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(57) ABSTRACT

In a semi-transmissive liquid crystal display device (50a)
including an active matrix substrate (20a), the active matrix
substrate (20a) includes a plurality of source lines (2), a first
transparent electrode (2¢) connected to each source line (2)
through a TFT (5). an interlayer insulating film (12) provided
on the first transparent electrode (2¢) and having an opening
(12a), a reflective electrode (6) provided on the interlayer
insulating film (12) and connected to the first transparent
electrode (2¢) through the opening (124), and a second trans-
parent electrode (7a) overlapping the reflective electrode (6a)
and the first transparent electrode (2¢) and connected to the
reflective electrode (6a) and the first transparent electrode
(2¢). In each pixel, respective outer peripheral ends (E) ofthe
reflective electrode (6a) and the second transparent electrode
(7a) are aligned with each other.

10 Claims, 27 Drawing Sheets




US 7,961,280 B2
Page 2

U.S. PATENT DOCUMENTS

7,084,849 B2
7,133,004 B2
7,218,364 B2*
7,443,456 B2*

20030112213 Al*

2005/0094066 Al*

2006/0125755 Al*

8/2006
11/2006
5/2007
10/2008
6/2003
5/2005
6/2006

Noguchi et al.
Ogawa et al.
Brindel ..o 349/114

Lai ... ... 349/38
Noguchi etal. . ... 345/96
Brindel ........... .. 349/114

Noguchi etal. ................ 345/96

2006/0139524 Al*  6/2006 Chen .........ccccocevvivrenns 349/114
2008/0123000 Al* 5/2008 Linetal ..o 349/33
FOREIGN PATENT DOCUMENTS
JP 2003-315766 11/2003
JP 2004-191958 7/2004

* cited by examiner



US 7,961,280 B2

Sheet 1 of 27

Jun. 14, 2011

U.S. Patent

FI1G. 1

20a

Py
t

i
£
1
i
4
¥

g o gy Y

3

L

I



U.S. Patent Jun. 14,2011  Sheet 2 of 27 US 7,961,280 B2

N AN IS S

21b’
-~ re re e Ve -~
s ~ s ~ ~ ~ s
e s rd ya rd Ve v

FIG. 2
:/

P T TT L IA NG AENO LS GGG TT T TS FT LT LSO ET AP ST ST THTUTTIT A A

SO NN IS NSNS N SN

e s s Ie i Ve rd
- - - Ve - e - e S
v ~ e . id v p

Vil r e Pl

508,\



U.S. Patent

Jun. 14, 2011

FI1G. 3

FIG. 4

Sheet 3 of 27
20a1
\W
.
L) L
12&@ O O
LI G i /
)
2C v
20az
\,\/
Pt |
2% 2

US 7,961,280 B2




U.S. Patent Jun. 14,2011  Sheet 4 of 27 US 7,961,280 B2

20as
Y
I N
FIG. b
L L] O
15a“§4;?§ (1 [
S
5 )
15
20aa
\’\l
1 O O
FIG. 6
O O
O O
_____ =i
2C )



U.S. Patent

Jun. 14, 2011 Sheet 5 of 27

............

FIG. 7

............

......

20ae

FIG. 8

US 7,961,280 B2



U.S. Patent Jun. 14,2011  Sheet 6 of 27 US 7,961,280 B2

20a7
“y
FIG. 9
X1 X
Pv’—_ Pl - “
e e —
/20 \
7a 19
B
l[ ;\E\\ ga
LN b
F1G. 10



U.S. Patent Jun. 14,2011  Sheet 7 of 27 US 7,961,280 B2

F1G. 11

i R

FIG. 12
~ 70
(80
L]
U~ T
~— 50a

'\
| - 60




U.S. Patent Jun. 14,2011  Sheet 8 of 27 US 7,961,280 B2

FIG. 13

LUMINANCE

TIME

FIG. 14

o0

40

30

200

FLICKER RATIO (%)

10m nnnnnnn ;

. a s a : X ; ;
.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3

Veom (V)



U.S. Patent Jun. 14,2011  Sheet 9 of 27 US 7,961,280 B2

FIG. 15

500

400

300

200

AVeom (mV)

