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Description 

BACKGROUND  OF  THE  INVENTION 

5  The  present  invention  relates  to  a  solar  cell  panel  comprising  an  array  of  interconnected  solar  cells  attached 
yo  a  fiber-reinforced  polyimide  film  substrate.  Such  a  panel  is  e.g.  know  fromthe  document  Fouteenth  IEEE 
Photovoltaic  Specialists  conferense  1980,  San  Diego  pages  1148-1153. 

Physically,  a  solar  cell  array  panel  comprises  an  insulating  substrate  or  support  member,  in  the  prior  art 
usually  a  fiber-reinforced  polyimide  sheet  such  as  Kapton®  foil  reinforced  through  bonding  to  a  fibrous  weave, 

10  a  plurality  of  solar  cells  with  inter-connectors  bonded  to  the  substrate  and  with  a  thin  sheet  of  a  clear, 
radiation-protection  material  such  as  a  sheet  of  glass  or  fused  silica  bonded  to  the  front  of  each  of  the  solar 
cells. 

A  manufacturing  process  would  include,  inter  alia,  bonding  the  fiber  reinforcement  to  the  substrate  through 
an  adhesive,  bonding  the  solar  cells  to  the  substrate  laminate  through  the  use  of  an  adhesive  and  also  bonding 

15  the  quartz  or  glass  covers  by  means  of  adhesive  to  the  individual  solar  cells.  The  aforementioned 
manufacturing  steps  are  in  addition  to  interconnector  welding,  cutting  of  cover  glasses,  etc.,  which  in 
combination  with  the  aforementioned  bonding  steps  have  prevented  the  production  of  low-cost,  light-weight, 
acceptable  solar  cell  array  panels. 

Kapton®  polyimide  is  available  only  in  sheet  form.  It  is  difficult  to  reproducibly  manufacture  and  inspect  the 
20  bond  between  the  reinforcement  fibers,  such  as  a  graphite  weave,  and  the  Kapton®  foil  to  provide  the  needed 

thermal  and  mechanical  properties  at  minimum  weight. 
Recently,  polyimide  compositions  have  been  developed  which  can  be  coated  in  liquid  form  onto  the  front 

surfaces  of  solar  cells  (i.e.  the  surfaces  exposed  to  the  external  environment  in  the  final  solar  cell  assembly)  to 
provide  protection  sufficient  for  use  in  outerspace.  The  limitations  of  other  polymers,  such  as  Being  colored, 

25  discoloring  excessively,  inadequate  stability  and  the  like  are  not  found  in  the  use  of  these  new  polyimide 
compositions,  which  also  enable  one  to  avoid  the  excessive  weight  of  glass  and  quartz  coverplates. 

The  above-referenced  polyimide  compositions  useful  to  encapsulate  solar  cells  are  disclosed  in  EP-A-  0  129 
562  which  belongs  to  the  state  of  the  art  according  to  Article  54  (3),  and  which  is  expressly  incorporated  here  in 
by  reference.  The  polyimide  according  to  EP-A-0  129  562  provides  a  coating  which  (1)  is  colorless,  (2)  is 

30  transparent  to  the  solar  radiation  in  the  visible  light  spectrum,  (3)  is  relatively  non-brittle,  (4)  has  a  high  degree 
of  thermal  stability,  (5)  readily  transmits  solar  radiation  without  appreciable  degradation,  (6)  is  heat  resistant, 
(7)  does  not  degrade  significantly  when  exposed  to  ultraviolet  radiation,  and  (8)  is  highly  effective  in  protecting 
against  electrons  and  low  energy  proton  radiation. 

The  above-described  polyimide  coatings  according  to  EP-A-0  129  562  are  formed  from  a  polyimide 
35  composition  which  has  the  recurring  structural  unit  shown  below: 

40 
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—  R  —  N 

n  

50  where  R  is: 

55 o r  

60 
I I  I I I  

and  n  has  a  value  range  from  10  to  about  2000.  Preferably,  n  has  a  value  from  about  20  to  about  1000. 
The  polymide  which  is  most  preferred  according  to  EP-A-  0  129  562  is  the  meta  amino  phenylene  derivative 

of  formula  II  above,  and  having  the  recurring  structural  unit: 
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10  ana  its  precursor  nas  tne  poiyamic  acid  structure: 

V 
ju  wnere  n  nas  tne  values  noted  above. 

The  polyimide  of  formula  IV  above  is  prepared  by  the  reaction  of  substantially  equal  molar  proportions  of  the 
two  monomers  2,2-bis-(3-aminophenyl)-hexafluoropropane  and  4-4'-hexafluoroisopropylidene 
[bis(phthalicanhydride)],  in  a  solvent  for  such  monomers.  The  solvents  which  can  be  used  include,  for  example, 
tetrahydrofuran,  N-methyl  pyrrolidinone,  N-methylformamide,  dimethylformamide  and  N,N-dimethylacetamide 

35  and  mixtures  thereof.  The  resulting  poiyamic  acid  solution  can  be  cast  as  a  film  and  the  film  imidized  to  the 
polyimide  structure  IV  above.  Both  the  poiyamic  acid  and  the  polyimide  have  an  inherent  viscosity  of  at  least 
0.1,  usually  0.3-0.5.  The  inherent  viscosity  of  the  polyimide  is  measured  at  30°  C  as  a  0.5  %  solution  in  a  suitable 
solvent,  such  as  cold  concentrated  (95  °/o)  sulfuric  acid  or  methanesulfonic  acid. 

As  noted  above,  in  preparing  the  coated  solar  cells,  a  solution  of  the  poiyamic  acid  precursor  of  formula  V 
40  above  in  a  solvent,  such  as  tetrahydrofuran,  at  a  concentration  of  about  10  to  about  30  %  of  the  poiyamic  acid, 

can  be  used  as  a  varnish  for  application  to  the  active  surface  of  a  solar  cell. 
The  varnish  or  solution  of  the  poiyamic  acid  precursor  can  be  coated  over,  where  desired,  a  primer  coating 

such  as  a  silane  adhesion  promoter,  or  the  solar  cell  in  any  suitable  manner,  for  example,  by  dipping 
electrocoating,  spraying,  electrostatic  spraying  and  the  like.  A  15  °/o  solid  content  solution  of  the  polymer  in  N- 

i5  methylpyrrolidinone  or  dimethylformamide  has  been  found  to  be  effective.  The  solution  is  sprayed  after 
applying  the  primer  (Union  Carbide  A1100,  aminopropyltrimethoxysilane)  from  a  5  %  solution  in  ethanol.  The 
amount  of  the  poiyamic  acid  in  the  solvent  will  vary  depending  primarily  on  the  type  of  sprayer  or  other  coating 
means  which  is  used.  The  solid  content  of  the  poiyamic  acid  in  the  solvent  solution  can  vary  greatly  and  could 
be  as  high  as  30  %  in  tetrahydrofuran  and  in  which  solution  dimethylformamide  can  be  present  in  an  amount  of 

50  normally  at  least  60  °/o. 
After  application  of  the  poiyamic  acid  varnish  to  the  solar  cell,  that  is,  over  the  primer,  the  solvent  is 

essentially  evaporated  off  and  the  amic  acid  polymer  is  converted  into  the  imidized  or  polyimide  structure  of 
formula  IV  by  heating  such  amic  acid  polymer  at  about  250°  C.  Lower  temperatures,  such  as  at  120°C,  can  also 
be  used  to  promote  the  imidization,  but  the  reaction  rate  is  slower  and  the  elimination  of  solvent  residues  is 

55  slower.  Preferred  imidization  temperatures  range  between  about  160°C  and  250°C.  Thinner  coatings  (about  2.5 
u.m  or  0.1  mil  thick)  can  be  dried  and  then  cured  for  1  to  2  hr.  at  485°  F  (about  250°  C)  in  vacuum.  However,  the 
preferred  temperature  for  effecting  imidization  is  that  which  provides  the  best  solar  cell  performance,  and  this 
may  vary  depending  upon  the  specific  type  of  cell  and  the  specific  batch  of  amic  acid  polymer  available. 

The  polyimide  film  thus  formed  is  generally  a  very  thin  layer,  as  is  the  silane  primer  film.  The  polyimide  film 
10  itself  is  preferably  5u.m  to  12.5  u.m  (0.2  to  0.5  mil)  thick.  However,  the  practical  minimum  thickness  is  about  2.5 

u.m  (0.1  mil).  There  is  no  absolute  maximum  thickness,  except  that  the  film  should  be  as  thin  as  possible  and  yet 
provide  the  desired  characteristics  to  protect  the  solar  cell  from  radiation. 

