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©  Semiconductor  device  which  can  be  applied  to  liquid  crystal  display  apparatus  and  method  of 
manufacturing  such  a  semiconductor  device. 

©  In  a  semiconductor  device  in  which  a  passive 
element  and  an  active  element  are  formed  on  a 
substrate  in  which  a  thin  film  semiconductor 
layer  (34)  is  formed  on  an  insulating  layer  (32)  or 
an  insulating  substrate  (31),  the  device  has  a 
concave  portion  in  at  least  a  part  of  a  portion 
below  a  wiring  (35)  connecting  the  passive 
element  or  the  active  element. 
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  a  semiconductor 
device  in  which  a  passive  element  and  an  active  ele- 
ment  are  provided  on  a  semiconductor  layer  formed 
on  an  insulating  layer  or  an  insulating  substrate.  The 
invention  also  relates  to  a  liquid  crystal  display  appa- 
ratus  in  which  a  liquid  crystal  layer  is  sandwiched  be- 
tween  a  substrate  on  which  the  semiconductor  device 
is  formed  and  a  transparent  substrate. 

Related  Background  Art 

A  semiconductor  device  in  which  a  semiconduc- 
tor  layer  is  formed  on  an  insulating  layer  or  an  insu- 
lating  substrate  and  a  passive  element  and  an  active 
element  are  formed  on  the  surface  of  the  semicon- 
ductor  layer  is  generally  called  an  SOI  (Silicon  on  In- 
sulate)  device  and  an  attention  is  largely  paid  to  such 
an  SOI  device  because  a  high  speed  semiconductor 
device  of  a  high  integration  degree  can  be  realized  by 
the  following  two  reasons. 

(1)  In  a  transistor  with  an  SOI  structure,  the  cir- 
cuit  can  be  easily  made  fine,  a  current  driving 
ability  is  high,  and  the  transistor  is  excellent  in  the 
high  speed  operation. 
(2)  A  wiring  is  provided  on  the  insulating  sub- 
strate,  a  capacity  is  lighter  than  the  conventional 
one,  and  a  high  speed  and  a  high  integration  de- 
gree  can  be  realized. 
To  realize  the  high  speed  and  high  integration  de- 

gree,  a  multi-layer  wiring  is  indispensable  as  shown 
in  Fig.  11  as  a  cross  sectional  view  of  a  conventional 
semiconductor  device.  However,  as  shown  by  refer- 
ence  numeral  108,  a  height  difference  of  the  wiring 
portion  is  large  and  the  snapping  of  a  wire  in  the 
height  different  portion  and  the  defective  patterning 
of  the  wiring  layer  become  problems.  To  solve  those 
problems,  a  smoothing  process  is  required  after  a  wir- 
ing  step.  In  Fig.  11,  reference  numeral  101  denotes  an 
Si  substrate;  102  an  insulating  layer  (Si02);  103  a 
field  oxide  layer;  104  a  poly  silicon  (Si)  wiring;  105  an 
inter-layer  insulating  layer;  106  an  Af  wiring;  and  107 
an  insulating  layer. 

When  the  smoothing  process  is  executed,  the  fol- 
lowing  problems  occur. 

(1)  Since  a  new  step  is  added,  the  costs  rise. 
(2)  Since  a  smoothed  layer  is  provided,  a  distance 
between  the  wirings  (in  the  thickness  direction) 
(the  ith  wiring  and  the  (i+1)th  wiring  (i  =  1,  2,  ...)) 
increases.  A  contact  region  between  the  lower 
wiring  and  the  upperwiring  increases.  Achip  size 
increases. 
Further,  the  liquid  crystal  display  apparatus  has 

the  following  problems. 
Fig.  12  shows  a  plan  view  of  an  array  substrate 

of  the  conventional  liquid  crystal  display  apparatus. 
Figs.  13A  to  13D  show  cross  sectional  views  of  Fig. 
12.  Fig.  13Ais  a  cross  sectional  view  taken  along  the 
line  A-A  in  Fig.  12.  Fig.  13B  is  a  cross  sectional  view 

