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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 expo-
sure 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.




Patent Application Publication  Jan. 25,2018 Sheet 1 of 52 US 2018/0024402 A1

FIG. 1A 101a 101b

. : .
< e >
: tl A t2 :
] ] i
o oS = A NN e 2 I S ]
102 - IR RINRERE RIR:
1637

y N
106@ "N, "ﬂ\J

I
s




Patent Application Publication  Jan. 25,2018 Sheet 2 of 52 US 2018/0024402 A1

FIG. 2C

105b e
106a ~~FSh

/ [ A v S i
4 A A 4 K S
o - & 5 & e < 1
107~ S 'f . L
o : 7 e < /"(
1
¢ £
1 4
t 1
f t
¥ 1
§ .
B pol

108a ‘ 108b



US 2018/0024402 A1

Jan. 25,2018 Sheet 3 of 52

Patent Application Publication

e, .&fﬁ./ 5

e X
e «1 W -u‘ut
wc&.ﬁ?

/w/ SN "
e

\ »J‘AN

lr l\r\r

901 3% S
;&&M@%@%@.\

i s

IR A

T - .
‘ < > i<
ei0t 9101 2101 5101




Patent Application Publication  Jan. 25,2018 Sheet 4 of 52 US 2018/0024402 A1




Patent Application Publication  Jan. 25,2018 Sheet 5 of 52 US 2018/0024402 A1

106a
s Il

\\,,r\ g

TR

/‘;7/ e ,:"'{/ , / - 4__~_,:"/ “ / -

/

s

07

g

3
1

~~~~~~

T

-
=

s

Py

-

P e o o &
s

e

FIG. 5



US 2018/0024402 A1

Jan. 25, 2018 Sheet 6 of 52

Patent Application Publication

£0v Lov
/

y ‘.\\ \ \ .\\, \\\ \ 5 g \ \\\ A \P o 4 e 7
e . ,.A,\ ! \\ ,w..X\ .‘\\u. . ) .\...\ \\\ - 2 o P al rd

P R T R

P/«a,s.f.".//é S X 2, o R g
\\\l/k\
EQQL




\\ B yd o o e p i ;
N.QN./..,LWI/‘. a \ o . \ Py \\\.ak\.\ \\«..,,. e ..\\, \ \ %\\\ ms\\ \\ \ .. ~

US 2018/0024402 A1

Jan. 25, 2018 Sheet 7 of 52

-
] ’Jy

A
4

.
~ad T

/ / J / w ﬁ = f f /
L LOL QlOL B0 GroL 'L /) ) epgr aidr eygy
O10L ®BLOL qigy |

n:m_w
VL Ol

Patent Application Publication
=



US 2018/0024402 A1

Jan. 25,2018 Sheet 8 of 52

Patent Application Publication

- ¢

< - e s . - ;o .

PP S - 7 ) e \\ | - P f \.\ \\\ \\ \ ~ e -
- e - e _ ot - ” ) o L p g P P .

O

i
1
t
]
1
k)
[
1
t
]
T
Lo~ ..
~ ™ ST
[ttt slhad |
Faih B T v

\

. - o - - = Py - . / B )
h Q M. T \ \ \\ \\‘.\ o \\ , .\.\\ - pa L \.\ \ ) \qA ,_\\\ \ o P o = . a e s . s
naaee - Y < A i - e g

o 7~ - -
, S S
L) o cooes ; - i
%
ﬁwomuf.f\_af/. % ; ».u t
M = | “llol..m m.tlt_-u it _1 : i i
A U A T N A C s N P e
— o m— L
[ ; ' B s T
! 1 : ! £ 1
_ﬁ _ P o
)
u ‘ ; ; “ ! |

/
S y
H \\ \ ¥4 ;
S/ eacaor =ibr iy

10L ®l0L qygf
V8 'Old




US 2018/0024402 A1

Jan. 25, 2018 Sheet 9 of 52

Patent Application Publication

106
/ L16
\\
Yy PYys
2062 \m
v08 7
0 S
906~ =
126
ote "




US 2018/0024402 A1

Jan. 25,2018 Sheet 10 of 52

Patent Application Publication

L00L  E1001
N .f/

-y \\/ Py

v06

t

g

6

06




US 2018/0024402 A1

Jan. 25, 2018 Sheet 11 of 52

Patent Application Publication

606  £06

806
7

" e, . SO ., O oy -
RN e N A ;,. ) // PR e e " oy P e ——— . -
. BSPAR N s e T

f{f.r,
N ,/.,x. //// SO SN

/
#.*U // ./.zz ff.. \ﬂ; /x/ o, Nﬁv ,,/// /..,
/

I i T




US 2018/0024402 A1

Jan. 25,2018 Sheet 12 of 52

Patent Application Publication

9£06

mam

wem;

m_.aow

mam

€08

’

s

4

mmm

016~

XA - -
| 026
B R R A A . .

AR PR .‘ A L L L S e e T T




US 2018/0024402 A1

h
7
i -
A ray -
A P e
N A P Fay
K e Ve K -
v \. I
i " -
; T ..
st —
S A ,\.Kmﬂ.‘\\,\\fh‘ﬂ\,\“ o -
K " Il .5

Jan. 25,2018 Sheet 13 of 52

Patent Application Publication




US 2018/0024402 A1

Jan. 25, 2018 Sheet 14 of 52

Patent Application Publication

-

—

PLOG

P0G

sssss Ny A e
/ JAR
PLOG  PL /
£06 1081 ey

00t



US 2018/0024402 A1

Jan. 25, 2018 Sheet 15 of 52

Patent Application Publication




US 2018/0024402 A1

Jan. 25,2018 Sheet 16 of 52

Patent Application Publication

€006

.
i ]
& i -
! 1
% e
\\ LI AN \\ N
N X
y £ s g N
toped % %
[ 25 U |
- ._ﬁ.l.a‘_/...\ J,rf.,‘m“, 8 - ,.H. ,.,mf,.‘;.,‘». “ 3
PRNEERRERSRLY NN
, X
Mw wnalninutu tttttttt
. 4
mmo& s

1091




US 2018/0024402 A1

Jan. 25,2018 Sheet 17 of 52

Patent Application Publication

| 80/ 1
oLl 6041 £OLL /

.\_
<

.\ SN S
s A \\.\ \\\ \

A A i =t

IAVA S

Lo

"\\Af'\
A N

908



US 2018/0024402 A1

Jan. 25,2018 Sheet 18 of 52

Patent Application Publication

9906 9906 | /
; %06 9506 606 /806
S \

oL

AT /m o, N m wf N o fva ) e ,.J.m/

\ Ll \M\)\foﬁ.v\yﬁ\_,,
,J NS ﬁ/ /J N

mfm Sm mim



US 2018/0024402 A1

Jan. 25, 2018 Sheet 19 of 52

Patent Application Publication

106
S/

£16 9906

ﬂmwm

Qmmum
/

9906

06

pLog—




US 2018/0024402 A1

Jan. 25, 2018 Sheet 20 of 52

Patent Application Publication

FIG. 20A

Rt . st

A A P 7 it

7

¥ — i—— v s

Sy v St frriis

FIG. 20D

— e > runcan

S

ALISNILINI LHO



US 2018/0024402 A1

Jan. 25, 2018 Sheet 21 of 52

Patent Application Publication

1 3 - \...\ \.\
POLE T o
N O _, N \\\r,a\hm\\\\\a\.\n\s\ \\\\\\\.\‘\\.\\\\\\.\.\\h\ NG VTEEEPT T IS,
LoLg """
mO »N i T e T B KT R T
126

y

oLz~~~
N e e e




US 2018/0024402 A1

Jan. 25, 2018 Sheet 22 of 52

Patent Application Publication

€olz

-

‘ S
LOEE s .
A A e o it s st g o A VA
7012 N ARkl PR LR L E LT D DR LT T T TN appnirk

L0

90 7 ST

0Lz




US 2018/0024402 A1

Jan. 25,2018 Sheet 23 of 52

Patent Application Publication

ﬁ @h@,ww 9012 mﬁmw 60L2 MO\WN mG\»N
i x\ \. ; , .\.\ \ _\
. { . P . ) ] / . y B !

1012 o

, et
V01T g

e T L L AR PP
NO PN u.\\\)(.ﬂ.(: NI D N

e

N e....././..//./.zu,..//w

e e e e e e i e e
O
,.n 3 - -

£




US 2018/0024402 A1

Jan. 25,2018 Sheet 24 of 52

Patent Application Publication

1062 , €012
/ 102z ALOLZ 9012 SOIZ eyqg

" 4 ",
' I ! '

Fo h’ N \\\\\IJP:\\‘\\.,, 1\ \.\a..\\.. \\ i\..\ u\\\ .\\ ’ o \M»

=~ fx,w?\LJ? A

o o~ b 1
PO~ T T ooy ._ -

Newmx . MNW\\\\NN&&ﬁb&ﬁQﬂ&ﬁM\\ﬁﬁ&b&&$¢£€i§N\Bb&nf

S e T e, y

", )
s / J |
. 4 !

/

!

5
7

/1022

5, ! ¢
pm e e e

L3 /

/

P11 z112




US 2018/0024402 A1

Jan. 25, 2018 Sheet 25 of 52

Patent Application Publication

£012
©102z 6012

1012~ o

YOLZ Iz
zo1z-"

G¢ OId



US 2018/0024402 A1

Jan. 25,2018 Sheet 26 of 52

Patent Application Publication

98097  E0YZ

1097




US 2018/0024402 A1

Jan. 25,2018 Sheet 27 of 52

Patent Application Publication

£

7 601i¢ mm L2 8012
7 \‘,\
by
4

\.
y c L ; {
¥ S v e P
o d P -~ ¢ o - \ o
o \\ L - - # A \
g i i , ; / A
VILILELIITTIT LGOI IFTTLIIEEII I ELELETETE 43 W ey . o
N T N A N N N N TN Ay it 2 e N
i
5
/ / /

v0iz 01z oolz



US 2018/0024402 A1

Jan. 25,2018 Sheet 28 of 52

Patent Application Publication

FIG. 28

2808b

2805

7

/

2803b
f f !

N
]

f

R
f

/
;|

2803a 2803%b
[l
! ;/




US 2018/0024402 A1

Jan. 25, 2018 Sheet 29 of 52

Patent Application Publication

<R E 0.

i
STk

oz B -




US 2018/0024402 A1

Jan. 25, 2018 Sheet 30 of 52

Patent Application Publication

FIG. 30

2809a 2809

2803b 2808b

g

ey %Y F

e et

£ s T
L ey

Frhee T o 1]




US 2018/0024402 A1

Jan. 25,2018 Sheet 31 of 52

Patent Application Publication

FIG. 31




US 2018/0024402 A1

Jan. 25, 2018 Sheet 32 of 52

Patent Application Publication

2808b

!

2805

2803b
L

I i
‘Ié

F
P!
L

2803a  280%b

NNk

- e .y o e e R T

e Ry e v e Tt

—




US 2018/0024402 A1

Jan. 25, 2018 Sheet 33 of 52

Patent Application Publication

2~ 2808a

i

,
5
&

.

3

;;
N

2806

A 'i F. -f ‘; f f
Nk, R R,

RN

{
i
3
o
D

.
.

i
3

.f
{

LT e e e e 1w o

I
e

e == M Wi opmang g

pan

T vt e v - A . e

prng =gy | #




US 2018/0024402 A1

Jan. 25, 2018 Sheet 34 of 52

Patent Application Publication

> .\lilw .
: i w il F g

ot e B o s e

Ry i
|




US 2018/0024402 A1

Jan. 25, 2018 Sheet 35 of 52

Patent Application Publication




US 2018/0024402 A1

Jan. 25, 2018 Sheet 36 of 52

Patent Application Publication

36

FIG.

r;

kn
L

N

619b 3605

/
i 1=
[
L /

3603 3608a 3608 3

T
R
L
)
I
d

133

-

=L

!

l
-

{

g
?

~k
e e

-

)

e

t

rh=

S

- =

Y

N

TE

S “‘ft._-';r**\“ -

jord

LI AR

o

J609a




US 2018/0024402 A1

Jan. 25, 2018 Sheet 37 of 52

Patent Application Publication

FIG. 37

5

3608a 3608b 36196 360

3603

3609a

«_ At‘“.*;*‘: .}}? \ L\:

£ N

.

~,

o

)

¥

3.




US 2018/0024402 A1

Jan. 25,2018 Sheet 38 of 52

Patent Application Publication

FIG. 38

3603 3608a 3608b 3619h 3605

3609a

[~ e

e e ot T e o v e 2 2

o el e o s i et

~ -

e .

<) &

i

e
s e e e — m,.w.
e SR | 7772
e L e ||}




Patent Application Publication  Jan. 25,2018 Sheet 39 of 52 US 2018/0024402 A1

3901a 3801b

e /
== AN

e o

T

7

A
A




Patent Application Publication  Jan. 25,2018 Sheet 40 of 52 US 2018/0024402 A1




US 2018/0024402 A1

Jan. 25, 2018 Sheet 41 of 52

Patent Application Publication

6185
o
0168 T i
: 005 ] \,
E.%M 5 rossT +—£088
Big ]
_'Il lllll o ot AL \
eG4 m e
thes b Tl [T~ L gieo L0851~ t~__|-90¢eg
il L—-s0es
\\\ "

g1y ©OId Viy 'OId



Patent Application Publication  Jan. 25,2018 Sheet 42 of 52 US 2018/0024402 A1




Patent Application Publication

Jan. 25,2018 Sheet 43 of 52 US 2018/0024402 A1

FIG. 43
5?01 5§02 5803
s /s i
45706
SN
5707
5705

| ,

5 i

/ )

P

5804 104 5805 5703
{ 5806
' 3
7




Patent Application Publication  Jan. 25,2018 Sheet 44 of 52 US 2018/0024402 A1