Although  the  employment  of  the  above-described  polyimide  coatings  has  provided  lighter  weight  solar  cell 
array  panels,  the  deficiencies  existent  in  the  Kapton®-type  substrate  and  the  need  for  at  least  two  adhesive 

15  bonding  steps  in  the  manufacturing  process  remain. 
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SUMMARY  OF  THE  INVENTION 

An  object  of  the  present  invention  is  to  provide  an  improved  manufacturing  process  for  producing  a  solar  cell 
array  panel  which  does  not  necessitate  adhesively  bonding  polyimide  film  to  a  fiber-reinforcement  and  does 

5  not  necessitate  adhesively  bonding  a  plurality  of  solar  cells  to  a  substrate  or  support  member. 
In  accordance  with  the  present  invention,  a  fiber-reinforced  polyimide  film  as  described  in  detail  hereinafter, 

is  utilized  as  the  substrate  or  support  member.  The  ease  of  processing  this  isoimide  precursor,  relative  to 
conventional  polyimide  precursors,  allows  the  fiber  reinforcement  to  be  incorporated  before  the  film  is  cured 
(prepreg),  so  that  post-cure  lamination  to  a  fiber  reinforcement  is  not  required. 

10  In  the  manufacturing  embodiment  of  the  present  invention,  the  isoimide  group-containing  oligomer  is  at 
least  partially  cured  with  reinforcement  fibers  dispersed  therein,  and  solar  cells  can  be  positioned  on  the 
reinforced  polyimide  film  prior  to  completion  of  the  cure,  i.e.,  in  a  partially  cured  state.  As  the  isoimide  groups 
cure  converting  to  polyimide,  the  fiber  reinforcement  and  solar  cells  are  bonded  in  place  within  and  to  the 
surface  of  the  film.  In  another  manufacturing  embodiment  of  the  invention,  a  plurality  of  solar  cells  with 

15  interconnectors  are  arranged  in  an  interconnected  array,  then  the  protective  transparent  polyimide  is  coated 
onto  the  front  surfaces  of  the  solar  cells,  utilizing  techniques  such  as  masking  the  interconnectors,  and  then 
the  array  is  positioned  on  or  partially  within  the  partially  cured  fiber-reinforced  polyimide  containing  isoimide 
groups. 

20 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  transparent  polyimide  protective  coating  has  been  described  hereinabove. 
25  The  polyimide  containing  isoimide  groups  used  as  the  matrix  for  the  support  member  of  the  solar  panel 

disclosed  herein,  are  disclosed  in  U.S.  Patent  Nos.  4  438  273;  4  485  231  ;  4  495  342;  and  4  496  711  to  Landis,  all 
expressly  incorporated  herein  by  reference.  These  polymers  are  formed  by  curing  oligomers  containing 
isoimide  groups  in  sufficient  quantity  to  increase  oligomer-solubility  in  common  solvents  such  as  aliphatic 
ether  solvents,  dialkylketones,  tetrahydrofuran,  amides  such  as  dimethylformamide,  gylcolic  ethers,  alcohols, 

30  cycloaliphatic  ethers  and  other  common  lacquer  solvents  such  as  N,N-dimethylacetamide  or  N- 
methylpyrrolidinone,  and  to  slow  the  curing  rate  so  that  the  oligomer(s)  can  be  slowly  cured  in  a  controlled 
manner,  as  compared  with  the  corresponding  oligomer  which  contains  all  imide  groups  in  place  of  isoimide 
groups.  Of  particular  importance  with  regard  to  space  applications  is  the  fact  that  these  polymers  are  formed 
by  an  addition  reaction,  rather  than  a  condensation  reaction  as  in  the  prior  art,  and,  thus,  the  problem  of  out- 

35  gassing  has  been  obviated.  Such  out-gassing  is  known  to  cause  separation  of  the  substrate  and  the  adhesive 
layer. 

In  general,  the  isoimide-containing  oligomers  can  be  used  in  the  practice  of  the  present  invention  as  long  as 
at  least  30  °/o  of  the  positions  in  the  oligomer  which  could  be  either  isoimide  or  imide  groups  [i.e.  (iso)imide 
groups]  are  isoimide  groups.  Thus,  the  oligomer  will  contain  at  least  one  isoimide  group  having  the  structure 

40 

45 

along  with  at  least  two  terminal  groups  capable  of  undergoing  addition  polymerization,  either  alone  or  in 
combination  with  a  compatible  comonomer. 

50  The  isoimide  oligomers  can  be  selected  from  the  group  having  the  formulae,  where  for  convenience  all 
groups  which  could  be  either  imide  or  isoimide  groups  are  depicted  as  isoimide  groups: 

X  —  R,  —  
55 

60 

(A) 

-   R.  —  X 

II 
0  

II 
0  
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where  R  is  a  tetravalent  organic  group  containing  2  to  27  carbon  atoms,  R,  is  a  divalent  organic  group 
containing  1  to  20  carbon  atoms,  R5  is  a  divalent  aromatic  group  containing  from  6  to  30  carbon  atoms,  R7  is  a 
trivalent  aryl  group  having  substituted  thereon  X,  or  a  heterocyclic  group,  or  a  radical  containing  an  alkenylene 
group,  X  is  an  unsaturated  functional  group  capable  of  undergoing  addition  polymerization,  n  denotes  the 
degree  of  polymerization  and  is  0  or  1  to  about  30,  preferably  0  or  1  to  about  15,  and  m  denotes  the  degree  of 
polymerization  and  is  about  1  to  about  30  and  preferably  1  to  about  15. 

Of  the  above,  the  oligomers  of  the  formula  (B)  are  believed  to  be  best  suited  for  use  in  the  substrate  of  the 
solar  cell  array  panel  of  this  invention. 

More  generally,  to  form  one  type  of  oligomer  used  herein,  a  carboxylic  acid  dianhyride  having  the  formula: 

O  
II 

o  
II 

I  II 
D  O 

wherein  R  is  a  tetravalent  organic  group  containing  2  to  27  carbon  atoms,  is  reacted  with  a  functional 
monoamine  having  the  formula  H2N-RrX  wherein  R-\  is  a  divalent  organic  group  containing  1  to  20  carbon 
atoms  and  X  is  a  functional  group  capable  of  undergoing  addition  polymerization,  alone  or  with  a  co-monomer, 
to  form  the  corresponding  poiyamic  acid.  The  resulting  poiyamic  acid  is  then  dehydrated,  preferably  with  a 
dehydrating  agent  under  conditions  to  form  a  corresponding  isoimide  and/or  isoimide-imide  containing 
oligomer. 

The  resulting  oligomer  can  be  one  of  two  position  isomers,  either  the  cis  isomer 

7t> 

) 
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X  —   R2  -  N  ==  C 

II 
O 

I  
o  

or  the  corresponding  trans  isomer: 

X  —  *1  -  

Rx  -  X 

R2  -  X 

In  actual  practice,  the  oligomer  is  frequently  a  mixture  of  the  above  two  isomers  along  with  smaller  amounts 
of  oligomers  containing  an  isoimide  group  and  an  imide  group  having  the  structure: 

X  —   Jtj  -  N  

—  -  X  

In  addition,  the  reaction  product  may  also  contain  small  amounts  of  the  corresponding  di-imide. 
The  carboxylic  acid  dianhydride  is  one  in  which  the  R  group  is  preferably  an  aryl  group  containing  6  to  18 

carbon  atoms,  or  a  heterocyclic  containing  5  to  18  carbon  atoms.  Representative  of  such  groups  are  the 
following: 

6 
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0  

- 3 - 0 -  

10 

15  wherein  R2  and  R3  are  aryl  (such  as  phenyl  or  naphthyl  and  substituted  derivatives  thereof)  or  alkyl  containing  1 
to  5  carbon  atoms. 