5  taken  along  the  line  B-B'  in  Fig.  12.  Fig.  13Cisacross 
sectional  view  taken  along  the  line  C-C  in  Fig.  12. 
Fig.  13D  is  a  cross  sectional  view  taken  along  the  line 
D-D'  in  Fig.  12.  In  Figs.  12  and  13Ato  13D,  reference 
numeral  111  denotes  a  data  line;  112  an  address  line; 

10  113  a  pixel  electrode;  114  a  semiconductor  layer;  117 
an  insulating  layer;  and  120  a  substrate. 

Hitherto,  the  surface  of  the  array  substrate  has 
a  structure  of  a  large  height  difference  (0.5  to  1  .0 
usee)  as  shown  in  Figs.  13Ato  13C.  Particularly,  an 

15  intersection  point  between  the  data  line  111  and  the 
address  line  11  2  shown  in  Fig.  13D  indicates  a  portion 
which  is  most  projected  in  the  pixel.  Therefore,  at  the 
time  of  rubbing,  an  orientation  disturbance  occurs  at 
a  position  near  the  projecting  portion,  a  white  blank 

20  region  in  which  a  transmittance  is  not  changed  by  the 
applied  voltage  occurs,  and  the  contrast  is  deteriorat- 
ed. 

To  solve  the  above  problems,  a  method  of  light 
shielding  the  white  blank  region  is  considered.  How- 

25  ever,  according  to  this  method,  the  brightness  is  re- 
duced  by  only  the  amount  of  light  shield,  so  that  it  is 
unpreferable.  Therefore,  any  effective  means  for 
solving  the  above  problems  is  not  used.  It  is  a  present 
situation  thatf  ilm  thicknesses  of  the  data  line  111  and 

30  address  line  112  are  made  thin  and  the  height  differ- 
ence  is  set  to  a  value  within  an  error  range  and  an  ori- 
entation  variation  which  occurs  by  the  height  differ- 
ence  is  substantially  ignored. 

It  is  a  concern  of  the  invention  to  provide  a  sem- 
35  iconductor  device  and  a  liquid  crystal  display  appara- 

tus  which  can  solve  the  problems  as  mentioned 
above. 

Another  concern  of  the  invention  is  to  provide  a 
semiconductor  device  having  a  flat  surface  which  is 

40  accompanied  with  none  of  the  enlargement  of  the 
chip  size,  increase  in  costs,  disconnection  of  wires, 
and  defective  wiring  pattern. 

Still  another  concern  of  the  invention  is  to  provide 
a  semiconductor  device  in  which  a  passive  element 

45  and  an  active  element  are  formed  on  a  substrate  in 
which  a  thin  film  semiconductor  layer  is  formed  on  an 
insulating  layer  or  an  insulating  substrate,  wherein 
the  device  part  ially  has  at  least  a  concave  port  ion  be- 
low  a  wiring  connect  ing  the  passive  element  or  the  ac- 

50  tive  element. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  cross  sectional  view  showing  a  semi- 
55  conductor  device  of  the  first  embodiment  of  the 

