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@  Liquid  crystal  display  device. 

@  An  active-matrix  display  device  comprising  an  insulating 
substrate  (1)  as  a  display  panel  on  which  a  plurality  of  thin-film 
transistors  (7)  and  a  plurality  of  picture-element  transparent 
electrodes  (5)  are  disposed  in  a  matrix,  wherein  a  black  striped 
film  (55)  is  disposed  between  each  thin-film  transistor  (7)  and 
the  insulating  substrate  (1)  in  such  a  manner  that  it  covers  the 
entire  area  except  for  the  picture-element  transparent  elec- 
trodes  (5). @ T f  
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Description 

LIQUID  CRYSTAL  DISPLAY  DEVICE 

of  the  thin-film  transistor.  As  a  result,  the  liquid-crys- 
tal  display  device  creates  a  poor  quality  imate.  In 
order  to  solve  this  problem,  a  light-shielding  sub- 
stance  has  been  placed  over  the  chanel  of  the 
thin-film  transistor.  However,  light  from  the  back 
light  reaches  the  thin-film  transistor  111  of  the 
display  device  since  the  light  only  decays  to  about 
40%  due  to  the  polarizing  plate  121,  although 
exterior  light  does  not  reach  the  thin-film  transistor 
1  1  1  since  it  decays  sufficiently  due  to  the  poolarizing 
plate  122  and  a  black  striped  film  214  (Figure  8) 
formed  on  the  colour  filters  109.  Thus,  optoelectric 
current  occurs  in  the  thin-film  transistor  111,  which 
causes  a  lowering  of  the  resistance  of  the  thin-film 
transistor  111  in  the  off-state. 

Secondly,  light  A  from  the  back  light  passes 
through  the  liquid-crystal  display  device,  and  the 
transmitted  light  can  be  seen  through  the  colour 
(red,  green  and  blue)  filters  109.  A  part  of  the  light  A 
from  the  back  light  passes  through  the  gap  between 
the  picture  elements  constituting  the  red,  green  and 
blue  colours  of  each  colour  filter  109,  which  causes 
difficulties  in  the  formation  of  distinct  and  contrasty 
images.  In  order  to  solve  this  problem,  as  shown  in 
Figure  8,  a  metal  such  as  Cr,  etc.,  is  vaporized 
among  the  red,  green  and  blue  picture  elements  213 
on  the  colour  filter-sided  substrate  102,  resulting  in  a 
black  striped  film  214  that  prevents  light  from 
passing  through  the  gap  between  the  picture 
elements  213.  However,  the  formation  of  such  a 
black  stripped  film  214  results  in  the  following 
problems:  the  accuracy  of  the  positional  adjustment 
between  the  front  display  panel  on  which  the  colour 
filters  are  formed  and  the  rear  display  panel  on  which 
active  devices  such  as  thin-film  transistors  are 
formed  must  be  about  10u.m  or  less,  so  that  the  line 
width  of  the  black  strip  214  must  be  wider,  by  the 
above-mentioned  value  of  about  lO^m  or  less,  than 
the  gap  between  the  picture  elements  disposed  on 
the  panel  at  the  active  device  side.  Accordingly,  the 
area  of  each  of  the  picture  elements  decreases, 
resulting  in  a  decrease  in  the  amount  of  transmitted 
light  (i.e.,  a  decrease  in  the  transmissivity  (i.e.,  the 
brighness)  of  the  front  panel). 

It  is  an  object  of  the  present  invention  to  provide 
an  active-matrix  display  device  which  overcomes  the 
above-discussed  and  other  disadvantages  and  defi- 
ciencies  of  the  known  devices. 

An  active-matrix  display  device  in  accordance  with 
the  present  invention  comprises  an  insulating  sub- 
strate  as  a  display  panel  on  which  a  plurality  of 
thin-film  transistors  and  a  plurality  of  picture-ele- 
ment  transparent  electrodes  are  disposed  into  a 
matrix,  wherein  a  black  striped  film  is  disposed 
between  each  thin-film  transistor  and  the  insulating 
substrate  in  such  a  manner  that  it  covers  the  entire 
area  except  for  the  picture-element  transparent 
electrodes. 