100‘mu.mmmm?mmmmmmm;mmNMMAi

0P8 I B R
0 100 200 300 400 500

170 FTIM THICKNESS (A)

FIG. 16

0 100 200 300 400 000

170 FTLM THICKNESS (A)



U.S. Patent Jun. 14,2011  Sheet 10 of 27 US 7,961,280 B2

FIG. 17

120

100

R 80
[
o

= 60
i
i
—
78]

% 40
=

20

0

APPLIED VOLTAGE

FIG. 18

_ )
Wb [ 10k
\}\\\\\”\\1\\\@91

o]

/ﬂ — s LT Tl

AR \\%\\\\ \\\\\\\\\\\\\i& 7 7 \W\m S errr

Wm(}& w0 Z e \/ﬂ,\\\% L
%@ﬂ S A

- W i/ Iy

y pr s iy sy y /
g/ - ST GHL, /7
# e s // A s / o A /s VAN

b////// P e ,4/ A //,'( 4’/[{///////7/ ,’}\,_-lOa




U.S. Patent Jun. 14,2011  Sheet 11 of 27 US 7,961,280 B2

“
—~3
o

FIG. 19 ‘

FIG. 20

FIG. 21




U.S. Patent Jun. 14,2011  Sheet 12 of 27 US 7,961,280 B2

FI1G. 23

a0k 2036105/

FIG. 24




US 7,961,280 B2

Sheet 13 of 27

Jun. 14, 2011

U.S. Patent

F1G. 20

I i : 4 o3
i I i ; g !
i i i N i
| ; I f I _
I RV
RIS AOUON RIS JVVSVOWE Y SN SNV IV (R &
] i 1 j i _ |
! i I i ! _
t | I 1] ¢ |
13 i ] 1 } I
E { } _ ' i
3 | H H i
H 1 i H 4 [
e m e e  n — LA F R e ——
i K i § w o
i f 1
A
1 | i
I ; I i i f
I H | 1 | i
I R 2 er:tﬂu::thssiL sssss Lo
i | i i i —
I H i | ] |
! ! o h M "
i i t by i i
i i £ i M 1
| F i I
sl .aaiaaaiwiu@?13;%5334aaii m
| H I 1 I
i _ :
_ _ L w |
1 ! H § i i
i i i : i )
i j . _ ]
] H 1 10
o0 O et | L) o~ = o
e S e S S ' > mu a_U

(U7 ) HONAAAATA HLATA ANITT OW-TV

ETCHING TIME(s)



U.S. Patent Jun. 14,2011  Sheet 14 of 27 US 7,961,280 B2




U.S. Patent Jun. 14,2011  Sheet 15 of 27 US 7,961,280 B2

F1G. 27

Mo



US 7,961,280 B2

Sheet 16 of 27

Jun. 14, 2011

U.S. Patent

. 28

FIG

R e e W Mk m e m e e e o e ]




U.S. Patent Jun. 14,2011  Sheet 17 of 27 US 7,961,280 B2




US 7,961,280 B2

1
I ,
Y Papepe
P
i r o
1 ot
: 1
1 | L
b
r.u.l.l"l‘ﬁd-_é-_ o
P Lol
it} ’
[} !
llllll M JUS) S R
i ! '
1
|||||||||||||||| Inllqlh..'l.

r
t
b
1

Sheet 18 of 27

i

e R A e v e

e e A

-,

N

e e o ——————

FIG. 30

-

5

- e — - B TSP ——

B L L g

!
)
1
1
1
i
1
i
i
1
1
1
i
i
i
1
1
1
1
1
1
)
)
~

-
.

1

T

1

1

3

1
A

1

Jun. 14, 2011

T .
e ———

1
i
i
t
i
t

20da

1

U.S. Patent



U.S. Patent Jun. 14,2011  Sheet 19 of 27 US 7,961,280 B2

FI1G. 31
ba

[ UV VU U U, R T
T, #om owmf e m fe e e e e e o= om

1
1
TS
AN

~ ~
[y
BF

u—
}uw_l
m \\‘\
-

X
X




US 7,961,280 B2

Sheet 20 of 27

Jun. 14, 2011

U.S. Patent

F1G. 32

J i f i ; ; o
| [ i 3 ] ]
| i _ ; i i
i i I ! 1 i
I : _ i ; i
_ m I i ; ]
A T DR T NN AR IR B Y o
" i i i i i o
I i f | i i
; i H | _ i
H | ] i 1 1
13 H ] | I |
f | H i ] ]
f _ i ! i ; S
T ttii&;tih_ B T L (LT
r.*_T ; i f § i o
[ m i ; : w
i i i i i ]
i 4 i k H ]
| t | i § H
_ ; | ; ; i
IR SUTRRN SR I UNUURE DTN S BDI B
_ i i ; i i —
_ ! I : : ;
| i i ; i i
i | i ; i u
i { E i 1 1
! | ; ; _ i
; i i i I |
; _ i i i |
¢ i i i ] _
; | { i _ ,
: _ i i _ ,
H | I ] i I
i i ; | 1 ;
| | | 1 1 1 5
o0 o =3 ol <> ol < WO