Such  anhydrides  are  known  to  those  skilled  in  the  art  and  are  described  in  U.  S.  Patent  Nos.  3  261  81  1  and  3 
345  342,  the  disclosures  of  which  are  incorporated  herein  by  reference.  Typical  of  such  anhydrides  are: 
pyromellitic  anhydride 

20  3,4,3'  ,4'-benzophenone  tetracarboxylic  dianhydride 
2,3,6,7-naphthalene  tetracarboxylic  dianhydride 
3,3',4,4'-diphenyl  tetracarboxylic  dianhydride 
1,2,5,6-naphthalene  tetracarboxylic  dianhydride 
2,2',3,3'-diphenyl  tetracarboxylic  dianhydride 

25  2,2-bis(3,4-dicarboxyphenyl)  propane  dianhydride 
bis(3,4-dicarboxyphenyl)  sulfone  dianhydride 
3,4,9,1  0-perylene  tetracarboxylic  dianhydride 
bis(3,4-dicarboxyphenyl)  ether  dianhydride 
2,6-dichloronaphthalene-1,4,5,8-tetra-carboxylic  dianhydride 

30  phenanthrene-1  ,8,9,1  0-tetracarboxylic  dianhydride 
1.1-  bis(2,3-dicarboxyphenyl)  ethane  dianhydride 
2.2-  bis(3,4-dicarboxyphenyl)  hexafluoroisopropylidene  dianhydride 
2,2-bis  [4-(3,4-dicarboxyphenoxy)  phenyl]  hexafluoropropane  dianhydride 
Other  dianhydrides  may  also  be  used,  including  those  containing  heterocyclic  rings,  such  as  S-heterocycles, 

35  O-heterocycles,  N-heterocycles  and  combinations  thereof.  For  example,  use  can  also  be  made  of  pyrazine- 
2,3,5,6-tetracarboxylic  dianhydride  orthiophene-2,3,4,5-tetracarboxylic  dianhydride. 

As  the  mono-amine  reacted  with  the  dianhydride,  use  should  be  made  of  a  mono-amine  which  is  substituted 
with  a  functional  group  capable  of  undergoing  addition  polymerization  reactions.  Such  functional  groups  are 
well  known  to  those  skilled  in  the  art.  In  general,  the  functional  group  is  one  containing  carbon-to-carbon 

40  unsaturation,  usually  ethylenic  unsaturation  or  acetylenic  unsaturation;  it  is  also  possible  to  employ,  as  the 
functional  group,  a  cyano  group  which  can  be  copolymerized  by  reaction  with,  for  example,  terephthalonitrile- 
N,N'dioxides  as  described  in  U.  S.  Patent  No.  3  864  309,  the  disclosure  of  which  is  incorporated  herein  by 
reference. 

The  mono-amine  can  have  the  formula  ^N-R^X  wherein  is  a  divalent  organic  group  containing  1  to  20 
45  carbon  atoms  and  X  is  the  functional  group.  X  is  preferably  selected  from  the  group  consisting  of  C  =  -CH, 

CH  =  CH2,  CH  or  the  following  group: 

O 

w  —   O  —   C  —   C  CH2 

where  R4  is  H  or  CH3.  Representative  of  suitable  amines  are  allyl  amine,  propargyl  amine,  3-aminophenyl 
acetylene,  3-(3-aminophenoxy)phenyl  acetylene,  3-aminostyrene,  3-amino-4-bromostyrene,  3- 

55  aminobenzonitrile,  4-aminophenyl  acrylate,  3-aminobenzyl  methacrylate,  4-aminobenzylmethacrylate,  etc. 
In  carrying  out  the  reaction  between  the  dianhydride  and  the  mono-amine  as  described  above,  at  least  one 

mole  of  the  mono-amine  per  mole  of  the  dianhydride  is  employed.  Preferably,  the  mono-amine  is  reacted  with 
the  dianhydride  in  a  molar  ratio  ranging  from  about  1.2  to  about  2.5  moles  of  mono-amine  per  mole  of 
dianhydride,  although  it  will  be  understood  that  greater  amounts  of  the  mono-amine  may  be  used.  The  reaction 

60  can  be  carried  out  in  the  presence  of  a  solvent,  such  as  an  aliphatic  +ther  solvent,  although  other  inert  or 
reactive  solvents  may  be  used. 

The  temperature  at  which  the  reaction  is  carried  out  is  not  critical,  and  depends,  to  some  degree,  on  the 
nature  of  the  particular  anhydrides  being  used  and  the  particular  amines  being  used.  Best  results  are  usually 
achieved  when  the  reaction  temperature  is  maintained  below  100°C.  Higher  temperatures  can  cause  the 

65  resulting  poiyamic  acid  to  cyclize  to  the  corresponding  imide. 
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After  the  reaction  has  been  completed,  the  product  is  in  the  form  of  a  poiyamic  acid  which  can  be  converted 
to  the  corresponding  isoimide  oligomer  through  the  use  of  a  cyclization  or  dehydrating  agent.  Those 
dehydrating  agents  which  are  highly  effective  for  use  in  the  present  invention  constitute  a  class  which  permits 
the  process  to  be  operated  at  a  relatively  low  temperature,  at  least  as  low  as  ambient  temperature,  when 

5  compared  to  prior  art  dehydrating  agents. 
After  producing  the  poiyamic  acid,  the  reaction  mixture  is  cooled  to  the  reduced  temperature  about  at  least 

as  low  as  the  ambient  temperature.  The  reduced  temperature  preferably  is  a  temperature  within  a  range  of  0'  C 
to  about  75°  C  and  more  preferably  0°C  to  about  20°  C.  It  is  quite  preferable  to  carry  out  the  dehydration 
reaction  at  a  relatively  low  temperature,  such  as  ambient  temperature  or  below,  e.g.,  the  preferred  range  of 

10  0°Cto  about  20°  C. 
In  order  to  cyclize  the  poiyamic  acid,  the  dehydrating  agent  is  added  to  this  reaction  mixture  under  proper 

conditions  to  cause  cyclization  of  the  poiyamic  acid.  The  preferred  group  of  dehydrating  agents  used  in 
accordance  with  the  present  invention  are  characterized  by  having  the  following  properties: 

1)  The  dehydrating  agent  is  readily  soluble  with  a  poiyamic  acid  in  a  common  solvent. 
15  2)  The  dehydrating  agent  is  capable  of  cyclizing  a  poiyamic  acid  at  the  aforesaid  reduced  temperatures. 

3)  The  dehydrating  agent  does  not  substantially  adversely  affect  the  solubility  of  any  of  the  reactants  in  the 
presence  of  the  poiyamic  acid,  and  even  more  so,  permits  all  of  the  necessary  reactants  to  remain  in  the 
solution. 

4)  The  dehydrating  agent  is  of  a  nature  such  that  under  the  conditions  of  the  reaction  with  the  poiyamic  acid, 
20  such  agent  does  not  cause  generation  of  a  substantial  amount  of  undesirable  side-reaction  products  which 

cannot  be  readily  removed  and  which  might  or  which  do  adversely  affect  the  isoimide  oligomer  thus  produced. 
5)  The  dehydrating  agent  does  not  adversely  affect  the  polyimide  produced  from  the  reaction  mixture. 
The  preferred  dehydrating  agent  is  trifluoroacetic  anhydride,  and  particularly  N,N'-disubstituted 

carbodiimide,  such  as  N,N'-dicyclohexyl  carbodiimide  (DCC)  dissolved  in  tetrahydrofuran,  and  ketene. 
25  As  noted  above,  another  type  of  isoimide-containing  oligomer  usable  herein,  results  when  an  aromatic 

polyamine  is  reacted  with  the  dianhydride,  preferably  prior  to  reaction  with  the  mono-amine.  The  polyamine, 
and  preferably  a  diamine,  serves  to  link  together  two  or  more  moles  of  the  dianhydride,  leaving  terminal 
anhydride  groups  capable  of  reaction  with  the  mono-amine.  In  general,  use  is  made  of  at  least  one  mole  of  the 
polyamine  for  each  mole  of  the  dianhydride  and  at  least  one  mole  of  the  mono-amine  per  mole  of  the 

30  dianhydride. 
The  diamine  is  preferably  a  compound  having  the  formula: 

H2N-R5-NH2 

35  wherein  R5  is  a  divalent  aromatic  group,  preferably  containing  6  to  30  carbon  atoms.  Preferred  are  arylene, 
arylene  ether,  and  arylene  thioether  groups.  Representative  of  such  groups  include  a  phenylene  group  or  a 
naphthylene  group  as  well  as  a  group  having  the  formula: 

40 

45 
wherein  Y  is 

o  

-(CH2)X  where  x  is  an  integer  from  1  to  5,  -0-,  -S-,  -S02-,  -(CF2)X-,  -C(CF3)2-  where  x  is  as  defined  above,  and 
the  following  groups: 

55 

60 
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wherein  R6  and  R12  are  aryl  (such  as  phenyl  and  naphthyl  and  substituted  derivatives  thereof)  or  alkyl 
20  containing  1  to  5  carbon  atoms,  or  heterocyclic,  preferably  containing  5  to  18  carbon  atoms. 