In  a  preferred  embodiment,  the  active-matrix 
display  device  further  comprises  a  black  striped  film, 
said  black  striped  film  being  disposed  over  the 

This  invention  relates  to  a  liquid-crystal  display 
device  using  liquid  crystals  therein.  More  particu- 
larly,  it  relates  to  an  active-matrix  display  device  5 
utilizing  a  thin-film  transistor  as  a  switching  device. 

In  recent  years,  amorphous  silicon  (a-Si)  has  been 
used  as  a  material  that  constitutes  a  thin-film 
transistor  functioning  as  a  switching  device  for 
driving  liquid-crystal  display  devices.  10 

Figure  5  of  the  accompanying  drawings  shows  a 
conventional  liquid-crystal  display  device,  which 
comprises  a  pair  of  transparent  insulating  substrates 
101  and  102,  a  thin-film  transistor  111  disposed  on 
the  inner  surface  of  the  transparent  insulating  15 
substrate  101,  a  picture-element  transparent  elec- 
trode  110  connected  to  the  thin-film  transistor  111 
on  the  transparent  insulating  substrate  101,  a 
protective  layer  104  disposed  on  both  the  thin-film 
transistor  111  and  the  picture-element  transparent  20 
electrode  110,  colour  filters  109  disposed  on  the 
inner  surface  of  the  transparent  insulating  substrate 
102,  a  counter  transparent-electrode  108  disposed 
on  the  colour  filters  109,  a  pair  of  liquid  crystal-orien- 
tating  films  105  and  106  disposed  on  the  protective  25 
layer  1  04  and  the  counter  transparent-electrode  1  08, 
respectively,  and  a  liquid-crystal  disposed  between 
the  liquid  crystal-orientating  films  105  and  1O6.The 
thin-film  transistor  111  comprises  a  metal  layer  112 
constituting  a  gate  electrode  and  gate  bus  lines,  a  30 
gate  insulating  layer  103,  an  a-Si  semiconductor 
layer  113,  a  metal  layer  114  constituting  a  drain 
electrode,  and  a  metal  layer  115  constituting  a 
source  electrode  and  source  bus  lines.  Voltage  is 
applied  to  the  liquid  crystal  107  positioned  between  35 
the  transparent  electrodes  108  and  110  by  switch- 
ing-operation  of  the  thin-film  transistor  111.  Figure  6 
shows  a  conventional  active-matrix  display  device, 
which  comprises  the  above-mentioned  liquid-crystal 
display  device,  a  pair  of  polarizing  plates  121  and  122  40 
disposed  on  the  outer  surfaces  of  the  transparent 
insulating  substrates  101  and  102,  respectively,  of 
the  said  liquid-crystal  display  device.  The  thin-film 
transistors  1  1  1  are  irradiated  with  light  A  from  a  back 
light  disposed  behind  the  polarizing  plate  121.  45 

The  above-mentioned  liquid-crystal  display  device 
has  the  following  disadvantages: 

First,  the  current-voltage  characteristics  of  the 
thin-film  transistor  111  using  a  a-Si  vary  with 
irradiated  light,  because  the  electrical  conductivity  of  50 
a-Si  increases  with  irradiated  light.  Figure  7  shows 
the  current-voltage  characteristics  of  the  thin-film 
transistor  111  with  a-Si,  in  which  the  abscissa 
indicates  the  gate  voltage,  the  ordinate  indicates  the 
drain  current,  curve  a  indicates  the  current-voltage  55 
characteristics  at  the  time  when  the  thin-film 
transistor  is  not  irradiated  with  light,  and  curve  c 
indicates  the  current-voltage  characteristics  at  the 
time,  when  the  thin-film  transistor  is  irradiated  with 
light.  It  can  be  seen  from  Figure  7  that  the  resistance  60 
of  the  thin-film  transistor  in  the  off-state  is  lowered 
by  irradiation  with  light  from  the  back  light,  which 
causes  difficulties  in  the  normal  switching  operation 
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upper  portion,  including  source  and  drain  elec- 
trodes,  of  said  thin-film  transistor. 

In  a  preferred  embodiment,  the  black  striped  film 
is  made  of  an  amorphous  silicon  semiconductor  film, 
a  metal  film  or  a  black-colour  resin  film.  5 

In  a  preferred  embodiment,  the  thin-film  transistor 
is  constructed  with  a  reversed  stagger  structure. 

