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(57) ABSTRACT

In a semi-transmission liquid crystal display device, two
resist masks are required to form a reflective electrode and a
transparent electrode; therefore, cost is high. A transparent
electrode and a reflective electrode which function as a pixel
electrode are stacked. A resist pattern which includes a region
having a thick film thickness and a region having a thinner
film thickness than the aforementioned region is formed over
the reflective electrode by using a light exposure mask which
includes a semi-transmission portion. The reflective electrode
and the transparent electrode are formed by using the resist
pattern. Therefore, the reflective electrode and the transparent
electrode can be formed by using one resist mask.

(2006.01)

50000




Patent Application Publication

May 15,2014 Sheet 1 of 52

US 2014/0132872 Al

FIG. 1A
,/ 101a - 101b
N t1 g 2
}8% guu 1NN TR RN MR —




Patent Application Publication = May 15,2014 Sheet 2 of 52 US 2014/0132872 Al

FIG. 2C b




Patent Application Publication

FIG. 3A

101a

101b

i

. 101c

101a

L1

L

| IRIRINN

Z I

~

-
- ——

--‘h_-_’ :&\V/

May 15,2014 Sheet 3 of 52

Ly
X
i
o

US 2014/0132872 Al




Patent Application Publication = May 15,2014 Sheet 4 of 52 US 2014/0132872 Al




Patent Application Publication = May 15,2014 Sheet 5 of 52 US 2014/0132872 Al

§106a
NNy
107b{

ANANNRNNRNNS




Patent Application Publication

501

501

E?]

FIG. 6

May 15,2014 Sheet 6 of 52

106a
N

§51a

07

P )

b

LN

L |

403

401

US 2014/0132872 Al



US 2014/0132872 Al

May 15,2014 Sheet 7 of 52

Patent Application Publication

L0~

BYOLa o~

-~
-
- -

e o

g
i
|
|

\
1
'
1
]
!

- 7#.._
e L
i
{
- - —,-f_,...
e e b
T
——weef

BT L
S I

T v v r
[y} i 1 H Y
< = . i 1 (
> o L AL I N R

qioL BLOL 910L NSM ﬂomm NSM m m w m
°L0L ®BLOL qyQz

A

Y
1

e Sl
_/m \./W N m

2LOL qL0L Lo qLlL

VL 'Old



US 2014/0132872 Al

May 15,2014 Sheet 8 of 52

Patent Application Publication

<t
(=]
~
-

\
f
t
\
!
!

-—— -

-

£0L

il o
PR N
PN G

l
§
g

SR - N
SNERE S
-

v T

! ' H

- o o) N ! { T
e ) i 1

e ~ ~ ' - ~ ~ ! |

]
°10L ql0L ®LOL qLOL ®'LOL n:omm mvwm m w w m w w w

BLOL 9l0L ®BLOL 910L

°10L ®10L qiQL
V8 DId




Patent Application Publication = May 15,2014 Sheet 9 of 52 US 2014/0132872 Al

906
_—_-907
et
e

s
J

91&1
GG

KRG
921
/
)

AN
AN
ﬁﬁ% g N
=) . \\ } ]
\\ N o
NN -1 -
ST N e TN
NN - N
2 %\\\\\i\\ 5 \
% S ERE N
\ \\\\\\ Tt “
NN - "
\ \\\\\ ¢ n
e VRN | (T G N8
s \i‘ \\\\\\\ » L L\
S I I
N 72 N &
5 TR N\
"7 100
N

FIG. 9



Patent Application Publication = May 15,2014 Sheet 10 of 52  US 2014/0132872 Al

_—~_-910
—~_.~906
907
%04

TN

R e et
921
/

/
N

K

K\

NN
)
7/
7

1013

7
7
920

1001a

903

i I/i
M

%

908

I W
7/
.

915
SN
e

FIG. 10
1001



Patent Application Publication = May 15,2014 Sheet 11 of 52  US 2014/0132872 Al

911
\i\\ N
910
1101
906
904

RPN
9

A ol
. 9
4

/
X

912

AR

907a

A\
7
177

\\

o

2

7

é’l’[/[
22277

4%2%%

7

908

6
LR G T

K

FIG. 11



US 2014/0132872 Al

May 15,2014 Sheet 12 of 52

Patent Application Publication

106
m L16 9/ 06 §06 100l ®100! 806
A &&xy\ \m\ g
206~ % 7
/ A i

ELSIIIILS \K\\\\\&\\\\\\\\\\\\\\\\x@w\“

=

L6 viilL 41 916 Gie




US 2014/0132872 Al

May 15,2014 Sheet 13 of 52

Patent Application Publication

120 Rt

YRRy
-y ﬁ‘\a\\ \

N :
N / N

SN
SAN

. \\W\\\\\\\\JV\\\\\\\\\\\\WW\\\\\
\\ 2 .
M

lllllllllllllll

" o0 B /ﬁ//A‘ [
t
! P
\ 1 ) ]
' [
s [
!
i l-
'

°L06 0106 .08 m m 506 €l Old




Patent Application Publication

1501

907d

907d

907d

907d

§

Lo T N AU R A
—————

1007a 1301
05 §

FIG. 14

May 15,2014 Sheet 14 of 52

906

b ——————

fm et m = -
———— e m——

904
ravd
ZZ 902

—

[o2]

903

US 2014/0132872 Al



Patent Application Publication = May 15,2014 Sheet 150f52  US 2014/0132872 Al

904
S

i
©
S
l\
~
=
o
8\;~E

903

908

FIG. 15



Patent Application Publication = May 15,2014 Sheet 16 of 52  US 2014/0132872 Al

\\i
® \J\S
]
g &
&
o
b2 -
S~
- &
| U =
] o
. —

1601
N ‘\\\‘ f NN
Y /W
| )
7%
1516a

'
7 : m
e}
1 —
Ly -
YA f : Y ~—
] | N @
g - = «©w
o a0 N~
©o [ wn
— —

\\\\

7 T

ST S e
AN

903

K ,"
/ 0/
908



Patent Application Publication = May 15,2014 Sheet 17 of 52  US 2014/0132872 Al

907
1717

«w
8\f\
3 <
\X“.e
w0
8\\J\E?
F = S~

1708

Y\ _ W
1703 1709

FIG. 17



Patent Application Publication = May 15,2014 Sheet 18 of 52  US 2014/0132872 Al

914a
AN
_—_-910
_—_-907
~_-904
902

O T o
921

912
NS
NPT %
il 11

_—)
4
4
906b 917 5

914a

TS

C ¢

7
/72%}
S

-

/
%
7
Zk/
N
L B

st

AP
W
i
i

NN
920

NS
e

903

o
/)
/!

.
AN

I,

R%
N

908

DI 250
/ //
0
)
N
0,

FIG. 18



Patent Application Publication = May 15,2014 Sheet 19 of 52  US 2014/0132872 Al

2 902

01

N
_—_-907d

911

1014

W Y

//////f//////ﬁg/ o
7 //“\/
N/

L
=

7
7000

/

NN

{
906b

K

<

921

/

:
1L
9

g

/

)

7

/
77

905b

NN
//
7/
920

-
7
7

65

916

s

N
fi;;;;Q
903

™ AY \

NHZZ AN

ANT L o
908

915

FIG. 19



Patent Application Publication = May 15,2014 Sheet 20 of 52  US 2014/0132872 Al

101b |
r t2 ! -
FIG. 20A |
305 !
I NN
FIG. 20B ' 301 305
305 !
ii 303 : 302 | 305
. i
FIG.20C %5 | | |

!
FIG. 20D |
|
!

LIGHT INTENSITY




US 2014/0132872 Al

May 15,2014 Sheet 21 of 52

Patent Application Publication

sole 6012 €0l¢ 8012

e

va
V0 et

e s NI 7
Al ettt .N\h«\\__ﬂ_\% Uil 7
LOlg——" —r \\\5\\\\._..__________ Ll
4 (L LT
901z

oLz~




US 2014/0132872 Al

May 15,2014 Sheet 22 of 52

Patent Application Publication

€012

10z ®l0ZZ 6012 8012
1022
o1z / \M\ \W\
Y0l ~\ZF - \L\\
e

Vi

N_OﬁN\/‘§\\\\.\\\\\\\\\\\\\\\\K\\\\\\\\\Q\\\\\\\ AlEIETH T \\‘.\.\N‘“\\\\\\\\\\.\n\&\\\\\\\\\\\\\\& o I _\\
s N2 i 2 - S
// % _ T XA —_== Ll
Lotz o @//ﬂ R
llllllllll R i
iy e e RN e A
O NS\ i
AN RN AL e S ol
9oLz = Snt //&J ///l/l/a 4//4.:,/&/0 { /4.9&0& //@l&/fx ////xf/d/l/\ﬂ////_//?/a
S PR ;
e 0Z6 .

ot~

N W%\V %/ /w/

¥lee clic elee 911e
A SiLie



US 2014/0132872 Al

May 15,2014 Sheet 23 of 52

Patent Application Publication

10€2
BlOle oorz SO0l 60l2 €012 8012

o N\\M\\\\ D

2012 \)r%\\\\\\\\\\\\\\\\\\\\\\\5\\\\\\\*\\\)&\\\ E.ﬂ:\___\E__r a\\“““p‘“\“\“\“n‘\ U\\\\NW.%.*.Q“:“\W\
AN \\\\___"__a_._y_\\vvvvw.&_‘__m__o___..___ -7
! z/ Yrrrrsl rrirs, \
S S SN _ T
i BTN SR AR NS S NI SN NS DRSS DR
P |
126 0Z6 o

O \\\\\\%\ »\\ P A T2 T T

N\ /V Jm/
w——N N:N

9112 Glie
LHie

€¢ 9Old



US 2014/0132872 Al

May 15,2014 Sheet 24 of 52

Patent Application Publication

L0ge £01zg

Wobe—— /.. \\WW\N\K\\ M\ &\
\\\\ \\\ Ve 04 / N
X 2 i o y "

VOole— = :
2 R e U A A U A A
2012 N7 27, iy o A v ar o add 2= || i 7.
% ‘\\\\____ﬂ_w_mn_ﬂﬂ.\ LEZZZ AT 7Y
/ Lororsd, L2l LT

L4




US 2014/0132872 Al

9012 $012 lose eole 8012

R

2012 T

1
1
i
]
'
i
[}
i

NN YN

[

May 15,2014 Sheet 25 of 52

................... S G¢ 'Old

Patent Application Publication



US 2014/0132872 Al

May 15,2014 Sheet 26 of 52

Patent Application Publication

QE09¢

ee09e

L

X

X

=% A AT A

N .

s \\\ .‘uvﬂ.\\.\\.\\..ﬁ\\@\bnp\\.\\\\\‘\\ﬂ\\\\“.\\ \ ]
SIS,

LLLD)

P2

1092

Ve,
T s




US 2014/0132872 Al

May 15,2014 Sheet 27 of 52

Patent Application Publication

ayd

.

Xe) ¥/

)

s

)

¥0le

;

c0ie

’

90lc




Patent Application Publication = May 15,2014 Sheet 28 of 52  US 2014/0132872 Al

FIG. 28

2809a 2805 2808b
2803a 2809b 2803b

o\ HRH /’f’ ’/'1," ;IIA’ N
NN \\\W&\mw&\w

‘J‘_}'_____ -{-_‘-j_”’
__[ t,f + Fl! W

’ f;!,!”’i],‘lllllflll ;I!“J[; ",!1!1
T TN NN
7.7]\!,""';"’ HHENNHINN N (1




1
132872 A
S2014/0

) U

et 29 of 5

. May 15, 2014 She

ication Publication

lication

G. 29 06 .
FI 2809a 2803a 28 Ty ’bl U_’
'l!.,,,;!'/!‘:"1,’1,1,/.\_ 2808a
HHN AR
. ‘!!’11,1"" N
R fx\&\\\&\\&\?g\;\\} T
AN T ks [
=h ll’rl"%'f,’J,’},’:,’f"\1,’:
m z,«mr!;!/,/’!lfl Ny
| 1‘/!;1111! |
i _I!Jl!l!i/l P
N ,4,,:#1rfa’fffll’l,'1,'1,’;,’1,'1,’11“/1,’1!’ N
ry I"Jl,l!llll.ll!!l( I
I’r 1}1!’/;f,’/f;1’/,’1"1,’1,’1/1,!,‘/;’11‘1,’ 1,’r
1 mi;f//r:rilur!f [
H r:.rrurr/ru,/;;// 1
| lemuxm.:m/ /
Iy u.r:mu,/mru.u oy
N 'r“:!'/’/'i'r'f‘a’f’;’f’r’z’;’:’ﬁ N
| 1/;;;//1;/111/1 ' 9805
| ]r“l/l/,l;!r!!r,/)If!!f,’/[('l11‘1,,“’/;!1 ><J‘H'/
AN L !’II"(IIII‘!!!J{JI-JIL\vLT' %
ot f‘*,,?‘m’f’J'J’JU’-;U«t%f?i?:"ﬂ’f 1280
g /"'13'&'—:4#?:’7;’7'1!'_1r¢’r’¢’J’:"“ i
N P 411!1,;,/,.‘ S N
AT il oy ;’1';‘:.-1-]4:'“;‘% ]
LA FE o Ledzqdglct i r
L‘ L 1 3 T
A .Huz-o.g-trt.-w,mz I N\ 2808b
28097 T .!E[tlﬁ;:{:,:!——ﬁ*‘l.lllifl,(llll! "
Jﬁ»-\‘,ﬁfimrﬂlil"/”/rl!)r,rm/l/,l, N
Y m:;;;u‘uuzru Iy
/ JHHHHHHJH |
1 l{!}lltlf!!fflll I
g 1'/'1'/’/"!':’1’;’:’f’f’f’/"f’i' b
N 11/!!!11/,.’![11!1 i
il ’a’f’/‘r’f’f’l’f’x /’;’1'!’1’1'1’ Iy
| llll!Jl!!!!!!!lil |
h II!I!I!IIJ!!II! 1
| IJ,IIJIIf'!!,I!/IJ 1
!,’ ’!l!'!fl/l!!”!l/!IIIIIJ}!IIIIi/fﬁj{l/l 1,’
(N 1!11!!'!!!!!!1!! I
y ’:’:’1’1’:’r'r’;’r’r“’r’t'r’r’f i
| /1!/1:/,1:1/‘1 N
N lmami,;,‘,r,r‘!mf,:,f L S
/ g Lrhig
| gt AN
I_i_n_ - \\”,,,,,{;/]\W
T T
N If,l'
< AT T T
ol
TINIF




P
ate
nt
A
pp
lic
ati
on
p
ub
lic
ati
on
M
a
y 15,2
9 01
4
Sh
eet
30
of
52
U
S
20
14
/0
13
28
72
A
1

2
809
| a 28
§§ .
7—~'-
H 280
11”"\ i 3a
'-I < N
’7=_\ 2809
Hi\ fti \{:11 b 3 2
: ] /
IHR zafq_\\\m, 001803b
t]l 7«1 §\11 28
P :T,L 1;1 Hr. 08
[ /! _/_J‘ VaE %!1. b
!IJ’ !llfll”l b Irr\ = W}ill'
N Hl!‘“T-f?J,,JI f{g l
[ HHH! H iJr,r\'xj_ \;-', -
! m'mm / -1_,-; cH (;_ - (!
K mmmm -4:I:£T\\’l, \74-4 \\
IH lrmmmm '-T:L) 1 o
!/! frfr ﬁ\b&‘-‘\
P! 111!!!!1 ot ] KL 280
) H!HIII 11z ! - l‘l-t 84
H JHI!H!HH! !H/H-‘H:\-m
m KH'
m L/
o m
1! m
il P!
P! IE
H! I
! )
il HI m
p! )
ﬂ_ p
I /1
\ N
Jm m
/ N L ! r;/
! p!
’ﬁ 'HIH Hm;rmmm p
[T III IHHHH!!I!/I! P
'11.. ! mmmmm! m
".Hyv rummmm ru
'M:l, mrmmm x
"H: mmmm! i
‘m rIHHHHI !
T \'mmu m
N 'mm !I!
K IHH i
g 1! i
‘I!l : H
ﬁ]-
I
IE




Patent Application Publication = May 15,2014 Sheet 31 of 52  US 2014/0132872 Al

FIG. 31

28
09 2803a 2806

N i N
\MW\\\

Z
g //747\
A //.