invention; 
Figs.  2Ato  2C  are  diagrams  showing  a  method  of 
manufacturing  the  semiconductor  device  of  Fig. 
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1; 
Fig.  3  is  a  cross  sectional  view  showing  a  semi- 
conductor  device  according  to  the  second  em- 
bodiment  of  the  invention; 
Fig.  4  is  a  cross  sectional  view  showing  a  semi- 
conductor  device  of  the  third  embodiment  of  the 
invention; 
Fig.  5  is  a  plan  view  showing  an  array  substrate 
of  a  liquid  crystal  display  apparatus  of  the  fourth 
embodiment  of  the  invention; 
Figs.  6A  to  6C  are  cross  sectional  views  of  Fig.  5; 
Fig.  7  is  a  plan  view  showing  an  array  substrate 
of  a  liquid  crystal  display  apparatus  of  the  fifth 
embodiment  of  the  invention; 
Figs.  8A  to  8C  are  cross  sectional  views  of  Fig.  7; 
Fig.  9  is  a  plan  view  showing  an  array  substrate 
of  a  liquid  crystal  display  apparatus  of  the  sixth 
embodiment  of  the  invention; 
Figs.  10A  and  10B  are  cross  sectional  views  of 
Fig.  9; 
Fig.  11  is  a  cross  sectional  view  showing  a  con- 
ventional  semiconductor  device; 
Fig.  1  2  is  a  plan  view  showing  an  array  substrate 
of  a  conventional  liquid  crystal  display  apparatus; 
and 
Figs.  13Ato  1  3D  are  cross  sectional  views  of  Fig. 
12. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

According  to  an  embodiment,  in  a  semiconductor 
device  in  which  a  passive  element  and  an  active  ele- 
ment  are  formed  on  a  substrate  in  which  a  thin  film 
semiconductor  layer  is  formed  on  an  insulating  layer 
oran  insulating  substrate,  by  forming  at  least  a  partial 
concave  portion  under  a  wiring  connecting  the  pas- 
sive  element  or  active  element,  the  surface  is  flat- 
tened  and  the  above  problems  are  solved. 

According  to  the  embodiment,  there  is  provided 
a  liquid  crystal  display  apparatus  which  is  construct- 
ed  by  sandwiching  a  liquid  crystal  layer  between  an 
array  substrate  in  which  a  plurality  of  pixel  electrodes 
each  having  a  switch  element  and  a  capacitor  element 
are  arranged  at  intersection  positions  of  a  first  ad- 
dress  line  and  a  data  line  in  a  matrix  form  and  a  trans- 
parent  opposite  substrate  on  which  a  transparent 
electrode  is  formed,  wherein  the  apparatus  is  charac- 
terized  by  having  a  concave  portion  in  at  least  a  part 
of  the  portion  under  wiring  of  at  least  one  of  the  ad- 
dress  line  and  the  data  line. 

The  embodiment  also  provides  a  method  of  man- 
ufacturing  a  liquid  crystal  display  apparatus. 

According  to  an  embodiment,  there  is  provided  a 
method  of  manufacturing  a  liquid  crystal  display  ap- 
paratus  which  is  constructed  by  sandwiching  a  liquid 
crystal  layer  between  an  array  substrate  in  which  a 
plurality  of  pixel  electrodes  each  having  a  switch  ele- 

ment  and  a  capacitor  element  are  arranged  at  inter- 
section  positions  of  a  first  address  line  and  a  data  line 
in  a  matrix  form  and  a  transparent  opposite  substrate 
on  which  a  transparent  electrode  is  formed,  wherein 

5  the  method  is  characterized  by  forming  a  concave 
portion  in  at  least  a  part  of  the  portion  under  a  wiring 
of  at  least  one  of  the  address  line  and  the  data  line. 

According  to  the  invention,  a  semiconductor  de- 
vice  of  a  flat  surface  can  be  obtained  without  per- 

10  forming  any  special  flattening  process  and  it  is  pos- 
sible  to  prevent  the  enlargement  of  the  chip  size,  in- 
crease  in  costs,  disconnection  of  wires,  and  defective 
wiring  pattern. 

Further,  by  using  the  array  substrate  on  which 
15  the  semiconductor  device  is  formed,  it  is  possible  to 

realize  a  liquid  crystal  display  apparatus  in  which  an 
orientation  variation  upon  rubbing  is  reduced,  so  that 
a  white  blank  of  a  pixel  portion  is  small,  and  a  high 
contrast  ratio  is  obtained. 