Thus,  the  invention  described  herein  makes 
possible  the  provision  of  (1)  an  active-matrix  display 
device  in  which  a  black  striped  film  made  of  an  a-Si  10 
semiconductor  film,  a  metal  film  or  a  black-coloured 
resin  film  is  disposed  between  the  thin-film  transis- 
tor  and  the  insulating  substrate  having  the  said 
transistor  thereon  in  such  a  manner  that  the  black 
striped  film  covers  the  entire  area  except  for  the  15 
picture-element  electrodes,  thereby  preventing  the 
said  transistor  from  being  irradiated  with  light  from  a 
back  light  placed  behind  the  insulating  substrate  and 
preventing  wrong  operation  of  the  said  transistor; 
(2)  an  active-matrix  display  device  in  which  the  20 
above-mentioned  black  striped  film  is  not  disposed 
on  the  colour  filter-sided  substrate,  but  it  is 
disposed  on  the  thin-film  transistor-sided  substrate, 
and  accordingly  the  accuracy  of  the  positional 
adjustment  between  the  picture-element  electrode  25 
and  the  black  striped  film  does  not  depend  upon  the 
gap  between  the  picture-elements  of  the  colour 
filters,  but  depends  upon  the  production  accuracy  of 
the  black  striped  film  and  the  patterning  accuracy  of 
the  black  striped  film,  so  that  the  line  width  of  the  30 
black  stripe  can  be  made  narrower  (that  is,  the  area 
of  each  of  the  picture  elements  can  be  made  larger), 
which  causes  an  increase  in  the  amount  of  trans- 
mitted  light,  namely  an  increase  in  the  brighness  of 
the  front  panel  resulting  in  a  high  quality  image;  and  35 
(3)  an  active-matrix  display  device  in  which  a  high 
accuracy  of  the  positional  adjustment  between  the 
substrate  at  the  thin-film  transistor  side  and  the 
substrate  at  the  colour  filter  side  is  not  required, 
resulting  in  an  improved  production  yield  of  the  40 
active-matrix  display  device. 

The  invention  is  described  further  hereinafter,  by 
way  of  example  only,  with  reference  to  the  accompa- 
nying  drawings,  in  which: 

Figure  1  is  a  side  sectional  view  showing  part  45 
of  an  active-matrix  display  device  of  this 
invention; 

Figure  2  is  a  bottom  view  showing  the 
positional  relationship  between  the  thin-film 
transistors  and  the  picture-element  transparent  50 
electrodes  of  an  active-matrix  display  device  in 
accordance  with  this  invention; 

Figure  3  is  a  side  sectional  view  showing  an 
active-matrix  display  device  of  this  invention; 

Figure  4  comprises  characteristic  curves  55 
showing  thr  relationship  between  the  gate 
voltage  and  the  drain  current  with  regard  to  an 
active-matrix  display  device  of  this  invention 
and  a  conventional  active-matrix  display  device; 

Figure  5  is  a  sectional  side  view  showing  a  60 
conventional  liquid-crystal  display  device; 

Figure  6  is  a  sectional  side  view  showing  a 
conventional  active-matrix  display  device  using 
a  liquid-crystal  display  device  ; 

Figure  7  comprises  characteristic  curves  65 

showing  the  relationship  between  the  gate 
voltage  and  the  drain  current  with  regard  to  the 
convention  active-matrix  display  device;  and 

Figure  8  is  a  plan  view  showing  part  of  a 
conventional  active-matrix  display  device. 

Example  1 
Figure  1  shows  a  part  of  an  active-matrix  display 

device  of  this  invention,  which  comprises  a  glass 
substrate  1  as  a  rear  display  panel,  thin-film 
transistors  7  disposed  on  the  glass  substrate  1,  and 
picture-element  transparent  electrodes  5  connected 
to  the  thin-film  transistors  7.  Each  of  the  thin-film 
transistors  7  comprises  a  gate  electrode  8,  a  gate 
insulating  layer  4,  an  a-Si  semiconductor  layer  9, 
phosphorus-doped  a-Si  layers  10  and  1  1  ,  and  source 
and  drain  electrodes  12  and  13.  The  thin-film 
transistor  7  is  constructed  with  a  reversed  stagger 
structure  in  which  the  gate  electrode  8  is  positioned 
on  the  substrate  side. 