N

o0

[

<>

o
P —
= ‘¥*+
DRz,




1
132872 A
) U

et 32 of 5

. May 15, 2014 She

ication Publication

lication

8b
~ 9 2805 280
3 303b
F ) 809b 2 |
2809a 2803a 2 I I
Y i 08a
‘1"”/"11/ W I :
» I
1 m
h\ \wm_ __-t-ffﬁm
§-- = M: 1 4_{,1’!!-/ 1‘
Tk :tti F'E@f" lJIJ m,_,_
‘r" M\:'ELE-F-?IT 41 "-f’r’f'/I'LIIL/’l—’
w,\w‘:r /H_;J--f;:t,ﬁ-I~+
t !!lLL+-jZT-,—J-'._1L
[ H _ij_/:!:l:-trt,lflMTLH—,—f }T! r |l
T ?Ulﬁ"‘/"ﬁ rf’r’r'r’r':’r’ g /!
’ muu::uuz;//,. /
i !']tllllI'l’!;!fllfrll/lfll(l’1”/ i
1,1 :’4’1'1!/'1'!':'J'l’/’ﬂf’/'ﬂi“ /,1 3201
y ";’;’M’;':'/;’M’f’/’t’;’f’[&’
! ://H/HHHHH. 1
N f;o,zm/,lf,/mz!r;fmuf,:, }
N ,SIIII :’/’/’/’a’r’;';’1’#1’!’;“; N
I 'qllfl/llfllllédll' Iy
h "r’!’l’;’/'l'f'x'/’a’f’r’r’z’r’/’ !
I 'HHHH/;/H!H l
| HHHHJHH;/;,: j
| m:uurruz;rr. j
i IHHHHHH/H |
P Hfrrfurufurn '
| MHH;JH:/H[H/ |
11 'lJ/lIlI!t!JJJI!h Iy
iy uwuuumrufw |
| .111!1//!!:!;}111 1
! !HHJ;H/H!H; j
I ?!'1f’t’/’;'!’;’;’/'/’r’r’/’/’h /!
| 1//111!1;//;111. |
i 4!}!IJIIIFI‘III’IIII!I!‘IIUlII.I I
oy mru:uuuiw y
| /MH;:HHH/HM |
iy ll!lllllll!l!!!!l Iy
j ./HH;/HH///:I I
| .11!1;1/11:1!/1:1 j
j Ill!!l!l!l(llllf 1
| ;H,HHHH!::HI |
i II'IIIIIIIIIJJH (h
| hl!!lll!ll!!l!!!u |
i .HH/HH/HH/. 1
i "o‘;,’;’;’;"r‘r'ﬁl”;4’4’1 i H
1
h -1’1J’i’!!!'1'1’;’1’!’./,’41*-@" L
[ :/,r,!jf,lliiri_,_w,,ﬁ-f--f
!{l _14_14,.!--4 T \ . \ l
LN \ W TN,
ol
N.l I
l!l\[’ ‘




1
132872 A
US 2014/0

t33 of 52

on  May 15,2014 Shee

. blicatio

lication Pu

Patent App

2809a 2803a 2406 | ,] th
il
. 1 1/: 1 K 2808a
B T N
| [
’ '\L"’\MWW\Z\\\Q\‘%\\ z
@ r7# 'f"'rj l/!z\g' /:4'!*
=k . !./’!!‘1'11’1’1'1' (/]
gNE .;lerrr |
il \ ST ' N
h | S 7+HIHHH. |
i n“'rﬂ"tl"T’f’;’;’;'/’l’f!’/"j’“ a0t
[ |
| H;.ll!;l’Ill!llfl‘!llll}l/l,!I,I{!/I{I!Ifk}ﬁ/
i ph 1111"’/';’1"’””' /
1 HiRHEnG ST j
N ,/:,5!(I:,f’/’/’;’x’r’l’l’r'r’f’l‘ﬂ N
¥ ““HHHH//;H: l
} ,H,H,//H/H/rr i
iy ¢g1:/,1{;,’1,‘/,’1,’;////’1’!"'1’14 i/
| rh‘;uuzu‘”"”‘ || 2305
5 i SR |28
H ! ’EW llillll."-f[-’-fui"il"'/“'“ilﬁ" i i >\< W
1 J'J‘:,-.:;z’ru/uu SL
g s i Q-’:::’:.:EFfrfﬁﬁ-‘ L2803
NI =-’J:Q:-1::Ffrir#iqf’! Iy BN
_Ll-f~-'\‘=":7371/-!/!/{!!'!II'III’I!IIIJ!i\*TI'
RO ;’H;’J’J’L'ﬂi“:":"' }JQ\
| L e s Rk !
2809bﬁ N fti’:}’—ii;‘if%igiﬁiﬁla_'f*%ﬁl " Fﬁﬁu’f 12808
RN TR e T o N N
! ,‘fl!!IIIII/,'jl;JIIII]!IIII'!Illllld y
j wr:ur‘u’”'”“ ’
i 111;;11!1”’”" /
| 111111:1 RN [t 3901
,!I;! ﬂ’l'/’l’;":’:’z 1”1”1”1"/’;"1"/“><_ 20
} 1’1':’:'1’:'1'1’/’1U’1 /’/’t'f’! i
, .!,rjllz,/u l!l!lil i
, ,H,.H/:H/H/!F |
) HHHHHHHH' !
i ,Il!‘!’1;1}1;1/!/“!’1III!"!III:(L /)
/ 4,,””,;/11:H 1
Hh /Hf/wu’””” /
] ,,HH[IHHH H
, ‘, Ll Ll
" :1’ I | 1,1.14. ,_I__iJ.,,L trh-
Y NE SIS
i J—;!J =

LN N \'
&"\ W\?\?J;\l\j}”;”’”"!"m\
llr I ”'l‘ .



Patent Application Publication = May 15,2014 Sheet 34 of 52  US 2014/0132872 Al

2803a

2806a 3401a 3401b

R

R

—
‘_ﬂk
T

s =N
- 10

=g ypry

I /’

pa \ ,:}:

A

[

2805a—

A

3401d 3401¢



Patent Application Publication = May 15,2014 Sheet350f52  US 2014/0132872 Al

2809a 2803a 2806
3401a  3401b

e

3001

s ey
PRpsnp SR, - A S AR,
>

(/
X

2N

i
A

4
< L)
i i B

‘\'S\&
2808b

4
A

3401d 3401¢



Patent Application Publication = May 15,2014 Sheet 36 of 52  US 2014/0132872 Al

FIG. 36

3609a 3603 3608a 3608b 3619b 3605

Lo

TINISERE=S




Patent Application Publication

FIG. 37

3609a

!

1'1

3603 36082 3608b 3619b 3605

3701

May 15,2014 Sheet 37 of 52

L

I !
jl 1’ ‘//!f .

P‘ r ‘I T"r

\ }\’I NS
el
r“P’%itﬂ i 7 e
"’,’ el it
YRR 1T Myl ;

T | )
N SAL _JJ...
pELthp e

_t‘

{!(
rI£+j

T‘\
/}($ T

.

|
'

|

'I‘I['{"I
Pt I
’11{1;111'11;’!

T
!‘/’

!

Tl
I!

US 2014/0132872 Al



FIG. 38

b 3605
3603 3608a 3608b 3619
3609a

P

e nu,:””u.w,/\ y

..t
) r
=
{J"'!R\M Ry 1 L
!" J:!I'!j!jl_LL,’_LéLév‘li;jli-l FEFESS '/,f
Ll _.JJ-;LJ_,]-i_’."f_C’:!-i',f'rl-;lfJ]!’!,I:ﬂ i, 3801
1'\_+-"’!"'TIIIIJII!!!H—1T"IV
-f’ﬂH f,‘/,/,z,:,:,xlz{flrlrlf[r(lmalr o
! ./HH!H/!H/H: r
N ,wruz:uurr:u 11
lll!!!l!llllll' |
ey "!’r"i'r’!‘tM’f’;'f’l’;’i’;i /! 606
N g','1,’1"1{1,’1{1,’1,’77;,’;!’11’1,’:,’1/1‘ -L[u’)/3
H ,‘r!”;,;,!},H}MJ/111,}![1”1,}1!/![/i i
h :,/!1,1!1,1,1,!‘!l!lrmflzlr,flr: ¥
i 'HH;HHH/HH' |
! mrr:u;:ruuu: |
i m;;;:zuuuun il
I f/!!IIIII!lIJ!!l( j
N I,I’III’I’!}!,!J!J!IIIIJJIII i
, SENEON /
N ;flimr!fruuuu '
,uurr::!ruﬂ 1
y .JJJHHHHHHIH. |
, 4!!!!11!!!!!! |
i ;’f’i’/’;’:’:’:'z’f’!f’f’r‘r’ﬁ /!
| !!JIIIIIIIJ)IIIJ ¥
i Ilillil!t!!!flll i
s ::!/HHHH/J!H} I
I ,ililf,;,:mrm1111111,1111111’ i
N III|JIIIIII!II¢!!| >
|!!lllllllllllllh |
| .llllil!i!l!llt!!. |
P l!!li(lllll!!!!! !
P !f’f’1'1‘1’;’1’l'l'r}r'f'r’f'!’f: P
| IIII!!I!I!!IJIld |
i ,.!fllil!l!!l!!!!l i
h 'NI’;’f’l’/’/'!'!’!':':'r’/'r'r‘ "
{
[/“ ?;,]11/,!}1,1,;,1i L-{J_! L )
1 SN
[ l'l.!- N
PN 42k
LN = \ \ \\

T

T O
S : ‘-‘\ﬂq
TACTRTRCN
“N“-\-‘\ \
I SN
AN l\‘\z




Patent Application Publication = May 15,2014 Sheet 39 of 52  US 2014/0132872 Al

3608b
§ 3701 a 3?01 b
G Rt g\ :

P R

i

b7777A




Patent Application Publication = May 15,2014 Sheet40 of 52  US 2014/0132872 Al

5406

5409



US 2014/0132872 Al

May 15,2014 Sheet 41 of 52

Patent Application Publication

Eles
us

v1es

L —
L1EST~_| | T 1aigg
gl
~
dlvy DlId

00g6 ||
p0EG 1!
womm/kj -
Loes—~_[T- ﬁ T \_|-90€S
Pl | =
.
Viy DI4






Patent Application Publication

May 15,2014 Sheet43of52  US 2014/0132872 Al

FIG. 43
5801 5802 5803
4 7 ~
4_-5706
~ Ns707
L % 5705
— .
;”- |
5804 2704 5805 5703
; 5806
| (
15807

75808



Patent Application Publication = May 15,2014 Sheet44 of 52 US 2014/0132872 Al

FIG. 44A FIG. 44B

35003 35001 35106

o=
73

35704

i




Patent Application Publication = May 15,2014 Sheet450f52  US 2014/0132872 Al

]

::*FH =
i

o
Hst
-

_________

}.__.
o b
o | R

ey
-

Ht
ey
;

d

JH@

i
i

=
o
I
!




Patent Application Publication = May 15,2014 Sheet46 of 52  US 2014/0132872 Al

FIG. 46 o
%
Y
3001 \]5>000

60000



Patent Application Publication = May 15,2014 Sheet47 of 52  US 2014/0132872 Al

904
Z 902

T

910
906
907

N
e
;

D00

921
/
917

914
NS

P
/

L
:

T g T,
//// 7
I
920

@i
/ Y/
)
///OC/
/
0

AL
o
b

905
4701

908e

[~

Ty S Sapy————

903

4

/
9
4702

FIG. 47 o



Patent Application Publication = May 15,2014 Sheet48 of 52  US 2014/0132872 Al

_~_-910
906
907
904
Eah

N

905

IS SIS
921
/4
T

912
;/i;%
908f

........

4801100
903f

K
NP K
>
0

!
G
/g /

4} '/

\ 920

2

4
Z

/]
?,l;,/,/,ﬁ X
¢ Ix

909

W
s g gy
903

0
7

4702

\\ég\\ 916
NN
00
70



US 2014/0132872 Al

May 15,2014 Sheet 49 of 52

Patent Application Publication

L06Y o1z 28012 €013 8012 5012

126 026

oLLg——"




FIG. 50

1114

912

NSNS

@

915

.

Patent Application Publication

: RN

O

R

NS

LR

May 15,2014 Sheet 50 of 52

910

___-_/“1_/31073

921

920

906

/\,/V 904

917a

. _"\\
22779k

NI

‘~:‘:

<N
T N
217y,
7

-~
! &
RS
N
N 3“

77

]
902 905

907a

908 903 909

US 2014/0132872 Al



Patent Application Publication = May 15,2014 Sheet 51 of 52 US 2014/0132872 Al

910
___anc
o
901e

S

GGG
921

L
<

7 :-—-_---__---—----
:
‘
%\&
7

T

\K

>
917a

\K

L GG
920

WA A
Pien SRS !é:- 5’ ‘?
I
903 909

908

904e

915
N
/

7

FIG. 51



US 2014/0132872 Al

May 15,2014 Sheet 52 of 52

Patent Application Publication

oi0¢ge
°¥0lg ez0lg

N

Eoxit \W\\\\\\\\\\\\\\\\\\\\\\\\\\\\\n‘ A A A
8 22 it . AT T i) e e T

éﬂﬂﬂ“ﬁﬁffuﬁﬁﬁﬁiﬁi\wﬂsﬁh__‘___-.\\ s

\ BB <
N T T R,/h ]
L T T A T e e T T T
z6 026 —

/ /
B T R s D

U//Wn/:M/%/ ,/Jm/ %/

clhig 9ltLe SLie

11z ¢S Ol



US 2014/0132872 Al

DISPLAY DEVICE AND MANUFACTURING
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 12/730,566, filed Mar. 24, 2010, now allowed,
which is a continuation of U.S. application Ser. No. 11/614,
809, filed Dec. 21, 2006, now U.S. Pat. No. 7,821,613, which
claims the benefit of a foreign priority application filed in
Japan as Serial No. 2005-378778 on Dec. 28, 2005, all of
which are incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a semiconductor
device including a pixel electrode, and particularly to a dis-
play device. More particularly, the present invention relates to
asemi-transmission type liquid crystal display device includ-
ing a reflection region and a transmission region.

[0004] 2. Description of the Related Art

[0005] A display device is divided into a self-light emitting
display device and a non-light emitting display device. A
liquid crystal display device is the most typical non-light
emitting display device. In general, a liquid crystal display
device performs a display by being irradiated with light from
a backlight because it does not emit light.

[0006] In a transmission type liquid crystal display device
which uses light from a backlight, although a display image is
easy to see in a normal room, there is a problem that a display
image is difficult to see under sunlight. Particularly electronic
apparatuses which are frequently utilized outdoors such as a
camera, a portable information terminal, and a mobile phone
are greatly affected by this problem.

[0007] A semi-transmission type liquid crystal display
device has been developed in order to display a favorable
image both indoors and outdoors. A semi-transmission type
liquid crystal display device includes a reflection region and
a transmission region in one pixel. The transmission region
includes a transparent electrode and transmits light so as to
function as a transmission type liquid crystal display device.
On the other hand, the reflection region includes a reflective
electrode and reflects light so as to function as a reflection
type liquid crystal display device. In this manner, a clear
image can be displayed both indoors and outdoors.

[0008] As such a liquid crystal display device, there are a
passive matrix type and an active matrix type. Generally,
when manufacturing an active matrix type display device, a
wiring which is connected to a semiconductor layer of a thin
film transistor (TFT) is formed and a conductive film func-
tioning as a pixel electrode is formed over the wiring.
[0009] As a pixel electrode, there are a reflective electrode
in a reflection region and a transparent electrode in a trans-
mission region. Each electrode has a different shape. There-
fore, a resist mask for forming a reflective electrode and a
resist mask for forming a transparent electrode have been
required (for example, refer to Patent Documents 1 to 5).

[Patent Document 1]

[0010]
229016

Japanese Published Patent Application No. 2002-
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[Patent Document 2]

[0011] Japanese Published Patent Application No. 2004-
46223

[Patent Document 3]

[0012] Japanese Published Patent Application No. 2005-
338829

[Patent Document 4]

[0013]
334205

Japanese Published Patent Application No. 2004-

[Patent Document 5]

[0014] Japanese Published Patent Application No. 2004-
109797

SUMMARY OF THE INVENTION
[0015] In a conventional semi-transmission type liquid

crystal display device, a resist mask is required for each layer
when forming a reflective electrode and a transparent elec-
trode. That is, a resist mask for forming a reflective electrode
and a resist mask for etching a transparent electrode and a
stacked film are required, and the number of manufacturing
steps is increased for that. Therefore, manufacturing cost ofa
semiconductor device such as a display device is high and
manufacturing time for forming an electrode pattern is nec-
essarily long.

[0016] Therefore, one of the objects of the invention is to
reduce the number of resist masks to be used and reduce
manufacturing steps.

[0017] One feature of the invention is to provide a display
device including a transistor, a transparent electrode which is
electrically connected to the transistor, a reflective electrode
which is electrically connected to the transparent electrode,
and a storage capacitor which is electrically connected to the
transistor. At least a part of the storage capacitor is formed
below the reflective electrode. An entire under surface of the
reflective electrode is in contact with a top surface of the
transparent electrode.

[0018] Another feature of the invention is to provide a
display device including a transistor, a transparent electrode
which is electrically connected to the transistor, and a reflec-
tive electrode which is electrically connected to the transpar-
ent electrode. At least one of the transparent electrode and the
reflective electrode has a slit. An entire under surface of the
reflective electrode is in contact with a top surface of the
transparent electrode.