FIG. 44A FIG. 44B .

35003 o 35106~
003 35001 ) 35103

”

=
35004

35005~

FIG. 44C

35202 ~

35203~ _

35201
i =% | %
S
35206 . 3\5304
35403
FIG. 44F
35402...
| N_,\ ,w&’:ﬁs?&%
35401-., L /~\“%i$g 45503
—
35405
FIG. 44H o

35706

.




Patent Application Publication  Jan. 25,2018 Sheet 45 of 52 US 2018/0024402 A1

50904 50(300

5 50001
"o \ \ 50003 50{\)05 \ \j"\
‘ §

L 11 —
RT3
________ CLCICS | CwIc.,T

[T 71

k.




Patent Application Publication  Jan. 25,2018 Sheet 46 of 52 US 2018/0024402 A1

FIG. 46 ez

\\J\\ ‘\ | \\\ r\\

\ \J !
60001 ‘} \ 50\000



US 2018/0024402 A1

Jan. 25, 2018 Sheet 47 of 52

Patent Application Publication

1oLy

7
.‘\

BT e
S

N A




US 2018/0024402 A1

Jan. 25, 2018 Sheet 48 of 52

Patent Application Publication

G —

\nﬁ\l...dw..l‘trtl]. 7

Log
906~ =

g6 57E -

e R,
T

= T
R ./,.w,.//




US 2018/0024402 A1

Jan. 25, 2018 Sheet 49 of 52

Patent Application Publication

108% 601z %8012 G0}a 8012 G012
/ / 4 /
! \ \ \ u.

’ i

S A o
e
r e e

POLTL 2 A AT AP 2
Ay YA u3“:uuﬂﬂuu“&u\uu§m_._.

e

LOLZ -
@ D N.N \.\\....rrt BTANND "% AN

(IR
-

i S e S S T e, S S o
A

oLLg - "




US 2018/0024402 A1

Jan. 25, 2018 Sheet 50 of 52

Patent Application Publication

806 206 606

£06 806

R A S
R A sy

mfu:\\wjrm“;:ff:f: .............. :

oL~




US 2018/0024402 A1

Jan. 25, 2018 Sheet 51 of 52

Patent Application Publication

J

.& eL16 ©°L0B SO6 9206 606 €06 806  ob06
. o / ; y; \ \.«

>~

) s P (A 1%
, . - 3 7 7 -
\\\) ﬁ....\ ...»\ ! W \.M o M
. o
906 R
] i
i .
/ J
\_,
~ *
\.\.\ m\
’ /
_x.‘_
!
. - L L -
d . kk i

2101 N U
Gwm\):\\ oo A -




US 2018/0024402 A1

Jan. 25, 2018 Sheet 52 of 52

Patent Application Publication

o

m»oﬁm\:Jer

v///z./w.,

®L012

901z G0iZ 601z €01Z

801¢

29012

e e Y e e R A A R




US 2018/0024402 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. 14/819,595, filed Aug. 6, 2015, now allowed,
which is a continuation of U.S. application Ser. No. 14/153,
163, filed Jan. 13, 2014, now abandoned, which is a con-
tinuation of U.S. application Ser. No. 12/730,566, filed Mar.
24, 2010, now U.S. Pat. No. 8,634,044, which is a continu-
ation 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 incorpo-
rated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a semiconductor
device including a pixel electrode, and particularly to a
display device. More particularly, the present invention
relates to a semi-transmission type liquid crystal display
device including a reflection region and a transmission
region.

2. Description of the Related Art

[0003] A display device is divided into a self-light emit-
ting 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.

[0004] 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 out-
doors such as a camera, a portable information terminal, and
a mobile phone are greatly affected by this problem.
[0005] 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.

[0006] 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
functioning as a pixel electrode is formed over the wiring.
[0007] As a pixel electrode, there are a reflective electrode
in a reflection region and a transparent electrode in a
transmission region. Fach electrode has a different shape.
Therefore, a resist mask for forming a reflective electrode

Jan. 25,2018

and a resist mask for forming a transparent electrode have
been required (for example, refer to Patent Documents 1 to
5).

[Patent Document 1]

[0008]
229016

Japanese Published Patent Application No. 2002-

[Patent Document 2]

[0009]
46223

Japanese Published Patent Application No. 2004-

[Patent Document 3]

[0010]
338829

Japanese Published Patent Application No. 2005-

[Patent Document 4]

[0011]
334205

Japanese Published Patent Application No. 2004-

[Patent Document 5]

[0012] Japanese Published Patent Application No. 2004-
109797

SUMMARY OF THE INVENTION
[0013] 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
electrode. That is, a resist mask for forming a reflective
electrode and a resist mask for etching a transparent elec-
trode and a stacked film are required, and the number of
manufacturing steps is increased for that. Therefore, manu-
facturing cost of a semiconductor device such as a display
device is high and manufacturing time for forming an
electrode pattern is necessarily long.

[0014] Therefore, one of the objects of the invention is to
reduce the number of resist masks to be used and reduce
manufacturing steps.

[0015] 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 elec-
trode 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.

[0016] 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
reflective electrode which is electrically connected to the
transparent electrode. At least one of the transparent elec-
trode 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.

[0017] 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
connected to the transistor. At least one of the transparent
electrode and the reflective electrode has a slit. At least a part
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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, 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. 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.
[0019] 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
contact with the reflective electrode.

[0020] In the invention, in the aforementioned structure,
the display device is provided with a liquid crystal layer
between the reflective electrode and an opposite electrode.
[0021] 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 por-
tion. A transparent electrode formed of the transparent
conductive film and a reflective electrode formed of the
reflective conductive film are formed by using the resist
pattern.

[0022] 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 thinper film thickness than the aforementioned
region is formed over the reflective conductive film by using
a light exposure mask including a semi-transmission por-
tion. 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.

[0023] 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
pattern. 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.

[0024] Note that in the invention, various kinds of tran-
sistors can be applied and are not limited to a specific
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transistor. A thin film transistor (TFT) using a non-monoc-
rystalline semiconductor film typified by amorphous silicon
or polycrystalline silicon, a transistor formed using a semi-
conductor substrate or an SOI substrate, a MOS transistor, a
junction type transistor, a bipolar transistor, a transistor
using a compound semiconductor such as ZnO or a-In-
GaZn0O, a transistor using an organic semiconductor or a
carbon nanotube, or other transistors can be used. In addi-
tion, the kind of a substrate over which a transistor is
provided is not limited, and a monocrystalline substrate, an
SOI substrate, a glass substrate, a plastic substrate, or the
like can be employed.

[0025] Note that a structure of a transistor is not limited to
a specific 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 concentration impurity region) may be provided.
[0026] Note that in the invention, being connected is
synonymous 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 ele-
ment, a diode, or the like) may be provided in a structure
disclosed in the invention.

[0027] Note that a switch shown in the invention is not
limited to a specific switch. An electrical switch or a
mechanical 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 prefer-
ably 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 tran-
sistor 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 a source terminal of
the transistor, which operates as a switch, is close to a low
potential side power source (Vss, GND, 0 V, or the like),
whereas a p-channel transistor is preferably used when
operating in a state where a potential of a source terminal 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-channel and
p-channel transistors.

[0028] Note that an element provided in a pixel is not
limited 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 element (an organic EL element, an inorganic EL
element, or an EL element containing an organic compound
and an inorganic compound), an electron emitting element,
a liquid crystal element, electronic ink, a grating light valve
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(GLV), a plasma display (PDP), a digital micromirror device
(DMD), a piezoelectric ceramic display, or a carbon nano-
tube. Note that a display device using an EL element
includes an EL display; a display device using an electron
emitting element includes a field emission display (FED), an