In  addition,  R5  can  also  be  a  group  of  the  formula: 

30  wherein  Y,  Y'  and  Y"  are  each  the  same  or  different  and  are  selected  from  the  same  group  as  Y  as  defined 
above.  As  will  be  appreciated  by  those  skilled  in  the  art,  the  aryl  groups  set  forth  above  as  being  part  of  the  R5 
group  can  also  be  substituted  with,  for  example,  one  or  more  halogen  atoms,  lower  alkyl  groups  and/or  lower 
alkoxy  groups. 

Such  diamines  are  well  known  to  those  skilled  in  the  art  and  are  described  in  detail  in  U.S.  Patent  Nos.  3  261 
35  81  1  and  3  345  342.  Typical  of  such  amines  are: 

meta-phenylenediamine, 
2,2-bis(4-aminophenyl)  propane 
4,4'-diaminodiphenyl  methane, 
4,4'-diaminodiphenyl  sulfide, 

40  4,4'-diaminodiphenyl  sulfone, 
3,3'-diaminophenyl  sulfone, 
2,6-diaminopyridine, 
bis-(4-aminophenyl)  diethylsilane, 
bis-(3-aminophenyl)  ethyl  phosphine  oxide, 

45  1,3-di  (  3-aminophenoxy)  benzene 
2,2-di  (  3-aminophenyl)  hexafluoropropane 
2,2-di  (4-aminophenyl)  hexafluoropropane 
It  is  believed  that  the  diamine  reacts  with  the  anhydride  to  form  the  corresponding  poiyamic  acid  having  free 

acid  anhydride  groups  available  for  reaction  with  the  mono-amine.  After  the  reaction  between  the  dianhydride 
50  and  the  diamine  has  been  completed,  it  is  generally  preferable  to  introduce  the  mono-amine  for  reaction  with 

those  free  terminal  acid  anhydride  groups  to  form  an  oligomer  end-blocked  with  the  mono-amine.  That 
reaction  product  is  then  subjected  to  dehydration  to  convert  the  poiyamic  acid  to  the  corresponding  isoimide. 

That  overall  reaction,  again  without  limiting  the  present  invention  as  to  theory,  may  be  illustrated 
diagrammatically  as  follows: 

55 

60 

65 
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In  the  equation  shown,  n  is  0  or  an  integer  ranging  from  1  to  about  30  or  higher,  preferably  from  1  to  about 
15,  depending  on  the  reactant  proportions.  That  variable  is  generally  referred  to  as  the  degree  of 
polymerization  of  the  oligomer,  commonly  denoted  DP. 

Preferred  oligomers  of  this  second  type  are  prepared  from  a  dianhydride  such  as  3,4,3',4'- 
5  benzophenonetetracarboxylic  dianhydride,  an  amineterminated  aryl  polyether,  and  an  amino  phenylacetylene 

mono-amine. 
It  is  also  possible  in  preparing  the  oligomer  used  herein  to  employ  reactants  in  which  the  end-capping  group 

containing  a  polymerizable  functional  group  also  contains  an  anhydride  group.  In  accordance  with  this  third 
type  of  oligomer,  a  dianhydride  having  the  formula: 

15 

o  o  

20  is  reacted  with  a  diamine  having  the  formula: 

H2N  -  R5  -  NH2 

to  form  an  amine-terminated  poiyamic  acid  which  is  then  reacted 
25 

30  O 

35  where  R  and  R5  are  defined  above  and  wherein  R7  is  a  heterocyclic  group,  or  a  radical  containing  an  aikenylene 
group  or  a  trivalent  organic  group,  which  is  preferably  an  aryl  group,  having  substituted  thereon  a  functional 
group  capable  of  undergoing  addition  polymerization  reactions  as  described  above. 

The  resulting  product  is  then  subjected  to  a  dehydration  reaction  to  convert  at  least  some  of  the  amic  acid 
groups  to  isoimide  groups.  This  procedure  may  be  illustrated  by  the  following  equation: 

40 

45 

50 

55 

60 
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is  then  reacted  with  an  anhydride  having  the  formula: 

O 
II 

. c .  

I  
0  
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In  the  foregoing  equation,  m  denotes  the  degree  of  polymerization,  which  can  range  from  1  to  about  30  and 
preferably  1  to  about  15.  As  with  the  preceding  equations,  the  products  shown  above  are  illustrated  in  an 
idealized  form,  with  all  of  the  sites  where  either  imide  or  isoimide  groups  could  be  formed  taking  the  form  of 
an  isoimide  group.  In  actual  fact,  again,  some  of  those  groups  are  in  the  imide  form. 

5  As  the  functional  anhydride,  use  can  be  made  of  a  variety  of  mono-anhydrides,  such  as  the  following: 
4-ethynyl-phthalic  anhydride 
3-  ethynyl-phthalic  anhydride 
4-  vinyl-phthalic  anhydride 
4-cyano-phthalic  anhydride 

10  Maleic  anhydride 
bicyclo  [2,2,1]  hept-2-ene-5,6-dicarboxylic  anhydride 
Before  the  above-described  oligomers  of  the  referenced  Landis  patents  are  cured,  these  materials  exhibit 

good  solubility  and  tractability.  However,  when  these  oligomers  are  cured,  chemical  reactions  occur  which 
render  those  materials  insoluble  and  intractable.  In  accordance  with  the  present  invention,  at  some  stage 

15  during  the  total  curing  process,  these  materials  exist  in  a  "partially  cured"  state  in  which  the  material  is  not 
fully  cured  and  still  possesses  sufficient  solubility  and  tractability  to  be  capable  of  having  another  material 
adhere  to  it.  Then,  when  the  "partially  cured"  material  is  fully  cured,  the  adhering  material,  such  as  a  solar  cell, 
becomes  bonded  to  the  cured  material.  The  determination  of  the  appropriate  "partially  cured"  condition  of  the 
oligomer  may  be  readily  made  by  routine  experimentation. 

20  In  the  preparation  of  the  substrate  of  the  present  invention,  as  disclosed  above,  the  polyimide  precursor 
oligomer  containing  isoimide  groups  is  imidized  with  the  fiber  reinforcement,  such  as  graphite  or  Kevlar®  fiber 
or  fabric,  dispersed  within  the  oligomer  or  a  solution  thereof.  This  imidization  can  be  accomplished  with  the 
reinforcement  fibers  in  place  because  the  isoimide  groups  increase  the  solubility  of  the  polyimide  to  the  extent 
that  it  can  be  solution  cast  into  thin  films  with  fibers  in  place.  Thus,  a  solution  of  oligomer  and/or  polyimide  in  a 

25  suitable  solvent  such  as  a  reaction  or  lacquer  solvent  can  be  used  to  impregnate  a  reinforcing  fabric,  or  a 
reinforcing  fabric  can  be  placed  within  a  receptacle  containing  a  thin  layer  of  the  oligomer  and/or  polyimide 
solution,  after  which,  where  needed,  sufficient  curing  is  effected  to  yield  a  self-supporting  prepreg  structure. 
Simple  heat  treatment,  say  at  temperatures  of  about  200°  C  to  300°  C,  under  a  pressure  of  about  345  kPa  to  1379 
kPa  (50  psi  to  200  psi)  can  be  used  to  complete  curing  and  convert  the  reinforced  film  into  a  tough  insoluble, 

30  cross-linked  radiation  resistant  film.  Thus,  the  steps  of  using  an  adhesive  for  bonding  reinforcement  fiber  to 
the  substrate  and  for  bonding  solar  cells  to  the  substrate  are  eliminated  by  the  present  invention. 

The  substrate  film  of  this  invention  can  vary  in  thickness  from  about  0.001  in.  to  0.005  in.  (0.00254  cm.  to 
0.01270  cm.),  preferably  about  0.002  in.  to  0.005  in.  (0.00508  cm.  to  0.01270  cm.)  depending  on  mission 
requirements.  Thus,  the  reinforced  substrate  is  relatively  thin  and  also  is  flexible. 