[0019] Another feature of the invention is to provide a
display device including a transistor, a transparent electrode
which is electrically connected to the transistor, a reflective
electrode which is electrically connected to the transparent
electrode, and a storage capacitor which is electrically con-
nected to the transistor. At least one of the transparent elec-
trode and the reflective electrode has a slit. At least a part of
the storage capacitor is formed below the reflective electrode.
An entire under surface of the reflective electrode is in contact
with a top surface of the transparent electrode.

[0020] Another feature of the invention is to provide a
display device including a transistor, a transparent electrode
which is electrically connected to the transistor, a reflective
electrode which is electrically connected to the transparent
electrode, and a storage capacitor which is electrically con-
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nected to the transistor. At least a part of the storage capacitor
is formed below the reflective electrode. At least a part of the
transistor is formed below the reflective electrode. An entire
under surface of the reflective electrode is in contact with a
top surface of the transparent electrode.

[0021] Another feature of the invention is to provide a
display device including a transistor and a pixel electrode
which is electrically connected to the transistor. The pixel
electrode includes a transparent electrode and a reflective
electrode. An entire under surface of the reflective electrode is
in contact with a top surface of the transparent electrode. A
film thickness of the transparent electrode in a region in
contact with the reflective electrode is thicker than a film
thickness of the transparent electrode in a region not in con-
tact with the reflective electrode.

[0022] Inthe invention, in the aforementioned structure, the
display device is provided with a liquid crystal layer between
the reflective electrode and an opposite electrode.

[0023] Another feature of the invention is to provide a
manufacturing method for a display device. A transistor is
formed over a substrate. An insulating film is formed over the
transistor. A transparent conductive film is formed over the
insulating film. A reflective conductive film is formed over the
transparent conductive film. A resist pattern which includes a
region having a thick film thickness and a region having a
thinner film thickness than the aforementioned region is
formed over the reflective conductive film by using a light
exposure mask including a semi-transmission portion. A
transparent electrode formed of the transparent conductive
film and a reflective electrode formed of the reflective con-
ductive film are formed by using the resist pattern.

[0024] Another feature of the invention is to provide a
manufacturing method of a display device. A transistor is
formed over a substrate. An insulating film is formed over the
transistor. A transparent conductive film is formed over the
insulating film. A reflective conductive film is formed over the
transparent conductive film. A resist pattern which includes a
region having a thick film thickness and a region having a
thinner film thickness than the aforementioned region is
formed over the reflective conductive film by using a light
exposure mask including a semi-transmission portion. The
reflective conductive film and the transparent conductive film
are etched by using the resist pattern. A part of the resist
pattern is removed. The reflective conductive film is etched by
using the resist pattern a part of which is removed.

[0025] As described above, a transparent electrode and a
reflective electrode which is in contact with a part of the
transparent electrode can be formed by using one resist pat-
tern. Since two patterns of the transparent electrode and the
reflective electrode can be formed by using one resist pattern,
manufacturing steps can be reduced and the display device
with low cost can be realized.

[0026] Note that in the invention, various kinds of transis-
tors can be applied and are not limited to a specific transistor.
A thin film transistor (TFT) using a non-monocrystalline
semiconductor film typified by amorphous silicon or poly-
crystalline silicon, a transistor formed using a semiconductor
substrate or an SOI substrate, a MOS transistor, a junction
type transistor, a bipolar transistor, a transistor using a com-
pound semiconductor such as ZnO or a-InGaZnO, a transistor
using an organic semiconductor or a carbon nanotube, or
other transistors can be used. In addition, the kind of a sub-
strate over which a transistor is provided is not limited, and a
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monocrystalline substrate, an SOI substrate, a glass substrate,
a plastic substrate, or the like can be employed.

[0027] Note that a structure of a transistor is not limited to
aspecific structure. For example, a multi-gate structure where
the number of gates is two or more may be employed. Gate
electrodes may be provided over and under a channel. A gate
electrode may be provided over or under the channel. A
forward staggered structure or an inverted staggered structure
may be employed. A channel region may be divided into a
plurality of regions, or connected in parallel or in series. A
source electrode or a drain electrode may overlap with a
channel (or a part thereof). An LDD region (low concentra-
tion impurity region) may be provided.

[0028] Note that in the invention, being connected is syn-
onymous with being electrically connected. Therefore, in
addition to a predetermined relation of connection, another
element which enables an electrical connection (for example,
a switch, a transistor, a capacitor, a resistor element, a diode,
or the like) may be provided in a structure disclosed in the
invention.

[0029] Note that a switch shown in the invention is not
limited to a specific switch. An electrical switch or a mechani-
cal switch can be applied. Any element which can control a
flow of current can be employed. A transistor, a diode (a PN
diode, a PIN diode, a Schottky diode, a diode-connected
transistor, or the like), or a logic circuit combined therewith
may be employed. When a transistor is used as a switch, a
polarity (conductivity type) thereof is not specifically limited
since the transistor is operated as a mere switch. However, in
the case where OFF current is preferably small, a transistor
having a polarity with smaller OFF current is preferably used.
As a transistor with small OFF current, a transistor provided
with an LDD region, a transistor with a multi-gate structure,
or the like may be used. In addition, an n-channel transistor is
preferably used when operating in a state where a potential of
asource terminal of the transistor, which operates as a switch,
1s close to a low potential side power source (Vss, GND, 0V,
or the like), whereas a p-channel transistor is preferably used
when operating in a state where a potential of a source termi-
nal of the transistor is close to a high potential side power
source (Vdd or the like). This is because the transistor can
easily function as a switch since an absolute value of a gate-
source voltage thereof can be made to be large. Note that a
CMOS type switch may also be applied by using both n-chan-
nel and p-channel transistors.

[0030] Note that an element provided in a pixel is not lim-
ited to a specific display element. A display element provided
in a pixel is, for example, a display medium in which contrast
is changed by an electromagnetic effect, such as an EL ele-
ment (an organic EL element, an inorganic EL element, or an
EL element containing an organic compound and an inor-
ganic compound), an electron emitting element, a liquid crys-
tal element, electronic ink, a grating light valve (GLV), a
plasma display (PDP), a digital micromirror device (DMD), a
piezoelectric ceramic display, or a carbon nanotube. Note that
a display device using an EL element includes an EL display;
a display device using an electron emitting element includes
afieldemission display (FED), an SED type flat panel display
(Surface-conduction Flectron-emitter Display), and the like;
a display device using a liquid crystal element includes a
liquid crystal display; and a display device using electronic
ink includes electronic paper.

[0031] Note that in the invention, one pixel corresponds to
one color element. Therefore, in the case of a full-color dis-
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play device formed of color elements of R (red), G (green),
and B (blue), the smallest unit of an image is formed of three
pixels of an R pixel, a G pixel, and a B pixel. Note that the
number of color elements is not limited to three colors, and
color elements may be formed of more than three colors such
as RGBW (W is white). Note that in the case where a pixel is
referred to as one pixel (three colors), three pixels of RGB is
considered as one pixel.

[0032] Note that in the invention, the case where pixels are
arranged in matrix corresponds to the case where dots of the
three color elements are arranged in a so-called delta pattern
in the case of performing a full color display with three color
elements (forexample, RGB), as well as the case where pixels
are arranged in a so-called stripe pattern. Note that a color
element is not limited to three colors and may be more than
three colors such as RGBW. Further, a region of each dot of a
color element may have a different size.

[0033] Note that a transistor is an element having at least
three terminals including a gate electrode, a drain region (or a
drain electrode), and a source region (or a source electrode)
and includes a channel forming region between the drain
region and the source region. Here, it is difficult to precisely
define the source region and the drain region since they
depend on a structure, operating conditions, and the like of the
transistor. Therefore, in this specification, a region which
functions as a source region or a drain region is referred to as
a first terminal or a second terminal.

[0034] Note that in the invention, a semiconductor device
corresponds to a device having a circuit which includes a
semiconductor element (a transistor, a diode, or the like).
Further, a semiconductor device may be a general device
which can be operated by using semiconductor characteris-
tics. A display device may be a main body of a display panel
in which a plurality of pixels including a display element such
as a liquid crystal element or an EL element and a peripheral
driver circuit for driving the pixels are formed over a sub-
strate, and may also be a main body of a display panel pro-
vided with a flexible printed circuit (FPC) or a printed wiring
board (PWB). A light emitting device is a display device
using particularly a self-light emitting display element used
for an EL element, an electron emitting element, or the like.
[0035] According to the present invention, manufacturing
steps can be reduced with respect to conventional art and
manufacturing cost of a semiconductor device and a display
device can be lowered.

BRIEF DESCRIPTION OF DRAWINGS

[0036] FIGS.1A to 1C are cross sectional views showing a
manufacturing step of a semiconductor device of the inven-
tion.

[0037] FIGS.2A to 2C are cross sectional views showing a
manufacturing step of a semiconductor device of the inven-
tion.

[0038] FIGS.3A and 3B are cross sectional views showing
a manufacturing step of a semiconductor device of the inven-
tion.

[0039] FIG. 4isa cross sectional view showing a semicon-
ductor device of the invention.

[0040] FIG. 51sa cross sectional view showing a semicon-
ductor device of the invention.

[0041] FIG. 6isa cross sectional view showing a semicon-
ductor device of the invention.
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[0042] FIGS.7A and 7B are cross sectional views showing
amanufacturing step of a semiconductor device of the inven-
tion.

[0043] FIGS. 8A and 8B are cross sectional views showing
amanufacturing step of a semiconductor device of the inven-
tion.

[0044] FIG. 9 s a cross sectional view showing a semicon-
ductor device of the invention.

[0045] FIG. 10 is a cross sectional view showing a semi-
conductor device of the invention.

[0046] FIG. 11 is a cross sectional view showing a semi-
conductor device of the invention.

[0047] FIG. 12 is a cross sectional view showing a semi-
conductor device of the invention.

[0048] FIG. 13 is a cross sectional view showing a semi-
conductor device of the invention.

[0049] FIG. 14 is a cross sectional view showing a semi-
conductor device of the invention.

[0050] FIG. 15 is a cross sectional view showing a semi-
conductor device of the invention.

[0051] FIG. 16 is a cross sectional view showing a semi-
conductor device of the invention.

[0052] FIG. 17 is a cross sectional view showing a semi-
conductor device of the invention.

[0053] FIG. 18 is a cross sectional view showing a semi-
conductor device of the invention.

[0054] FIG. 19 is a cross sectional view showing a semi-
conductor device of the invention.

[0055] FIGS.20A to 20C are top plan views showing a light
exposure mask, and FIG. 20D is a diagram showing light
intensity distribution.

[0056] FIG. 21 is a cross sectional view showing a semi-
conductor device of the invention.

[0057] FIG. 22 is a cross sectional view showing a semi-
conductor device of the invention.

[0058] FIG. 23 is a cross sectional view showing a semi-
conductor device of the invention.

[0059] FIG. 24 is a cross sectional view showing a semi-
conductor device of the invention.

[0060] FIG. 25 is a cross sectional view showing a semi-
conductor device of the invention.

[0061] FIG. 26 is a cross sectional view showing a semi-
conductor device of the invention.

[0062] FIG. 27 is a cross sectional view showing a semi-
conductor device of the invention.

[0063] FIG. 28 is a top plan view showing a semiconductor
device of the invention.

[0064] FIG. 29 is a top plan view showing a semiconductor
device of the invention.

[0065] FIG. 30 is a top plan view showing a semiconductor
device of the invention.

[0066] FIG. 31 is a top plan view showing a semiconductor
device of the invention.

[0067] FIG. 32 is a top plan view showing a semiconductor
device of the invention.

[0068] FIG. 33 is a top plan view showing a semiconductor
device of the invention.

[0069] FIG. 34 is a top plan view showing a semiconductor
device of the invention.

[0070] FIG. 35 s atop plan view showing a semiconductor
device of the invention.

[0071] FIG. 36 is a top plan view showing a semiconductor
device of the invention.
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[0072] FIG. 37 is atop plan view showing a semiconductor
device of the invention.

[0073] FIG. 38 s atop plan view showing a semiconductor
device of the invention.

[0074] FIG. 39 is atop plan view showing a semiconductor
device of the invention.

[0075] FIG. 40 is a view illustrating one mode of an elec-
tronic apparatus to which the invention is applied.

[0076] FIGS. 41A and 41B are views showing a semicon-
ductor device of the invention.

[0077] FIG. 42 is a view showing a semiconductor device
of the invention.

[0078] FIG. 43 is a diagram showing a semiconductor
device of the invention.

[0079] FIGS. 44A to 44H are views illustrating one mode
of an electronic apparatus to which the invention is applied.
[0080] FIG. 45 is a circuit diagram of a liquid crystal dis-
play device of the invention.

[0081] FIG.461s ablock diagram of a circuit configuration
of a liquid crystal display device of the invention.

[0082] FIG. 47 is a cross sectional view showing a semi-
conductor device of the invention.

[0083] FIG. 48 is a cross sectional view showing a semi-
conductor device of the invention.

[0084] FIG. 49 is a cross sectional view showing a semi-
conductor device of the invention.

[0085] FIG. 50 is a cross sectional view showing a semi-
conductor device of the invention.

[0086] FIG. 51 is a cross sectional view showing a semi-
conductor device of the invention.

[0087] FIG. 52 is a cross sectional view showing a semi-
conductor device of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0088] Hereinafter, embodiment modes of the invention are
described. Note that the present invention can be imple-
mented in various embodiments within the range of enable-
ment and itis easily understood by those who are skilled in the
art that modes and details herein disclosed can be modified in
various ways without departing from the purpose and the
scope of the invention. Therefore, it should be noted that
description of embodiment modes is not be interpreted as
limiting the invention. Further, any of the embodiment modes
to be given below can be combined as appropriate.

Embodiment Mode 1

[0089] Description is made of a manufacturing method for
forming a reflective electrode and a transparent electrode with
reference to FIGS. 1A to 1C and 2A to 2C.

[0090] First, a conductive film 106 is formed over an insu-
lating film 107 by a sputtering method, a printing method, a
CVD method, an ink-jet method, or the like. The conductive
film 106 may be a transparent conductive film or have a
reflecting property. In the case of a transparent conductive
film, an indium tin oxide (ITO) film in which tin oxide is
mixed in indium oxide, an indium tin silicon oxide (ITSO)
film in which silicon oxide is mixed in indiumtin oxide (ITO),
an indium zinc oxide (IZO) film in which zinc oxide is mixed
in indium oxide, a zinc oxide film, atin oxide film, silicon (S1)
containing phosphorus or boron can be used, for example.
Note that IZO 1s a transparent conductive material formed by
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sputtering using a target in which 2 to 20 wt % of zinc oxide
(ZnO) is mixed in ITO; however, a composition ratio and the
like are not limited to this.

[0091] The conductive film 106 is formed over the insulat-
ing film 107, and a conductive film 105 is formed over the
conductive film 106. The conductive film 106 and the con-
ductive film 105 can be formed continuously by sputtering,
which can reduce the number of steps.

[0092] The conductive film 105 is preferably formed from
a material with low resistance or a material with high reflec-
tivity. For example, Ti, Mo, Ta, Cr, W, Al, Nd, Cu, Ag, Au, Pt,
Nb, Si, Zn, Fe, Ba, Ge, or the like, or an alloy thereof can be
used. A two-layer structure where the aforementioned mate-
rials are stacked may be employed. In this case, a stacked
layer structure including two layers which uses a metal such
as Ti, Mo, Ta, Cr, or W, and Al (or an alloy including Al as a
main component) may be employed. A stacked layer structure
of three layers may alternatively be employed. In this case, a
three-layer structure where Al (or an alloy including Al as a
main component) is sandwiched between metals such as Ti,
Mo, Ta, Cr, and W may be employed. As described above, by
arranging a metal such as Ti, Mo, Ta, Cr, or W adjacent to Al
(or an alloy including Al as a main component), a defect can
be decreased when another electrode or another wiring is
connected. For example, if an ITO film or the like is con-
nected to Al (or an alloy including Al as a main component),
adefect such as electric erosion might happen. Further, ifa Si
film or the like is in contact with Al (or an alloy including Al
as a main component), Al and the Si film might be reacted
with each other. These problems can be reduced by a multi-
layer structure.

[0093] Note that when an ITO film is used as a conductive
film, a step in which the ITO film is crystallized by heat
treatment is required. In this case, it is preferable that the ITO
film be formed by sputtering, and after baking, the conductive
film 105 be formed. The number of steps can be reduced when
an ITSO film is used since a step of crystallization is not
required.

[0094] After a resist film 104 is formed (applied) over an
entire surface of the conductive film 105, light exposure is
performed using a light exposure mask shown in FIG. 1A.