SED type flat panel display (Surface-conduction Electron-
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.

[0029] Note that in the invention, one pixel corresponds to
one color element. Therefore, in the case of a full-color
display 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.

[0030] 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 (for example, 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.

[0031] 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 elec-
trode) 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.

[0032] 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 substrate, and may also be a main body of a display
panel provided 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 ele-
ment, or the like.

[0033] 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

[0034] FIGS. 1A to 1C are cross sectional views showing
a manufacturing step of a semiconductor device of the
invention.
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[0035] FIGS. 2A to 2C are cross sectional views showing
a manufacturing step of a semiconductor device of the
invention.

[0036] FIGS. 3A and 3B are cross sectional views show-
ing a manufacturing step of a semiconductor device of the
invention.

[0037] FIG. 4 is a cross sectional view showing a semi-
conductor device of the invention.

[0038] FIG. 5 is a cross sectional view showing a semi-
conductor device of the invention.

[0039] FIG. 6 is a cross sectional view showing a semi-
conductor device of the invention.

[0040] FIGS. 7A and 7B are cross sectional views show-
ing a manufacturing step of a semiconductor device of the
invention.

[0041] FIGS. 8A and 8B are cross sectional views show-
ing a manufacturing step of a semiconductor device of the
invention.

[0042] FIG. 9 is a cross sectional view showing a semi-
conductor device of the invention.

[0043] FIG. 10 is a cross sectional view showing a semi-
conductor device of the invention.

[0044] FIG. 11 is a cross sectional view showing a semi-
conductor device of the invention.

[0045] FIG. 12 is a cross sectional view showing a semi-
conductor device of the invention.

[0046] FIG. 13 is a cross sectional view showing a semi-
conductor device of the invention.

[0047] FIG. 14 is a cross sectional view showing a semi-
conductor device of the invention.

[0048] FIG. 15 is a cross sectional view showing a semi-
conductor device of the invention.

[0049] FIG. 16 is a cross sectional view showing a semi-
conductor device of the invention.

[0050] FIG. 17 is a cross sectional view showing a semi-
conductor device of the invention.

[0051] FIG. 18 is a cross sectional view showing a semi-
conductor device of the invention.

[0052] FIG. 19 is a cross sectional view showing a semi-
conductor device of the invention.

[0053] FIGS. 20A to 20C are top plan views showing a
light exposure mask, and FIG. 20D is a diagram showing
light intensity distribution.

[0054] FIG. 21 is a cross sectional view showing a semi-
conductor device of the invention.

[0055] FIG. 22 is a cross sectional view showing a semi-
conductor device of the invention.

[0056] FIG. 23 is a cross sectional view showing a semi-
conductor device of the invention.

[0057] FIG. 24 is a cross sectional view showing a semi-
conductor device of the invention.

[0058] FIG. 25 is a cross sectional view showing a semi-
conductor device of the invention.

[0059] FIG. 26 is a cross sectional view showing a semi-
conductor device of the invention.

[0060] FIG. 27 is a cross sectional view showing a semi-
conductor device of the invention.

[0061] FIG. 28 is a top plan view showing a semiconduc-
tor device of the invention.

[0062] FIG. 29 is a top plan view showing a semiconduc-
tor device of the invention.

[0063] FIG. 30 is a top plan view showing a semiconduc-
tor device of the invention.
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[0064] FIG. 31 is a top plan view showing a semiconduc-
tor device of the invention.

[0065] FIG. 32 is a top plan view showing a semiconduc-
tor device of the invention.

[0066] FIG. 33 is a top plan view showing a semiconduc-
tor device of the invention.

[0067] FIG. 34 is a top plan view showing a semiconduc-
tor device of the invention.

[0068] FIG. 35 is a top plan view showing a semiconduc-
tor device of the invention.

[0069] FIG. 36 is a top plan view showing a semiconduc-
tor device of the invention.

[0070] FIG. 37 is a top plan view showing a semiconduc-
tor device of the invention.

[0071] FIG. 38 is a top plan view showing a semiconduc-
tor device of the invention.

[0072] FIG. 39 is a top plan view showing a semiconduc-
tor device of the invention.

[0073] FIG. 40 is a view illustrating one mode of an
electronic apparatus to which the invention is applied.
[0074] FIGS. 41A and 41B are views showing a semicon-
ductor device of the invention.

[0075] FIG. 42 is a view showing a semiconductor device
of the invention.

[0076] FIG. 43 is a diagram showing a semiconductor
device of the invention.

[0077] FIGS. 44A to 44H are views illustrating one mode
of an electronic apparatus to which the invention is applied.
[0078] FIG. 45 is a circuit diagram of a liquid crystal
display device of the invention.

[0079] FIG. 46 is a block diagram of a circuit configura-
tion of a liquid crystal display device of the invention.
[0080] FIG. 47 is a cross sectional view showing a semi-
conductor device of the invention.

[0081] FIG. 48 is a cross sectional view showing a semi-
conductor device of the invention.

[0082] FIG. 49 is a cross sectional view showing a semi-
conductor device of the invention.

[0083] FIG. 50 is a cross sectional view showing a semi-
conductor device of the invention.

[0084] FIG. 51 is a cross sectional view showing a semi-
conductor device of the invention.

[0085] FIG. 52 is a cross sectional view showing a semi-
conductor device of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0086] 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 it is 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 pur-
pose 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

[0087] 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.
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[0088] First, a conductive film 106 is formed over an
insulating 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 (IT) 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, a tin oxide
film, silicon (Si) containing phosphorus or boron can be
used, for example. Note that IZO is a transparent conductive
material formed by 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.
[0089] The conductive film 106 is formed over the insu-
lating film 107, and a conductive film 105 is formed over the
conductive film 106. The conductive film 106 and the
conductive film 105 can be formed continuously by sput-
tering, which can reduce the number of steps.

[0090] The conductive film 105 is preferably formed from
a material with low resistance or a material with high
reflectivity. For example, Ti, Mo, Ta, Cr, W, Al, Nd, Cu, Ag,
Au, Pt, Nb, St, Zn, Fe, Ba, Ge, or the like, or an alloy thereof
can be used. A two-layer structure where the aforementioned
materials 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 T, 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 connected to Al (or an
alloy including Al as a main component), a defect such as
electric erosion might happen. Further, if a 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 multilayer
structure.

[0091] 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 crystal-
lization is not required.

[0092] 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.
[0093] In FIG. 1A, alight 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
provided with a semi-transmission film 102 in which inten-
sity of exposure light is reduced. The light shielding portion
101¢ is formed to superimpose a metal film 103 over the
semi-transmission film 102. A width of the light shielding
portion 101a is referred to as tl1, and a width of the
semi-transmission portion 1015 is referred to as t2. Here,



US 2018/0024402 Al

although an example where the semi-transmission film is
used in the semi-transmission 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 portion.

[0094] That is, a half-tone mask or a gray-tone mask may
used for the semi-transmission portion.

[0095] 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
shielding portion 101a or passes through the semi-transmis-
sion portion 1015; therefore, the exposure region is formed.
[0096] 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 104q 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 transmit-
tance of the semi-transmission film 102.

[0097] Next, the conductive film 105 and the conductive