20 
(Embodiment  1) 

Fig.  1  shows  the  first  embodiment  of  the  inven- 
tion.  Figs.  2Ato  2C  show  a  method  of  manufacturing 

25  of  an  apparatus  of  Fig.  1.  In  Figs.  1  and  2Ato2C,  ref- 
erence  numeral  1  denotes  a  semiconductor  substrate 
such  as  Si,  GaAs,  or  the  like  or  an  insulating  sub- 
strate  such  as  glass,  sapphire,  or  the  like;  2  an  insu- 
lating  layer  of,  for  example,  Si02,  SiN,  oran  SiON  lay- 

30  er  as  a  compound  thereof,  or  the  like;  3  a  first  insu- 
lating  layer;  7  a  second  insulating  layer;  4  a  third  in- 
sulating  layer;  5  a  fourth  insulating  layer;  and  6  a  wir- 
ing  layer.  A  semiconductor  layer  exists  on  another 
cross  sectional  surface. 

35  In  the  embodiment,  the  third  insulating  layer  4  is 
etched,  thereby  forming  a  concave  portion.  The  sec- 
ond  insulating  layer  7  and  the  third  insulating  layer  4 
are  made  by  different  materials,  thereby  allowing  the 
second  insulating  layer  7  to  function  as  a  stopper 

40  upon  etching  of  the  third  insulating  Iayer4.  Specifical- 
ly  speaking,  it  is  sufficient  to  use  a  film  of  the  Si02 
system  as  a  material  of  the  third  insulating  layer  4  and 
to  use  a  film  of  the  SiN  system  as  a  material  of  the 
second  insulating  layer  7.  It  is  sufficient  to  use  the  HF 

45  system  as  an  etchant.  It  will  be  obviously  understood 
that  the  etching  method  is  not  limited  to  the  wet  etch- 
ing  but  a  dry  etching  can  be  also  performed. 

The  relation  between  a  width  Y  of  concave  por- 
tion  and  a  width  X  of  wiring  will  now  be  described.  As 

so  shown  in  Figs.  2B  and  2C,  the  values  of  X  and  Y  are 
set  so  as  to  satisfy  the  following  relation. 

Y>X 
A  gap  x  between  the  concave  portion  and  the  wiring 
portion  6  is  determined  by  a  film  forming  condition  of 

55  the  fourth  insulating  layer  5  after  completion  of  the 
wiring  step  and  a  percision  of  the  gap  x.  By  forming 
a  film  onto  the  height  different  portion  by  a  CVD,  a 
shape  which  extends  in  the  lateral  direction  is  ob- 

3 
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tained.  By  deciding  the  gap  amount  x  to  a  value  that 
is  about  two  times  as  large  as  the  extent  in  the  lateral 
direction,  the  almost  flat  insulating  layer  5  can  be 
formed  on  the  wiring  as  shown  at  reference  numeral 
9  in  Fig.  1  .  By  setting  the  value  of  x  to  (x  +  Ax)  in  con- 
sideration  of  a  variation  amount  Ax  of  x  also,  a  flat  lay- 
er  can  be  stably  formed.  By  the  method  shown  in  the 
embodiment,  the  flat  layer  can  be  easily  realized. 

(Embodiment  2) 

The  second  embodiment  of  the  invention  will  now 
be  described  with  reference  to  Fig.  3.  In  Fig.  3,  refer- 
ence  numeral  21  denotes  a  substrate.  For  example, 
a  semiconductor  substrate  made  of  Si,  GaAs,  or  the 
like  or  an  insulating  substrate  made  by  glass,  sap- 
phire,  or  the  like  is  used  as  a  substrate  21.  Reference 
numeral  22  denotes  an  insulating  layer  formed  on  the 
substrate  21.  For  example,  Si02,  SiN,  oran  SiON  film 
as  a  compound  thereof,  or  the  like  is  used  as  an  in- 
sulating  layer  22.  Reference  numeral  23  denotes  a 
field  oxide  film;  24  a  semiconductor  layer  made  of  Si 
or  the  like;  25  a  wiring;  and  26  an  inter-layer  insulating 
layer.  Although  not  shown,  a  wiring  layer  of  multi-lay- 
ers  can  be  also  formed  on  the  upper  layer  of  the  inter- 
layer  insulating  layer  26. 

