
J  
Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

0   0 7 1   2 4 4  

B 1  

Publication  number: 

EUROPEAN  PATENT  SPECIFICATION 

Intel.4:  H01  L  2 9 / 7 8  Date  of  publication  of  patent  specification:  23.11.88 

Application  number:  82106781.6 

Date  of  filing:  27.07.82 

Thin-film  transistor  and  method  of  manufacture  therefor. 

Proprietor:  KABUSHIKI  KAISHA  TOSHIBA 
72,  Horikawa-cho  Saiwai-ku 
Kawasaki-shi  Kanagawa-ken  210  (JP) 

Priority:  27.07.81  JP  117423/81 
31.03.82  JP  51421/82 

Date  of  publication  of  application: 
09.02.83  Bulletin  83/06 Inventor:  Suzuki,  Kouji 

166-20,  Sasanodai 
Asahi-ku  Yokohama-shi  (JP) 
Inventor:  Ikeda,  Mitsushi 
B  403  Toshiba-Kikuna-ryo  217  Azayasuyama 
Mamedo-cho  Kohoku-ku  Yokohama-shi  (JP) 
Inventor:  Aoki,Toshio 
26-2-203,  Daikan-cho 
Hiratsuka-shi  Kanagawa-ken  (JP) 

Publication  of  the  grant  of  the  patent: 
23.1  1.88  Bulletin  88/47 

Designated  Contracting  States: 
DEFRGB 

Representative:  Lehn,  Werner,  Dipl.-lng.  et  al 
Hoffmann,  Eitle  &  Partner  Patentanwalte 
Arabellastrasse  4 
D-8000  Miinchen  81  (DE) 

References  cited: 
DE-A-1  489  162 
US-A-4049963 

THIN  SOLID  FILMS,  vol.  61,  no.  2,  August  1979, 
pages  259-264,  Elsevier  Sequoia  S.A., 
Lausanne,  CH;  T.  KALLFASS  et  al.:  "High 
voltage  thin  film  transistors  manufactured 
with  photolithography  and  with  Ta2O5  as  the 
gate  oxide" 

CO 

CM 

o  
o  

Q .  
LU 

Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person  may 
give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition  shall 
be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee  has  been 
paid.  (Art.  99(1  )  European  patent  convention). 

Courier  Press,  Leamington  Spa,  England. 



EP  0  071  244  B1 

substrate  a  thin  metal  film  functioning  as  said 
gate  electrode,  an  insulative  layer,  a  double  layer 
consisting  of  a  conductive  layer  permitting  the 
transmission  of  the  radiation,  and  a  low  resistive 

5  semiconductive  layer  which  is  thin  enough  to 
permit  the  transmission  of  the  radiation,  so  as  to 
cover  said  gate  electrode;  forming  a  negative 
photoresist  layer  on  said  semiconductor  layer; 
irradiating  the  radiation  from  the  substrate  side  to 

10  form  a  shadow  of  the  gate  electrode  on  said 
negative  photoresist  layer  with  said  gate  elec- 
trode  being  directly  used  as  a  mask;  performing 
solvent  treatment  of  said  negative  photoresist 
layer  to  form  therein  an  opening  having  a  shape 

15  corresponding  to  the  profile  of  said  gate  elec- 
trode;  partially  etching  off  said  conductive  layer 
and  said  semiconductive  layer  simultaneously  by 
using  the  negative  photoresist  layer  with  the 
opening  as  a  resist  mask,  thereby  forming 

20  double-layered  source  and  drain  electrodes 
having  no  overlap  with  said  gate  electrode  with- 
out  using  a  lift-off  technique;  and  forming  said 
channel  layer  so  as  to  overlap  with  said  double- 
layered  source  and  drain  electrodes. 

25  Since  the  opening  of  the  film  pattern  is 
accurately  equal  to  the  profile  of  the  first  film 
serving  as  a  gate  electrode  for  the  thin-film 
transistor,  source  and  drain  electrodes  thereof  are 
self-aligned  with  the  gate  electrode.  Accordingly, 

30  an  overlapping  of  the  source  and  drain  electrodes 
does  not  substantially  occur,  and  the  existence  of 
storage  capacitance  or  parasitic  capacitance 
therebetween  can  be  prevented  to  minimum. 
Since  the  negative  photoresist  film  is  further 

35  applied  in  the  exposure,  it  is  not  necessary  to 
employ  a  lift-off  technique  or  lift-away  technique 
in  the  step  of  forming  the  electrically  conductive 
film  pattern  to  be  formed  in  the  source  and  drain 
electrodes  of  the  thin-film  transistor. 

40  The  above  described  further  object  of  the 
present  invention  is  achieved  by  a  thin  film 
transistor  having  an  opaque  gate-  electrode 
formed  on  an  electrically  insulative  substrate 
permitting  the  transmission  of  radiation,  an 

45  insulative  layer  formed  on  said  substrate  and  said 
gate  electrode,  source  and  drain  electrodes  self- 
aligned  with  the  gate  electrode,  and  a  channel 
layer  made  of  semiconductor  material  overlap- 
ping  with  said  source  and  drain  electrodes,  said 

so  source  and  drain  electrodes  comprising  double- 
layered  electrode  layers,  each  double-layered 
electrode  layer  having:  a  transparent  conductive 
layer  provided  on  said  insulative  layer,  said  trans- 
parent  conductive  layers  of  both  electrodes  defin- 

55  ing  therebetween  an  opening  having  a  shape 
corresponding  to  the  profile  of  said  gate  elec- 
trode;  and  a  semiconductive  layer  stacked  on  said 
transparent  conductive  layer  in  such  a  manner 
that  it  is  partially  sandwiched  between  said 

eo  channel  layer  and  the  corresponding  transparent 
conductive  layer,  said  semiconductor  layer  being 
thin  enough  to  permit  the  transmission  of  the 
radiation  therethrough  and  an  impurity  being 
added  to  said  semiconductor  layer  (62a)  so  that 

65  the  resistivity  thereof  is  decreased  to  increase  the 

Description 

The  present  invention  relates  to  a  method  for 
manufacturing  field-effect  transistors  constructed 
entirely  by  thin-film  techniques.  The  invention 
also  relates  to  a  field-effect  transistor  constructed 
entirely  by  thin-film  techniques. 