35  More  specifically,  the  substrate  can  be  manufactured  by  applying  the  oligomer  containing  isoimide  groups 
to  fiber  cloth  or  the  like  to  create  a  prepreg,  which  is  then  imidized,  as  previously  described.  Prior  to 
completion  of  the  cure,  the  substrate  can  be  mounted  onto  a  suitable  frame  and  then  standard  solar  cells, 
along  with  associated  circuitry,  can  be  directly  placed  on  the  substrate.  Cure  is  completed,  and  the  solar  cells 
become  bound  or  bonded  to  the  substrate  film.  Of  course,  if  desired,  it  would  be  possible  to  complete  the  cure 

40  of  the  substrate  and  then  adhesively  bond  solar  cells  thereto  as  used  in  conventional  procedures.  The  solar 
cells  can  be  coated  with  the  aforementioned  transparent  cover  polyimide  or  other  equivalent  material  such  as: 

LARC-II  Polyimides: 

Phenylated  polyphenylene  oxide: 
60 

65 
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w  

15 

either  prior  to  or  after  bonding  of  the  cells  to  the  substrate. 
20  A  typical  solar  cell  for  use  in  the  present  invention  may  comprise,  for  example,  a  base  of  a  p-type 

semiconductor  material,  such  as  silicon,  gallium  arsenide,  gallium  arsenide  phosphide,  including  a  player  and 
an  adjacent  n-layer  to  provide  a  p-n  junction.  A  p-layer  electrode  is  attached  to  the  bottom  side  of  the  p-layer 
for  an  electrical  conductor  to  be  connected  thereto;  and  an  n-layer  electrode  is  attached  to  the  n-layer  to 
enable  an  electrical  conductor  to  be  connected  thereto.  An  anti-reflective  coating  may  be  deposited  on  the 

25  active  surface  of  the  cell  (i.e.  the  upper  surface  of  the  n-layer)  .  A  primer  coating  may  be  deposited  on  the  anti- 
reflective  coating  or  directly  on  the  upper  surface  of  the  n-layer.  In  accordance  with  the  present  invention 
using  such  a  solar  cell,  the  solar  cell  is  positioned  on  the  partially  cured  polyimide  substrate  with  the  player 
electrode  adjacent  the  substrate  so  that  the  active  surface  of  the  solar  cell  is  capable  of  receiving  incoming 
radiation  on  the  front  surfaces  of  the  cell. 

30  The  following  examples  are  presented  to  illustrate  certain  aspects  of  the  present  invention,  and  are  not 
intended  to  limit  the  scope  of  the  invention. 

35  Example  1 

Three  batches  of  oligomer  containing  isoimide  groups  were  prepared,  each  having  a  different  degree  of 
polymerization.  Solubility  and  melting  point  determination  are  summarized  in  the  following  TABLE  1  : 

40 TABLE  1 

45 

PROPERTIES  OF  HR605P,  HR610P,  AND  HR615P  OLIGOMERS 

MELTING  RANGE  °C(°F) 

RESIN DP SOLUBILITY"  START  FULL  MELT 

HR605P 
HR610P 

50  HR615P 

5 
10 
15 

THF,  Yes 
DMF,Yes 
NMP,  Yes 
MEK,  No 

396 
404 
406 

213(415) 
226  (438) 
219  (426) 

55 

60 

THF  =  tetrahydrofuran 
DMF  =  N,N-dimethyl  formaide 
NMP  =  N-methyl  pyrrolidinone 
MEK  =  N-methyl  ethyl  ketone 
The  solubility  data  is  for  all  three  of  the  oligomers. 
The  above  oligomers  have  the  repeating  unit  of  Formula  B  previously  described  herein,  with  DP  as  in  TABLE  1. 

To  illustrate  the  use  of  the  above  three  resins,  several  experimental  unreinforced  films  were  made.  TABLE  2, 
set  forth  herein  below,  summarizes  the  impregnation  and  cure  procedures  utilized  to  prepare  the  polyimide 
film  reinforced  with  graphite  and  Kevlar®  papers. 

65 
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TABLE  2 

EXPERIMENTAL  FILMS 

5  SAMPLE  CODE  RESIN  SOLUTION  SUBSTRATE  COATING  METHOD  CURE  RESULTS 

A1  HR605P/THF,  Glass  plate  0.0015"  15min.  at  Foamy  film 
50  %  solids  coated  with  (0.0038  cm.)  RT;  melt  at 

87X-76mold  doctorblade  415°F  (213°C); 
10  release  15min.  at 

500°  F  (260°  C) 

A2  HR605/NMP,  Glass  plate  0.0015"  15min.  at  Brittle  film, 
50%  solids  coated  with  (0.0038  cm.)  500°  F  (260°  C)  much  shrinkage 

15  87X-76  and  doctor  blade 
MS122  mold 
releases 

A3  HR605P/THF,  181  glass  spray  gun,  15min.  at  Fabric  was 
20  20%  solids  cloth  (40  psi)  276  kPa  500°  F;  apply  impregnated, 

2nd  coat;  but  a  continous 
15  min.  at  film  was  not 
500°  F  (260°  C)  formed 

25  A4-1  HR605P/NMP,  Graphite  Pull  through  Cure  cycle  Resin  content, 
30%  solids  paper,  metering  bars.  No.  1:  80  %  thickness, 

0.0022"  0.004"  30  min.  at  0.0042" 
(0.0056  cm.)  (0,010  cm.)  500°F(260°C)  (0.0107  cm.); 

gap  fibers  coated; 
30  film  not  formed; 

very  porous 

Cure  cycle  Cycle  No.  2: 
No.  2:  Start  same  as  above 

35  at150°F 
(66°  C);  heat 
to  500°  Fat 
6°F(14°C)/ 
min.;  30  min. 

40  at  500°  F 
(260°  C) 

A4-2  HR605P/NMP,  Thornel-300  Pull  through  Cure  cycle  Resin  content, 
30%  solids  graphite  metering  bars,  No.  1:  23  %;  thickness, 

45  fabric,  0.009"  30  min.  at  0.012"; 
0.0072"  (0.0229  cm.)  500°  F  (260°  C)  (0.0305  cm.); 
(0.0183  cm.)  gap  Fibers  coated; 

film  not  formed; 
very  porous 

50 
Cure  cycle  Same  as  above 
No.  2: 
Start  at 
150°F(66°C); 

55  heat  to  500°  F 
at  6°F(14°C)/ 
min.;  30  min. 
at  500°  F 
(260°  C) 
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TABLE  2  (continued) 

EXPERIMENTAL  FILMS 

5  SAMPLE  CODE  RESIN  SOLUTION  SUBSTRATE  COATINGMETHOD  CURE  RESULTS 

A5  HR605P/NMP,  Glass  plate  0.002"  Would  not  form 
50%  solids,  coated  with  (0.005  cm.)  -  a  film;  watery 
plus  1  %  DC200  87X-76  mold  doctor  blade 

10  wetting  agent  release 

A6  HR605P/NMP,  Glass  plate  0.0015"  Heatat500°F  Good  film 
50%  solids  with87X-76  (0.0038  cm.)  at6°F/min.; 

mold  release  doctor  blade  30  min.  at 
15  500°  F 

A6-1  HR605P/NMP,  Start  with  Apply  another  film  layer  using  Good  film  with 
50  %  solids  A6  film  on  0.002"(0.005  cm.)  doctor  dry  fabric  on 

glass  plate  blade.  Laminate  on  one  ply  of  one  side 
20  (above)  graphite  paper  and  one  ply  of 

graphite  fabric.  Apply 
pressure;  cure  as  for  A6  above 

B2  HR610P/NMP,  Glass  plate  0.0015"  Heat  to  Film  formed; 
25  50%  solids  coated  with  (0.0038  cm.)  500°F(260°C)  0.001" 

87X-76mold  doctor  blade  at6°F(14°C)/  (0.0025  cm.) 
release  min  ;  2  hrs  thick;  some 

at  500°  F  shrinkage  and 
fish-eyes 

30 
C1  HR615P/NMP,  Glass  plat  0.0015"  Heatto500°F  Film  formed; 

50%  solids  coated  with  (0.0038  cm.)  at6°F/min.;  0.001" 
87X-76mold  doctor  blade  2  hrs.  at  (0.0025  cm.) 
release  500°  F  thick;  some 

35  shrinkage  and 
fish-eyes 

B3  HR610P/NMP,  Glass  plate  0.0015"  Heatto500°F  Good  film,  3 
50%  solids  coated  with  (0.0038  cm.)  at6°F/min.;  fish-eyes 

40  87X-76mold  doctor  blade  1  hr.  at  500°  F 
release 

B3-1  HR610P/NMP,  Start  with  Spray  coat  one  ply  each  of  Good  film  with 

45 

50 

55 

60 
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50  %  solids,  B3  film  on  graphite  paper  and  fabric 
glass  plate  (40  psi  (  =  276  kPa)  spray).  Laminate, 

apply  pressure;  cure  as  for  B2 

HR610/NMP,  Glass  plate  Spray  coat  one  ply  each  of 
50  %  solides  coated  with  graphite  paper  and  fabric 

87X-76  mold  (40  psi  (=276  kPa)  spray).  Laminate, 
release.  apply  pressure;  cure  as  for  B2 

dry  fabric  on 
one  side 

B4  HR610/NMP,  Glass  plate  Spray  coat  one  ply  each  of  Good  film  with 
50%  solides  coated  with  graphite  paper  and  fabric  dry  fabric  on 

87X-76  mold  (40  psi  (=276  kPa)  spray).  Laminate,  one  side 
release.  apply  pressure;  cure  as  for  B2 
Start  with 
B3  film  on 
glass  plate, 
except  use 
A110  silane 
solution  on 
glass  plate 

As  seen  from  the  above  TABLE  2,  routine  experimentation  with  respect  to  substrate,  coating  method,  curing 
condition  and  particular  resin  solution  selected,  enable  the  skilled  artisan  to  prepare  an  acceptable  substrate 
material. 