[0095] 1In FIG. 1A, a light exposure mask includes a light
shielding portion 101a in which exposure light is shielded and
a semi-transmission portion 1015 in which exposure light
partially passes. The semi-transmission portion 1015 is pro-
vided with a semi-transmission film 102 in which intensity of
exposure light is reduced. The light shielding portion 1014 is
formed to superimpose a metal film 103 over the semi-trans-
mission film 102. A width of the light shielding portion 101a
is referred to as t1, and a width of the semi-transmission
portion 1015 is referred to as t2. Here, although an example
where the semi-transmission film is used in the semi-trans-
mission portion, the invention is not limited to this. Any
semi-transmission portion is acceptable as long as it can
reduce intensity of exposure light. In addition, a diffraction
grating pattern may be used for the semi-transmission por-
tion.

[0096] That is, a half-tone mask or a gray-tone mask may
used for the semi-transmission portion.

[0097] When the resist film is exposed to light using the
light exposure mask shown in FIG. 1A, a light-unexposed
region and a light-exposed region are formed. When light
exposure is performed, light is passed around the light shield-
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ing portion 101a or passes through the semi-transmission
portion 1015; therefore, the exposure region is formed.
[0098] When development is performed, the exposure
region is removed, and a resist pattern 1044 having two main
film thicknesses can be obtained over the conductive film 105
as shown in FIG. 1B. The resist pattern 104a includes a region
having a thick film thickness and a region having a film
thickness thinner than the aforementioned region. The film
thickness of the region having a thin film thickness can be
adjusted by adjusting light exposure energy or transmittance
of the semi-transmission film 102.

[0099] Next, the conductive film 105 and the conductive
film 106 are etched by dry etching. Dry etching is performed
by adry etching apparatus using a high density plasma source
such as ECR (Electron Cyclotron Resonance) or ICP (Induc-
tively Coupled Plasma).

[0100] Therefore, a conductive film 105 and a conductive
film 1064 are formed as shown in FIG. 1C.

[0101] Here, although an example of using an ICP etching
apparatus is shown, the invention is not limited to this, and for
example, a parallel plate type etching apparatus, a magnetron
etching apparatus, an ECR etching apparatus, or a helicon-
type etching apparatus may also be employed.

[0102] Note that the conductive film 105 and the conduc-
tive film 106 may be etched by wet etching. However, dry
etching is suitable for microfabrication; therefore, dry etching
is preferable. A material for the conductive film 105 and the
conductive film 106 is greatly different from a material for the
insulating film 107; therefore, high etching selectivity of the
insulating film 107 with respect to the conductive film 105
and the conductive film 106 can be obtained even if dry
etching is performed. At least atop layer of the insulating film
107 may be formed of a silicon nitride film in order to make
etching selectivity thereof further high.

[0103] In this manner, a pattern formed by stacking the
conductive film 1064 and the conductive film 1054 is formed
over the insulating film 107 as shown in FIG. 1C.

[0104] Next, (a part of) the resist pattern 104q is ashed or
etched (FIG. 2A). In accordance with this step, the region
having a thin film thickness in theresist pattern 104a is etched
and a film thickness of the whole resist pattern 104a is
decreased by a film thickness of the region having a thin film
thickness. Then, a resist pattern 1045 is formed. The resist
pattern 1044 is etched in a width direction as well as a film
thickness direction; therefore, a width of the resist pattern
1045 is narrower than widths of the conductive films 1054 and
106a. Therefore, a side surface of the resist pattern 1044 is not
aligned with a side surface of the conductive film in a lower
layer, and the side surface of the resist pattern 1045 is
recessed. In FIG. 2B, the resist pattern 1045 is left-right
asymmetric.

[0105] Next, the conductive film 1054 is etched using the
resist pattern 1045 so as to form a conductive film 1055 (FIG.
2B). A material of the conductive film 1054 preferably has
high etching selectivity with respect to the conductive film
1064 in order that the conductive film 1064 is not unneces-
sarily etched simultaneously at this time. For example, Ti,
Mo, Cr, Al, Nd, or the like or an alloy thereof is preferably
used for the conductive film 1054, and a stacked layer struc-
ture of the aforementioned materials may be employed. Then,
the conductive film 10556 of which pattern is smaller than the
conductive film 1064 is formed.

[0106] Although etching for forming the conductive film
1055 shown in FIGS. 2A and 2B may be performed by either
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dry etching or wet etching, FIGS. 2A and 2B show the case of
dry etching. A side surface of the conductive film 1056 is
formed so as to be generally aligned with the side surface of
the resist pattern 1045. One side surface of the conductive
film 1055 is on the same plane as one side surface of the resist
pattern 1045, and the other side surface thereof corresponds
to the other side surface of the resist pattern 1045.

[0107] Microfabrication can be realized by performing dry
etching. However, the conductive film 1064 is also partially
etched when the conductive film 1055 is formed.

[0108] On the other hand, when the conductive film 1055 is
formed by wet etching, etching proceeds isotropically, and
the conductive film 1055 smaller than the resist pattern 1045
is formed. The side surface of the resist pattern 1044 and the
side surface of the conductive film 1055 do not correspond to
each other. Therefore, even if the same resist pattern 1045 is
used as a mask, the conductive film 1055 is formed smaller by
wet etching than in the case of by dry etching.

[0109] Sufficiently high etching selectivity can be obtained
by performing wet etching.

[0110] When the conductive film 106a is formed by dry
etching, a side surface thereofhas an angle 0, , which is almost
perpendicular or close to 90° with respect to a substrate sur-
face. On the other hand, when the conductive film 1055 is
formed by wet etching, the side surface thereof has an acute
angle 0, with respect to the substrate surface because of
isotropic etching. Therefore, 8,>0, is satisfied when the angle
0, of the side surface of the conductive film 1064 and the
angle 0, of the side surface of the conductive film 10556 are
compared with each other. Note that the angle 0, is an inclined
angle of the conductive film 1064 with respect to a surface of
a substrate (or the insulating film 107), and the angle 0, is an
inclined angle of the side surface of the conductive film 10556
with respect to the surface of the substrate (or the insulating
film 107). Each of the angles 8, and 6, is in arange of 0 to 90°.
[0111] In the case where the conductive film 1055 and the
conductive film 1064 have a stacked layer structure, an etch-
ing rate is different in each layer in some cases. Accordingly,
the angles formed by the side surfaces of the layers with
respect to the substrate surface are different from each other
in some cases. Therefore, in that case, an angle formed by the
side surface of a film in a lowest layer with respect to the
substrate surface is denoted by 0.,.

[0112] Note that the side surfaces of the conductive film
1055 and the conductive film 1064 are not smooth but uneven
in some cases. In this case, the angle 0, and the angle 0, can
be determined as appropriate. For example, the angle 6, and
the angle 0, can be determined using a rough straight line or
curved line drawn with respect to uneven side surfaces. Fur-
ther, a plurality of angles 6, and angles 6, can be calculated
based on uneven side surfaces, and average values thereofcan
be taken as the angle 6, and the angle 6,. The most rational
method may be employed.

[0113] As described above, the conductive film 1055 is
formed by either a dry etching method or a wet etching
method. The conductive film 1055 which includes the side
surface recessed with respect to the side surface of the con-
ductive film 106a can be formed by either one of the etching
methods. One of factors is that the size of the resist pattern
104a, which is a mask for forming the conductive film 106a,
and the size of the resist pattern 1045, which is a mask for
forming the conductive film 1055, are different from each
other, and the resist pattern 1045 is smaller than the resist
pattern 104a.
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[0114] Subsequently, the resist pattern 1044 is removed
(FIG. 2C). Accordingly, an electrode formed of the conduc-
tive film 1055 and the conductive film 106a is formed. The
conductive film 1064 and the conductive film 1055 function
as a pixel electrode. However, the invention is not limited to
this.

[0115] More preferably, the conductive film 1055 is formed
of a reflective conductive film so as to function as a reflective
electrode and the conductive film 106a is formed of a trans-
parent conductive film so as to function as a transparent
electrode. In addition, the conductive film 106a is required to
be provided below the conductive film 1055, and an entire
under surface of the conductive film 1055 is in contact with a
top surface of the conductive film 106a.

[0116] A reflection portion 108a is provided with a reflec-
tive electrode, and a transmission portion 1085 is provided
with a transparent electrode. Therefore, a reflective electrode
and a transparent electrode can be manufactured with a small
number of steps, and a semi-transmission type display device
can be easily manufactured. Microfabrication is not required
for a reflective electrode and a transparent electrode. Accord-
ingly, there is no big problem if a reflective electrode and a
transparent electrode are slightly misaligned with each other.
For example, if a reflective electrode is slightly smaller and
the transparent electrode is slightly larger, display is not
greatly affected. Therefore, manufacturing yield is unlikely to
be reduced even when such a manufacturing method is per-
formed, and beneficial effects on cost reduction, reduction in
the number of manufacturing days, or the like can be
obtained.

[0117] In the case where a stacked layer of the conductive
film 1055 and the conductive film 1064 is formed using the
resist pattern 104a of the invention, which includes regions
having different film thicknesses, when the conductive film
1055 is formed, that is, when etching is performed using the
resist pattern 1045 as a mask, a part of a surface of the
conductive film 106a is etched to some extent. In particular,
when the conductive film 1055 is formed by dry etching,
selectivity between the conductive film 1055 and the conduc-
tive film 1064 in the lower layer is difficult to obtain; there-
fore, a part of the surface of the conductive film 106a is easily
etched. Thus, when a film thickness a of the conductive film
106a (a film thickness of the conductive film 1064 in a portion
where a top surface thereof'is in contact with the conductive
film 1054) and a film thickness b (a film thickness of the
conductive film 106« in a portion where a top surface thereof
is not in contact with the conductive film 1054) are compared
with each other in FIG. 2C, the film thickness a<the film
thickness b is satisfied. Note that the film thickness a refers to
an average film thickness of the conductive film 1064 in a
portion which is not overlapped with the conductive film
1055, and the film thickness b refers to an average film thick-
ness of the conductive film 106q in a portion which is over-
lapped with the conductive film 1055,

[0118] The side surface of the conductive film 1054 formed
in this embodiment mode is inclined in some cases. There-
fore, in the case where the conductive film is used for a liquid
crystal display device, rubbing can be smoothly performed to
the side surface of the conductive film 1056 when rubbing is
performed from the inclined surface side of the conductive
film 1055. When rubbing is performed from a direction where
the side surface of the conductive film 1054 is perpendicular,
rubbing is incomplete because of stress on a rubbing cloth in
a perpendicular side surface portion, and orientation is
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incomplete in some cases. Therefore, rubbing is preferably
performed from a side where the side surface of the conduc-
tive film 1055 is inclined.

[0119] In addition, in the case where the conductive film
1055 of which both side surfaces are inclined is formed by
wet etching, rubbing can be smoothly performed from both
directions, which is more effective.

[0120] Note that as shown in FIGS. 1A and 1B, a resist, of
which part irradiated with light is dissolved, is referred to as
a positive type resist. However, it is not limited to a positive
type resist, and a negative type resist may be used. A negative
type resist is a resist, of which part not irradiated with light is
dissolved.

[0121] FIGS. 3A and 3B show views in the case of using a
negative type resist. FIG. 1A corresponds to FIG. 3A, and
FIG. 1B corresponds to FIG. 3B. Other than that, there are
few differences between positive type and negative type. As
shown in FIG. 3A, a transparent portion 101¢ is provided
above a part of a resist 304 which is expected to be left. The
light shielding portion 101¢ is provided above a part of the
resist 304 which is expected to be removed. The semi-trans-
mission portion 1015 is provided above a part of the resist
304, a small portion of which is expected tobe left. As a result,
as shown in FIG. 3B, a resist 304« is formed.

[0122] Description is made with reference to various draw-
ings in this embodiment mode. One drawing consists of vari-
ous components. Therefore, another structure can be made by
combining each of the components from each drawing.

Embodiment Mode 2

[0123] In Embodiment Mode 1, description is made of the
case where a pixel electrode is formed over the insulating film
107. However, actually a pixel electrode is connected to
another wiring, transistor, storage capacitor, or the like.
Therefore, if required, the insulating film 107 is provided with
a contact hole so that the pixel electrode is connected to a
wiring or the like.

[0124] Thus, FIG. 4 shows a cross sectional view of that
case. An insulating film 107a is provided with a contact hole
402. A wiring 401 is formed below the contact hole 402. The
wiring 401 is connected to one of a source or a drain of a
transistor in many cases. Alternatively, in many cases, the
wiring 401 itself is one of the source or the drain of the
transistor, or an electrode of a storage capacitor.

[0125] 1In this case, the conductive film 106a is required to
be formed below the conductive film 1055 since the manu-
facturing method described in Embodiment Mode 1 is used.
Therefore, the conductive film 1055 is also formed over the
conductive film 106a which is formed so as to cover the
contact hole 402.

[0126] A transistor, a wiring, and a storage capacitor are
formed below the conductive film 1055. In the case where the
conductive film 1054 is a reflective electrode and the conduc-
tive film 1064 is a transparent electrode, a transmission region
is preferably made as large as possible since it is where light
1s transmitted in order to perform display. On the other hand,
in a reflection region, display is not affected even when some
element is provided below the reflective electrode. Therefore,
a transistor, a wiring, and a storage capacitor are formed
below the conductive film 10556, so that a layout can be
efficiently designed.

[0127] Note that although the whole area of the transistor
and the storage capacitor is preferably formed below the
reflective electrode, the invention is not limited to this. A part
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of the transistor and the storage capacitor may be formed on
the outside of the reflective electrode (the outside of the
reflection region).

[0128] Next, description is made of unevenness of the
reflective electrode. The reflective electrode is provided to
reflect external light in order to perform display. External
light is preferably diffusely reflected by the reflective elec-
trode in order to utilize external light entering the reflective
electrode efficiently and improve display luminance.

[0129] Here, as shown in FIG. 5, an insulating film 1075
may be provided with unevenness 501, so that the reflective
electrode can be made uneven. Note that the insulating film
1075 may have a stacked layer structure. Further, as shown in
FIG. 6, a contact hole 501a may be used for forming uneven-
ness. In this case, the contact hole 5014 functions to connect
the wiring 401 and the conductive film 106a as well.

[0130] Next, an example of a forming method of uneven-
ness of the insulating film and the reflective electrode is
shown. InFIGS. 1A to 1C and 3A and 3B, description is made
of a method for forming the resist by using the light exposure
mask including the light shielding portion 101a in which
exposure light is shielded and the semi-transmission portion
1015 in which exposure light partially passes. This manufac-
turing method may be applied to a method for forming
unevenness of the insulating film and the reflective electrode;
and a contact hole in the insulating film with a small number
of steps. Therefore, further reduction in the number of steps
can be realized.

[0131] In addition, production equipment is already avail-
able since this manufacturing method is used for forming the
transparent electrode and the reflective electrode. Therefore,
there is no special requirement for using this manufacturing
method in order to form unevenness of the transparent elec-
trode and the reflective electrode. Accordingly, it is greatly
advantageous to form both the transparent electrode and the
reflecting electrode and the unevenness thereof by this manu-
facturing method.

[0132] Thereis no big problem if the unevenness is slightly
misaligned. Microfabrication 1s not required for the uneven-
ness. Therefore, the unevenness can be manufactured without
reducing manufacturing yield.

[0133] In FIG. 7A, a light exposure mask includes a light
shielding portion 701a in which exposure light is shielded, a
semi-transmission portion 7015 in which exposure light par-
tially passes, and a transparent portion 701¢ in which expo-
sure light passes. The semi-transmission portion 7015 is pro-
vided with a semi-transmission film 702, which reduces
intensity of exposure light. The light shielding portion 701a is
formed by superimposing a metal film 703 over the semi-
transmission film 702. Here, although an example where the
semi-transmission film is used for the semi-transmission por-
tion is described, the invention is not limited to this. The
semi-transmission portion is acceptable as long as it reduces
intensity of exposure light. Further, a diffraction grating pat-
tern may be used for the semi-transmission portion.

[0134] An electrode 705 is provided over an insulating film
707. A film 704 which is sensitive to light (for example,
photosensitive acryl) is provided thereover. When the film
704 is exposed to light by using the light exposure mask
shown in FIG. 7A, a light-unexposed region, a light-exposed
region, and a semi light-exposed region are formed. A part of
the film 704 which is irradiated with light is removed, thereby
forming a film 704a as shown in FIG. 7B, and a contact hole
706a and unevenness 706 are formed simultaneously.
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[0135] Note that although the unevenness other than the
contact hole is formed in FIGS. 7A and 7B, the invention is
not limited to this. A plurality of holes such as contact holes
may be formed in order to form unevenness. In this case, a
wiring is not required to be provided below the holes since an
electrical connection is not necessarily required. In the case
where there is no electrical problem, a wiring may be pro-
vided.

[0136] Note that although a part of the film 704 which is
irradiated with light is removed in FIGS. 7A and 7B, the
invention is not limited to this. On the contrary, a part of the
film 704 which is not irradiated with light may be removed.

[0137] Note that although a resist is not used in FIGS. 7A
and 7B, the invention is not limited to this. Unevenness and a
contact hole may be formed by dry etching or wet etching
using a resist after forming a film.