A  realization  of  thin-film  integrated  circuits  has 
recently  been  required  as  it  has  been  one  of 
important  subject  matters  to  fabricate  a  transistor 
by  the  thin-film  techniques.  The  transistor  of  this 
type  is  known  as  a  thin-fiim  transistor  (TFT)  and 
functions  as  a  switching  element  or  active  circuit 
element  in  the  above  thin-film  integrated  circuit. 
In  case  that  a  thin-film  formed  of  a  semiconductor 
material  is  formed  at  a  relatively  low  temperature 
on  the  top  surface  of  a  substrate,  the  material  for 
the  substrate  has  a  large  selection,  and  a  thin-film 
IC  pattern  forming  method  is  known  to  have  such 
advantages  that  the  pattern  can  be  readily  formed 
in  accordance  with  conventional  exposure  tech- 
niques  and  etching  techniques. 

Since  the  TFT  is  commonly  formed  on  the  top 
surface  of  the  substrate  with  polycrystalline  semi- 
conductor  or  amorphous  semiconductor  material, 
the  carrier  mobility  thereof  becomes  lower  than 
that  of  the  single  crystalline  semiconductor 
material.  This  is  particularly  remarkable  in  the  TFT 
formed  with  amorphous  semiconductor  material. 
Therefore,  the  TFT  formed  with  polycrystalline  or 
amorphous  semiconductor  material  has  con- 
siderably  narrow  operation  frequency  range  as 
compared  with  that  of  the  ordinary  MOSFET. 
Further,  the  operation  frequency  range  of  the  TFT 
is  narrowed  and  the  operating  speed  is  undesir- 
ably  lowered  by  the  adverse  influence  of  the 
storage  capacitance  or  parasitic  capacitance  pro- 
duced  in  a  transistor  structure  and  the  wiring 
pattern  formed  on  the  substrate. 

It  is  an  object  of  the  present  invention  to 
provide  a  new  and  improved  method  for  readily 
manufacturing  thin-film  transistors  which  have 
preferable  operating  characteristics  in  a  wide 
operation  frequency  range  and  which  contribute 
to  the  improvements  in  the  integration  of  thin- 
film  circuits  formed  in  microminiaturization. 

It  is  another  object  of  the  present  invention  to 
provide  a  new  and  improved  thin-film  transistor 
which  has  preferable  operating  characteristics  in 
a  wide  operation  frequency  range  and  which 
contributes  to  the  improvements  in  the  inte- 
gration  of  thin-film  circuits  formed  in 
microminiaturization. 

According  to  the  present  invention  a  method 
for  manufacturing  a  thin  film  transistor  on  an 
electrically  insulative  substrate  permitting  the 
transmission  of  radiation,  in  which  the  radiation  is 
introduced  from  the  substrate  side  to  form  a 
shadow  of  an  opaque  gate  electrode  formed  on 
said  substrate  on  a  photoresist  layer  for  fabricat- 
ing  source  and  drain  electrodes  self-aligned  with 
the  gate  electrode,  and  in  which  a  channel  layer 
made  of  semiconductor  material  is  formed  so  as 
to  overlap  said  source  and  drain  electrodes,  com- 
prises  the  steps  of:  sequentially  forming  on  said 
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similarly  to  the  TFT  of  Fig.  2,  the  source  and  drain 
electrodes  14  and  16  of  the  TFT  of  Fig.  1  overlap 
with  the  gate  electrode  20  as  well. 

The  operation  of  the  FETs  of  Figs.  1  and  2  is 
5  substantially  similar  to  the  operation  of  the  ordi- 

nary  metal-oxide  semiconductor  field-effect  tran- 
sistor  (MOSFET),  and  a  current  flowing  through 
the  semiconductor  thin-film  between  the  source 
and  drain  electrodes  is  controlled  by  a  voltage 

w  applied  to  the  gate  electrodes.  In  the  TFTs  of  Figs. 
1  and  2  and  the  ordinary  MOSFET,  the  conducting 
state  of  their  channels  is  carried  out  by  the 
modification  of  the  semiconductor  surface  due  to 
the  field-effect  or  the  storage  of  carrier.  The 

15  fundamental  difference  between  the  operation  of 
the  TFTs  of  Figs.  1  and  2  and  the  operation  of  the 
ordinary  MOSFET  resides  in  that  the  interrupting 
operation  of  the  transistor  depends  upon  the 
reverse  bias  characteristics  of  the  P  —  N  junction  in 

20  the  MOSFET  while  the  operation  of  the  TFTs  of 
Figs.  1  and  2  depends  upon  the  high  resistance 
characteristics  of  the  semiconductor  thin-films  12 
and  26.  Therefore,  it  is  required  in  the  TFTs  that 
the  resistance  of  the  semiconductor  thin-film  in 

25  nonconductive  state  should  be  sufficiently  larger 
than  that  at  the  conductive  time  and  hence  at  the 
channel  forming  time. 

Since  the  aforementioned  TFTs  each  have  the 
thin-films  12  and  26  made  of  polycrystalline  or 

30  amorphous  semiconductor  material  functioning 
as  the  channel  formation  unit,  the  mobility  of  the 
carriers  such  as  electrons  (or  holes)  substantially 
becomes  lower  than  the  carrier  mobility  of  the 
FET  made  of  single-crystal  semiconductor 

35  material.  Particularly,  the  TFT  made  of  amor- 
phous  semiconductor  material  has  lower  carrier 
mobility.  Therefore,  the  operation  frequency  band 
of  the  TFTs  of  Figs.  1  and  2  becomes  narrow  and 
its  operating  speed  becomes  decelerated.  Fur- 

40  ther,  in  case  that  a  plurality  of  TFTs  are  integrated 
and  arranged  on  the  top  surface  of  the  substrate 
10  for  the  purpose  of  forming  the  thin-film  cir- 
cuits,  the  operating  speed  of  the  thin-film  circuit 
including  the  FETs  further  becomes  lower. 

45  Because  it  is  affected  by  the  adverse  influence  of 
the  parasitic  capacitance  on  the  basis  of  the 
transistor  structure  in  addition  to  undesired 
storage  capacitance  or  parasitic  capacitance  pro- 
duced  in  the  wiring  pattern  on  the  substrate  10. 

so  Since  the  substrate  10  made  of  insulative  glass 
material  is  used  for  the  TFTs  of  Figs.  1  and  2  as 
described  above,  it  is  relatively  easy  to  reduce  the 
parasitic  capacitance  between  the  wiring  pattern 
and  the  substrate  10.  Since  the  source  and  drain 

55  electrodes  of  TFTs  formed  by  the  conventional 
manufacturing  method  as  shown  in  Figs.  1  and  2, 
however,  extend  to  overlay  a  part  of  the  gate 
electrode,  the  parasitic  capacitances  between  the 
source  and  the  gate  and  between  the  drain  and 

60  the  gate  are  relatively  large.  Accordingly,  the 
adverse  influence  of  the  parasitic  capacitances  of 
these  types  is  large,  the  operation  frequency  band 
of  the  thin-film  circuit  including  the  TFTs  thus 
becomes  narrow,  and  its  operating  speed  is 

65  remarkably  lowered. 

conductance  between  said  channel  layer  and  said 
transparent  conductive  layer,  thereby  improving 
ohmic  contact  therebetween,  and  that  said 
respective  semiconductive  layers  also  define  an 
opening  which  is  essentially  self-aligned  or 
coincides  with  the  profile  of  said  gate  electrode, 
thereby  minimizing  the  stray  capacitance 
between  said  gate  electrode  and  said  source  and 
drain  electrodes. 