In  accordance  with  one  embodiment  of  the  present  invention,  a  solar  cell  array  panel  may  be  formed  as 
follows.  Using  the  conditions  set  forth  in  TABLE  2  for  Sample  Code  A6/A6-1,  for  example,  a  thin  cured  film  of 
the  substrate  polyimide  containing  isoimide  groups  is  provided,  an  additional  layer  of  oligomer  solution  is 

17 
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applied  to  the  cured  film,  reinforcing  fiber  is  laid  over  the  newly-applied  oligomer  solution,  and  the  latter  is 
partially  cured.  In  the  preferred  method  of  the  present  invention;  prior  to  completion  of  a  cure  as  set  forth  in 
TABLE  2,  the  solar  cells  are  placed  directly  on  the  substrate  laminate  with  the  active  or  front  surface  of  the  cell 
exposed.  Then,  curing  of  the  polyimide  is  completed,  as  previously  described.  After  completion  of  the  cure,  at 

5  least  the  front  surfaces  of  the  solar  cells  are  spray  coated  with  the  transparent  protective  polyimide,  with  the 
use  of  an  intermediate  primer  layer  where  desired.  In  such  a  structure,  the  solar  cells  are  securely  attached  or 
bonded  to  the  substrate  and  this  bond  is  capable  of  withstanding  exposure  to  a  space  environment  without 
degradation. 

In  an  alternate  embodiment  of  the  invention,  a  solar  cell  array  comprising  interconnected  solar  cells  is 
10  inverted  and  then  used  as  a  support  on  which  the  solar  panel  substrate  of  reinforced  polyimide  is  formed.  The 

front  surfaces  of  the  solar  cells  are  coated  with  the  protective  transparent  polyimide  before  inversion  of  the 
array  or  after  formation  of  the  solar  panel  substrate  on  the  inverted  array. 

15 
Claims 

1.  An  integral  solar  cell  panel  comprising  a  plurality  of  interconnected  solar  cells  attached  to  a  fiber- 
reinforced  polyimide  film  substrate,  wherein  said  solar  cells  are  bonded  to  the  surface  of  said  polyimide  film 

20  by  the  final  curing  of  said  polyimide. 
2.  The  solar  panel  of  Claim  1  which  further  includes  a  transparent  protective  polymer  coating  on  the  front 

surface  of  said  solar  cells. 
3.  The  solar  panel  of  Claim  1  or  Claim  2  wherein  said  polyimide  is  cured  from  oligomers  containing  isoimide 

groups. 
25  4.  The  solar  panel  of  Claim  3  wherein  said  polyimide  is  cured  from  oligomers  selected  from  the  group 

consisting  of  at  least  one  of 
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where  up  to  70  %  of  the  (iso)imide  groups  present  can  be  in  the  form  of  imide  groups  and  where  R  is  a 
tetravalent  organic  group  containing  2  to  27  carbon  atoms,  R1  is  a  divalent  organic  group  containing  1  to  20 
carbon  atoms,  R5  is  a  divalent  aromatic  group  containing  from  6  to  30  carbon  atoms,  R7  is  a  trivalent  aryl  group 
having  substituted  thereon  X,  or  a  heterocyclic  group,  or  a  radical  containing  an  alkenylene  group,  X  is  a 

5  functional  group  capable  of  undergoing  addition  polymerization,  n  denotes  the  degree  of  polymerization  and  is 
0  or  1  to  about  30,  and  m  denotes  the  degree  of  polymerization  and  is  1  to  about  30. 

5.  The  solar  panel  of  Claim  4  wherein  the  polyimide  is  of  the  formula  (8). 
6.  The  solar  panel  of  Claim  2  wherein  the  transparent  protective  coating  is  a  polyimide  having  the  recurring 

structural  unit 
10 

15 

20 

where  R  is: 
25 

30 

I I   I I I  

35  and  n  has  a  value  range  from  10  to  about  2000. 
7.  The  solar  panel  of  Claim  3  wherein  the  transparent  protective  coating  is  a  polyimide  having  the  recurring 

structural  unit 

40 

45 

50  where  R  is: 

60 

and  n  has  a  value  range  from  10  to  about  2000. 

65 
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8.  The  solar  panel  of  Claim  4  wherein  the  transparent  protective  coating  is  a  polyimide  having  the  recurring 
structural  unit 

I V  
60 
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11.  The  solar  panel  of  Claim  8  wherein  said  recurring  structural  unit  is 
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12.  The  solar  panel  of  Claim  1  wherein  said  fibers  are  graphite. 
13.  The  solar  panel  of  Claim  12  wherein  said  fibers  are  also  bonded  to  the  surface  of  the  polyimide  film  by 

the  final  curing  of  said  polyimide. 
14.  A  method  for  manufacturing  an  integral  solar  cell  panel  comprising: 
forming  a  partially  cured,  fiber-reinforced  substrate  film  from  a  solution  containing  at  least  one  of  the 

following  oligomers: 
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/here  up  to  70  °/o  of  the  (iso)imide  groups  can  be  in  the  form  ot  imiae  groups  ana  wnere  n  is  a  leirdvdieru 
rganic  group  containing  2  to  27  carbon  atoms,  is  a  divalent  organic  group  containing  1  to  20  carbon  atoms, 
l6  is  a  divalent  aromatic  group  containing  from  6  to  30  carbon  atoms,  R7  is  a  trivalent  aryl  group  having 
ubstituted  thereon  X,  or  a  heterocyclic  group,  or  a  radical  containing  an  alkenylene  group,  X  is  a  functional 

iroup  capable  of  undergoing  addition  polymerization,  n  denotes  the  degree  of  polymerization  and  is  0  or  1  to 
bout  30,  and  m  denotes  the  degree  of  polymerization  and  is  1  to  about  30; 
placing  a  plurality  of  solar  cells  on  a  surface  of  said  substrate  film  while  in  a  partially  cured  state;  and 
completing  the  cure  of  said  substrate  film  to  thereby  bond  said  solar  cells  to  said  substrate  film. 
15.  The  method  of  Claim  14  wherein  an  array  of  interconnected  solar  cells  is  formed  and  the  array  is  placed 

m  the  surface  of  the  partially  cured  substrate  film. 
16.  The  method  of  Claim  14  wherein  the  front  surfaces  of  the  solar  cells  are  coated  with  a  transparent 

irotective  p o l y m e r . . .  
17.  The  method  of  Claim  16  wherein  the  protective  polymer  is  a  transparent  polyimide  having  the  recurring 

tructural  unit 

I I   " I  

and  n  has  a  value  range  from  10  to  about  2000. 
18.  The  method  of  Claim  17  wherein  the  transparent  polyimide  has  the  recurring  structural  unit 

I V  

19.  The  method  of  Claim  16  wherein  the  solar  cells  are  coated  with  the  transparent  polymer  prior  to  being 
placed  on  the  partially  cured  substrate  film. 

20.  The  method  of  Claim  17  wherein  the  solar  cells  are  coated  with  the  transparent  polyimide  prior  to  being 
placed  on  the  partially  cured  substrate  film. 

21.  The  method  of  Claim  18  wherein  the  solar  cells  are  coated  with  the  transparent  polyimide  prior  to  being 
placed  on  the  partially  cured  substrate  film. 

22.  The  method  of  Claim  16  wherein  the  solar  cells  are  coated  with  the  transparent  polymer  after  the 
completion  of  the  cure  of  the  substrate  film. 