As  shown  in  Figure  2,  the  thin-film  transistors  7 
and  the  picture-element  transparent  electrodes  5 
are  disposed  in  a  matrix  on  the  glass  substrate  1  .  A 
black  striped  film  55  sandwiched  between  a  pair  of 
insulating  films  2  and  3  is  disposed  between  the 
thin-film  transistor  7  and  the  glass  substrate  1  in 
such  a  manner  that  the  black  striped  film  55  covers 
the  entire  area  except  for  the  picture-element 
transparent  electrodes  5. 

The  black  striped  film  55  is  formed  by  patterning 
the  a-Si  semiconductor  film  6  such  that  the  a-Si 
semiconductor  film  6  is  disposed  around  the 
picuture-element  transparent  electrodes  5  along  the 
gate  and  source  bus  lines  33  and  44.  Thus,  only  the 
black  striped  film  55  and  the  picture-element 
transparent  electrodes  5  can  be  observed  from  the 
rear  panel  at  the  thin-filter  transistor  side  of  the 
active-matrix  display  device.  The  edge  portion  of  the 
black  striped  film  55  and  the  edge  portion  of  each  of 
the  picture-element  transparent  electrodes  5  over- 
lap  by  about  1-2p.m  so  as  to  attain  a  given  alignment 
accuracy  therebetween.  The  thickness  of  a-Si 
semiconductor  film  6  constituting  the  black  striped 
film  5  is  set  to  be  in  the  range  of  0.1p.m  to  1.0u.m, 
which  is  sufficiently  thinner  than  the  thickness  of 
each  thin-film  transistor  7.  By  the  black  striped  film 
55,  99%  of  the  amount  of  light  from  a  back  light 
placed  at  the  transistor  side  can  be  absorbed,  and 
accordingly  the  light  that  is  incident  upon  the  black 
striped  film  55  is  not  transmitted  to  the  colour  filter 
side  of  the  active-matrix  display  device. 

The  insulating  films  2  and  3  that  sandwich  the  a-Si 
semiconductor  layer  6  therebetween  function  as  an 
etching-stopping  film  when  the  a-Si  semiconductor 
film  6  is  patterned  into  a  desired  stripe  by  an  etching 
technique. 

The  insulating  films  2  and  3  are  made  of,  for 
example,  SiNx  and  Ta2O3,  respectively. 

Figure  3  shows  the  active-matrix  display  device 
having  the  above-mentioned  picture-element  trans- 
parent  electrodes  5  and  the  thin-film  transistors  7. 
This  active-matrix  display  device  comprises  a  pair  of 
glass  substrates  1  and  28,  a  pair  of  polarizing  plates 
21  and  22  disposed  on  the  outer  surfaces  of  the 
glass  substrate  1  and  28,  respectively,  a  plurality  of 
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the  same  manner  as  in  Example  1  ,  in  addition  to  such 
a  black  striped  film  disposed  between  the  thin-film 
transistor  and  the  insulating  substrate  having  the 
said  transistor  as  described  in  Examples  1-2, 
thereby  attaining  the  effect  of  more  efficiently 
shielding  light  from  the  back  light.  Both  black  striped 
films  are  constituted  by  sandwiching  an  a-Si  semi- 
conductor  film,  a  metal  film  or  a  black-coloured  resin 
film  between  insulating  films,  as  descried  in  Exam- 
ples  1-2. 

It  is  understood  that  various  other  modifications 
will  be  apprent  to  and  can  be  readily  made  by  those 
skilled  in  the  art  without  departing  from  the  scope  of 
this  invention  as  defined  by  the  appended  claims. 

thin-fiim  transistors  7,  disposed  on  the  glass 
substrate  1  each  of  which  is  connected  to  a 
picture-element  transparent  electrode  5,  a  liquid 
crystal-orientating  film  23  disposed  on  the  glass 
substrate  1  including  the  thin-film  transistors  7  and 
the  picture-element  transparent  electroes  5,  a 
plurality  of  colour  filters  27  disposed  on  the  glass 
substrate  28  a  counter  transparent  electrode  26 
disposed  on  the  glass  substrate  28  including  the 
colour  filters  27,  a  liquid  crystal-  orientating  film  25 
disposed  on  the  counter  transparent  electrode  26, 
and  a  liquid  crystal  24  disposed  between  the  liquid 
crystal-orientating  films  23  and  15.  A  back  light  is 
placed  behind  the  polarizing  plate  21  at  the  transis- 
tor  side.  The  display  device  is  irradiated  with  light  A 
from  the  back  light.  The  a-Si  semiconductor  film  6 
(Figure  1)  constituting  the  black  striped  film  55 
(Figure  2),  which  is  disposed  between  the  thin-film 
transistor  7  and  the  glass  substrate  1  in  the 
above-mentioned  manner,  shields  the  thin-film  tran- 
sistor  7  from  the  irradiation  with  light  from  the  back 
light. 