This  invention  is  best  understood  by  reference 
to  the  accompanying  drawings  of  which: 

Fig.  1  is  a  schematic  cross-sectional  view  of  a 
thin-film  transistor  of  the  prior  art; 

Fig.  2  is  a  schematic  cross-sectional  view  of 
another  thin-film  transistor  of  the  prior  art; 

Figs.  3A  to  3D  illustrate,  in  schematic  cross- 
section,  some  of  the  major  steps  in  the  process  of 
a  method  for  manufacturing  a  thin-film  transistor 
according  to  the  prior  art. 

Figs.  4A  to  4D  illustrate,  in  schematic  cross- 
section,  some  of  the  major  steps  in  the  process  of 
a  method  for  manufacturing  a  thin-film  transistor 
in  accordance  with  the  present  invention. 

Referring  to  the  schematic  diagram  of  Fig.  1, 
there  is  illustrated  a  prior  art  thin-film  transistor 
constructed  on  the  top  surface  of  substrate  10 
made  of  an  electrically  insulating  or  isolating 
material.  The  thin-film  transistor  (TFT)  of  Fig.  1 
includes  a  thin-film  12  which  is  made  of  either 
polycrystalline  or  amorphous  semiconductor 
material,  source  and  drain  electrodes  14  and  16 
made  of  metal  thin-film,  an  insulating  film  18  and 
a  gate  electrode  20  of  metal  thin-film.  The  gate 
electrode  20  is  electrically  isolated  from  the  thin- 
film  12  and  the  source  and  drain  electrodes  14 
and  16  via  the  insulating  film  18. 

Referring  also  to  the  schematic  diagram  of  Fig. 
2,  there  is  shown  another  TFT  of  the  prior  art.  The 
TFT  of  Fig.  2  includes  a  gate  electrode  22  which  is 
made  of  metal  material  and  formed  on  the  top 
surface  of  the  substrate  10.  An  insulating  film  24 
is  overlaid  to  cover  the  substrate  10  and  the  gate 
electrode  22.  In  this  embodiment,  on  the  insulat- 
ing  film  24  are  sequentially  formed  a  thin-film  26 
of  either  polycrystalline  or  amorphous  semicon- 
ductor  material,  and  source  and  drain  electrodes 
28  and  30  of  metal  material. 

According  to  the  conventional  method  for 
manufacturing  the  TFT  of  Fig.  2,  the  formation  of 
a  thin-film  is  carried  out  by  forming  a  gate 
electrode  22,  a  gate  insulating  film  24,  a  semicon- 
ductor  thin-film  26  and  source  and  drain  elec- 
trodes  28  and  30  in  sequence  on  the  above 
insulating  substrate  10.  This  formation  of  the  thin- 
film  is  performed  in  accordance  with  a  known 
thin-film  technique  such  as  a  deposition  method. 
In  this  case,  when  a  photoresist  is  exposed  to 
form  the  source  and  drain  electrodes  28  and  30,  a 
light  such  as  ultraviolet  ray  is  incident  from  the 
top  surface  side  of  the  substrate  10  to  be  formed 
with  a  TFT.  The  source  and  drain  electrodes  28 
and  30  thus  formed  by  the  known  photo-etching 
process  after  the  exposure  step  are  overlapped 
with  a  part  of  the  gate  electrode  22  above  the  gate 
electrode.  Since  the  TFT  of  Fig.  1  is  manufactured 
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ductor  material  in  this  embodiment  is  deposited 
by  a  glow  discharge  decomposition  method  of 
SiH4,  for  example.  The  semiconductive  thin-film  is 
deposited  on  the  top  surface  of  the  substrate  of 

5  Fig.  3C  to  have  a  predetermined  thickness,  prefer- 
ably  approx.  600  nm  (6,000  A).  Thereafter,  the 
above-mentioned  structure  having  the  semicon- 
ductive  thin-film  is  patterned  by  the  known  PEP 
technique  to  form  a  semiconductive  thin-film  54  as 

w  shown  in  Fig.  3D.  Then,  a  wiring  pattern  is  formed 
by  the  known  method  to  complete  the  TFT  56.  At 
this  time,  the  metal  thin-film  42  corresponds  to  the 
gate  electrode  of  the  TFT  56,  and  the  transparent 
conductive  thin-film  46a  has  portions  58  and  59 

15  .  respectively  corresponding  to  the  source  and 
drain  electrodes  of  the  TFT  56.  Such  a  manufactur- 
ing  method  is  known  from  DE  —  A—  1489162. 

The  method  for  manufacturing  the  TFTs  accord- 
ing  to  the  present  invention  will  now  be  described 

20  with  reference  to  Figs.  4A  to  4D.  In  Fig.  4A,  a  metal 
thin-film  42  functioning  as  a  gate  electrode  is 
formed  on  a  glass  substrate  or  layer  40,  an 
insulating  thin-film  44  made  of  silicon  dioxide  is 
then  deposited  in  a  predetermined  thickness  e.g. 

25  300  nm  (3,000  A).  Further,  on  the  insulating  thin- 
film  44  is  deposited  by  sputtering  a  thin-film  60 
which  is  made  of  a  transparent  and  electrically 
conductive  material  such  as  indium-tin-oxide  (ITO) 
in  a  predetermined  thickness,  e.g.,  preferably 

30  approx.  100  nm  (1,000  A)  thick.  Subsequently,  an 
amorphous  silicon  thin-film  62  to  which  an 
impurity,  e.g.,  phosphorus  js  added  at  a  ratio  of 
1019to  5x  1021/cm3  by  a  glow  discharge  decompos- 
ition  method  of  SiH4  and  PH3,  is  deposited  on  the 

35  above-mentioned  ITO  film  60.  The  amorphous 
silicon  thin-film  62  is  formed  in  ao  thickness  of 
approx.  3  to  100  nm  (30  to  1,000  A),  preferably 
approx.  20  nm  (200  A).  Subsequently,  a  negative 
photoresist  material  (e.g.,  a  negative  resist  "OMR- 

40  83"  manufactured  and  sold  by  Tokyo  Ohka  Indus- 
trial  Company,  Tokyo,  Japan)  64  is  coated  in  a 
predetermined  thickness,  e.g.,  approx.  0.5  urn  on 
the  top  surface  of  the  above-mentioned  structure 
to  provide  a  negative  photoresist  film  64. 