film 106 are etched by dry etching. Dry etching is performed
by a dry etching apparatus using a high density plasma
source such as ECR (Electron Cyclotron Resonance) or ICP
(Inductively Coupled Plasma).

[0098] Therefore, a conductive film 105a¢ and a conductive
film 106a are formed as shown in FIG. 1C.

[0099] 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.

[0100] 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 etch-
ing 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 selectiv-
ity 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 a top layer of the
insulating film 107 may be formed of a silicon nitride film
in order to make etching selectivity thereof further high.

[0101] In this manner, a pattern formed by stacking the
conductive film 106a and the conductive film 1054 is
formed over the insulating film 107 as shown in FIG. 1C.

[0102] 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 the resist 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 104q 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
105q and 106a. Therefore, a side surface of the resist pattern
1045 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.
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[0103] Next, the conductive film 105a is etched using the
resist pattern 1045 so as to form a conductive film 1055
(FIG. 2B). A material of the conductive film 105a preferably
has high etching selectivity with respect to the conductive
film 106a in order that the conductive film 106a is not
unnecessarily 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 structure of the aforementioned materials may
be employed. Then, the conductive film 1056 of which
pattern is smaller than the conductive film 106a is formed.
[0104] Although etching for forming the conductive film
1055 shown in FIGS. 2A and 2B may be performed by either
dry etching or wet etching, FIGS. 2A and 2B show the case
of dry etching. A side surface of the conductive film 1054 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 cor-
responds to the other side surface of the resist pattern 1044.
[0105] Microfabrication can be realized by performing dry
etching. However, the conductive film 106a is also partially
etched when the conductive film 1055 is formed.

[0106] On the other hand, when the conductive film 10556
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 1045 and the
side surface of the conductive film 1056 do not correspond
to each other. Therefore, even if the same resist pattern 1045
is used as a mask, the conductive film 10554 is formed
smaller by wet etching than in the case of by dry etching.

[0107] Sufficiently high etching selectivity can be
obtained by performing wet etching.

[0108] When the conductive film 106a is formed by dry
etching, a side surface thereof has an angle 80, which is
almost perpendicular or close to 90° with respect to a
substrate surface. On the other hand, when the conductive
film 1055 is formed by wet etching, the side surface thereof
has an acute angle 6, with respect to the substrate surface
because of isotropic etching. Therefore, 8,>8, is satisfied
when the angle 6 of the side surface of the conductive film
1064 and the angle 0, of the side surface of the conductive
film 1055 are compared with each other. Note that the angle
0, is an inclined angle of the conductive film 106a 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 1055 with respect to the surface of the
substrate (or the insulating film 107). Each of the angles 0,
and 6, is in a range of 0 to 90°.

[0109] In the case where the conductive film 1055 and the
conductive film 106a have a stacked layer structure, an
etching rate is different in each layer in some cases. Accord-
ingly, 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 6,.

[0110] Note that the side surfaces of the conductive film
1055 and the conductive film 106a 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
0, and the angle 6, can be determined using a rough straight
line or curved line drawn with respect to uneven side
surfaces. Further, a plurality of angles 8, and angles 6, can
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be calculated based on uneven side surfaces, and average
values thereof can be taken as the angle 6, and the angle 6,.
The most rational method may be employed.

[0111] 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
conductive 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 1064, 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.

[0112] Subsequently, the resist pattern 1045 is removed
(FIG. 2C). Accordingly, an electrode formed of the conduc-
tive film 1055 and the conductive film 1064 is formed. The
conductive film 106a and the conductive film 10556 function
as a pixel electrode. However, the invention is not limited to
this.

[0113] More preferably, the conductive film 1056 is
formed of a reflective conductive film so as to function as a
reflective electrode and the conductive film 1064 is formed
of a transparent 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.
[0114] 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 elec-
trode. Accordingly, 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, manufac-
turing yield is unlikely to be reduced even when such a
manufacturing method is performed, and beneficial effects
on cost reduction, reduction in the number of manufacturing
days, or the like can be obtained.

[0115] In the case where a stacked layer of the conductive
film 1055 and the conductive film 106a 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 1064 is etched to some extent. In particular,
when the conductive film 1055 is formed by dry etching,
selectivity between the conductive film 1056 and the con-
ductive film 106a in the lower layer is difficult to obtain;
therefore, a part of the surface of the conductive film 106a
is easily etched. Thus, when a film thickness a of the
conductive film 1064 (a film thickness of the conductive film
106a in a portion where a top surface thereof is in contact
with the conductive film 1055) and a film thickness b (a film
thickness of the conductive film 1064 in a portion where a
top surface thereof is not in contact with the conductive film
105b) are compared with each other in FIG. 2C, the film
thickness a<the film thickness b is satisfled. Note that the
film thickness a refers to an average film thickness of the
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conductive film 106a in a portion which is not overlapped
with the conductive film 1055, and the film thickness b
refers to an average film thickness of the conductive film
1064 in a portion which is overlapped with the conductive
film 1055.

[0116] The side surface of the conductive film 1056
formed in this embodiment mode is inclined in some cases.
Therefore, 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 1055
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
1055 is perpendicular, rubbing is incomplete because of
stress on a rubbing cloth in a perpendicular side surface
portion, and orientation is incomplete in some cases. There-
fore, rubbing is preferably performed from a side where the
side surface of the conductive film 1055 is inclined.
[0117] 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.

[0118] 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.

[0119] 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 101a is provided above a part of the
resist 304 which is expected to be removed. The semi-
transmission portion 1015 is provided above a part of the
resist 304, a small portion of which is expected to be left. As
a result, as shown in FIG. 3B, a resist 304q is formed.
[0120] 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 2

[0121] 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.

[0122] Thus, FIG. 4 shows a cross sectional view of that
case. An insulating film 1074 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.

[0123] In 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.
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Therefore, the conductive film 1055 is also formed over the
conductive film 1064 which is formed so as to cover the
contact hole 402.

[0124] A transistor, a wiring, and a storage capacitor are
formed below the conductive film 105b. In the case where
the conductive film 1055 is a reflective electrode and the
conductive film 1064 is a transparent electrode, a transmis-
sion region is preferably made as large as possible since it
is where light is 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 105, so that
a layout can be efficiently designed.

[0125] 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 of the transistor and the storage capacitor may be