[0138] Note that a thickness (a cell gap) of a liquid crystal
in the transmission region is made thicker than a thickness of
a liquid crystal in the reflection region in some cases. This is
because light passes twice in the reflective region, while light
passes only once in the transmission region. A cell gap in the
transmission region may be made thicker by adjusting the cell
gap. FIGS. 8A and 8B show that case. The film 704 is
removed so as to form a film 7045; therefore, a depressed
portion 801 in the transmission region as well as a contact
hole can be formed. A cell gap in the depressed portion 801
becomes thick. Therefore, this part may be used as a trans-
mission region.

[0139] In this case, no additional step is required for thick-
ening a cell gap; therefore, cost can be reduced.

[0140] Note that this embodiment mode shows an example
in the case where a part of the description in Embodiment
Mode 1 is transformed. Therefore, the description in Embodi-
ment Mode 1 can be applied to this embodiment mode or
combined with this embodiment mode.

[0141] In addition, description is made with reference to
various drawings in this embodiment mode. One drawing
consists of various components. Therefore, another structure
can be made by combining each of the components from each
drawing.

Embodiment Mode 3

[0142] Next, description is made of a specific example in
the case where a transistor is provided. Note that a transistor
is not necessarily required and a so-called passive matrix type
can also be applied.

[0143] First, description is made of a method for forming a
top gate type TFT over a substrate 901 with reference to FIG.
9. The substrate 901 is a substrate having a light transmitting
property, such as a quartz substrate, a glass substrate, or a
plastic substrate. Note that the substrate 901 may be a sub-
strate having a light shielding property, and a semiconductor
substrate or an SOI (Silicon On Insulator) substrate may be
used.

[0144] An insulating film 902 is formed over the substrate
901 as a base film. As the insulating film 902, a single layer of
an insulating film such as a silicon oxide film, a silicon nitride
film, or a silicon oxynitride (SiO,N,) film; or a stacked layer
of at least two films of the aforementioned films is used.
[0145] Note that a silicon oxide film is preferably used for
apart in contact with a semiconductor. As a result, an electron
trap in the base film or hysteresis in transistor characteristics
can be suppressed. Further, at least one film containing a large
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amount of nitrogen is preferably provided as the base film;
therefore, impurities from glass can be reduced.

[0146] Next, an island-shaped semiconductor film 903 is
formed over the insulating film 902.

[0147] The island-shaped semiconductor film 903 is
formed by forming a semiconductor film over an entire sur-
face of the insulating film 902 by a sputtering method, an
LPCVD method, a plasma CVD method, or the like, and
subsequently processing the shape of the semiconductor film
using a mask which is formed by a photolithography method
orthe like. When the island-shaped semiconductor film 903 is
formed of a crystalline semiconductor film, there are a
method for forming a crystalline semiconductor film directly
over the substrate 901; and a method in which an amorphous
semiconductor film is formed over the substrate 901 and is
thereafter crystallized by heat treatment so as to form a crys-
talline semiconductor film. As for heat treatment in crystalli-
zation for the latter method, a heating furnace, laser irradia-
tion, irradiation with light emitted from a lamp instead of
laser light (hereinafter referred to as lamp annealing), or a
combination thereof is employed.

[0148] A crystalline semiconductor film may be formed by
a thermal crystallization method in which nickel or the like is
added to an amorphous semiconductor film, and subse-
quently, the aforementioned heat treatment is performed.
Note that when the crystalline semiconductor film is obtained
by performing crystallization by a thermal crystallization
method using nickel, gettering treatment in which nickel is
removed is preferably performed after crystallization.
[0149] When the crystalline semiconductor film is formed
through crystallization by laser irradiation, a continuous
wave (CW) laser beam or a pulsed laser beam (a pulse laser
beam) can be used. As a usable laser beam, a beam emitted
from one or plural kinds of the following lasers can be used:
a gas laser such as an Ar laser, a Kr laser, or an excimer laser;
a laser using single crystalline YAG, YVO,, forsterite
(Mg,SiO,), YAIO,, or GAVO,, or polycrystalline (ceramic)
YAG, Y,0;, YVO,, YAIO,, or GAVO, as a medium, doped
with one or more of Nd, Yb, Cr, Ti, Ho, Er, Tm, and Ta as a
dopant; a glass laser; a ruby laser; an alexandrite laser; a
Ti:sapphire laser; a copper vapor laser; and a gold vapor laser.
Crystals with a large grain size can be obtained by irradiation
with a laser beam having a fundamental wave of such a laser
beam or second to fourth harmonic waves thereof. For
example, the second harmonic wave (532 nm) or the third
harmonic wave (355 nm) of an Nd:YVQO, laser (fundamental
wave is 1064 nm) can be used. This laser can be emitted by a
CW or apulsed oscillation. When emitted by a CW laser, the
power density of the laser of approximately 0.01 to 100
MW/cm?® (preferably 0.1 to 10 MW/cm?) is required. The
irradiation is performed at a scanning rate of approximately
10 to 2000 cmy/sec.

[0150] Note that a laser using single crystalline YAG,
YVO,, forsterite (Mg,Si0,), YAIO,, or GAVO,; or polycrys-
talline (ceramic) YAG, Y,0;, YVO,, YAIO;, or GAVO, as a
medium, doped with one or more of Nd, Yb, Cr, Ti, Ho, Er,
Tm, and Ta as a dopant; an Ar ion laser; or a Ti:sapphire laser
can be continuously oscillated. Further, pulse oscillation
thereof can be performed at a repetition rate of equal to or
more than 10 MHz by carrying out Q-switch operation or
mode locking. When a laser beam is oscillated at a repetition
rate of equal to or more than 10 MHz, a semiconductor film is
irradiated with a next pulse while the semiconductor film is
melted by the laser beam and solidified. Accordingly, unlike
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in the case of using a pulsed laser with a low repetition rate, a
solid-liquid interface can be continuously moved in the semi-
conductor film; therefore, crystal grains which continuously
grow in a scanning direction can be obtained.

[0151] When ceramic (polycrystal) is used as a medium,
the medium can be formed to have a free shape in a short time
atlow cost. When a single crystal is used, a columnar medium
with several mm in diameter and several tens of mm in length
is usually used. In the case of using ceramic, a medium can be
made much larger.

[0152] Concentration of a dopant such as Nd or Yb in a
medium, which directly contributes to a light emission, can-
not be changed largely in both of the single crystal and the
polycrystal; therefore, there is a limitation to some extent in
improvement in output of a laser by increasing the concen-
tration. However, in the case of the ceramic, the size of a
medium can be made significantly large as compared with the
single crystal; therefore, drastic improvement in output of a
laser can be realized.

[0153] Further, in the case of the ceramic, a medium with a
parallelepiped shape or a rectangular parallelepiped shape
can be easily formed. When a medium having such a shape is
used and oscillated light is made to travel in a zigzag manner
inside the medium, a path of the oscillated light can be made
long. Therefore, amplitude is increased and a laser beam can
be oscillated at a high output. Furthermore, a cross section of
a laser beam, which is emitted from a medium having such a
shape, is a quadrangular shape; therefore, as compared with a
laser beam with a circular shape, the laser beam with the
quadrangular shape in cross section has an advantage to be
formed into a linear beam. By shaping a laser beam emitted in
the aforementioned manner using an optical system, a linear
beam with 1 mm or less in length of a shorter side and several
mm to several m in length of a longer side can be easily
obtained. In addition, a medium is uniformly irradiated with
excited light, so that a linear beam is emitted with uniform
energy distribution in a long side direction.

[0154] By irradiating the semiconductor film with such a
linear beam, an entire surface of the semiconductor film can
be more uniformly annealed. In the case where uniform
annealing is required from one end to the other end of the
linear beam, ingenuity such as arrangement of slits on both
ends of the linear beam so as to shade an attenuated portion of
energy from light is required.

[0155] When the semiconductor film is annealed using a
linear beam with uniform intensity obtained in the aforemen-
tioned manner and an electronic apparatus is manufactured
using this semiconductor film, characteristics of the elec-
tronic apparatus are favorable and uniform.

[0156] Next, if necessary, the semiconductor layer is doped
with a very small amount of an impurity element (boron or
phosphorus) in order to control a threshold value of a TFT.
Here, an ion doping method is used, in which plasma excita-
tion is performed without mass separation of diborane
(B,H,). However, mass separation may be performed so as to
precisely control the amount of dopant. Therefore, a thresh-
old voltage can be precisely controlled.

[0157] The island-shaped semiconductor film 903 is
formed to have a thickness of 25 to 80 nm (preferably 30 to 70
nm). Although a material for the semiconductor film is not
limited, the semiconductor film is preferably formed from
silicon, a silicon-germanium (SiGe) alloy, or the like.
[0158] Next, a gate insulating film 904 is formed so as to
cover the island-shaped semiconductor film 903. As the gate
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insulating film 904, a single layer structure or a stacked layer
structure of a thermal oxide film, a silicon oxide film, a silicon
nitride film, a silicon oxynitride film, or the like can be used.
A silicon oxide film is preferably used for the gate insulating
film which s in contact with the island-shaped semiconductor
film 903. This is because a trap level at an interface between
the gate insulating film and the island-shaped semiconductor
film can be lowered. Further, when a gate electrode is formed
from Mo, a silicon nitride film is preferably used for the gate
insulating film which is in contact with the gate electrode.
This is because Mo is not oxidized by a silicon nitride film.
[0159] Here, as the gate insulating film 904, a silicon oxyni-
tride film (composition ratio: Si=32%, 0=59%, N=7%, and
H=2%) having a thickness of 115 nm is formed by a plasma
CVD method.

[0160] Next, a conductive layer is formed over the gate
insulating film 904 and the shape of the conductive layer is
processed using a mask formed by a photolithography
method or the like so as to form a gate electrode 908 and a gate
wiring. A wiring and an electrode for a storage capacitor may
be formed as well. As a material for these conductive layer, Ti,
Mo, Ta, Cr, W, A, Nd, Cu, Ag, Au, Pt, Nb, Si, Zn, Fe, Ba, Ge,
or the like, an alloy of these elements, or the like is used.
Alternatively, a stacked layer structure of the aforementioned
elements or an alloy thereof may be used. Here, the gate
electrode is formed from Mo. Mo is preferable because it can
be easily etched and is resistant to heat. Next, the island-
shaped semiconductor film 903 is doped with an impurity
element using the gate electrode 908 or a resist as a mask in
order to form a channel forming region and impurity regions
functioning as a source region and a drain region.

[0161] At this time, an LDD region may be formed.
[0162] Next, an insulating film 917 is formed using an
inorganic material having a light transmitting property (sili-
con oxide, silicon nitride, silicon oxynitride, or the like), an
organic compound material having a low dielectric constant
(a photosensitive or nonphotosensitive organic resin mate-
rial), or a stacked layer thereof. Alternatively, the insulating
film 917 (or a part thereof) may be formed using a material
containing siloxane. Siloxane is a material including a skel-
eton formed by a bond of silicon (S1) and oxygen (O) and
includes an organic group containing at least hydrogen (such
as an alkyl group or an aromatic hydrocarbon) as a substitu-
ent. Alternatively, a fluoro group may be used as the substitu-
ent. Further alternatively, a fluoro group and an organic group
containing at least hydrogen may be used as the substituent.
The insulating film 917 may have a stacked layer structure.
[0163] Next, a mask is formed of a resist by using a photo-
mask. The insulating film 917 and the gate insulating film 904
are selectively etched using the mask so as to form a contact
hole. Then, the mask made of a resist is removed.

[0164] A conductive film is formed over the insulating film
917 by a sputtering method, a printing method, a CVD
method, or an ink jet method. The shape of the conductive
film is processed using a mask formed by a photolithography
method or the like so as to form a drain electrode 909, a source
electrode, and a source wiring. As for a material, Ti, Mo, Ta,
Cr, W. Al, Nd, Cu, Ag, Au, Pt, Nb, Si, 7Zn, Fe, Ba, Ge, or the
like, an alloy of these elements, or the like is used. Alterna-
tively, the drain electrode 909 or the like may have a stacked
layer structure of the aforementioned elements or an alloy
thereof. Here, the drain electrode and the source wiring are
formed to have a three-layer structure where a layer of Al is
interposed between layers of Mo.
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[0165] The drain electrode 909 corresponds to the wiring
401 in FIGS. 4 and 6 and the electrode 705 in FIGS. 7A, 7B,
8A, and 8B.

[0166] An insulating film 907 is formed thereover. The
insulating film 907 is often formed using an organic material
since it preferably has high planarity and good coverage. Note
that the insulating film 907 may have a multilayer structure
where an organic material is formed over an inorganic mate-
rial (silicon oxide, silicon nitride, silicon oxynitride, or the
like). The insulating film 907 corresponds to the insulating
film 107 in FIGS. 1A to 1C, 2A to 2C, 3A and 3B.

[0167] After a contact hole is formed in the insulating film
907, a conductive film is formed thereover by a sputtering
method, a printing method, a CVD method, or an ink-jet
method.

[0168] A conductive film 906 in FIG. 9 corresponds to the
conductive film 1064 in FIGS. 2C and 4 to 6. A conductive
film 905 in FI1G. 9 corresponds to the conductive film 1055 in
FIGS. 4 t0 6.

[0169] Theconductive film 906 is a part of a pixel electrode
and is a transparent electrode which transmits light. The con-
ductive film 905 is a part of the pixel electrode and is a
reflective electrode which reflects light. An entire under sur-
face of the reflective electrode is in contact with a top surface
of the transparent electrode.

[0170] As for the transparent electrode, for example, an
indium tin oxide (ITO) film in which tin oxide is mixed in
indium oxide, an indium tin silicon oxide (ITSO) film in
which silicon oxide is mixed in indium tin oxide (ITO), an
indium zinc oxide (IZO) film in which zinc oxide is mixed in
indium oxide, a zinc oxide film, atin oxide film, or the like can
be used. Note that 17O is a transparent conductive material
formed by a sputtering method using a target in which 2 to 20
wt % of zinc oxide (ZnO) is mixed in ITO. However, the
invention is not limited to this.

[0171] As for the reflective electrode, for example, Ti, Mo,
Ta, Cr, W, Al, Nd, Cu, Ag, Au, Pt, Nb, Si, Zn, Fe, Ba, Ge, or
the like, an alloy thereof, or the like can be used. A two-layer
structure where Al is stacked with Ti, Mo, Ta, Cr or W; or a
three-layer structure where a layer of Al is interposed between
layers of a metal such as Ti, Mo, Ta, Cr, or W may be
employed.

[0172] The conductive film 905 and the conductive film
906 are formed by the method described in Embodiment
Modes 1 and 2.

[0173] Although not shown in the figure, an alignment film
is often formed over the conductive film 905 and the conduc-
tive film 906.

[0174] A color filter 916, a black matrix 915, a planarizing
film 912, an opposite electrode 914, and the like are formed
over an opposite substrate 911. A liquid crystal layer 910 is
provided between the opposite substrate 911 and the substrate
901.

[0175] In a part (reflection portion) 920 where light is
reflected in order that display is performed, light passes
through the liquid crystal layer 910 twice. That is, external
light enters the liquid crystal layer 910 from an opposite
substrate side, is reflected by the conductive film 905, passes
the liquid crystal layer 910 again, and goes out from the
opposite substrate side; therefore, light passes the liquid crys-
tal layer 910 twice.

[0176] On the other hand, in a part (transmission portion)
921 where light is transmitted in order that display is per-
formed, light enters the liquid crystal layer 910 through the
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conductive film 906 and goes out from the opposite substrate.
That is, light passes through the liquid crystal layer 910 once.
[0177] Since the liquid crystal layer 910 has refractive
index anisotropy, polarization of light is changed in accor-
dance with a distance traveled by the light in the liquid crystal
layer 910, and thereby when an image is displayed, display is
not performed appropriately. Therefore, polarization of light
is required to be adjusted. As a method for adjusting polar-
ization of light, a thickness (so-called cell gap) of the liquid
crystal layer 910 in the part (reflection portion) 920 where
light is reflected in order that display is performed may be
made thin; therefore, the distance cannot be too long for light
to pass the liquid crystal layer 910 twice.

[0178] A film for adjusting a thickness (a film for adjusting
acell gap, also referred to as a thickness adjusting film, a cell
gap adjusting film or the like) may be provided in order to thin
the thickness (so-called cell gap) of the liquid crystal layer
910. The film corresponds to an insulating film 913 in FIG. 9.
That is, the insulating film 913 is provided for adjusting the
thickness of the liquid crystal layer in the part (reflection
portion) 920 where light is reflected in order that display is
performed. By providing the insulating film 913, the thick-
ness of the liquid crystal layer in the reflection portion 920 can
be made thinner than a thickness of the liquid crystal layer in
the transmission portion 921.

[0179] Note that the thickness of the liquid crystal layer 910
in the reflection portion 920 is preferably half the thickness of
the liquid crystal layer 910 in the transmission portion 921.
Here, “half” may include a difference unrecognized by a
human eye.

