple 
d'aluminium,  de  chrome,  de  nickel,  de  molyb- 
dene,  de  cuivre,  de  zinc,  d'argent,  d'etain  ou 
un  alliage  de  ceux-ci,  un  oxyde  metallique  de 

40  ceux-ci,  un  alliage  titane  argent,  nichrome, 
SUS  ou  ITO. 

6.  Procede  conforme  a  la  revendication  1,  carac- 
terise  en  ce  que  ladite  piece  de  substrat  metal- 

45  lique  continue  est  un  materiau  plat  en  rouleau. 

7.  Procede  conforme  a  la  revendication  1,  carac- 
terise  en  ce  que  ledit  substrat  metallique  est 
compose  de  fer,  d'aluminium,  de  nickel,  de 

50  cuivre  ou  de  zinc  ou  d'un  alliage  de  ceux-ci, 
d'acier  inoxydable,  de  laiton  ou  d'un  metal 
ayant  subi  un  traitement  de  surface. 

8.  Procede  conforme  a  une  des  revendications  1 
55  a  7,  caracterise  en  ce  que  la  suface  dudit 

substrat  metallique  est  polie  avant  que  ladite 
couche  isolante  soit  deposee  sur  celui-ci. 

7 
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9.  Procede  conforme  a  la  revendication  8,  carac- 
terise  en  ce  que  la  rugosite  de  la  surface  polie 
dudit  substrat  est  Rmax   ̂ 0,5  m. 

10.  Procede  conforme  a  la  revendication  8,  carac- 
terise  en  ce  que  la  rugosite  de  la  surface  polie 
dudit  substrat  est  Rmax   ̂ 0,2  m. 

11.  Procede  conforme  a  la  revendication  1,  carac- 
terise  en  ce  que  ladite  methode  de  plasma 
CVD  ou  la  methode  de  sputtering  est  une 
methode  a  electrode  plate  parallele,  methode 
dans  laquelle  le  substrat  est  place  a  3  cm  de 
la  region  du  plasma,  ou  une  methode  a  elec- 
trodes  plates  paralleles  utilisant  une  electrode 
installant  un  aimant  dispose  de  maniere  qu'une 
composante  de  champ  magnetique  soit  paral- 
lele  a  la  plaque  d'electrode. 

12.  Procede  conforme  a  la  revendication  11,  ca- 
racterise  en  ce  que  le  depot  de  ladite  couche 
isolante  est  effectue  a  une  temperature  de 
substrat  de  100  a  400  °C. 

13.  Procede  conforme  a  la  revendication  1,  carac- 
terise  en  ce  que  I'electrode  arriere  est  depo- 
see  en  modele  en  utilisant  un  masque. 

14.  Procede  conforme  a  la  revendication  13,  ca- 
racterise  en  ce  que  le  depot  de  I'electrode 
arriere  est  effectue  a  une  temperature  de 
substrat  comprise  entre  la  temperature  am- 
biante  et  400  °  C. 

Patentanspruche 

1.  Verfahren  zur  kontinuierlichen  Herstellung  ei- 
ner  Materialbahn  eines  elektrisch  isolierten  me- 
tallischen  Substrates  fur  eine  Solarzelle,  eine 
gedruckte  Leiterplatte  oder  eine  IC-Leiterplatte, 
umfassend  die  Stufen  Auftragen  einer  Isolier- 
schicht  aus  einem  nicht-monokristallinen  Mate- 
rial,  das  Si  enthalt  und  einen  Kohlenstoffgehalt 
von  nicht  weniger  als  10  Atom-%  hat,  auf  einer 
endlosen  Materialbahn  eines  metallischen  Sub- 
strats  durch  das  Plasma-CVD-Verfahren  oder 
das  Zerstauberverfahren,  sowie  Auftragen  ei- 
ner  Gegenelektrode  auf  der  Isolierschicht 
durch  das  Zerstauberverfahren  oder  das  Auf- 
dampfverfahren. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  da/S  die  Isolierschicht  weiterhin  we- 
nigstens  ein  Element  enthalt,  ausgewahlt  aus 
der  Gruppe,  die  aus  O,  N  und  Ge  besteht. 