(w ) FONENHAA 1 HLATH INTT OW-TV

ETCHING TIME (s)



U.S. Patent

Jun. 14, 2011 Sheet 21 of 27

FIG. 33

US 7,961,280 B2



US 7,961,280 B2

Sheet 22 of 27

Jun. 14, 2011

U.S. Patent

FIG. 35

k. Sntatadedlalie SF)

3
1
[P - e L o e *iaas;mdesaiﬁ

B ——
f )

¥

. .
_\ £
t '
1 1
nl \'
~ p
e m e mmmm e .

] i

|||||||||||||||||||||| Zmmd N

B
fommimy

i
1
by

AN NS g S

e R A e m mm—m o d

o e

e s o e

3

W e b
o e e e e e

5

20ch

-

H
k3
3
+
+
s
+
4
#
§
3
1
4
1
i
1
1
'
1
1
1
1
1
[l
'
!
B e L b b o o bbbt

Ih-

- -
Jhaigia Sl i
||||||| e o o fnlal A S S
L
[ L e il e e =
| #
3 ]
N e i T T o o o o o 2 e e o
b o e  ah e e n I .IIlnnnn&:O!!lsccl)
~ 2 ~

e m -

1

«©
(AN



US 7,961,280 B2

Sheet 23 of 27

Jun. 14, 2011

U.S. Patent

FIG. 36

bs

(6a)
2¢

3
1
i
]

1




US 7,961,280 B2

Sheet 24 of 27

Jun. 14, 2011

U.S. Patent

- l_l
|||||||||||||| i
lllll <!
|||||||||||||||| P
a
i
_w.
—.w-
£yl
Pl
[
-
te!
i
v
5!
(e
9w-
[
&-
w.
fy
»-
£y
iy
2y
m—
ty
H
2y
(]
H
Yy
||||||||| el
1 il
et | 0 T i
1 :
P orccmmewdd
"""" k]
P 2
S S A ]
[ 4
Y = ; §
|||||||||||| s T I --- -
H
H
|||||||||| g
plaleilettolo i N

B 4

20cd
U

1



e :
N T

! %

i
[ .
1

g b

ot
L

3
1
|

[ H
1
Lo g oo g

US 7,961,280 B2

P ]

]

Sheet 25 of 27

.38

FIG

1
1
'
]
3
]
1
1
1
3
3
¥
1
¥
1
¥
H
3
H

-

Jun. 14, 2011

20db

U.S. Patent

L R T LT

R ——

e
[
[N ———

Ih--.

R |




U.S. Patent Jun. 14,2011  Sheet 26 of 27 US 7,961,280 B2

FI1G. 39

S

% & _ e 7
/'y _ /4 g
v - ; ¥ Vs / - A
v s s s /,:/// ///'
v s s - e /7 s 110a
; ¥
)
)
&

e
e

- i

R T R

FI1G. 40




U.S. Patent Jun. 14,2011  Sheet 27 of 27 US 7,961,280 B2

FIG. 41

10ba
—A
1063\21 lOQab 1Q7a

B
N e L
N/



US 7,961,280 B2

1

SEMI-TRANSMISSIVE LIQUID CRYSTAL
DISPLAY DEVICE AND MANUFACTURING
METHOD THEREOF

This application is the U.S. national phase of International
Application No. PCT/IP2007/050104, filed 9 Jan. 2007,
which designated the U.S. and claims priority to Japanese
Patent Application No(s). 2006-127465, filed 1 May, 2006,
and 2006-199908, filed 21 Jul. 2006, the entire contents of
each of which are hereby incorporated by reference.

TECHNICAL FIELD

The invention relates to a semi-transmissive liquid crystal
display device and a manufacturing method thereof.