Figure  4  shows  the  current-voltage  characteristic 
curves  attained  by  the  thin-film  transistor  7,  wherein 
the  abscissa  indicates  the  gate  voltage  and  the 
ordinate  indicates  the  drain  current,  and  moreover, 
curve  a  shows  the  current-voltage  characteristics  at 
the  time  when  the  thin-film  transistor  is  not  irradiated 
with  light,  curve  b  shows  the  current-voltage 
characteristics  at  the  time  when  the  thin-film 
transistor  is  irradiated  with  light  from  the  back  light, 
and  curve  c  shows  the  current-voltage  characteris- 
tics  at  the  time  when  a  conventional  thin-film 
transistor  having  no  light-shielding  film  of  an  a-Si 
semiconductor  layer  is  irradiated  with  light  from  the 
back  light.  Figure  4  indicates  that  the  current-voltage 
characteristics  of  the  thin-film  transistor  of  this 
invention  shown  by  curve  b  are  the  same  as  those  of 
the  thin-film  transistor  shown  by  curve  a.  This  means 
that  the  transistor  characteristics  of  the  thin-film 
transistor  of  this  invention  in  the  irradiation  state  are 
the  same  as  those  of  the  thin-film  transistor  in  the 
non-irradiaition  state  and  that  even  when  the 
thin-film  transistor  of  this  invention  is  irradiated  with 
light  from  a  back  light,  the  resistance  thereof  in  the 
off-state  does  not  decrease.  The  ratio  of  the 
resistance  thereof  in  the  off-state  to  that  in  the 
on-state  is  105  ohms  or  more.  Therefore,  the 
irradiation  with  light  from  a  back  light  does  not  result 
in  undesirable  operation  of  the  thin-film  transistor  of 
the  active-matrix  display  device  of  this  invention. 

Example  2 
Instead  of  the  a-Si  semiconductor  film  6  (Figure  1) 

of  Example  1,  a  metal  film  having  a  thickness  of 
0.01-1.0p,m  or  a  black-coloured  resin  film  having  a 
thickness  of  0.05-2-Op.m  is  used  for  a  black  striped 
film  and  the  same  effects  as  those  described  in 
Example  1  can  be  attained. 

Example  3 
The  active-matrix  display  device  of  this  invention  is 

provided  with  a  black  striped  film  disposed  over  the 
upper  portion  including  the  source  and  drain 
electrodes  of  the  thin-film  transistor  of  Example  1  in 
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Claims 

1.  An  active-matrix  display  device  comprising 
an  insulating  substrate  (1)  as  a  display  panel  on 
which  a  plurality  of  thin-film  transistors  (7)  and  a 
plurality  of  picture-element  transparent  elec- 
trodes  (5)  are  disposed  in  a  matrix,  charac- 
terised  in  that  a  black  striped  film  (55)  is 
disposed  between  each  thin-film  transistor  (7) 
and  the  insulating  substrate  (1)  in  such  a 
manner  that  it  covers  the  entire  area  except  for 
the  picture-element  transparent  electrodes  (5). 

2.  An  active-matrix  display  device  according 
to  claim  1,  which  further  comprises  a  black 
striped  film  disposed  over  the  upper  portion, 
including  source  and  drain  electrodes,  of  said 
thin-film  transistor. 

3.  An  active-matrix  display  device  according 
to  claim  1  or  2,  wherein  said  black  striped  film  is 
made  of  an  amorphous  silicon  semiconductor 
film,  a  metal  film  or  a  black-coloured  resin  film. 

4.  An  active-matrix  display  device  according 
to  claim  1,  wherein  said  thin-film  transistor  is 
constructed  with  a  reversed  stagger  structure. 
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