In  the  embodiment,  a  concave  portion  is  formed 
by  using  the  semiconductor  layer  24.  The  concave 
portion  can  be  formed  by  a  selective  oxidation  proc- 
ess  or  the  like  such  that  a  part  of  the  semiconductor 
layer  24  is  covered  by,  for  example,  an  SiN  film  or  the 
like  and  a  region  which  is  not  covered  is  selectively 
oxidized  by  a  heat  and  the  field  oxide  film  23  is 
formed.  As  shown  in  Fig.  3,  since  the  wiring  25  is 
formed  over  the  semiconductor  layer  24  as  an  active 
region,  the  upper  portion  of  the  wiring  layer  25  is  not 
projected  and  a  flat  surface  can  be  realized  by  the  in- 
ter-layer  insulating  layer  26.  By  floating  the  potential 
of  the  semiconductor  layer  24,  a  parasitic  capaci- 
tance  is  not  caused  between  the  wiring  layer  25  and 
the  semiconductor  layer  24,  and  a  wiring  of  a  low  ca- 
pacitance  can  be  realized. 

(Embodiment  3) 

The  third  embodiment  of  the  invention  will  now  be 
described  with  reference  to  Fig.  4.  In  a  manner  similar 
to  the  second  embodiment,  reference  numeral  31  de- 
notes  a  substrate;  32  an  insulating  layer;  33  a  field  ox- 
ide  film;  34  a  semiconductor  layer;  35  a  wiring;  36  an 
inter-layer  insulating  layer  or  upper  portion  insulating 
layer;  and  37  a  contact  between  the  semiconductor 
layer  34  and  the  wiring  35. 

In  the  embodiment,  a  concave  portion  is  formed 
by  using  the  semiconductor  layer  34  in  a  manner  sim- 
ilar  to  the  second  embodiment.  It  is  a  feature  of  the 
third  embodiment  that  a  part  of  the  upper  wiring  35  is 
come  into  contact  with  the  lower  semiconductor  layer 

34  and  that  the  lower  semiconductor  layer  34  is  also 
used  as  a  wiring.  With  such  a  construction,  there  are 
effects  such  that  not  only  the  upper  surface  is  flat- 
tened  but  also  the  wiring  resistance  is  reduced  and  a 

5  redundancy  of  the  wiring  35  also  increases  and  a  yield 
rises.  In  case  of  cross  wiring  by  using  the  same  wiring 
material  with  the  above  structure,  although  a  poly  Si 
wiring  is  generally  used,  by  using  the  method  of  the 
embodiment,  it  is  possible  to  jump  by  a  mono- 

10  crystalline  layer  and  a  flat  cross  wiring  can  be  per- 
formed  with  a  low  resistance  without  increasing  the 
wiring  layer  than  the  ordinary  one. 

It  will  be  obviously  understood  that  in  order  to  re- 
alize  an  enough  contact  37  with  the  upper  wiring  35, 

15  a  desired  impurity  has  been  doped  into  the  lower 
semiconductor  layer  34. 

Wirings  in  which  the  wiring  25  on  a  floating  region 
semiconductor  layer  in  the  second  embodiment  and 
the  wiring  35  which  is  in  contact  with  the  lower  semi- 

20  conductor  layer  34  of  the  third  embodiment  mixedly 
exist  are  also  effective.  In  this  case,  it  is  sufficient  that 
the  semiconductor  layers  are  separated  by  an  insu- 
lating  layer. 