formed on the outside of the reflective electrode (the outside
of the reflection region).

[0126] 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.
[0127] 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
unevenness. In this case, the contact hole 5014 functions to
connect the wiring 401 and the conductive film 1064 as well.
[0128] Next, an example of a forming method of uneven-
ness of the insulating film and the reflective electrode is
shown. In FIGS. 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
manufacturing 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.

[0129] 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
electrode 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 manufacturing method.

[0130] There is no big problem if the unevenness is
slightly misaligned. Microfabrication is not required for the
unevenness. Therefore, the unevenness can be manufactured
without reducing manufacturing yield.

[0131] In FIG. 7A, alight exposure mask includes a light
shielding portion 701a in which exposure light is shielded,
a semi-transmission portion 7015 in which exposure light
partially passes, and a transparent portion 701¢ in which
exposure light passes. The semi-transmission portion 7015
is provided with a semi-transmission film 702, which
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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 portion 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 pattern may be used for the semi-trans-
mission portion.

[0132] 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 7064 and unevenness 706 are formed simulta-
neously.

[0133] 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
provided.

[0134] 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.

[0135] 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.

[0136] 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
transmission region.

[0137] In this case, no additional step is required for
thickening a cell gap; therefore, cost can be reduced.

[0138] 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
Embodiment Mode 1 can be applied to this embodiment
mode or combined with this embodiment mode.

[0139] 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.
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Embodiment Mode 3

[0140] 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.

[0141] 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 substrate having a light shielding property, and a
semiconductor substrate or an SOI (Silicon On Insulator)
substrate may be used.

[0142] 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.

[0143] Note that a silicon oxide film 1s preferably used for
a part 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 amount of nitrogen is preferably provided
as the base film; therefore, impurities from glass can be
reduced.

[0144] Next, an island-shaped semiconductor film 903 is
formed over the insulating film 902.

[0145] The island-shaped semiconductor film 903 is
formed by forming a semiconductor film over an entire
surface 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
or the 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
crystalline semiconductor film. As for heat treatment in
crystallization for the latter method, a heating furnace, laser
irradiation, irradiation with light emitted from a lamp
instead of laser light (hereinafter referred to as lamp anneal-
ing), or a combination thereof is employed.

[0146] 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 crystal-
lization method using nickel, gettering treatment in which
nickel is removed is preferably performed after crystalliza-
tion.

[0147] 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,Si0,), 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, T1, Ho, Er, Tm, and Ta as
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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:YVO, laser
(fundamental wave is 1064 nm) can be used. This laser can
be emitted by a CW or a pulsed 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 cm/sec.

[0148] Note that a laser using single crystalline YAG,
YVO,, forsterite (Mg,SiO,, YAIO,, or GAVO,; or polycrys-
talline (ceramic) YAG, Y,0,, YVO,, YAIO,, or GdVO, 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 oscilla-
tion 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 in the case of using a pulsed laser with a low
repetition rate, a solid-liquid interface can be continuously
moved in the semiconductor film; therefore, crystal grains
which continuously grow in a scanning direction can be
obtained.

[0149] When ceramic (polycrystal) is used as a medium,
the medium can be formed to have a free shape in a short
time at low 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.

[0150] Concentration of a dopant such as Nd or Yb in a
medium, which directly contributes to a light emission,
cannot 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
concentration. 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.

[0151] 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.
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[0152] 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.

[0153] When the semiconductor film is annealed using a
linear beam with uniform intensity obtained in the afore-
mentioned manner and an electronic apparatus is manufac-
tured using this semiconductor film, characteristics of the
electronic apparatus are favorable and uniform.

[0154] 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 excitation is performed without mass separation of
diborane (B,H). However, mass separation may be per-
formed so as to precisely control the amount of dopant.
Therefore, a threshold voltage can be precisely controlled.
[0155] 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.
[0156] Next, a gate insulating film 904 is formed so as to
cover the island-shaped semiconductor film 903. As the gate
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 is 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.

[0157] Here, as the gate insulating film 904, a silicon
oxynitride 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.

[0158] 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, Al, 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 afore-
mentioned 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.

[0159] At this time, an LDD region may be formed.
[0160] 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
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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
skeleton formed by a bond of silicon (Si) and oxygen (O)
and includes an organic group containing at least hydrogen
(such as an alkyl group or an aromatic hydrocarbon) as a
substituent. Alternatively, a fluoro group may be used as the
substituent. 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.

[0161] Next, a mask is formed of a resist by using a
photomask. 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.
[0162] 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, Zn, Fe, Ba,
Ge, or the like, an alloy of these elements, or the like is used.
Alternatively, 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.

[0163] 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.

[0164] 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 material (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.

[0165] 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.

[0166] 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 FIG. 9 corresponds to the conductive film 10554
in FIGS. 4 to0 6.

[0167] The conductive film 906 is a part of a pixel
electrode and is a transparent electrode which transmits
light. The conductive film 905 is a part of the 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.

[0168] 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, a tin 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
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which 2 to 20 wt % of zinc oxide (ZnO) is mixed in ITO.
However, the invention is not limited to this.

[0169] 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.

[0170] The conductive film 905 and the conductive film
906 are formed by the method described in Embodiment
Modes 1 and 2.

[0171] Although not shown in the figure, an alignment
film is often formed over the conductive film 905 and the
conductive film 906.

[0172] 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 sub-
strate 901.

[0173] 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
crystal layer 910 twice.

[0174] On the other hand, in a part (transmission portion)
921 where light is transmitted in order that display is
performed, light enters the liquid crystal layer 910 through