45  A  light  50,  e.g.,  ultraviolet  ray  is  irradiated  to  the 
structure  of  Fig.  4Afrom  the  bottom  surface  side  of 
the  transparent  substrate  40.  Therefore,  the  nega- 
tive  photoresist  film  64  is  exposed  with  the  light  50 
through  the  substrate  40,  insulating  thin-film  44, 

so  ITO  film  60  and  thin-film  62  with  the  metal  thin-film 
42  formed  on  the  substrate  40  as  a  mask  pattern. 
When  the  above-mentioned  structure  is  thereafter 
developed,  the  portion  which  is  not  exposed  with 
the  light  50  of  the  negative  photoresist  film  64  is 

55  removed  to  form  a  negative  resist  pattern  64a. 
With  the  resist  pattern  64a  as  a  mask  the  amorph- 
ous  silicon  thin-film  62  to  which  phosphorus  is 
doped  and  the  ITO  thin-film  60  are  etched.  This 
etched  state  is  shown  in  Fig.  4B.  At  this  time  an 

60  opening  66  having  a  shape  corresponding  to  the 
profile  of  the  metal  thin-film  42  is  formed  at  the 
thin-films  60a  and  62a  thus  etched. 

The  remaining  negative  photoresist  film  64a  is 
removed  by  the  known  method  from  the  structure 

65  of  Fig.  4B.  One  portion  68  of  the  remaining  thin- 

It  is  considered  as  a  method  of  overcoming  the 
above  described  disadvantage  to  lower  the 
resistance  of  the  TFTs  included  in  the  thin-film 
circuit  in  the  conductive  state.  However,  it  is 
necessary  to  set  the  width  of  the  current  path  of  the 
TFTs  of  Figs.  1  and  2  and  hence  the  channel  width 
large  forthat  purpose.  As  a  consequence,  since  the 
parasitic  capacitance  based  on  the  transistor  struc- 
ture  increases  proportionally  to  the  increase  in  the 
channel  width,  the  operating  speed  of  the  thin-film 
circuit  cannot  be  substantially  improved. 

An  improved  manufacturing  method  for  TFTs 
according  to  the  prior  art  will  be  described  with 
reference  to  Figs.  3A  to  3D.  A  substrate  40  is  made 
of  a  transparent  and  electrically  insulative 
material,  e.g.,  glass  material.  In  Fig.  3A,  on  the  top 
surface  of  the  glass  substrate  or  layer  40  is  formed 
a  metal  thin-film  42  having  a  predetermined 
pattern.  The  thin-film  42  is  made,  for  example,  of 
aluminum  and  has  a  thickness  of  approx.  100  nm 
(1,000  A).  The  Al  thin-film  42  is  formed  by  the 
known  exposure  techniques  and  etching  tech- 
niques.  On  the  substrate  40  and  the  Al  thin-film  42 
is  deposited  an  insulating  thin-film  44  made  of  an 
electrically  insulative  material  such  as  silicon 
dioxide,  forexample,  by  sputtering.  Subsequently, 
on  the  top  surface  of  the  above-mentioned  insulat- 
ing  film  44  is  deposited  by  sputtering  a  conductive 
thin-film  46  having  a  predetermined  thickness 
such  as  preferably  approx.  200  nm  (2,000  A)  and 
made  of  a  transparent  and  electrically  conductive 
material.  On  the  conductive  thin-film  46  is  further 
coated  a  negative  photoresist  material  to  maintain 
a  predetermined  thickness  of  approx.  1.5  |im  to 
form  a  negative  photoresist  film  48. 

A  light  such  as  ultraviolet  ray  50  is  illuminated  to 
the  structure  of  Fig.  3A  from  the  bottom  surface 
side  of  the  transparent  substrate  40.  Accordingly, 
the  negative  photoresist  film  48  is  exposed  with 
the  light  50  with  the  metal  thin-film  42  formed  on 
the  top  surface  of  the  substrate  40  as  a  mask 
pattern.  Thereafter,  when  the  above-mentioned 
structure  is  developed,  the  part  of  the  negative 
photoresist  film  48  exposed  with  the  above- 
mentioned  ultraviolet  beam  50  through  the  trans- 
parent  substrate  40,  insulating  film  44  and  trans- 
parent  conductive  thin-film  46  is  polymerized  to 
become  non-soluble  in  a  solve'nt,  and  accordingly 
remains  on  the  thin-film  46  as  a  resist  pattern  48a 
as  shown  in  Fig.  3B.  On  the  other  hand,  the  part  of 
the  negative  photoresist  film  48  interrupted  from 
the  ultraviolet  ray  50  by  the  metal  thin-film  42  is 
dissolved  in  a  solvent  to  form  an  opening  52  as 
shown  in  Fig.  3B.  The  shape  of  the  opening  52 
precisely  corresponds  to  the  profile  of  the  metal 
thin-film  42. 

Then,  with  the  resist  pattern  48a  thus  obtained 
as  shown  in  Fig.  3B  as  a  mask  the  underlying 
conductive  thin-film  46  is  etched  to  form  an 
electrode  film  46a.  An  opening  53  formed  in  the 
electrode  film  46a  has  a  shape  accurately  corre- 
sponding  to  the  profile  of  the  metal  thin-film  42. 
The  structure  of  this  state  is  illustrated  in  Fig.  3C. 

Subsequently,  the  semiconductor  thin-film 
made  of  polycrystalline  or  amorphous  semicon- 
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preferable  ohmic  contact.  When  the  ultraviolet 
light  50  is  irradiated  from  the  bottom  surface  side 
of  the  transparent  substrate  40,  the  amorphous 
silicon  thin-film  62  including  the  thickness  of  the 

5  above-mentioned  numeral  value  has  a  trans- 
mittance  which  can  practically  satisfy  for  the  light 
50.  The  spectral  sensitivity  range  of  the  negative 
photoresist  film  64  for  the  incident  light  is  ordinar- 
ily  known  to  be  less  than  approx.  450  nm  (4,500 

10  A),  and  the  negative  photoresist  film  64  could  be 
sensitized  in  the  sufficiently  satisfactory  contrast 
by  using  the  amorphous  silicon  thin-film  62 
including  the  above-mentioned  thickness.  There- 
fore,  the  source  and  drain  electrodes  68  and  70  of 

15  the  TFT  74  could  be  accurately  self-aligned  with 
the  underlying  gate  electrode  42  and  formed. 