2.1 
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23.  The  method  of  Claim  17  wherein  the  solar  cells  are  coated  witn  tne  transparent  poiyimiae  aner  me 
completion  of  the  cure  of  the  substrate  film. 

24.  The  method  of  Claim  18  wherein  the  solar  cells  are  coated  with  the  transparent  polyimide  after  the 
completion  of  the  cure  of  the  substrate  film. 

25.  A  solar  cell  panel  formed  by  the  process  of  Claim  14. 
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Patentanspriiche 

1.  Einstuckige  Solarzellenanordnung,  welche  aufweist  eine  Mehrzahl  von  miteinander  verbundenen 
Solarzellen,  welche  an  einem  faservestarkten  Polyimidfilmsubstrat  befestigt  sind,  wobei  die  Solarzellen  mit  der 
Oberflache  des  Polyimidfilms  durch  die  Endaushartung  des  Polyimids  verbunden  sind. 

2.  Solaranordnung  nach  Anspruch  1,  welche  weiterhin  einen  transparenten,  schiitzenden  polymeren  iiberzug 
auf  der  Front-Oberflache  der  Solarzellen  aufweist. 

3.  Solaranordnung  nach  Anspruch  1  oder2,  wobei  das  Polyimid  durch  Oligomere,  welche  eine  Isoimidgruppe 
enthalten,  ausgehartet  wird. 

4.  Solaranordnung  nach  Anspruch  3,  wobei  das  Polyimid  ausgehartet  wird  durch  Oligomere,  welche  aus 
einer  Gruppe  ausgewahlt  werdend  welche  aus  wenigstens  einem  von 
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besteht,  wobei  bis  zu  70  °/o  der  vorliegenden  Isoimidgruppen  in  der  Form  von  Imidgruppen  sem  konnen  una 
wobei  Ft  eine  tetravalent-organische  Gruppe  ist,  welche  2  bis  27  Kohlenstoffatome  enthalt,  eine  divalente 
organische  Gruppe  ist,  welche  1  bis  20  Kohlenstoffatome  enthalt,  R5  eine  divalente  aromatische  Gruppe  ist, 
welche  6  bis  30  Kohlenstoffatome  enthalt,  R7  eine  trivalente  Arylgruppe  ist,  mit  einem  darin  substituierten  X, 
Oder  eine  heterozyklische  Gruppe,  oder  ein  Radikale  welcher  eine  Alkenylen-Gruppe  enthalt,  wobei  X  eine 
funktionelle  Gruppe  ist,  welche  befahigt  ist,  sich  einer  zusatzlichen  Polymerisation  zu  unterziehen,  wobei  n  den 
Grad  der  Polymerisation  bezeichnet  und  0  oder  1  bis  annahernd  30  ist,  und  m  den  Grad  der  Polymerisation 
bezeichnet  und  1  bis  nahezu  30  ist. 

5.  Solaranordnung  nach  Anspruch  4,  wobei  das  Polyimid  die  Formel  (B)  besitzt. 
6.  Solaranordnung  nach  Anspruch  2,  wobei  der  transparente,  schiitzende  uberzug  ein  Polyimid  ist,  welches 

die  folgende,  sich  wiederholende  Struktureinheit  hat: 
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und  n  eine  Wertebereich  von  10  bis  nahezu  2000  hat. 
7.  Solaranordnung  nach  Anspruch  3,  wobei  der  transparente,  schiitzende  iiberzug  ein  Polyimid  ist,  welches 

die  folgende,  sich  wiederholende  Struktureinheit  hat: 

und  n  einen  Wertebereich  von  10  bis  nahezu  2000  hat. 
8.  Solaranordnung  nach  Anspruch  4,  wobei  der  transparente,  schiitzende  iiberzug  ein  Polyimid  ist,  welches 

die  folgende,  sich  wiederholende  Struktureinheit  hat: 
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1.  Solaranordnung  nach  Anspruch  8,  wobei  die  sich  wiederholende  fatrukturemheit  ist: 

* 3  i*3  

- " t x   i : o * \   j o t  

12.  Solaranordnung  nach  Anspruch  1,  wobei  die  Fasern  Graphit  sind. 
13.  Solaranordnung  nach  Anspruch  12.  wobei  die  Fasern  durch  die  Endaushartung  des  Polyimids  auch  mit 

er  Oberflache  des  Polyimidfilms  verbunden  sind. 
14  Verfahren  zum  Herstellen  einer  einstuckigen  Solarzellenanordnung,  welche  aufweist: 
Bilden  eines  partiell  ausgeharteten  faserverstarkten  Substratfilms  aus  einer  Losung,  welche  wenigstens  eine 

erfolgenden  Oligomere  enthalt: 
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wobei  bis  zu  70  o/o  der  Isoimidgruppen  in  Form  von  Imidgruppen  sein  Konnen  una  wous.  n  «  -  -  
organische  Gruppe  ist,  welche  2  bis  27  Kohlenstoffatome  aufweist,  R,  erne  divalente  orgamsche  Gruppe  ist. 
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weicne  i  dis  20  Kohlenstoffatome  aufweist,  R5  eine  divalente  aromatische  Gruppe  ist,  welche  von  6  bis  30 
Kohlenstoffatome  aufweist,  R7  eine  trivalente  Arylgruppe  mit  einem  darin  substituierten  X  ist,  oder  eine 
heterozyklische  Gruppe,  oder  ein  Radikal,  welcher  eine  alkenylene  Gruppe  enthalt,  wobei  X  eine  funktionelle 
Gruppe  ist,  welche  fahig  ist,  sich  einer  zusatzlichen  Polymerisation  zu  unterziehen,  n  den  Grad  der 

5  Polymerisation  bezeichnet  und  0  oder  1  bis  nahezu  30  ist,  und  m  den  Grad  der  Polymerisation  bezeichnet  und  1 
bis  nahezu  30  ist; 

Anordnen  einer  Mehrzahl  von  Solarzellen  auf  einer  Oberflache  des  Substratfilms  wahrend  eines  partiell 
ausgeharteten  Zustandes;  und 

Vervollstandigen  der  Aushartung  des  Substratfilms  urn  damit  die  Solarzellen  mit  dem  Substratfilm  zu 10  verbinden. 
15.  Verfahren  nach  Anspruch  14,  wobei  eine  Anordnung  von  miteinander  verbundenen  Solarzellen  gebildet 

wird  und  die  Anordnung  auf  der  Oberflache  des  partiell  ausgeharteten  Substratfilms  angeordnet  ist. 
16.  Verfahren  nach  Anspruch  14,  wobei  die  Front-Oberflache  der  Solarzellen  mit  einem  transparenten, 

schutzenden  Polymer  iiberzogen  sind. 
15  17.  Verfahren  nach  Anspruch  16,  wobei  das  schiitzende  Polymer  ein  transparentes  Polyimid  ist,  welches  die 

folgende,  sich  wiederholende  Struktureinheit  hat: 

I I   I I I  

40  und  n  einen  Wertebereich  von  10  bis  nahezu  2000  hat. 
18.  Verfahren  nach  Anspruch  17,  wobei  das  transparente  Polyamid  die  folgende,  sich  wiederholende 

Struktureinheit  hat: 

to 

10 

ia.  verfahren  nach  Anspruch  16,  wobei  die  Solarzellen  vor  ihrer  Anordnung  auf  dem  partiell  ausgeharteten 
Substratfilm  mit  dem  transparenten  Polymer  iiberzogen  werden. 

20.  Verfahren  nach  Anspruch  17,  wobei  die  Solarzellen  vor  ihrer  Anordnung  auf  dem  partiell  ausgeharteten 
30  Substratfilm  mit  dem  transparenten  Polyimid  iiberzogen  werden. 

21.  Verfahren  nach  Anspruch  18,  wobei  die  Solarzellen  vor  ihrer  Anordnung  auf  dem  partiell  ausgeharteten 
Substratfilm  mit  dem  transparenten  Polyimid  iiberzogen  werden. 

22.  Verfahren  nach  Anspruch  16,  wobei  die  Solarzellen  nach  dem  Vervollstandigen  des  Aushartens  des 
Substratfilms  mit  dem  transparenten  Polymer  iiberzogen  werden. 