the conductive film 906 and goes out from the opposite
substrate. That is, light passes through the liquid crystal
layer 910 once.

[0175] 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, polariza-
tion of light is required to be adjusted. As a method for
adjusting polarization 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.

[0176] 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 thickness 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.

[0177] 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 unrec-
ognized by a human eye.
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[0178] 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.

[0179] 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
preferably formed using an organic material such as acrylic
or polyimide.

[0180] Note that light scattering particles may be mixed in
the film for adjusting a thickness. Therefore, light is scat-
tered 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.

[0181] 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.

[0182] 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.

[0183] Note that although in FIG. 9, the reflective elec-
trode is not provided with unevenness in the reflection
portion 920, 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.

[0184] Note that although a thickness adjusting film is
provided 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
907a 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 portion 921; therefore, a cell gap in the
transmission portion 921 can be made larger than a cell gap
in the reflection portion 920.

[0185] Note that both of a depressed portion and a thick-
ness 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.
[0186] Note that although in FIG. 11, a part of the insu-
lating film 907¢ 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 917¢ as
well as the insulating film 9074 is removed. Therefore, a
difference in cell gaps between the reflection portion 920 and
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the transmission portion 921 can be easily made. As com-
pared with the case where only the insulating film 9074 is
removed, a thickness of the insulating film 907a can be
made thinner, and thereby deficiency such as a warp of the
substrate can be reduced.

[0187] FIG. 51 shows the case where an insulating film
902¢, a gate insulating film 904c¢, 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.

[0188] Note that unevenness 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 conductive film 906 is not connected to the drain
electrode 909. A plurality of contact holes 1301 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 1301, similarly in the contact hole 1001a, the
conductive film 906 may be in contact with the drain
electrode 909.

[0189] FIG. 14 shows the case where the depressed por-
tion 1101 is provided in the case of FIG. 13.

[0190] As described above, there are a plurality of meth-
ods 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.

[0191] 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
electrode, 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 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.

[0192] 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 pro-
vided outside the reflective electrode (outside the reflection
portion).

[0193] FIGS. 47 and 48 show cross sectional views in the
case where the transistor and the storage capacitor are
provided below the reflective electrode. In FIG. 47, one
electrode of a storage capacitor 4701 is formed using a part
of a semiconductor layer which is used as an active layer for
a transistor 4702. In FIG. 47, the storage capacitor 4701 is
formed between the island-shaped semiconductor film 903
and a storage capacitor wiring 908¢ 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 semi-
conductor layer used as an active layer for the transistor
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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.

[0194] 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 9064
may be provided below a drain electrode 905a 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.

[0195] 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 is, 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.

[0196] FIG. 17 shows the case of a bottom gate type
transistor. 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
thereover. 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.

[0197] 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
Embodiment Modes 1 and 2 can also be applied to this
embodiment mode or combined with this embodiment
mode.

[0198] 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

[0199] The liquid crystal layer 910 can be provided with
liquid crystal molecules of various modes.

[0200] A TN (Twisted Nematic) liquid crystal is 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 Embodiment Modes 1 to 3 can be used.

[0201] 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
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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.

[0202] 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
projections 1901 and 1902 is the MVA mode.

[0203] 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 a top surface of a transparent electrode.
This is caused by a manufacturing method of the invention,
such as the shape of a resist which is used when each
conductive layer is etched.

[0204] Viewing angle 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, lumi-
nance in a black state can be made extremely low since a
normally black mode can be used. Therefore, a contrast ratio
can be improved.

[0205] 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 embodi-
ment mode or combined with this embodiment mode.
[0206] 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

[0207] Next, description is made of the case of a transistor
using amorphous silicon. Note that as for a TFT described in
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.

[0208] Also in the case of a transistor using amorphous
silicon, a bottom gate type (inversed staggered type) tran-
sistor, 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.

[0209] 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 photolithography 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.

[0210] 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)
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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
semiconductor layer 2103 containing silicon as a main
component.

[0211] 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.

[0212] The conductive layer of the semiconductor layer
2103 is etched using the drain electrode 2109 or the like as
amask, and thereby a source and a drain are separated. Such
a structure is generally referred to as a channel etch type.

[0213] 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.

[0214] 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 impu-
rities from entering the transistor. Note that a silicon oxide
film or a stacked layer film including a silicon oxide film
may be used.

[0215] 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.

[0216] 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.

[0217] Next, a contact hole is formed in the insulating film
2102 and the insulating film 2107. A conductive film is
formed thereover.

[0218] An electrode 2106 in FIG. 21 corresponds to the
conductive film 106q 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.

[0219] Theelectrode 2106 is a part of a pixel electrode and
is a transparent electrode which transmits light. The elec-
trode 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.

[0220] 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 zine oxide (IZO) film in which zine oxide is mixed
in indium oxide, a zinc oxide film, a tin 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.

[0221] 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
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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.

[0222] The conductive film 2105 and the conductive film
2106 are formed by the method described in Embodiment
Modes 1 and 2.

[0223] Although not shown in the figure, an alignment
film is often formed over the conductive film 2105 and the
conductive film 2106.

[0224] 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.

[0225] 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.

[0226] 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
property. A film for adjusting a cell gap may be formed so
as to contain such light scattering particles.

[0227] Note that although a thickness adjusting film is