[0180] Light does not enter only from a direction perpen-
dicular to the substrate, that is, a normal direction. Light often
enters obliquely. By putting these cases together, a distance
traveled by the light in the reflection portion 920 may be made
substantially approximately the same as a distance traveled
by the light in the transmission portion 921. Therefore, the
thickness of the liquid crystal layer 910 in the reflection
portion 920 is preferably equal to or more than one third of the
thickness of the liquid crystal layer 910 in the transmission
portion 921 and equal to or less than two thirds thereof.
[0181] As described above, the film for adjusting a thick-
ness is easily formed by being provided on the opposite
substrate 911 side. The film for adjusting a thickness is pref-
erably formed using an organic material such as acrylic or
polyimide.

[0182] Note that light scattering particles may be mixed in
the film for adjusting a thickness. Therefore, light is scattered
and luminance can be improved. The light scattering particles
are formed of a material having a refractive index different
from that of a cell gap adjusting film and formed from a resin
material having a light transmitting property. A film for
adjusting a cell gap may be formed so as to contain such light
scattering particles.

[0183] Note that the opposite electrode 914 is preferably
formed over the insulating film 913 (a side near the liquid
crystal layer 910). Therefore, a sufficiently high electric field
can be applied to the liquid crystal layer 910.

[0184] However, the invention is not limited to this. As
shown in FIG. 10, an insulating film 1013 may be formed over
an electrode 1014 (a side near the liquid crystal layer 910).
Disconnection of the electrode 1014 can be prevented since
the insulating film 1013 is very thick.

[0185] Note that althoughin F1G. 9, the reflective electrode
is not provided with unevenness in the reflection portion 920,
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unevenness may be formed as shown in FIGS. 5 and 6. This
case is shown in FIG. 10. Unevenness may be formed by the
method described in FIGS. 7A and 7B. Light can be diffused
by unevenness 1001 and a contact hole 1001a.

[0186] Note that although a thickness adjusting film is pro-
vided on the opposite substrate side in FIGS. 9 and 10, the
invention is not limited to this. The thickness adjusting film
may be provided on a side where a transistor is formed. This
case is shown in FIG. 11. A part of an insulating film 9074 is
removed to form the thickness adjusting film. Note that FIG.
10 may be combined with FIG. 11. An example of this case is
shown in FIG. 12. A depressed portion 1101 corresponds to
the depressed portion 801 in FIG. 8B. As described above, the
depressed portion 1101 is provided in the transmission por-
tion 921; therefore, a cell gap in the transmission portion 921
can be made larger than a cell gap in the reflection portion
920.

[0187] Note that both ofa depressed portion and a thickness
adjusting film may be provided. Both may serve to control a
thickness; therefore, each thickness is not required to be made
very large, which leads to easy manufacturing.

[0188] NotethatalthoughinFIG. 11, a part ofthe insulating
film 9074 is removed in order to form the depressed portion
1101, the invention is not limited to this. Other insulating
films may be removed. For example, FIG. 50 shows the case
where a part of an insulating film 917a as well as the insulat-
ing film 9074 is removed. Therefore, a difference in cell gaps
between the reflection portion 920 and the transmission por-
tion 921 can be easily made. As compared with the case where
only the insulating film 907a is removed, a thickness of the
insulating film 9074 can be made thinner, and thereby defi-
ciency such as a warp of the substrate can be reduced.
[0189] FIG. 51 shows the case where an insulating film
902¢, a gate insulating film 904e, a substrate 901e, and the
like are further partially removed. The insulating film 902e,
the gate insulating film 904e, the substrate 901e, and the like
are formed from films having similar components in some
cases; therefore, a depressed portion 1101¢ can be formed
more deeply.

[0190] Note thatunevenness may be formed using a contact
hole. This case is shown in FIG. 13. Unevenness is formed
using a contact hole 1301 provided in a part where the con-
ductive film 906 is not connected to the drain electrode 909. A
plurality of contact holes 1301 are formed in order that sur-
faces of a wiring and an electrode are made uneven, but not in
order to connect wirings. Note that in the contact hole 1301,
similarly in the contact hole 1001a, the conductive film 906
may be in contact with the drain electrode 909.

[0191] FIG. 14 shows the case where the depressed portion
1101 is provided in the case of FIG. 13.

[0192] As described above, there are a plurality of methods
for each of presence of unevenness, a forming method of
unevenness, and an adjusting method of'a cell gap (thickness
adjustment is performed on an opposite substrate side or a
TFT substrate side). Therefore, any of them may be selected
and combined.

[0193] Note that in the case where the conductive film 905
is a reflective electrode, a transistor, a wiring, and a storage
capacitor are preferably formed below the conductive film
905. In the case where the conductive film 905 is a reflective
electrode and the conductive film 906 is a transparent elec-
trode, the transmission region is preferably provided as large
as possible. This is because light is transmitted through the
transmission region in order that display is performed. On the
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other hand, in the reflection region, display is not affected
even when some element is provided below the reflective
electrode. Therefore, a transistor, a wiring, and a storage
capacitor are provided below the conductive film 905, and
thereby layout can be efficiently designed.

[0194] Note that although the whole area of the transistor
and the storage capacitor is preferably provided below the
reflective electrode, the invention is not limited to this. A part
of the transistor or the storage capacitor may be provided
outside the reflective electrode (outside the reflection por-
tion).

[0195] FIGS. 47 and 48 show cross sectional views in the
case where the transistor and the storage capacitor are pro-
vided below the reflective electrode. In FIG. 47, one electrode
of a storage capacitor 4701 is formed using a part of a semi-
conductor layer which is used as an active layer for a transis-
tor 4702. In FIG. 47, the storage capacitor 4701 is formed
between the island-shaped semiconductor film 903 and a
storage capacitor wiring 908e using the gate insulating film
904 as an insulator; and between a part of the drain electrode
909 and the storage capacitor wiring 908 using the insulating
film 917 as an insulator. In FIG. 48, a storage capacitor 4801
is formed between a storage capacitor wiring 908/ and a
semiconductor layer 903/ other than the semiconductor layer
used as an active layer for the transistor 4702, using the gate
insulating film 904 as an insulator. The semiconductor layer
903/1s connected to the drain electrode 909 through a contact
hole.

[0196] Note that although an insulating film is provided
over the drain electrode in FIGS. 9 to 14, and 47 and 48, the
invention is not limited to this. A transparent electrode 906a
may be provided below a drain electrode 9054 functioning as
a reflective electrode, and a pixel electrode may be provided
over an insulating film 1517 which is formed over the gate
electrode. This case is shown in FIG. 15. Note that in the case
of FIG. 15, a surface of a reflective electrode may also be
made uneven, or a thickness adjusting film and a depressed
portion may be formed to adjust a cell gap. As an example,
FIG. 16 shows the case where unevenness of a reflective
electrode is formed using contact holes 1601 and 1601a.

[0197] Note that although each of FIGS. 9 to 16 and 47 and
48 shows the case where the gate electrode is provided over a
channel, that s, the case of a so-called top gate type transistor,
the invention is not limited to this. The invention can also be
applied to the case where a gate electrode is provided below a
channel, that is, the case of a so-called bottom gate type
transistor.

[0198] FIG. 17 shows the case of a bottom gate type tran-
sistor. A gate insulating film 1704 is formed over a gate
electrode 1708. An island-shaped semiconductor film 1703 is
formed thereover. An insulating film 1717 is formed there-
over. A contact hole is formed, over which a drain electrode
1709 and a source signal line are formed. A structure over the
drain electrode 1709 and the source signal line is similar to the
case of a top gate structure. Therefore, in the case of a bottom
gate type transistor, a surface of a reflective electrode may
also be made uneven, or a thickness adjusting film and a
depressed portion may be formed to adjust a cell gap.
Unevenness of a reflective electrode may be formed using a
contact hole.

[0199] Note that this embodiment mode shows an example
in the case where the description in Embodiment Modes 1 and
2 is concretely realized. Therefore, the description in
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Embodiment Modes 1 and 2 can also be applied to this
embodiment mode or combined with this embodiment mode.
[0200] In addition, description is made with reference to
various drawings in this embodiment mode. One drawing
consists of various components. Therefore, another structure
can be made by combining each of the components from each
drawing.

Embodiment Mode 4

[0201] The liquid crystal layer 910 can be provided with
liquid crystal molecules of various modes.

[0202] ATN (Twisted Nematic) liquid crystalis taken as an
example. When the TN liquid crystal is used, a pixel electrode
is not required to be provided with a slit. That is, the pixel
electrode can be provided all over one pixel. A common
electrode formed over an opposite substrate can be formed
over all pixels. Therefore, the pixel electrode (the transparent
electrode and the reflective electrode) described in Embodi-
ment Modes 1 to 3 can be used.

[0203] As a liquid crystal other than the TN liquid crystal,
there are an MVA (Multi-domain Vertical Alignment) mode
and a PVA (Patterned Vertical Alignment) mode in which
liquid crystal molecules are arranged in a vertical direction. In
the case of an MVA mode or a PVA mode, in order to control
tilt of liquid crystal molecules, a pixel electrode is provide
with a slit or divided so as to be arranged at intervals, or a
projection is provided.

[0204] FIG. 18 is a cross sectional view in the case where
the pixel electrode is provided with a slit. As shown in FIG.
18, a structure where an opposite electrode is also provided
with a slit or the like is the PVA mode. As shown in FIG. 19,
a structure where an opposite electrode is provided with pro-
jections 1901 and 1902 is the MVA mode.

[0205] When a manufacturing method of the invention is
used, a side surface of a conductive layer 9065 and a side
surface of a conductive film 9055 are not aligned with each
other. The side surface of the conductive film 9055 is recessed
with respect to the side surface of the conductive layer 9065.
An entire under surface of a reflective electrode is in contact
with atop surface of a transparent electrode. This is caused by
amanufacturing method of the invention, such as the shape of
a resist which is used when each conductive layer is etched.
[0206] Viewingangle characteristics are improved by using
the MVA mode or the PVA mode. Therefore, visibility is
improved and an image with less color unevenness even when
seen from any angle can be displayed. Further, luminance in
a black state can be made extremely low since a normally
black mode can be used. Therefore, a contrast ratio can be
improved.

[0207] Note that this embodiment mode shows an example
in the case where the description in Embodiment Modes 1 to
3 is concretely realized. Therefore, the description in
Embodiment Modes 1 to 3 can be applied to this embodiment
mode or combined with this embodiment mode.

[0208] In addition, description is made with reference to
various drawings in this embodiment mode. One drawing
consists of various components. Therefore, another structure
can be made by combining each of the components from each
drawing.

Embodiment Mode 5

[0209] Next, description is made of the case of a transistor
using amorphous silicon. Note that as for a TFT described in
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this embodiment mode, Embodiment Modes 1 to 4 can be
referred to for the kind of a substrate, a forming method, a
material of each layer, and the like.

[0210] Also in the case of a transistor using amorphous
silicon, a bottom gate type (inversed staggered type) transis-
tor, a top gate type (staggered type) transistor, and the like can
be realized. Here, description is made of the case of using an
inversed staggered type transistor.

[0211] FIG. 21 is a cross sectional view. An insulating film
is formed over a substrate 2101 as a base film. Note that a base
film is not required to be provided. Next, a conductive layer is
formed over the insulating film or the substrate 2101 and the
shape thereof is processed using a mask formed by a photo-
lithography method or the like so as to form a gate electrode
2108 and a gate wiring. A storage capacitor wiring and an
electrode may be formed as well.

[0212] A gate insulating film 2104 is formed so as to cover
the gate electrode 2108. The gate insulating film 2104 is
formed using a silicon nitride film, a silicon oxide film, a
stacked layer structure thereof, or the like. An amorphous
semiconductor film is formed over the gate insulating film
2104. Although a material of the amorphous semiconductor
film is not limited, the amorphous semiconductor film is
preferably formed of silicon, a silicon-germanium (SiGe)
alloy, or the like. Next, a conductive layer is formed over the
amorphous semiconductor film. As the conductive layer, an
amorphous silicon film containing phosphorus can be used,
for example. The shapes of the amorphous semiconductor
film and the conductive layer are processed using a mask
formed by a photolithography method or the like so as to form
an island-shaped amorphous semiconductor film and an
island-shaped conductive layer. These are generally a semi-
conductor layer 2103 containing silicon as a main compo-
nent.

[0213] A conductive layer is formed to be stacked over the
semiconductor layer 2103 and the shape thereof is processed
using a mask formed by a photolithography method or the like
so as to form a drain electrode 2109.

[0214] The conductive layer of the semiconductor layer
2103 is etched using the drain electrode 2109 or the like as a
mask, and thereby a source and a drain are separated. Such a
structure is generally referred to as a channel etch type.

[0215] The drain electrode 2109 corresponds to the wiring
401 in FIGS. 4 and 6 and the electrode 705 in FIGS. 7A, 7B,
8A, and 8B.

[0216] An insulating film 2102 is formed thereover. The
insulating film 2102 is preferably formed of a silicon nitride
film since a silicon nitride film can prevent various impurities
from entering the transistor. Note that a silicon oxide film or
a stacked layer film including a silicon oxide film may be
used.

[0217] Next, an insulating film 2107 is formed to absorb
unevenness of the wiring and the like to be made even. The
insulating film 2107 is made using an organic film such as
acrylic or polyimide. A photosensitive material may be used
as well.

[0218] The insulating film 2107 and the insulating film

2102 correspond to the insulating film 107 in FIGS. 1A to 1C,
2A to 2C and 3A and 3B.

[0219] Next, a contact hole is formed in the insulating film
2102 and the insulating film 2107. A conductive film is
formed thereover.
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[0220] An electrode 2106 in FIG. 21 corresponds to the
conductive film 1064 in FIGS. 2C, and 4 to 6. An electrode
2105 in FIG. 21 corresponds to the conductive film 1055 in
FIGS. 2C, and 4 to 6.

[0221] The electrode 2106 is a part of a pixel electrode and
1s a transparent electrode which transmits light. The electrode
2105 is a part of a pixel electrode and is a reflective electrode
which reflects light. An entire under surface of the reflective
electrode is in contact with a top surface of the transparent
electrode.

[0222] As for the transparent electrode, for example, an
indium tin oxide (ITO) film in which tin oxide is mixed in
indium oxide, an indium tin silicon oxide (ITSO) film in
which silicon oxide is mixed in indium tin oxide (ITO), an
indium zinc oxide (1ZO) film in which zinc oxide is mixed in
indium oxide, a zinc oxide film, atin oxide film, or the like can
be used. Note that IZO is a transparent conductive material
formed by a sputtering method using a target in which 2 to 20
wt % of zinc oxide (ZnO) is mixed in ITO. However, the
invention is not limited to this.

[0223] As for the reflective electrode, for example, Ti, Mo,
Ta, Cr, W, Al, Nd, Cu, Ag, Au, Pt, Nb, Si, Zn, Fe, Ba, Ge, or
the like, an alloy thereof, or the like can be used. A two-layer
structure where Al is stacked with Ti, Mo, Ta, Cr or W; or a
three-layer structure where a layer of Al is interposed between
layers of a metal such as Ti, Mo, Ta, Cr, or W may be
employed.

[0224] The conductive film 2105 and the conductive film
2106 are formed by the method described in Embodiment
Modes 1 and 2.

[0225] Although not shown in the figure, an alignment film
is often formed over the conductive film 2105 and the con-
ductive film 2106.

[0226] Concerning the opposite electrode 2114, the insu-
lating film 2113, the planarizing film 2112, the black matrix
2115, the color filter 2116, the opposite substrate 2111 and the
liquid crystal layer 2110, although they are similar to those
described in Embodiment Modes 1 to 4, description is made
as an example.

[0227] Note that although the reflective electrode is not
provided with unevenness in the reflection portion 920 in
FIG. 21, unevenness may be formed as shown in FIGS. 5 and
6. This case is shown in FIG. 22. Unevenness may be formed
by the method described in FIGS. 7A and 7B. Light can be
diffused by unevenness 2201 and a contact hole 2201a.
[0228] Note that light scattering particles may be mixed in
films 2113 and 2213 for adjusting a thickness. Therefore,
light is scattered and luminance can be improved. The light
scattering particles are formed of a material having a refrac-
tive index different from that of a cell gap adjusting film and
formed from a resin material having a light transmitting prop-
erty. A film for adjusting a cell gap may be formed so as to
contain such light scattering particles.