25  (Embodiment  4) 

Fig.  5  is  a  plan  view  of  an  array  substrate  of  a  liq- 
uid  crystal  display  apparatus  of  the  fourth  embodi- 
ment.  Figs.  6Ato  6C  are  cross  sectional  views  of  Fig. 

30  5.  Fig.  6Ais  a  cross  sectional  view  taken  along  the  line 
A-A  in  Fig.  5,  Fig.  6B  is  a  cross  sectional  view  taken 
along  the  line  B-B',  and  Fig.  6C  is  a  cross  sectional 
viewtaken  along  the  lineC-C  In  Figs.  5  and  6Ato6C, 
reference  numeral  41  denotes  a  data  line;  42  an  ad- 

35  dress  line;  43  a  pixel  electrode;  44  an  active  layer;  46 
a  field  oxide  film;  47  a  transparent  substrate;  and  48 
an  electrode  for  connecting  a  drain  of  a  TFT  and  the 
pixel  electrode  43. 

In  the  embodiment,  the  active  layer  44  is  used 
40  and  a  concave  portion  is  provided  below  the  data  line 

41.  As  will  be  obviously  understood  from  Fig.  6B,  in 
case  of  the  conventional  method,  since  the  data  line 
41  is  located  at  the  highest  position  in  the  above  cross 
sectional  structure,  a  fairly  large  margin  until  the  flat 

45  region  is  needed  and  an  effective  opening  ratio  de- 
creases.  However,  as  shown  at  reference  numeral  49, 
the  upper  portion  of  the  wiring  layer  of  the  data  line 
41  is  flattened  and  the  margin  can  be  fairly  narrowed 
than  that  of  the  conventional  method.  Due  to  this,  it 

so  will  be  understood  that  not  only  the  effective  opening 
ratio  increases  and  the  bright  display  can  be  realized 
but  also  the  power  of  the  illuminating  system  can  be 
suppressed  and  a  burning  phenomenon  of  the  liquid 
crystal  display  due  to  an  increase  in  temperature  is 

55  suppressed. 
In  the  embodiment,  although  the  data  line  41  over 

the  active  layer  44  is  separated  by  the  insulating  lay- 
er,  as  shown  in  the  third  embodiment,  it  will  be  also 

4 
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obviously  understood  that  it  is  also  effective  to  use 
means  such  that  the  data  line  is  come  into  contact 
with  the  lower  semiconductor  layer  and  a  redundancy 
of  the  wiring  increases  and  the  resistance  is  reduced. 

(Embodiment  5) 

The  fifth  embodiment  will  now  be  described  with 
reference  to  Figs.  7  and  8A  to  8C.  Figs.  8A  to  8C  are 
cross  sectional  views  of  Fig.  7.  Fig.  8A  is  a  cross  sec- 
tional  view  taken  along  the  line  A-A  in  Fig.  7,  Fig.  8B 
is  a  cross  sectional  view  taken  along  the  line  B-B',  and 
Fig.  8C  is  a  cross  sectional  view  taken  along  the  line 
C-C.  In  Figs.  7  and  8Ato  8C,  reference  numeral  51 
denotes  an  active  layer  and  portions  similar  to  those 
in  the  fourth  embodiment  are  designated  by  the  same 
reference  numerals  and  their  descriptions  are  omitted 
here. 

In  the  embodiment,  the  active  layers  44  and  51 
are  used  and  concave  portions  are  formed  under  the 
data  line  41  and  address  line  42.  As  will  be  under- 
stood  from  Figs.  7  and  8Ato  8C,  the  embodiment  has 
the  following  features. 

(1)  The  address  line  42  is  also  buried  into  the  con- 
cave  portion  on  the  active  layer  51  and  the  upper 
surface  is  further  flattened  than  that  near  the  ad- 
dress  line  42. 