provided 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 FIG. 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 801 in FIG. 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.

[0228] Note that although in FIG. 23, a part of an insu-
lating film 2107a 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 2104¢ and a substrate 2101e are
removed as well. Therefore, a difference in cell gaps
between the reflection portion 920 and the transmission
portion 921 can be easily made. An insulating film 2102e,
the gate insulating film 2104e, 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.

[0229] Note that although both the depressed portion and
the thickness adjusting film are formed in FIG. 24, the
invention is not limited to this. One of them may be formed.
When both of them are provided, a thickness can be con-
trolled by both of them; therefore, each thickness is not
required to be made very large, which leads to easy manu-
facturing.
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[0230] Note that unevenness 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 2201a, the
electrode 2106 may be in contact with the drain electrode
2109.

[0231] Note that the depressed portion 2301 may be
provided in the case of FIG. 25.

[0232] 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
channel protective type transistor is used in the case of FIG.
21. A channel protective film 2601 is formed over a semi-
conductor layer 2603a in which a channel is formed. A
semiconductor layer and a conductive film (a drain elec-
trode, a source signal line or the like) 26035 containing
phosphorus is formed thereover. A channel protective type
transistor can be applied to the case of FIGS. 22 to 25 and
49.

[0233] 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 semicon-
ductor 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 prefer-
able.

[0234] Note that although the insulating film 2107 is
formed over the insulating film 2102 in FIGS. 21 to 26 and
49, the invention is not limited to this. The case where
planarization is not required can also be realized. FIG. 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 thick-
ness 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.

[0235] As described above, there are a plurality of meth-
ods 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 or a TFT substrate side). Therefore, any of them may be
selected and combined.

[0236] 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.

[0237] 1In 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

[0238] Description has been made mainly with reference
to cross sectional views so far. In this embodiment mode, a
top plan view is described.
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[0239] 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 2803 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 2808 and
is formed over the semiconductor layer 2803a. The semi-
conductor 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.

[0240] A source signal line 2809a and a drain electrode
28095 are formed thereover and connected to the semicon-
ductor layer 2803a through a contact hole.

[0241] 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.

[0242] 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.

[0243] 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.

[0244] Note that although the capacitor line 28085 is
provided, 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.

[0245] 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 of the transistor in FIG. 28.
Therefore, a plurality of transmission regions can be pro-
vided in one pixel. Accordingly, a plurality of regions in
which alignment states of liquid crystal molecules are dif-
ferent from each other can exist, and a multi-domain struc-
ture can be easily realized. A wide viewing angle can be
obtained by having a multi-domain structure.

[0246] 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.

[0247] 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
reflective 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 molecules 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 pre-
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vented from decreasing when seen at a specific angle, and a
wide viewing angle can be obtained.

[0248] 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
differentiated; 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 pro-
vided; therefore, cell gap adjustment can be realized with a
small number of steps and at low cost.

[0249] Similarly, FIG. 33 shows the case where uneven-
ness 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.

[0250] 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.

[0251] 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.

[0252] 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
s0 as to be arranged at intervals. Slits 3401a, 34015, 3401c,
3401d, 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.

[0253] A storage capacitor portion is provided below the
reflection portion; therefore, an aperture ratio of the trans-
mission portion can be increased and layout can be effi-
ciently designed.

[0254] 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
alignment 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
transmittance can be prevented from decreasing when seen
at a specific angle, and a wide viewing angle can be
obtained.

[0255] 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.

[0256] 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.
[0257] Note that a method of forming a slit is not limited
to FIGS. 34 and 35, and various ways of arrangement can be
employed.

[0258] 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 emploved. Next, an example of using a tran-
sistor with an inversed staggered structure is shown.
[0259] FIG. 36 corresponds to FIG. 21. A gate wiring
3608a and a capacitor line 36085 are formed. A semicon-
ductor layer 3603 is formed thereover. A transistor is formed
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by a gate electrode which is a film formed continuously with
the gate wiring 3608a and is formed below the semicon-
ductor layer 3603. A source signal line 3609« and a drain
electrode 36195 are formed thereover. The drain electrode
36194 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
therebetween. A transparent electrode 3606 is formed there-
over and connected to the drain electrode 36195 through a
contact hole. A reflective electrode 3605 is formed thereover.
[0260] 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.

[0261] 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.
Therefore, a plurality of transmission portions can be pro-
vided in one pixel. Accordingly, a plurality of regions in
which alignment states of liquid crystal molecules are dif-
ferent from each other can exist, and a multi-domain struc-
ture can be easily realized. By having a multi-domain
structure, light transmittance can be prevented from decreas-
ing when seen at a specific angle, and a wide viewing angle
can be obtained.

[0262] 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 is scattered and luminance can be improved.

[0263] 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
differentiated; therefore, visibility can be improved and an
image with less color unevenness can be displayed with
appropriate gray scales.

[0264] 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.

[0265] 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.

[0266] 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 39014, 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.
[0267] A storage capacitor portion is provided below the
reflection portion; therefore, an aperture ratio of the trans-
mission portion can be increased and layout can be effi-
ciently designed.

[0268] 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.

[0269] Note that unevenness may be formed in the reflec-
tion portion (over a reflective electrode 36054).
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[0270] Note that the slits in FIG. 39 are wave-shaped, and
thereby liquid crystal molecules can be more easily con-
trolled.

[0271] 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.

[0272] Note that a method of forming a slit is not limited
to FIG. 39, and various ways of arrangement can be
employed.

[0273] 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.

[0274] 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

[0275] In this embodiment 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 to 20C are
top plan views of the light shielding portion 101a and the
semi-transmission portion 1015 of the light exposure mask
shown in FIGS. 1A to 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 t1, and a width of a semi-