The  amorphous  semiconductor  material  used 
in  the  method  for  manufacturing  the  TFTs  of  the 
present  invention  is  not  limited  only  to  the  silicon 

20  applied  in  the  above-mentioned  embodiment,  but 
other  substances  such  as,  for  example,  semicon- 
ductor  compounds,  e.g.,  germanium  (Ge)  or 
GexSii-x,  SixC ,̂,,  etc.  may  be  used.  In  addition, 
the  materials  used  in  the  above-mentioned 

25  embodiments  illustrate  only  by  way  of  examples, 
but  may  be  altered  in  response  to  the  state  of  the 
manufacture.  For  example,  the  gate  insulating 
film  44  is  not  limited  only  to  the  silicon  dioxide 
(SiO2),  but  other  material  such  as  Si3N4  may  be 

30  used.  Similarly,  the  gate  electrode  42  may  be  any 
of  electrically  conductive  material  having  opaque 
property  for  the  incident  radiation,  e.g.,  the  light 
50.  Further,  if  a  suitable  etching  technique  is  used, 
indium-oxide  or  tin-oxide  may  be  used  for  ITO  as 

35  material  of  which  the  transparent  thin-film  60  is 
formed  on  the  insulating  thin-film  44. 

Claims 

40  1.  A  method  for  manufacturing  a  thin-film 
transistor  (74)  on  an  electrically  insulative  sub- 
strate  (40)  permitting  the  transmission  of  radi- 
ation  (50),  in  which  the  radiation  is  introduced 
from  the  substrate  side  to  form  a  shadow  of  an 

45  opaque  gate  electrode  (42)  formed  on  said  sub- 
strate  (40)  on  a  photoresist  layer  for  fabricating 
source  and  drain  electrodes  self-aligned  with  the 
gate  electrode  (42),  and  in  which  a  channel  layer 
(72)  made  of  semiconductor  material  is  formed  so 

so  as  to  overlap  said  source  and  drain  electrodes, 
said  method  comprising  the  steps  of  sequentially 
forming  on  said  substrate  (40)  a  thin  metal  film 
functioning  as  said  gate  electrode  (42)  an  insula- 
tive  layer  (44),  a  double  layer  consisting  of  a 

55  conductive  layer  (60)  permitting  the  transmission 
of  the  radiation  (50),  and  a  low  resistive  semicon- 
ductor  layer  (62)  which  is  thin  enough  to  permit 
the  transmission  of  the  radiation  (50),  so  as  to 
cover  said  gate  electrode  (42); 

60  forming  a  negative  photoresist  layer  (64)  on 
said  low  resistive  semiconductor  layer  (62); 

irradiating  the  radiation  from  the  substrate  side 
to  form  a  shadow  of  the  gate  electrode  (42)  on 
said  negative  photoresist  layer  (64)  with  said  gate 

65  electrode  (42)  being  directly  used  as  a  mask; 

films  60a  and  62a  confronting  each  other  through 
the  opening  66  is  used,  for  example,  as  a  source 
electrode,  and  the  other  portion  70  is  used  as  a 
drain  electrode. 

On  the  top  surface  including  the  opening  66  of 
the  structure  of  Fig.  4C  is  deposited  the  amorph- 
ous  silicon  film  in  a  predetermined  thickness,  e.g., 
500  nm  (5,000  A)  thick,  for  example,  by  a  glow 
discharge  decomposition  method  of  SiH4.  This 
amorphous  silicon  film  is  patterned  by  the  known 
PEP  technique  to  form  a  semiconductive  thin-film 
72  as  shown  in  Fig.  4D.  Since  the  following 
manufacturing  process  is  similar  to  the  known 
process,  the  description  of  the  process  will  be 
omitted.  In  this  manner  the  TFT  74  is 
manufactured. 

According  to  the  method  for  manufacturing  the 
TFTs  of  the  present  invention  thus  constructed 
advantages  similar  to  those  of  the  above-men- 
tioned  prior  art  method  can  be  obtained.  Further, 
according  to  the  invention,  the  amorphous  silicon 
thin-film  62a  including  low  resistance  is  formed 
on  the  top  surfaces  of  the  source  and  drain 
electrodes  68  and  70  and  hence  on  the  ITO  film 
60a.  Accordingly,  the  ohmic  contact  of  the  ITO 
film  60a  with  the  semiconductive  thin-film  72 
functioning  as  the  channel  of  the  TFT  74  having 
electrically  bad  junction  to  one  another  can  be 
improved.  Further,  since  the  negative  photoresist 
64  is  coated  after  the  deposition  of  the  low 
resistive  semiconductive  film  62  added  with  an 
impurity  in  the  method  for  manufacturing  accord- 
ing  to  the  invention  the  yield  of  manufacturing  the 
TFTs  can  be  improved.  In  contrast  to  the  present 
invention,  in  the  formation  of  the  low  resistive 
film  62a,  another  method,  e.g.,  a  method  of  lifting 
off  the  low  resistive  thin-film  deposited  by  a 
known  CVD  process  after  the  formation  of  a 
positive  photoresist  pattern  can  be  considered. 
However,  according  to  the  other  method  which 
employs  such  the  lift-off  method,  there  are 
problems  such  as  those  in  which  the  photoresist 
material  is  undesirably  hardened  due  to  the 
generated  heat,  the  low  resistive  semiconductive 
thin-film  is  contaminated  and/or  the  characteristic 
is  deteriorated.  In  addition,  according  to  the 
above-mentioned  another  method,  it  is  difficult  to 
accurately  form  the  cross-sectional  shape  of  the 
positive  photoresist  pattern  adapted  for  the  lift-off 
process  of  the  low  resistive  semiconductive  thin- 
film  on  the  basis  of  a  method  of  exposing  it  from 
the  bottom  surface  side  of  the  transparent  sub- 
strate.  In  the  method  for  manufacturing  of  the 
present  invention,  the  lift-off  method  having  the 
aforementioned  problems  is  not  employed,  and 
the  above-mentioned  problems  do  not  occur 
accordingly.  Therefore,  the  thin-film  circuit 
including  a  number  of  TFTs  can  be  readily  manu- 
factured  in  high  yield  and  high  integration. 