3.  Verfahren  nach  Anspruch  1  oder  2,  dadurch 
gekennzeichnet,  da/S  die  Isolierschicht  aus  ei- 

nem  amorphen  Material  besteht. 

4.  Verfahren  nach  Anspruch  3,  dadurch  gekenn- 
zeichnet,  da/S  in  der  Isolierschicht  das  Si:H- 

5  Verhaltnis  Si(1.x)Cx:H  (worin  x  gleich  0,1  bis  0,9 
ist),  Si(1.x.y)CxNy:H  (worin  x  wie  oben  definiert 
ist,  y  ist  0  bis  0,9  und  x  +  y   ̂ 1)  oder 
Si(1.x.y)CxOy:H  (worin  x  und  y  wie  oben  definiert 
sind)  ist. 

10 
5.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 

zeichnet,  da/S  die  Gegenelektrode  eine  Mono- 
schicht  oder  eine  Mehrfachschicht  von  Alumi- 
nium,  Chromium,  Nickel,  Molybdan,  Kupfer 

is  Zink,  Silber,  Zinn  oder  einer  Legierung  davon, 
ein  Metalloxid  davon,  eine  Titan-Silber-Legie- 
rung,  Nichrom,  SUS  oder  ITO  ist. 

6.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
20  zeichnet,  da/S  die  kontinuierliche  Materialbahn 

des  metallischen  Substrats  ein  Bandmaterial 
auf  einer  Rolle  ist. 

7.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
25  zeichnet,  da/S  das  metallische  Substrat  aus  Ei- 

sen,  Aluminium,  Nickel,  Kupfer  oder  Zink  oder 
einer  Legierung  davon,  rostfreiem  Stahl,  Mes- 
sing  oder  einem  oberflachenbehandelten  Me- 
tall  besteht. 

30 
8.  Verfahren  nach  einem  der  Anspruche  1  bis  7, 

dadurch  gekennzeichnet,  da/S  die  Oberflache 
des  metallischen  Substrats  vor  dem  Auftragen 
der  Isolierschicht  darauf  poliert  wird. 

35 
9.  Verfahren  nach  Anspruch  8,  dadurch  gekenn- 

zeichnet,  da/S  die  Oberflachenrauheit  der  po- 
lierten  Oberflache  des  Substrates  Rmax^0,05 
urn  betragt. 

40 
10.  Verfahren  nach  Anspruch  8,  dadurch  gekenn- 

zeichnet,  da/S  die  Oberflachenrauheit  der  po- 
lierten  Oberflache  des  Substrats  Rmax̂ 0,2  urn 
betragt. 

45 
11.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 

zeichnet,  da/S  das  Plasma-CVD-Verfahren  oder 
das  Zerstauberverfahren  ein 
Parallelplattenelektroden-Verfahren  ist,  ein  Ver- 

so  fahren,  in  dem  das  Substrat  innerhalb  von  ±  3 
cm  vom  Plasmabereich  entfernt  sich  befindet, 
oder  ein  Parallelplattenelektroden-Verfahren 
unter  Verwendung  einer  Elektrode  mit  einem 
Magneten,  die  so  angeordnet  ist,  da/S  die  Ma- 

55  gnetfeldkomponente  sich  parallel  zur  Elektro- 
denplatte  befindet. 

12.  Verfahren  nach  Anspruch  11,  dadurch  gekenn- 

8 
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zeichnet,  da/S  das  Auftragen  der  Isolierschicht 
bei  einer  Substrattemperatur  von  100  bis  400 
°  C  erfolgt. 

13.  Verfahren  nach  Anspruch  1,  dadurch  gekenn-  5 
zeichnet,  da/S  die  Gegenelektrode  in  Strukturen 
unter  Verwendung  einer  Maske  aufgetragen 
wird. 

14.  Verfahren  nach  Anspruch  13,  dadurch  gekenn-  10 
zeichnet,  da/S  das  Auftragen  der  Gegenelektro- 
de  bei  einer  Substrattemperatur  von  Raumtem- 
peratur  bis  400  °  C  durchgefuhrt  wird. 
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