[0229] Note that although a thickness adjusting film is pro-
vided on the opposite substrate side in FIGS. 21 and 22, the
invention is not limited to this. The thickness adjusting film
may be provided on a side where a transistor is formed. This
case is shown in FI1G. 23. Note that FIG. 21 may be combined
with FIG. 22. An example of this case is shown in FIG. 24. A
depressed portion 2301 corresponds to the depressed portion
801inFIG. 8. As described above, the depressed portion 2301
is provided in the transmission portion 921; therefore, a cell
gap in the transmission portion 921 can be made larger than a
cell gap in the reflection portion 920.
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[0230] Note that although in FIG. 23, a part of an insulating
film 21074 is removed in order that the depressed portion
2301 is formed, the invention is not limited to this. Other
insulating films may also be removed. For example, a part of
the insulating film 2102 as well as the insulating film 2107a
may be removed. FIG. 52 shows the case where a part of a gate
insulating film 2104e and a substrate 2101e are removed as
well. Therefore, a difference in cell gaps between the reflec-
tion portion 920 and the transmission portion 921 can be
easily made. An insulating film 2102e, the gate insulating film
210de, the substrate 2101e, and the like may be formed from
a film having a similar component in some cases; therefore, a
depressed portion 2301e can be formed more deeply.

[0231] Note that although both the depressed portion and
the thickness adjusting film are formed in FIG. 24, the inven-
tion is not limited to this. One of them may be formed. When
both of them are provided, a thickness can be controlled by
both of them,; therefore, each thickness is not required to be
made very large, which leads to easy manufacturing.

[0232] Note thatunevenness may be formed using a contact
hole. This case is shown in FIG. 25. Unevenness is formed
using a contact hole 2501 which is provided in a part where
the electrode 2106 is not connected to the drain electrode
2109. A plurality of contact holes 2501 are formed in order
that surfaces of a wiring and an electrode are made uneven,
but not in order to connect wirings. Note that in the contact
hole 2501, similarly in a contact hole 22014, the electrode
2106 may be in contact with the drain electrode 2109.
[0233] Note that the depressed portion 2301 may be pro-
vided in the case of FIG. 25.

[0234] Note that although a channel etch type transistor is
used in FIGS. 21 to 25, the invention is not limited to this. A
channel protective type transistor may be used. As an
example, FIG. 26 shows a cross sectional view when a chan-
nel protective type transistor is used in the case of FIG. 21. A
channel protective film 2601 is formed over a semiconductor
layer 26034 in which a channel is formed. A semiconductor
layer and a conductive film (a drain electrode, a source signal
line or the like) 26035 containing phosphorus is formed there-
over. A channel protective type transistor can be applied to the
case of FIGS. 22 to 25 and 49.

[0235] A TFT including the channel protective film 2601
has the following effects. The semiconductor layer 2603a can
be formed thin since there is no fear that the semiconductor
layer is etched, and characteristics of the TFT can be
improved. Thus, a large current can be supplied to the TFT
and signal writing time can be shortened, which is preferable.
[0236] Note that although the insulating film 2107 is
formed over theinsulating film 2102 in FIGS. 21 to 26 and 49,
the invention is not limited to this. The case where planariza-
tionis not required can also be realized. F1G. 27 shows a cross
sectional view of this case. By not forming the insulating film
2107, the number of steps can be reduced and cost can be
reduced. Note that in the case of FIG. 27, a surface of the
reflective electrode may be uneven, a thickness adjusting film
or a depressed portion may be provided so as to adjust a cell
gap, or unevenness of the reflective electrode may be formed
using a contact hole.

[0237] As described above, there are a plurality of methods
for each of presence of unevenness, a forming method of
unevenness, and an adjusting method of a cell gap (thickness
adjusting is performed on an opposite substrate side ora TFT
substrate side). Therefore, any of them may be selected and
combined.
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[0238] Note that this embodiment mode shows an example
in the case where description in Embodiment Modes 1 to 4 is
concretely realized and a part thereof is described in detail.
Therefore, the description in Embodiment Modes 1 to 4 can
be applied to this embodiment mode or combined with this
embodiment mode.

[0239] In addition, description is made with reference to
various drawings in this embodiment mode. One drawing
consists of various components. Therefore, another structure
can be made by combining each of the components from each
drawing.

Embodiment Mode 6

[0240] Description has been made mainly with reference to
cross sectional views so far. In this embodiment mode, a top
plan view is described.

[0241] FIG. 28 is a top plan view which can be applied to
the cases in FIGS. 9 and 47. FIG. 28 shows one pixel (one
color element). A semiconductor layer 2803a is formed, over
which a gate wiring 28084 and a capacitor line 28085 are
formed. A transistor is formed by a gate electrode which is a
film formed continuously with the gate wiring 2808a and is
formed over the semiconductor layer 2803a. The semicon-
ductor layer 2803« is provided below the capacitor line
28085. A storage capacitor is formed by the capacitor line
28085 and the semiconductor layer 2803a. A capacitor is
formed by upper and lower electrodes with a gate insulating
film interposed therebetween. In this case, phosphorus or
boron may be added, or not, to a region of the semiconductor
layer 28034 which functions as an electrode of the capacitor.
When phosphorus or boron is not added, a high voltage is
applied to the capacitor line 28085. When phosphorus or
boron is added, the capacitor line 28085 is often electrically
connected to an opposite electrode. Therefore, the number of
wirings can be reduced.

[0242] A source signal line 2809 and a drain electrode
28095 are formed thereover and connected to the semicon-
ductor layer 2803a through a contact hole.

[0243] Note that the drain electrode 28095 may be largely
provided so as to make a region which is overlapped with the
capacitor line 28085 large; therefore, a capacitance value of
the storage capacitor can be increased.

[0244] A transparent electrode 2806 is formed thereover
and connected to the drain electrode 28095 through a contact
hole. A reflective electrode 28035 is formed thereover.
[0245] The reflective electrode 28035 is formed over the
transistor and the storage capacitor. Therefore, an aperture
ratio of the transmission portion can be increased and layout
can be efficiently designed.

[0246] Note that although the capacitor line 28086 is pro-
vided, the invention is not limited to this. Instead of the
capacitor line 2808, a gate signal line of one preceding row
may be used. That is, a potential of the gate signal line of one
preceding row is constant in a non-selected state, thereby
functioning as a storage capacitor line.

[0247] The storage capacitor is provided at the center part
of a pixel electrode in FIG. 29, while the storage capacitor is
provided in the vicinity ofthe transistor in FIG. 28. Therefore,
a plurality of transmission regions can be provided in one
pixel. Accordingly, a plurality of regions in which alignment
states ofliquid crystal molecules are different from each other
can exist, and a multi-domain structure can be easily realized.
A wide viewing angle can be obtained by having a multi-
domain structure.
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[0248] FIG. 30 shows the case where the reflective elec-
trode is provided with unevenness 3001 with respect to the
case of FIG. 27. This corresponds to FIGS. 10 and 13. The
reflective electrode is provided with unevenness, so that light
is scattered and luminance can be improved.

[0249] Similarly, FIG. 31 shows the case where the reflec-
tive electrode is provided with the unevenness 3001 with
respect to the case of FIG. 29 where the storage capacitor is
provided at the center part of the pixel electrode. The reflec-
tive electrode is provided with the unevenness, so that light is
scattered and luminance can be improved. Further, a plurality
of regions in which alignment states of liquid crystal mol-
ecules are different from each other can exist, and a multi-
domain structure can be easily realized. By having a multi-
domain structure, light transmittance can be prevented from
decreasing when seen at a specific angle, and a wide viewing
angle can be obtained.

[0250] Next, FIG. 32 shows the case where a depressed
portion 3201 is formed as shown in FIG. 11. By forming the
depressed portion 3201, a cell gap in the reflection portion
and a cell gap in the transmission portion can be easily dif-
ferentiated; therefore, visibility can be improved and an
image with less color unevenness can be displayed with
appropriate gray scales. Further, cell gap adjustment can be
realized simultaneously on a side of a substrate where the
transistor, the capacitor, the wiring, and the like are provided;
therefore, cell gap adjustment can be realized with a small
number of steps and at low cost.

[0251] Similarly, FIG. 33 shows the case where unevenness
3201a and unevenness 32015 are formed with respect to the
case of FIG. 29 where the storage capacitor is provided at the
center part of the pixel electrode.

[0252] In FIGS. 28 to 33, description is made of the case
where a pixel electrode is provided all over each pixel. This
mainly corresponds to the case of being used as the TN liquid
crystal.

[0253] As shown in FIGS. 18 and 19, the pixel electrode
can be provided with a slit or divided so as to be arranged at
intervals.

[0254] FIG. 34 is a top plan view, which corresponds to the
MVA mode, the PVA mode, or the like by providing the pixel
electrode with a slit or by dividing the pixel electrode so as to
be arranged at intervals. Slits 3401a, 34015, 3401c¢, 34014,
and the like are formed both in the transmission region and the
reflection region, and thereby a direction of tilt of liquid
crystal molecules can be determined.

[0255] A storage capacitor portion is provided below the
reflection portion; therefore, an aperture ratio of the transmis-
sion portion can be increased and layout can be efficiently
designed.

[0256] The reflection portion and the storage capacitor are
provided in the center portion of the pixel electrode and
transmission portions are provided adjacent thereto; there-
fore, a plurality of transmission portions can be provided in
one pixel. Accordingly, a plurality of regions in which align-
ment states of liquid crystal molecules are different from each
other can exist, and a multi-domain structure can be easily
realized. By having a multi-domain structure, light transmit-
tance can be prevented from decreasing when seen at a spe-
cific angle, and a wide viewing angle can be obtained.
[0257] FIG. 35 shows the case where unevenness 3001 is
formed in the transmission portion. The reflective electrode is
provided with the unevenness, so that light is scattered and
luminance can be improved.
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[0258] As described above, the structure where the pixel
electrode is provided with a slit or divided so as to be arranged
at intervals can also be applied to FIGS. 28 to 33.

[0259] Note that a method of forming a slit is not limited to
FIGS. 34 and 35, and various ways of arrangement can be
employed.

[0260] Although FIGS. 28 to 35 show examples in the case
of using a transistor with a top gate structure, the invention is
not limited to these and a structure other than these can be
employed. Next, an example of using a transistor with an
inversed staggered structure is shown.

[0261] FIG. 36 corresponds to FIG. 21. A gate wiring
36084 and a capacitor line 36084 are formed. A semiconduc-
tor layer 3603 is formed thereover. A transistor is formed by
a gate electrode which is a film formed continuously with the
gate wiring 3608¢ and is formed below the semiconductor
layer 3603. A source signal line 3609¢ and a drain electrode
36195 are formed thereover. The drain electrode 36195 is
formed over the capacitor line 36085, where the storage
capacitor is formed. A capacitor is formed by upper and lower
electrodes with a gate insulating film interposed therebe-
tween. A transparent electrode 3606 is formed thereover and
connected to the drain electrode 36196 through a contact
hole. A reflective electrode 3605 is formed thereover.

[0262] The reflective electrode 3605 is formed over the
transistor and the storage capacitor. Therefore, an aperture
ratio of the transmission portion can be increased and layout
can be efficiently designed.

[0263] Although the storage capacitor is provided in the
vicinity of the transistor in FIG. 36, the storage capacitor may
be provided at the center part of the pixel electrode. There-
fore, a plurality of transmission portions can be provided in
one pixel. Accordingly, a plurality of regions in which align-
ment states of liquid crystal molecules are different from each
other can exist, and a multi-domain structure can be easily
realized. By having a multi-domain structure, light transmit-
tance can be prevented from decreasing when seen at a spe-
cific angle, and a wide viewing angle can be obtained.
[0264] FIG. 37 shows the case where the reflective elec-
trode is provided with unevenness 3701 with respect to FIG.
36. By forming unevenness over the reflective electrode, light
1s scattered and luminance can be improved.

[0265] FIG. 38 shows the case where a depressed portion
3801 is formed as shown in FIG. 23. By forming the
depressed portion 3801, a cell gap in the reflection portion
and a cell gap in the transmission portion can be easily dif-
ferentiated; therefore, visibility can be improved and an
image with less color unevenness can be displayed with
appropriate gray scales.

[0266] In FIGS. 36 to 38, description is made of the case
where a pixel electrode is provided all over each pixel. This
mainly corresponds to the case of being used as the TN liquid
crystal.

[0267] As shown in FIGS. 18 and 19, the pixel electrode
can be provided with a slit or divided so as to be arranged at
intervals.

[0268] FIG. 39 is a top plan view, which corresponds to the
MVA mode, the PVA mode, or the like by providing the pixel
electrode with a slit or by dividing the pixel electrode so as to
be arranged at intervals. Slits 3901a, 39015, 3901c¢, 39014,
and the like are formed both in the transmission region and the
reflection region, and thereby a direction of inclination of
liquid crystal molecules can be determined.
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[0269] A storage capacitor portion is provided below the
reflection portion; therefore, an aperture ratio of the transmis-
sion portion can be increased and layout can be efficiently
designed.

[0270] The reflection portion and the storage capacitor are
provided in the center portion of the pixel electrode and
transmission portions are provided adjacent thereto; there-
fore, a multi-domain structure can be easily realized. By
having a multi-domain structure, light transmittance can be
prevented from decreasing when seen at a specific angle, and
a wide viewing angle can be obtained.

[0271] Note that unevenness may be formed in the reflec-
tion portion (over a reflective electrode 3605a).

[0272] Note that the slits in FIG. 39 are wave-shaped, and
thereby liquid crystal molecules can be more easily con-
trolled.

[0273] As described above, the structure where the pixel
electrode is provided with a slit or divided so as to be arranged
at intervals can also be applied to other top plan views.
[0274] Note that a method of forming a slit is not limited to
FIG. 39, and various ways of arrangement can be employed.
[0275] Note that this embodiment mode shows an example
in the case where the description in Embodiment Modes 1 to
5 is concretely realized and a part thereof is described in
detail. Therefore, the description in Embodiment Modes 1 to
5 can be applied to this embodiment mode or combined with
this embodiment mode.

[0276] In addition, description is made with reference to
various drawings in this embodiment mode. One drawing
consists of various components. Therefore, another structure
can be made by combining each of the components from each
drawing.

Embodiment Mode 7

[0277] Inthisembodiment mode, description is made of the
light exposure mask used in Embodiment Modes 1 to 6, with
reference to FIGS. 20A to 20D. FIGS. 20A 10 20C aretop plan
views of the light shielding portion 101¢ and the semi-trans-
mission portion 1015 of the light exposure mask shown in
FIGS.1A 10 1C, 3A, 3B, 7A, 7B, and 8A and 8B. A width of
a light shielding portion 101a of the light exposure mask is
denoted by tl, and a width of a semi-transmission portion
1015 thereof is denoted by 12.

[0278] The semi-transmission portion 1015 can be pro-
vided with a diffraction grating pattern. Each of FIGS. 20A
and 20B shows a diffraction grating pattern including a slit
portion formed by a plurality of slits which is equal to or
smaller than a resolution limit of a light exposure apparatus.
The diffraction grating pattern is a pattern in which at least
one pattern such as aslit or a dot is arranged. When a plurality
of patterns such as slits or dots is arranged, the patterns may
be arranged periodically or aperiodically. By using a minute
pattern which is equal to or smaller than a resolution limit, a
substantial amount of exposure can be changed and a thick-
ness of a resist exposed to light after development can be
adjusted.

[0279] The slit of the slit portion may be extended in a
direction parallel to one side of a light shielding portion 303
like a slit portion 301; or in a direction perpendicular to one
side of the light shielding portion 303 like a slit portion 302.
The slit of the slit portion may be extended in an oblique
direction with respect to one side of the light shielding portion
303. Note that a resist used for this photolithography step is
preferably a positive type resist.
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[0280] As another example of the semi-transmission por-
tion, FIG. 20C shows an example where a semi-transmission
film 2004 having a function of reducing intensity of exposure
light is provided. As the semi-transmission film, MoSi,
MoSi0, MoSiON, CrSi, or the like as well as MoSiN can be
used. A light exposure method using a light exposure mask
including a semi-transmission portion is referred to as a half-
tone light exposure method.

[0281] When the light exposure masks shown in FIGS. 20A
to 20C are irradiated with exposure light, the light intensity is
zero in the light shielding portion 303 and the light intensity
is 100% in a light transmitting portion 305. On the other hand,
the intensity of light passing through the semi-transmission
portion having a light intensity reduction function formed by
the slit portion 301 or 302, or the semi-transmission film
2004, can be adjusted in the range of 10 to 70%. FIG. 20D
shows a typical example of a light intensity distribution.
When the semi-transmission portion is a diffraction grating
pattern, adjustment of the intensity of light passing through
the semi-transmission portion can be realized by adjustment
of the pitch and the slit width of the slit portions 301 and 302.
[0282] This embodiment mode can be freely combined
with Embodiment Modes 1 to 6.

Embodiment Mode 8

[0283] Description is made of a pixel circuit of the inven-
tion. In FIG. 45, pixels 50001 are arranged in matrix in a pixel
array 50000. The pixel 50001 is connected to a source signal
line 50002 to which a video signal is inputted and a gate signal
line 50003 to which a gate signal is inputted. A transistor
50004 is controlled by using these signals so that a video
signal is inputted to a liquid crystal C, . and a storage capaci-
tor Cg. The storage capacitor Cg is connected to a storage
capacitor line 50005. Light transmittance of the liquid crystal
C,; ~1schanged in accordance with the video signal; therefore,
an image is displayed.