In  the  example  shown  in  Fig.  7,  the  active 
layers  are  used  as  concave  portions  and  those 
active  layers  44,  51,  and  the  like  are  mutually 
electrically  isolated  by  the  insulating  layers. 
(2)  The  wiring  layers  (data  line  41,  address  line 
42,  and  the  like)  are  provided  forthe  active  layers 
41  and  51  directly  or  through  the  thin  insulating 
layer  and  a  further  flatness  is  accomplished.  In 
this  instance,  a  device  in  which  the  wiring  which 
is  in  contact  with  the  lower  semiconductor  layer 
and  the  floating  lower  semiconductor  layer  mix- 
edly  exist  in  a  manner  similar  to  the  first  and  third 
embodiments  is  also  effective. 

(Embodiment  6) 

The  sixth  embodiment  will  now  be  described  with 
reference  to  Figs.  9,  1  0A  and  10B.  Figs.  1  0A  and  10B 
are  cross  sectional  views  of  Fig.  9.  Fig.  1  0A  is  a  cross 
sectional  view  taken  along  the  line  D-D'  in  Fig.  9  and 
Fig.  1  0B  is  a  cross  sectional  view  taken  along  the  line 
E-E'.  In  Figs.  9,  10Aand  10B  reference  numeral  61 
denotes  a  concave  portion  of  the  region  in  which  the 
data  line  41  and  the  address  line  42  intersect.  The 
other  portions  similar  to  those  in  the  fourth  and  fifth 
embodiments  are  designated  by  the  same  reference 
numerals  and  their  descriptions  are  omitted. 

It  is  a  feature  of  the  embodiment  that  a  region  of 
a  different  depth  of  the  concave  portion  is  formed  at 
least  two  locations,  thereby  further  flattening.  Refer- 
ence  numeral  61  denotes  a  depth  of  concave  portion 

of  the  region  in  which  the  data  line  41  and  the  address 
line  42  intersect  is  larger  than  the  depths  of  the  con- 
cave  portions  44  and  51  .  Hitherto,  when  the  data  line 
41  and  the  address  line  42  intersect,  such  an  inter- 

5  section  portion  is  most  highest  and  orientation  char- 
acteristics  of  the  liquid  crystal  are  disordered.  How- 
ever,  by  using  the  structure  of  the  method  of  the  em- 
bodiment,  an  almost  flat  structure  can  be  realized. 

As  a  method  of  forming  the  concave  portions  of 
10  different  depths,  there  is  a  method  whereby  an  active 

layer  region  is  used  as  a  shallow  concave  portion  and 
the  semiconductor  layer  is  etched  as  a  deep  concave 
portion  and  the  lower  insulating  substrate  exposing 
region  is  used.  It  will  be  obviously  understood  that  the 

15  invention  is  not  limited  to  such  a  method  but  a  method 
of  changing  the  depth  by  performing  the  etching  proc- 
ess  a  plurality  of  number  of  times  can  be  also  used 
and  that  by  partially  arranging  the  etching  stop  lay- 
ers,  the  concave  portions  of  different  depths  can  be 

20  formed. 
As  described  above,  according  to  the  invention, 

a  semiconductor  device  of  the  flat  surface  can  be  ob- 
tained  without  performing  any  special  flattening  proc- 
ess  and  it  is  possible  to  prevent  the  enlargement  of 

25  the  chip  size,  increase  in  costs,  disconnection,  and 
defective  wiring  pattern. 

Further,  by  using  the  array  substrate  on  which 
the  semiconductor  device  is  formed,  it  is  possible  to 
realized  liquid  crystal  display  apparatus  in  which  the 

30  orientation  variation  upon  rubbing  decreases,  so  that 
a  white  blank  degree  of  the  pixel  portion  is  small  and 
a  high  contrast  ratio  is  obtained. 