Additionally,  according  to  the  above-mentioned 
embodiment  of  the  method  for  manufacturing  the 
TFTs,  the  thickness  of  the  low  resistive  amorph- 
ous  silicon  thin-film  62  is  selected  to  approx.  3  to 
100  nm  (30  to  3,000  A)  as  described  above  in  Fig. 
4A,  but  this  is  for  the  purpose  of  obtaining 
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(62a)  also  define  an  opening  which  is  essentially 
self-aligned  or  coincides  with  the  profile  of  said 
gate  electrode  (42),  thereby  minimizing  the  stray 
capacitance  between  said  gate  electrode  (42)  and 

5  said  source  and  drain  electrodes  (68,  70). 
7.  The  thin-film  transistor  according  to  claim  6, 

characterized  in  that  said  semiconductive  layers 
(62a)  comprise  semiconductive  layers  made  of 
material  selected  from  the  groups  consisting  of 

10  amorphous  semiconductor  and  polycrystalline 
semiconductor. 

8.  The  thin-film  transistor  according  to  claim  6, 
characterized  in  that  said  semiconductive  layers 
(62a)  comprise  amorphous  silicon  layers  of  a 

15  thickness  ranging  from  3  to  100  nanometers. 

Patentanspriiche 

1.  Verfahren  zur  Herstellung  eines  Diinnschicht- 
20  transistors  (74)  auf  einem  elektrisch  isolierten 

Substrat  (40),  das  das  Durchlassen  von  Strahlung 
(50)  erlaubt,  bei  welchem  die  Strahlung  von  der 
Substratseite  hereingegeben  wird,  um  einen 
Schatten  einer  nicht  durchsichtigen,  auf  einem 

25  Substrat  (40)  auf  einer  Fotowiderstandsschicht 
gebildeten  Gateelektrode  (42)  zum  Herstellen  von 
mit  der  Gateelektrode  (42)  ausgerichteten  Quel- 
len-Senker-Elektroden  zu  bilden,  und  bei 
welchem  eine  Kanalschicht  (72)  aus  Halbleiterma- 

30  terial  gebildet  wird,  um  die  Quellen-  und  Senker- 
Elektroden  zu  iiberlappen,  wobei  das  Verfahren 
die  folgenden  Schritte  enthalt: 

Sequentielles  Bilden  eines  die  Gateelektrode 
(42)  bildenden  diinnen  Metallfilm,  einer  Isolier- 

35  schicht  (44),  einer  Doppelschicht,  die  aus  einer 
leitfahigen  Schicht  (60),  die  das  Durchlassen  von 
Strahlung  (50)  erlaubt,  und  einer  niederohmigen 
Halbleiterschicht  (62)  besteht,  die  diinn  genug  ist, 
um  das  Durchlassen  der  Strahlung  (50)  zu  erlau- 

40  ben,  um  die  Gateelektrode  (42)  zu  bedecken,  auf 
dem  Substrat  (40); 

Bilden  einer  negativen  Fotowiderstandsschicht 
(64)  auf  der  niederohmigen  Halbleiterschicht  (62); 

Bestrahlen  mit  der  Strahlung  von  der  Substrats- 
45  eite  her  zum  Bilden  eines  Schattens  der  Gateelek- 

trode  (42)  auf  der  negativen  Fotowiderstands- 
schicht  (64),  wobei  die  Gateelektrode  (42)  unmit- 
telbar  als  Maske  verwendet  wird; 

Durchfiihren  einer  Losungsbehandlung  der 
so  negativen  Fotowiderstandsschicht  (64),  um  in  die- 

ser  eine  Offnung  (60)  mit  einer  dem  Profil  der 
Gateelektrode  (42)  entsprechenden  Form  zu 
bilden; 

Teilweises  simultanes  Wegatzen  der  leitfahigen 
55  Schicht  (60)  und  der  niederohmiges  Halbleiter- 

schicht  (62)  mittels  der  negativen  Fotowider- 
standsschicht  (64a)  mit  der  Offnung  (66)  als  eine 
Widerstandsmaske,  wodurch  doppelschichtige 
Quellen-  und  Senkenelektroden  (68,  70)  ohne 

60  Oberlappung  mit  der  Gateelektrode  (42)  ohne  die 
Verwendung  einer  Abhebetechnik  gebildet 
werden; 

und  Bilden  der  Kanalschicht  (72),  so  daS  diese 
die  doppelschichtigen  Quellen-  und  Senken-Elek- 

65  troden  (68,  70)  uberlappt. 

performing  solvent  treatment  of  said  negative 
photoresist  layer  (64)  to  form  therein  an  opening 
(66)  having  a  shape  corresponding  to  the  profile 
of  said  gate  electrode  (42); 

partially  etching  off  said  conductive  layer  (60) 
and  said  low  resistive  semiconductor  layer  (62) 
simultaneously  by  using  the  negative  photoresist 
layer  (64a)  with  the  opening  (66)  as  a  resist  mask, 
thereby  forming  double-layered  source  and  drain 
electrodes  (68,  70)  having  no  overlap  with  said 
gate  electrode  (42)  without  using  a  lift-off  tech- 
nique;  and  forming  said  channel  layer  (72)  so  as 
to  overlap  with  said  double-layered  source  and 
drain  electrodes  (68,  70). 

2.  The  method  according  to  claim  1,  charac- 
terized  in  that  said  semiconductor  layer  (62)  is 
made  of  a  material  selected  from  the  group 
consisting  of  amorphous  semiconductor  and 
polycrystalline  semiconductor. 

3.  The  method  according  to  claim  1,  charac- 
terized  in  that  said  semiconductor  layer  (62)  com- 
prises  an  amorphous  silicon  layer  of  a  thickness 
ranging  from  3  to  100  nanometers. 

4.  The  method  according  to  claim  1  or  2, 
characterized  in  that  said  conductive  layer  (60) 
comprises  a  transparent  conductive  film  formed 
on  said  insulative  layer  (44)  using  a  sputtering 
technique  to  allow  ultraviolet  ray  to  pass  there- 
through. 

5.  The  method  according  to  claim  3,  charac- 
terized  in  that  an  impurity  is  added  to  said 
amorphous  silicon  layer  (62). 