transmission portion 1015 thereof is denoted by t2.

[0276] 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 a slit 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 thickness of a resist exposed to light after
development can be adjusted.

[0277] 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.

[0278] 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 expo-
sure 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.

[0279] 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
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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.

[0280] This embodiment mode can be freely combined
with Embodiment Modes 1 to 6.

Embodiment Mode 8

[0281] 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
avideo signal is inputted to a liquid crystal C, - and a storage
capacitor C,. The storage capacitor Cg is connected to a
storage capacitor line 50005. Light transmittance of the
liquid crystal C, . is changed in accordance with the video
signal; therefore, an image is displayed.

[0282] 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.

[0283] 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.
[0284] 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.

[0285] 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

[0286] 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 FIG. 40.

[0287] 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.

[0288] 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
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a signal processing circuit 5405 including a CPU, a control-
ler, 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.

[0289] 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 oper-
ating frequency 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 structure, 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 a mobile phone can be achieved.

[0290] 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.

[0291] 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.

[0292] By using the display device of the invention, a
high-contrast image can be obtained.

[0293] 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.

[0294] Note that the description in this embodiment mode
can be freely combined with that in Embodiment Modes 1
to 8.

[0295] 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

[0296] 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
driver circuit 5704, and a signal line driver circuit 5705. For
example, a control 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
connected by a connection wiring 5708. An FPC or the like
can be used for the connection wiring.

[0297] The display panel 5701 may be formed in such a
manner that a pixel portion and a part of peripheral driver
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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 oper-
ating frequency 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. 41A 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 substrate by COG or the
like. By using such a structure, 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 a mobile phone can be achieved.

[0298] 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.

[0299] 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
over an IC chip, which may be mounted on the display panel
by COG (Chip On Glass).

[0300] 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.

[0301] A liquid crystal television receiver can be com-
pleted 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 amplifier circuit 5802; a video signal processing
circuit 5803 which converts a signal outputted from the
video signal amplifier circuit 5802 to a color signal corre-
sponding to each color of red, green, and blue; and a control
circuit 5706 which converts the video signal to input speci-
fications 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.

[0302] 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 (receive frequency) and volume from an input por-
tion 5808, and transmits the signal to the tuner 5801 and the
audio signal processing circuit 5805.

[0303] A television receiver can be completed by incor-
porating a liquid crystal module into a housing. A display
portion is formed by the liquid crystal module. In addition,
a speaker, a video input terminal, and the like are provided
as appropriate.
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[0304] 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.

[0305] As described above, a high-contrast image can be
obtained by using the display device of the invention.
[0306] Note that the description in this embodiment mode
can be freely combined with that in Embodiment Modes 1
to 9.

[0307] 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

[0308] 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
electronic 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 compo-
nent 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 record-
ing 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.

[0309] 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
display device of the invention for the display portion 35003
can provide a high-contrast image.

[0310] 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.

[0311] A digital camera in which the invention is applied
to the display portion 35102 can provide a high-contrast
image.

[0312] 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
pointing device 35206, and the like. A computer in which the
invention is applied to the display portion 35203 can provide
a high-contrast image.

[0313] FIG. 44D shows a mobile computer, which
includes a main body 35301, a display portion 35302, a
switch 35303, 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.

[0314] 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
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35402, a display portion A 35403, a display portion B 35404,
a recording 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.
[0315] 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.
[0316] 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
receiving portion 35605, an image receiving portion 35606,
a battery 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.
[0317] 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.
[0318] 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
electronic apparatuses in this embodiment mode may use a
display device with any of the structures described in
Embodiment Modes 1 to 13.
[0319] 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
incorporated by reference.

1. (canceled)

2. A display device comprising:

a transistor;

a transparent conductive film electrically connected to the

transistor;
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a reflective conductive film electrically connected to the

transparent conductive film; and

a capacitor electrically connected to the transistor,

wherein at least a part of the capacitor is formed below the

reflective conductive film, and

wherein an entire of a bottom surface of the reflective

conductive film is in contact with a top surface of the
transparent conductive film.

3. The display device according to claim 2, wherein a
liquid crystal layer is provided between the reflective con-
ductive film and an opposite electrode.

4. A display device comprising:

a transistor;

a transparent electrode electrically connected to the tran-

sistor;

a reflective electrode electrically connected to the trans-

parent electrode; and

a capacitor electrically connected to the transistor,

wherein at least a part of the capacitor is formed below the

reflective electrode, and

wherein an entire of a bottom surface of the reflective

electrode is in contact with a top surface of the trans-
parent electrode.

5. The display device according to claim 4, wherein a
liquid crystal layer is provided between the reflective elec-
trode and an opposite electrode.

6. A display device comprising:

a transistor;

a transparent electrode electrically connected to the tran-

sistor;

a reflective electrode electrically connected to the trans-

parent electrode; and

a capacitor electrically connected to the transistor,

wherein at least a part of the capacitor is formed below the

reflective electrode,

wherein at least a part of the transistor is formed below the

reflective electrode, and

wherein an entire of a bottom surface of the reflective

electrode is in contact with a top surface of the trans-
parent electrode.

7. The display device according to claim 6, wherein a
liquid crystal layer is provided between the reflective elec-
trode and an opposite electrode.

L S S T
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