35  23.  Verfahren  nach  Anspruch  17,  wobei  die  Solarzellen  nach  dem  Vervollstandigen  des  Aushartens  des 
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Substratfilms  mit  dem  transparenten  Polyimid  iiberzogen  werden. 
24.  Verfahren  nach  Anspruch  18,  wobei  die  Solarzellen  nach  dem  Vervollstandigen  des  Aushartens  des 

Substratfilms  mit  dem  transparenten  Polyimid  iiberzogen  werden. 
25.  Solarzellenanordnung,  welche  nach  dem  Verfahren  von  Anspruch  14  gebildet  werden. 

5 

Revendications 

10 

15 

1.  Panneau  integral  de  cellules  solaires  comprenant  plusieurs  cellules  solaires  interconnectees,  fixees  a  un 
substrat  en  film  de  polyimide  renforce  a  la  fibre,  dans  lequel  les  cellules  solaires  sont  liees  a  la  surface  dudit 
film  de  polyimide  par  reticulation  finale  du  polyimide. 

2.  Panneau  solaire  suivant  la  revendication  1,  qui  comprend  en  outre  un  revetement  de  polymere  protecteur 
transparent  a  la  face  anterieure  des  cellules  solaires. 

3.  Panneau  solaire  suivant  la  revendication  1  ou  la  revendication  2,  dans  lequel  le  polyimide  est  reticule  a 
partir  d'oligomeres  contenant  des  groupes  isoimide. 

4.  Panneau  solaire  suivant  la  revendication  3,  dans  lequel  le  polyimide  est  reticule  a  partir  d'oligomeres 
choisis  dans  le  groupe  comprenant  au  moins  I'un  des  composes  repondant  aux  formules 
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dans  lesquelles  jusqu'a  70  °/o  des  groupes  (iso)imide  presents  peuvent  etre  sous  forme  de  groupes  imide  et 
55  dans  lesquelles  R  est  un  groupe  organique  tetravalent  contenant  2  a  27  atomes  de  carbone,  Ri  est  un  groupe 

organique  divalent  contenant  1  a  20  atomes  de  carbone,  R5  est  un  groupe  aromatique  divalent  contenant  6  a  30 
atomes  de  carbone,  R7  est  un  groupe  aryle  trivalent  portant  un  substituant  X,  un  groupe  heterocyclique  ou  un 
radical  contenant  un  groupe  alkvlene,  X  est  un  groupe  fonctionnel  capable  de  subir  une  polymerisation  par 
addition,  n  represente  le  degre  de  polymerisation  et  est  egal  a  0  ou  a  une  valeur  de  1  a  environ  30,  et  m 

60  represente  le  degre  de  polymerisation  et  a  une  valeur  de  1  a  environ  30. 
5.  Panneau  solaire  suivant  la  revendication  4,  dans  lequel  le  polyimide  repond  a  la  formule  (B). 
6.  Panneau  solaire  suivant  la  revendication  2,  dans  lequel  le  revetement  protecteur  transparent  est  un 

polyimide  renfermant  le  motif  structural  recurrent  repondant  a  la  formule 
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et  n  a  une  valeur  comprise  dans  I'intervalle  de  10  a  environ  2000. 
7.  Panneau  solaire  suivant  la  revendication  3,  dans  lequel  le  revetement  protecteur  transparent  est  un 

polyimide  renfermant  le  motif  structural  recurrent  repondant  a  la  formule 
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et  n  a  une  valeur  comprise  dans  I'intervalle  de  10  a  environ  2000. 
8.  Panneau  solaire  suivant  la  revendication  4,  dans  lequel  le  revetement  protecteur  transparent  est  un 

polyimide  renfermant  le  motif  structural  repondant  a  la  formule 
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15  dans  laquelle  R  represente: 
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et  n  a  une  valeur  comprise  dans  I'intervalle  de  10  a  environ  2000. 
9.  Panneau  solaire  suivant  la  revendication  6,  dans  lequel  le  motif  structural  recurrent  repond  a  la  formule 

10.  Panneau  solaire  suivant  la  revendication  7,  dans  lequel  le  motif  structural  recurrent  repond  a  la  formule 

I V  
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11.  Panneau  solaire  suivant  la  revendication  8,  dans  lequel  le  motif  structural  recurrent  repond  a  la  formule 
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CT. 

I V  

12.  Panneau  solaire  suivant  la  revendication  1,  dans  lequel  les  fibres  sont  des  fibres  de  graphite. 
13.  Panneau  solaire  suivant  la  revendication  12,  dans  lequel  les  fibres  sont  egalement  liees  a  la  surface  du 

film  de  polyimide  par  reticulation  finale  dudit  polyimide. 
14.  Procede  de  production  d'un  panneau  integral  de  cellules  solaires  consistant: 
a  former  un  film  renforce  a  la  fibre,  partiellement  reticule,  servant  de  substrat,  a  partir  d'une  solution 

contenant  au  moins  I'un  des  obligomeres  suivants: 
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dans  lesquels  jusqu'a  70  °/o  des  groupes  (iso)imide  peuvent  etre  sous  forme  de  groupes  imide  et  dans  lesquels 
R  est  un  groupe  organique  tetravalent  contenant  2  a  27  atomes  de  carbone,  est  un  groupe  organique 
divalent  contenant  1  a  20  atomes  de  carbone,  R5  est  un  groupe  aromatique  divalent  contenant  6  a  30  atomes  de 
carbone,  R7  est  un  groupe  aryle  trivalent  portant  un  substituant  X,  un  groupe  heterocyclique  ou  un  radical 
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contenant  un  groupe  alcenylene,  X  est  un  groupe  fonctionnel  capable  de  subir  une  polymerisation  par  addition, 
n  represente  le  degre  de  polymerisation  et  est  egal  a  0  ou  bien  a  une  valeur  de  1  a  environ  30,  et  m  represente 
le  degre  de  polymerisation  et  a  une  valeur  de  1  a  environ  30  ; 

a  disposer  plusieurs  cellules  solaires  a  la  surface  dudit  film  servant  de  substrat  tandis  qu'il  est  a  I'etat 
5  partiellement  reticule  ;  et 

a  achiever  la  reticulation  dudit  film  servant  de  substrat  afin  de  lier  ainsi  lesdites  cellules  solaires  audit  film 
servant  de  substrat. 

15.  Procede  suivant  la  revendication  14,  dans  lequel  une  rangee  de  cellules  solaires  interconnectees  est 
formee  et  la  rangee  est  placee  a  la  surface  du  film  partiellement  reticule  servant  de  substrat. 

W  16.  Procede  suivant  la  revendication  14,  dans  lequel  les  faces  anterieures  des  cellules  solaires  sont  revetues 
d'un  polymere  protecteur  transparent. 

17.  Procede  suivant  la  revendication  16,  dans  lequel  le  polymere  protecteur  est  un  polyimide  transparent 
renfermant  le  motif  structural  recurrent  repondant  a  la  formule 

fS 
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25 

dans  laquelle  R  represente: 

30 

35 

et  n  a  une  valeur  comprise  dans  I'intervalle  de  10  a  environ  2000. 
18.  Procede  suivant  la  revendication  17,  dans  lequel  le  polyimide  transparent  renferme  le  motif  structural 

recurrent  repondant  a  la  formule 

IV 

19.  Procede  suivant  la  revendication  16,  dans  lequel  les  cellules  solaires  sont  revetues  du  polymere 
transparent  avant  d'etre  placees  sur  le  film  partiellement  reticule  servant  de  substrat. 

55  20.  Procede  suivant  la  revendication  17,  dans  lequel  les  cellules  solaires  sont  revetues  du  polyimide 
transparent  avant  d'etre  placees  sur  le  film  partiellement  reticule  servant  de  substrat. 

21.  Procede  suivant  la  revendication  18,  dans  lequel  les  cellules  solaires  sont  revetues  du  polyimide 
transparent  avant  d'etre  placees  sur  le  film  partiellement  reticule  servant  de  substrat. 

22.  Procede  suivant  la  revendication  16,  dans  lequel  les  cellules  solaires  sont  revetues  du  polymere 
60  transparent  apres  avoir  termine  la  reticulation  du  film  servant  de  substrat. 

23.  Procede  suivant  la  revendication  17,  dans  lequel  les  cellules  solaires  sont  revetues  du  polyimide 
transparent  apres  avoir  termine  la  reticulation  du  film  servant  de  substrat. 

24.  Procede  suivant  la  revendication  18,  dans  lequel  les  cellules  solaires  sont  revetues  du  polyimide 
transparent  apres  avoir  termine  la  reticulation  du  film  servant  de  substrat. 

65  25.  Panneau  de  cellules  solaires  forme  par  la  mise  en  oeuvre  du  procede  suivant  la  revendication  14. 
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