6.  A  thin-film  transistor  (74)  having  an  opaque 
gate  electrode  (42)  formed  on  an  electrically 
insulative  substrate  (40)  permitting  the  trans- 
mission  of  radiation  (50),  an  insulative  layer  (44) 
formed  on  said  substrate  (40)  and  said  gate 
electrode  (42),  source  and  drain  electrodes  (68, 
70)  self-aligned  with  the  gate  electrode  (42),  and  a 
channel  layer  (72)  made  of  semiconductor 
material  overlapping  with  said  source  and  drain 
electrodes  (68,  70), 

said  source  and  drain  electrodes  comprising 
double-layered  electrode  layers,  each  double- 
layered  electrode  layer  having: 

a  transparent  conductive  layer  (60a)  provided 
on  said  insulative  layer  (44),  said  transparent 
conductive  layers  (60a)  of  both  electrodes  defin- 
ing  therebetween  an  opening  (66)  having  a  shape 
corresponding  to  the  profile  of  said  gate  electrode 
(42);  and 

a  semiconductor  layer  (62a)  stacked  on  said 
transparent  conductive  layer  (60a)  in  such  a 
manner  that  it  is  partially  sandwiched  between 
said  channel  layer  (72)  and  the  corresponding 
transparent  conductive  layer  (60a),  said  semicon- 
ductive  layer  (62a)  being  thin  enough  to  permit 
the  transmission  of  the  radiation  therethrough 
and  an  impurity  being  added  to  said  semiconduc- 
tive  layer  (62a)  so  that  the  resistivity  thereof  is 
decreased  to  increase  the  conductance  between 
said  channel  layer  (72)  and  said  transparent  con- 
ductive  layer  (60a),  thereby  improving  ohmic 
contact  therebetween, 

and  that  said  respective  semiconductive  layers 
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aus  amorphem  Halbleiter  und  polykristallinem 
Halbleiter  ausgewahlt  ist. 

8.  Diinnfilmtransistor  nach  Anspruch  6, 
dadurch  gekennzeichnet,  daB  die  halbleitfahige 

5  Schichten  (62a)  amorphe  Siliziumschichten  mit 
einer  Dicke  zwischen  3  und  100  Nanometer 
enthalten. 

Revendications 
10 

1.  Procede  de  fabrication  d'un  transistor  a 
couche  mince  (74)  sur  un  substrat  isolant  de 
I'electricite  (40)  permettant  la  transmission  d'un 
rayonnement  (50),  dans  lequel  le  rayonnement 

is  est  introduit  par  le  cote  du  substrat  afin  qu'une 
ombre  d'une  electrode  opaque  (42)  de  grille 
formee  sur  le  substrat  (40)  soit  projetee  sur  une 
couche  d'un  materiau  de  reserve  photographi- 
que  destine  a  la  fabrication  d'electrodes  de 

20  source  et  de  drain  alignees  automatiquement  sur 
I'electrode  (42)  de  grille,  dans  lequel  une  couche 
de  canal  (72)  formee  d'un  materiau  semi-conduc- 
teur  est  realisee  afin  qu'elle  recouvre  les  elec- 
trodes  de  source  et  de  drain,  le  procede  compre- 

25  nant  les  etapes  suivantes: 
la  formation  successive,  sur  le  substrat  (40), 

d'une  mince  couche  metallique  jouant  le  role  de 
I'electrode  (42)  de  grille,  d'une  couche  isolante 
(44),  d'une  couche  double  formee  d'une  couche 

30  conductrice  (60)  permettant  la  transmission  du 
rayonnement  (50)  et  d'une  couche  semi-conduc- 
trice  (62)  de  faible  resistivite  qui  est  suffisam- 
ment  mince  pour  qu'elle  permette  la  transmis- 
sion  du  rayonnement  (50),  si  bien  que  I'electrode 

35  (42)  de  grille  est  recouverte, 
la  formation  d'une  couche  (64)  d'un  materiau 

de  reserve  photographique  negative  sur  la 
couche  semi-conductrice  (62)  de  faible  resistivite, 

la  projection  du  rayonnement  du  cote  du  subs- 
40  trat  afin  qu'une  ombre  de  I'electrode  (42)  de 

grille  soit  formee  sur  la  couche  (64)  du  materiau 
de  reserve  photographique  negative,  I'electrode 
(42)  de  grille  etant  utilisee  directement  comme 
masque, 

45  I'execution  d'un  traitement  de  la  couche  (64) 
du  materiau  de  reserve  photographique  negative 
par  un  solvant  afin  qu'une  ouverture  (66)  y  soit 
formee  avec  une  configuration  correspondant  au 
contour  de  I'electrode  (42)  de  grille, 

so  I'attaque  partielle  de  la  couche  conductrice  (60) 
et  de  la  couche  semi-conductrice  (62)  de  faible 
resistivite,  simultanement,  par  utilisation, 
comme  masque  de  reserve,  de  la  couche  (64a) 
du  materiau  de  reserve  photographique  negative 

55  ayant  I'ouverture  (66),  si  bien  que  des  electrodes 
de  source  et  de  drain  (68,  70)  a  deux  couches 
sont  formees  sans  recouvrement  avec  I'electrode 
(42)  de  grille,  et  sans  utilisation  d'une  technique 
d'enlevement  par  decollage,  et, 

60  la  formation  de  la  couche  de  canal  (72)  afin 
qu'elle  recouvre  les  electrodes  de  source  et  de 
drain  (68,  70)  a  deux  couches. 

2.  Procede  selon  la  revendication  1,  caracterise 
en  ce  que  la  couche  semi-conductrice  (62)  est 

65  formee  d'un  materiau  choisi  dans  le  groupe  qui 

2.  Verfahren  nach  Anspruch  1,  dadurch 
gekennzeichnet,  dalS  die  Halbleiterschicht  (60) 
aus  einem  aus  der  Gruppe  des  amorphen  Halb- 
leiter  und  polykristallinen  Halbleiter  ausgewahl- 
ten  Material  gebildet  ist. 

3.  Verfahren  nach  Anspruch  1,  dadurch 
gekennzeichnet,  daB  die  erste  Halbleiterschicht 
(62)  eine  amorphe  Siliziumschicht  enthalt,  die 
eine  Dicke  zwischen  3  und  100  Nanometer  auf- 
weist. 

4.  Verfahren  nach  Anspruch  1  oder  2,  dadurch 
gekennzeichnet,  daR  die  leitfahige  Schicht  (60) 
einen  transparenten  leitfahigen  Film  enthalt,  der 
auf  der  Isolierschicht  (44)  mittels  einer  Zerstau- 
bungstechnik  gebildet  wird,  urn  ultraviolette 
Strahlung  passieren  zu  lassen. 

5.  Verfahren  nach  Anspruch  3,  dadurch 
gekennzeichnet,  dalS  eine  Verunreinigung  der 
amorphen  Siliziumschicht  (62)  beigefugt  wird. 