[0284] As shown in FIG. 46, at least the pixel array 50000
is provided over a glass substrate 60000. A gate signal line
driver circuit 60001 for driving the gate signal line and a
source signal line driver circuit 60002 for supplying a video
signal to the source signal line may be provided in some cases.
Both of them may be provided in some cases and one of them
may be provided in other cases.

[0285] The source signal line driver circuit 60002 includes
a shift register, a sampling switch, a latch circuit, a D/A
converter circuit, or the like; however, the invention is not
limited to this. Only a sampling switch may be provided and
a shift register and the like are not provided in some cases.
[0286] Note that this embodiment mode shows an example
in the case where the description in Embodiment Modes 1 to
7 is concretely realized and a part thereof is described in
detail. Therefore, the description in Embodiment Modes 1 to
7 can be applied to this embodiment mode or combined with
this embodiment mode.

[0287] In addition, description is made with reference to
various drawings in this embodiment mode. One drawing
consists of various components. Therefore, another structure
can be made by combining each of the components from each
drawing.

Embodiment Mode 9

[0288] A structure example of a mobile phone in which a
display device of the invention is included in a display portion
is described with reference to F1G. 40.
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[0289] A display panel 5410 is detachably incorporated
into a housing 5400. A shape and size of the housing 5400 can
be changed as appropriate in accordance with a size of the
display panel 5410. The housing 5400 which fixes the display
panel 5410 is fit into a printed circuit board 5401 and
assembled as a module.

[0290] The display panel 5410 is connected to the printed
circuit board 5401 through an FPC 5411. A speaker 5402, a
microphone 5403, a transmission/reception circuit 5404, and
asignal processing circuit 5405 including a CPU, acontroller,
and the like are formed over the printed circuit board 5401.
Such a module is combined with an input unit 5406 and a
battery 5407, and incorporated into chassis 5409 and 5412. A
pixel portion of the display panel 5410 is provided so as to be
seen from an open window formed in the chassis 5412.
[0291] The display panel 5410 may be formed in such a
manner that the pixel portion and a part of peripheral driver
circuits (a driver circuit with a low operating frequency
among a plurality of driver circuits) are formed over the same
substrate by using TFTs, while another part of the peripheral
driver circuits (a driver circuit with a high operating fre-
quency among the plurality of driver circuits) is formed over
an IC chip, which may be mounted on the display panel 5410
by COG (Chip On Glass). Alternatively, the IC chip may be
connected to a glass substrate by TAB (Tape Automated
Bonding) or by using a printed circuit board. Note that FIG.
41A shows an example of a structure of a display panel in
which a part of peripheral driver circuits and a pixel portion
are formed over a substrate, while an IC chip where another
part of the peripheral driver circuits is formed is mounted on
the substrate by COG or the like. According to such a struc-
ture, power consumption of the display device can be
reduced, and operation time of'a mobile phone per charge can
be extended. In addition, cost reduction of amobile phone can
be achieved.

[0292] In addition, time to write a signal to pixels in one
row can be shortened by converting an impedance of the
signal set to a scan line or a signal line by a buffer. Therefore,
a high-definition display device can be provided.

[0293] In order to further reduce power consumption, a
pixel portion may be formed over a substrate by using TFTs
and all the peripheral circuits may be formed over an IC chip,
which may be mounted on the display panel by COG (Chip
On Glass) or the like.

[0294] By using the display device of the invention, a high-
contrast image can be obtained.

[0295] Note that the structure shown in this embodiment
mode is an example of a mobile phone; therefore, the display
device of the invention is not limited to the mobile phone with
the aforementioned structure and can be applied to mobile
phones with various structures.

[0296] Note that the description in this embodiment mode
can be freely combined with that in Embodiment Modes 1 to
8.

[0297] In addition, description is made with reference to
various drawings in this embodiment mode. One drawing
consists of various components. Therefore, another structure
can be made by combining each of the components from each
drawing.

Embodiment Mode 10

[0298] FIG. 42 shows a liquid crystal module combined
with a display panel 5701 and a circuit substrate 5702. The
display panel 5701 includes a pixel portion 5703, a scan line
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driver circuit 5704, and a signal line driver circuit 5705. For
example, acontrol circuit 5706, a signal dividing circuit 5707,
and the like are formed over the circuit substrate 5702. The
display panel 5701 and the circuit substrate 5702 are con-
nected by aconnection wiring 5708. An FPC or the like can be
used for the connection wiring.

[0299] The display panel 5701 may be formed in such a
manner that a pixel portion and a part of peripheral driver
circuits (a driver circuit with a low operating frequency
among a plurality of driver circuits) are formed over the same
substrate by using TFTs, while another part of the peripheral
driver circuits (a driver circuit with a high operating fre-
quency among the plurality of driver circuits) is formed over
an IC chip, which may be mounted on the display panel 5701
by COG (Chip On Glass) or the like. Alternatively, the IC chip
may be mounted on the display panel 5701 by TAB (Tape
Automated Bonding) or by using a printed circuit board. Note
that FIG. 41 A shows an example of a structure in which a part
of peripheral driver circuits and a pixel portion are formed
over a substrate, while an IC chip where another part of the
peripheral driver circuits is formed is mounted on the sub-
strate by COG or the like. By using such a structure, power
consumption of the display device can be reduced, and opera-
tion time of a mobile phone per charge can be extended. In
addition, cost reduction of a mobile phone can be achieved.

[0300] In addition, time to write a signal to pixels in one
row can be shortened by converting an impedance of a signal
set to a scan line or a signal line by a buffer. Therefore, a
high-definition display device can be provided.

[0301] In order to further reduce power consumption, a
pixel portion may be formed over a glass substrate with TFTs
and all the signal line driver circuits may be formed overan IC
chip, which may be mounted on the display panel by COG
(Chip On Glass).

[0302] Note that it is preferable that a pixel portion be
formed over a substrate by using TFTs and all the peripheral
driver circuits be formed over an IC chip, which be mounted
on the display panel by COG (Chip On Glass). FIG. 41B
shows an example of a structure where a pixel portion is
formed over a substrate and an IC chip in which a signal line
driver circuit is formed is mounted on the substrate by COG
or the like.

[0303] Aliquidcrystal television receiver can becompleted
with this liquid crystal module. FIG. 43 is a block diagram
showing a main structure of the liquid crystal television
receiver. A tuner 5801 receives a video signal and an audio
signal. The video signal is processed by a video signal ampli-
fier circuit 5802; a video signal processing circuit 5803 which
converts a signal outputted from the video signal amplifier
circuit 5802 to a color signal corresponding to each color of
red, green, and blue; and a control circuit 5706 which converts
the video signal to input specifications of a driver circuit. The
control circuit 5706 outputs signals to each of a scan line side
and a signal line side. When performing digital drive, the
signal dividing circuit 5707 may be provided on the signal
line side so that the inputted digital signal is divided into m
signals to be supplied.

[0304] Among the signals received by the tuner 5801, an
audio signal is transmitted to an audio signal amplifier circuit
5804, and an output thereof is supplied to a speaker 5806
through an audio signal processing circuit 5805. A control
circuit 5807 receives control data on a receiving station (re-
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ceive frequency) and volume from an input portion 5808, and
transmits the signal to the tuner 5801 and the audio signal
processing circuit 5805.

[0305] A television receiver can be completed by incorpo-
rating a liquid crystal module into a housing. A display por-
tion is formed by the liquid crystal module. In addition, a
speaker, a video input terminal, and the like are provided as
appropriate.

[0306] Needless to say, the invention is not limited to a
television receiver and can be applied to various uses such as
a monitor of a personal computer, an information display
board at a train station or an airport, and an advertising display
board on the street, specifically as a large-area display
medium.

[0307] As described above, a high-contrast image can be
obtained by using the display device of the invention.
[0308] Note that the description in this embodiment mode
can be freely combined with that in Embodiment Modes 1 to
9.

[0309] In addition, description is made with reference to
various drawings in this embodiment mode. One drawing
consists of various components. Therefore, another structure
can be made by combining each of the components from each
drawing.

Embodiment Mode 11

[0310] The invention can be applied to various electronic
apparatuses. Specifically, the invention can be applied to a
display portion of an electronic apparatus. As such an elec-
tronic apparatus, a camera such as a video camera and a
digital camera, a goggle type display, a navigation system, an
audio reproducing device (a car audio, an audio component
stereo, and the like), a computer, a game machine, a portable
information terminal (a mobile computer, a mobile phone, a
portable game machine, an electronic book, and the like), an
image reproducing device provided with a recording medium
(specifically, a device which reproduces a recording medium
such as a digital versatile disc (DVD) and has a display device
for displaying the reproduced image), and the like are taken as
examples.

[0311] FIG. 44 A shows a display device, which includes a
chassis 35001, a supporting base 35002, a display portion
35003, speaker portions 35004, a video input terminal 35005,
and the like. The display device of the invention can be
applied to the display portion 35003. Note that the display
device includes all information display devices such as those
for a personal computer, TV broadcasting reception, and
advertisement display. A display device which uses the dis-
play device of the invention for the display portion 35003 can
provide a high-contrast image.

[0312] FIG. 44B shows a camera, which includes a main
body 35101, a display portion 35102, an image receiving
portion 35103, operating keys 35104, an external connecting
port 35105, a shutter 35106, and the like.

[0313] A digital camera in which the invention is applied to
the display portion 35102 can provide a high-contrast image.
[0314] FIG. 44C shows a computer, which includes a main
body 35201, a chassis 35202, a display portion 35203, a
keyboard 35204, an external connecting port 35205, a point-
ing device 35206, and the like. A computer in which the
invention is applied to the display portion 35203 can provide
a high-contrast image.

[0315] FIG. 44D shows a mobile computer, which includes
amain body 35301, a display portion 35302, a switch 35303,
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operating keys 35304, an infrared port 35305, and the like. A
mobile computer in which the invention is applied to the
display portion 35302 can provide a high-contrast image.
[0316] FIG. 44E shows a portable image reproducing
device provided with a recording medium (specifically, a
DVD player), which includes a main body 35401, a chassis
35402, a display portion A 35403, a display portion B 35404,
arecording medium (such as DVD)reading portion 35405, an
operating key 35406, a speaker portion 35407, and the like.
The display portion A 35403 mainly displays image data,
while the display portion B 35404 mainly displays text data.
An image reproducing device in which the invention is
applied to the display portion A 35403 and the display portion
B 35404 can provide a high-contrast image.

[0317] FIG. 44F shows a goggle type display, which
includes a main body 35501, a display portion 35502, an arm
portion 35503, and the like. A goggle type display in which
the invention is applied to the display portion 35502 can
provide a high-contrast image.

[0318] FIG. 44G shows a video camera, which includes a
main body 35601, a display portion 35602, a chassis 35603,
an external connecting port 35604, a remote controller receiv-
ing portion 35605, an image receiving portion 35606, a bat-
tery 35607, an audio input portion 35608, operating keys
35609, an eyepiece portion 35610, and the like. A video
camera in which the invention is applied to the display portion
35602 can provide a high-contrast image.

[0319] FIG. 44H shows a mobile phone, which includes a
main body 35701, a chassis 35702, a display portion 35703,
an audio input portion 35704, an audio output portion 35705,
an operating key 35706, an external connecting port 35707,
an antenna 35708, and the like. A mobile phone in which the
invention is applied to the display portion 35703 can provide
a high-contrast image.

[0320] As described above, the applicable range of the
invention is so wide that the invention can be applied to
electronic apparatuses of various fields. In addition, the elec-
tronic apparatuses in this embodiment mode may use a dis-
play device with any of the structures described in Embodi-
ment Modes 1 to 13.

[0321] This application is based on Japanese Patent Appli-
cation serial No. 2005-378778 filed in Japan Patent Office on
Dec. 28, 2005, the entire contents of which are hereby incor-
porated by reference.

1-22. (canceled)

23. A display device comprising:

a transistor over a first substrate, the transistor comprising
a channel formation region in a semiconductor film;

a first insulating film over the semiconductor film;

a gate wiring over the first insulating film;

a first conductive film over the first substrate;

a second insulating film over the gate wiring and the first
conductive film;

source and drain electrode layers over the second insulat-
ing film;

a third insulating film over the source and drain electrode
layers;

a second conductive film over the third insulating film, the
second conductive film being capable of transmitting
light;

athird conductive film over the second conductive film, the
third conductive film being capable of reflecting light;

a liquid crystal layer over the third conductive film; and

a second substrate over the liquid crystal layer,
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wherein the second conductive film comprises a first region
which is overlapped with the third conductive film and a
second region which is not overlapped with the third
conductive film,

wherein the first region includes a third region which over-

laps the first conductive film with the second insulating
film and the third insulating film interposed therebe-
tween, and

wherein the gate wiring and the first conductive film are

formed by patterning a same conductive film.

24. The display device according to claim 23, wherein the
semiconductor film is an oxide semiconductor film which
comprises In, Zn and a metal other than In and Zn.

25. The display device according to claim 23, wherein atop
surface of the third conductive film is in contact with the
liquid crystal layer.

26. The display device according to claim 23, wherein a
bottom surface of the third conductive film is in contact with
a top surface of the second conductive film.

27. The display device according to claim 23, wherein the
first conductive film serves as one electrode of a capacitor.

28. The display device according to claim 23, wherein the
third conductive film serves as part of a pixel electrode.

29. An electronic device comprising a display portion into
which the display device according to claim 23 is incorpo-
rated.

30. A display device comprising:

a transistor over a first substrate, the transistor comprising

a channel formation region in a semiconductor film;

a first insulating film over the semiconductor film;

a gate wiring over the first insulating film;

a first conductive film over the first substrate;

a second insulating film over the gate wiring and the first

conductive film;

source and drain electrode layers over the second insulat-

ing film;

a third insulating film over the source and drain electrode

layers;

asecond conductive film over the third insulating film, the

second conductive film being capable of transmitting
light;

athird conductive film over the second conductive film, the

third conductive film being capable of reflecting light;
aliquid crystal layer over the third conductive film; and

a second substrate over the liquid crystal layer,

wherein the second conductive film comprises a first region

which is overlapped with the third conductive film and a
second region which is not overlapped with the third
conductive film,

wherein the first region includes a third region which over-

laps the first conductive film with the second insulating
film and the third insulating film interposed therebe-
tween,

wherein the first region includes a fourth region which

overlaps the semiconductor film with the first insulating
film, the gate wiring, the second insulating film, the
source and drain electrode layers, and the third insulat-
ing film interposed therebetween, and

wherein the gate wiring and the first conductive film are

formed by patterning a same conductive film.

31. The display device according to claim 30, wherein the
semiconductor film is an oxide semiconductor film which
comprises In, Zn and a metal other than In and Zn.
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32. The display device according to claim 30, wherein atop
surface of the third conductive film is in contact with the
liquid crystal layer.

33. The display device according to claim 30, wherein a
bottom surface of the third conductive film is in contact with
a top surface of the second conductive film.

34. The display device according to claim 30, wherein the
first conductive film serves as one electrode of a capacitor.

35. The display device according to claim 30, wherein the
third conductive film serves as part of a pixel electrode.

36. An electronic device comprising a display portion into
which the display device according to claim 30 is incorpo-
rated.

37. A display device comprising:

a transistor over a first substrate, the transistor comprising

a channel formation region in a semiconductor film;

a first insulating film over the semiconductor film;

a gate wiring over the first insulating film;

a first conductive film over the first substrate;

a second insulating film over the gate wiring and the first
conductive film;

source and drain electrode layers over the second insulat-
ing film;

a third insulating film over the source and drain electrode
layers;

a second conductive film over the third insulating film, the
second conductive film being capable of transmitting
light;

athird conductive film over the second conductive film, the
third conductive film being capable of reflecting light;

a liquid crystal layer over the third conductive film; and

a second substrate over the liquid crystal layer,

wherein the second conductive film comprises a first region
which is overlapped with the third conductive film and a
second region which is not overlapped with the third
conductive film,

wherein the first region includes a third region which over-
laps the first conductive film with the second insulating
film and the third insulating film interposed therebe-
tween,

wherein the second region comprises an opening, and

wherein the gate wiring and the first conductive film are
formed by patterning a same conductive film.

38. The display device according to claim 37, wherein the
semiconductor film is an oxide semiconductor film which
comprises In, Zn and a metal other than In and Zn.

39. The display device according to claim 37, wherein atop
surface of the third conductive film is in contact with the
liquid crystal layer.

40. The display device according to claim 37, wherein a
bottom surface of the third conductive film is in contact with
a top surface of the second conductive film.

41. The display device according to claim 37, wherein the
first conductive film serves as one electrode of a capacitor.

42. The display device according to claim 37, wherein the
third conductive film serves as part of a pixel electrode.

43. An electronic device comprising a display portion into
which the display device according to claim 37 is incorpo-
rated.
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