35  Claims 

1.  A  semiconductor  device  in  which  a  passive  ele- 
ment  and  an  active  element  are  formed  on  a  sub- 
strate  in  which  a  thin  film  semiconductor  layer  is 

40  formed  on  an  insulating  layer  or  an  insulating 
substrate, 

wherein  said  device  has  a  concave  portion 
in  at  least  a  part  of  a  portion  below  a  wiring  con- 
necting  said  passive  element  or  said  active  ele- 

45  ment. 

2.  A  device  according  to  claim  1,  wherein  a  semi- 
conductor  layer  is  formed  in  said  concave  por- 
tion. 

50 
3.  A  device  according  to  claim  2,  wherein  a  region 

in  which  a  potential  of  the  semiconductor  layer  is 
in  a  floating  state  is  provided  in  at  least  a  part  of 
a  portion  directly  under  the  wiring. 

55 
4.  A  device  according  to  claim  2,  wherein  said  sem- 

iconductor  layer  and  said  wiring  are  partially  con- 
nected. 

5 
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5.  A  device  according  to  claim  1,  wherein  a  width  of 
said  concave  portion  is  wider  than  the  width  of 
wiring  formed  over  the  concave  portion. 

6.  A  device  according  to  claim  1  ,  wherein  at  least  a 
part  of  the  thickness  of  wiring  and  the  height  dif- 
ferent  thickness  of  the  concave  portion  are  al- 
most  equal. 

7.  A  liquid  crystal  display  apparatus  which  is  con- 
structed  by  sandwiching  a  liquid  crystal  layer  be- 
tween  an  array  substrate  in  which  a  plurality  of 
pixel  electrodes  each  having  a  switch  element 
and  a  capacitor  element  are  arranged  at  intersec- 
tion  positions  of  a  first  address  line  and  a  data 
line  in  a  matrix  form  and  a  transparent  opposite 
substrate  on  which  a  transparent  electrode  is 
formed, 

wherein  the  apparatus  has  a  concave  por- 
tion  in  at  least  a  part  of  a  portion  below  a  wiring 
of  at  least  one  of  said  address  line  and  said  data 
line. 

8.  An  apparatus  according  to  claim  7,  wherein  said 
concave  portion  is  formed  in  at  least  a  part  of  a 
portion  below  the  wiring  of  the  intersection  of 
said  address  line  and  the  data  line. 

9.  An  apparatus  according  to  claim  7,  wherein  said 
concave  portion  is  formed  by  a  selective  oxida- 
tion  method  of  a  semiconductor  layer. 

10.  An  apparatus  according  to  claim  7,  wherein  said 
concave  portion  is  formed  by  etching. 

11.  A  method  of  manufacturing  a  liquid  crystal  dis- 
play  apparatus  which  is  constructed  by  sand- 
wiching  a  liquid  crystal  layer  between  an  array 
substrate  in  which  a  plurality  of  pixel  electrodes 
each  having  a  switch  element  and  a  capacitor  ele- 
ment  are  arranged  at  intersection  positions  of  a 
first  address  line  and  a  data  line  in  a  matrix  form 
and  a  transparent  opposite  substrate  on  which  a 
transparent  electrode  is  formed, 

wherein  a  concave  portion  is  formed  in  at 
least  a  part  of  a  portion  below  a  wiring  of  at  least 
one  of  said  address  line  and  said  data  line. 

12.  A  method  according  to  claim  11,  wherein  said 
concave  portion  is  formed  in  at  least  a  part  of  a 
portion  below  the  wiring  of  the  intersection  of 
said  address  line  and  said  data  line. 

13.  A  method  according  to  claim  11,  wherein  said 
concave  portion  is  formed  by  a  selective  oxida- 
tion  method  of  a  semiconductor  layer. 

14.  A  method  according  to  claim  11,  wherein  said 

concave  portion  is  formed  by  etching. 

15.  A  method  according  to  claim  11,  wherein  a  height 
different  thickness  by  said  concave  portion  is  al- 

5  most  equal  to  at  least  a  part  of  thickness  of  said 
address  line  or  said  data  line. 
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