6.  Dunnfilmtransistor  (74)  mit  einer  nicht 
durchsichtigen  Gateelektrode  (42),  die  auf  einem 
das  Durchlassen  von  Strahlung  (50)  erlaubenden, 
elektrisch  isolierenden  Substrat  (40)  gebildet  ist, 
einer  auf  dem  Substrat  (40)  und  der  Gateelek- 
trode  (42)  gebildeten  Isolierschicht  (44),  Quellen- 
und  Senken-Elektroden  (68,  70),  die  mit  der 
Gateelektrode  (42)  selbst  ausgerichtet  sind  und 
einer  aus  Halbleitermaterial  gebildeten  Kanal- 
schicht  (72),  die  die  Quellen-  und  Senken-Elektro- 
den  (68,  70)  uberlappt, 

wobei  die  Quellen-  und  Senken-Elektroden 
doppelschichtige  Elektrodenschichten  enthalten, 
wobei  jede  doppelschichtige  Elektrodenschicht 
enthalt: 

eine  transparente,  auf  der  isolierenden  Schicht 
(44)  vorgesehene  leitfahige  Schicht  (60a),  wobei 
die  transparente  leitfahige  Schicht  (60a)  der  bei- 
den  Elektroden  zwischen  denselben  eine  Offnung 
(60)  mit  einer  dem  Profil  der  Gateelektrode  (42) 
entsprechenden  Form  definiert;  und 

eine  halbleitende  Schicht  (62a),  die  auf  der 
transparenten  leitfahigen  Schicht  (60a)  derart 
geschichtet  ist,  daB  sie  teilweise  zwischen  der 
Kanalschicht  (72)  und  der  entsprechenden  trans- 
parenten  leitfahigen  Schicht  (60a)  sandwichartig 
angeordnet  ist,  wobei  die  halbleitfahige  Schicht 
(62a)  diinn  genug  ist,  um  das  Durchlassen  von 
Strahlung  zu  gestatten,  und  eine  Verunreinigung 
der  Halbleiterschicht  (60a)  beigefugt  ist,  so  daB 
ihr  Widerstand  reduziert  wird,  um  die  Leitfahig- 
keit  zwischen  der  Kanalschicht  (72)  und  der 
transparenten  leitfahigen  Schicht  (60a)  zu  erho- 
hen,  wodurch  der  ohmische  Kontakt  zwischen 
denselben  verbessert  wird, 

un  daB  die  entsprechenden  halbleitfahigen 
Schichten  (62a)  ebenso  eine  Offnung  definieren, 
die  in  wesentlichen  selbstausgerichtet  ist  oder 
mit  dem  Profil  der  Gateelektrode  (42)  zusammen- 
fallt,  wodurch  die  Streukapazitat  zwischen  der 
Gateelektrode  (42)  und  den  Quellen-  und  Senken- 
Elektroden  (68,  70)  auf  ein  Minimum  gebracht  ist. 

7.  Dunnfilmtransistor  nach  Anspruch  6, 
dadurch  gekennzeichnet,  daB  die  halbleitfahigen 
Schichten  (62a)  halbleiterfahige  Schichten  aus 
einem  Material  enthalten,  das  aus  der  Gruppe 
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contour  de  I'electrode  (42)  de  grille,  et 

une  couche  semi-conductrice  (62a)  empilee  sur 
la  couche  conductrice  transparente  (60a)  de 
maniere  qu'elle  soit  partiellement  disposee  entre 
la  couche  de  canal  (72)  et  la  couche  conductrice 
transparente  correspondante  (60a),  la  couche 
semi-conductrice  (62a)  etant  suffisamment  mince 
pour  qu'elle  permette  la  transmission  du  rayon- 
nement  et  une  impurete  etant  ajoutee  a  la  couche 
semi-conductrice  (62a)  afin  que  sa  resistivite  soit 
reduite  et  que  la  conductance  soit  accrue  entre  la 
couche  de  canal  (72)  et  la  couche  conductrice 
transparente  (60a),  avec  augmentation  du  contact 
ohmique  entre  elles,  et 

les  couches  semi-conductrices  respectives 
(62a)  delimitent  aussi  une  ouverture  qui  est  prati- 
quement  alignee  automatiquement  sur  le  contour 
de  I'electrode  (42)  de  grille  ou  coincide  avec  ce 
contour,  si  bien  que  la  capacite  parasite  entre 
I'electrode  (42)  de  grille  et  les  electrodes  de 
source  et  de  drain  (68,  70)  est  reduite  au 
minimum. 

7.  Transistor  a  couche  mince  selon  la  revendica- 
tion  6,  caracterise  en  ce  que  les  couches  semi- 
conductrices  (62a)  sont  des  couches  semi- 
conductrices  formees  d'un  materiau  choisi  dans 
le  groupe  qui  comprend  un  semi-conducteur 
amorphe  et  un  semi-conducteur  polycristallin. 

8.  Transistor  a  couche  mince  selon  la  revendica- 
tion  6,  caracterise  en  ce  que  les  couches  semi- 
conductrices  (62a)  sont  des  couches  de  silicium 
amorphe  ayant  une  epaisseur  comprise  entre  3  et 
100  nm. 

comprend  un  semi-conducteur  amorphe  et  un 
semi-conducteur  polycristallin. 

3.  Procede  selon  la  revendication  1,  caracterise 
en  ce  que  la  couche  semi-condutrice  (62)  est  une 
couche  de  silicium  amorphe  ayant  une  epaisseur 
comprise  entre  3  et  100  nm. 

4.  Procede  selon  la  revendication  1  ou  2, 
caracterise  en  ce  que  la  couche  conductrice  (60) 
est  une  couche  conductrice  transparente  formee 
sur  la  couche  isolante  (44)  a  I'aide  d'une  techni- 
que  de  pulverisation  afin  qu'un  rayonnement 
ultraviolet  puisse  la  traverser. 

5.  Procede  selon  la  revendication  3,  caracterise 
en  ce  qu'une  impurete  est  ajoutee  a  la  couche  (62) 
de  silicium  amorphe. 

6.  Transistor  a  couche  mince  (74)  ayant  une 
electrode  opaque  (42)  de  grille  formee  sur  un 
substrat  (40)  isolant  de  I'electricite  et  permettant 
la  transmission  d'un  rayonnement  (50),  une 
couche  isolante  (44)  formee  sur  le  substrat  (40)  et 
I'electrode  (42)  de  grille,  des  electrodes  de  source 
et  de  drain  (68,  70)  alignees  automatiquement  sur 
I'electrode  (42)  de  grille,  et  une  couche  de  canal 
(72)  formee  d'un  materiau  semi-conducteur  et 
recouvrant  les  electrodes  de  source  et  de  drain 
(68,  70), 

les  electrodes  de  source  et  de  drain  comprenant 
des  couches  doubles  d'electrode,  chaque  couche 
double  d'electrode  ayant: 

une  couche  conductrice  transparente  (60a)  dis- 
posee  sur  la  couche  isolante  (44),  les  couches 
conductrices  transparentes  (60a)  des  deux  elec- 
trodes  delimitant  entre  elles  une  ouverture  (66) 
ayant  une  configuration  correspondant  au 
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