BACKGROUND ART

A semi-transmissive liquid crystal display device has a
transmissive region for transmitting light from a backlight to
provide transmission mode display and a reflective region for
reflecting external light to provide reflection mode display in
each pixel arranged in a matrix pattern as a minimum unit of
an image. Therefore, the semi-transmissive liquid crystal dis-
play device can maintain a sufficient contrast and provide a
high visual recognition property regardless of ambient bright-
ness.

An active matrix-driven liquid crystal display device
includes an active matrix substrate having a plurality of pixel
electrodes arranged in a matrix pattern, a counter substrate
provided so as to face the active matrix substrate and having
a common electrode, and a liquid crystal layer provided
between these substrates. In a semi-transmissive liquid crys-
tal display device as described above, each pixel electrode
includes a transparent electrode that forms the transmissive
region and a reflective electrode that forms the reflective
region. The reflective electrode is often made of a metal
conductive film having a high reflectance such as an alumi-
num film, and the transparent electrode is often made of a
transparent conductive film such as an ITO (Indium Tin
Oxide) film and an 170 (Indium Zinc Oxide) film.

Each electrode material such as the metal conductive film
and transparent conductive film has its own unique work
function. Therefore, in the semi-transmissive liquid crystal
display device, the reflective electrode and the transparent
electrode have different work functions from each other. In
this case, a surface potential is different between the reflective
electrode and the transparent electrode, thereby causing
flicker. This may result in significant degradation in display
quality.

The reason why such flicker is generated will now be
described.

In order to prevent image burn-in, a liquid crystal display
device needs to be AC (alternating current)-driven by alter-
nately applying a positive voltage and a negative voltage to a
liquid crystal layer. More specifically, a positive voltage and
a negative voltage are alternately applied to the liquid crystal
layer by writing charges to pixel electrodes with the polarity
of the charges being inverted at every prescribed period. At
this time, an optimal counter potential is set to a common
electrode of a counter substrate so that the positive and nega-
tive voltages that are applied to the liquid crystal layer
become effectively equal to each other.

In a semi-transmissive liquid crystal display device, how-
ever, a surface potential becomes different between a reflec-
tive electrode and a transparent electrode due to the above-
described difference in work function, and an optimal counter
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potential is set to only one of the reflective electrode and the
transparent electrode. In this case, a direct-current voltage is
applied to a liquid crystal layer in a region of the electrode to
which the optimal counter potential is not set. Therefore, the
positive and negative voltages applied to the liquid crystal
layer become asymmetrical, whereby flicker, periodic lumi-
nance variation, is generated.

Itis known in the art that generation of flicker is suppressed
in a semi-transmissive liquid crystal display device when
respective electrode materials in the reflective region and the
transmissive region have the same work function.

For example, Patent document 1 discloses a liquid crystal
display device in which a transparent electrode is provided in
a reflective region and a transmissive region and a voltage is
applied to a liquid crystal layer through the transparent elec-
trode.

FIG. 39 is a schematic cross-sectional view of a semi-
transmissive liquid crystal display device 1504 correspond-
ing to the semi-transmissive liquid crystal display device
disclosed in FIG. 6 of Patent document 1.

As shown in FIG. 39, the semi-transmissive liquid crystal
display device 150a includes an active matrix substrate 120a
having pixel electrodes each formed by a reflective electrode
1064 and a transparent electrode 107a. a counter substrate
130a provided so as to face the active matrix substrate 120a
and having a common electrode 122, and aliquid crystal layer
125 provided between the substrates 120a and 130a.

In the semi-transmissive liquid crystal display device
150q, an interlayer insulating film 112 for compensating for
the optical path difference between a reflective region R and
a transmissive region T is provided under the reflective elec-
trode 106a. Therefore, the transparent electrode 107a is
formed in the reflective region R and the transmissive region
T through a stepped portion of the interlayer insulating film
112. Accordingly, when the transparent electrode 107a is
thin, electric conduction may become defective in the stepped
portion. When the transparent electrode 107q is thick, on the
other hand, the reflectance of the reflective region R may be
reduced.

A semi-transmissive liquid crystal display device 1505 as
shown in FIG. 40 is disclosed in FIG. 3 of Patent document 2.

In the semi-transmissive liquid crystal display device
1505, a first transparent electrode 102 made of an [TO film is
formed on a substrate 110a. A reflective electrode 106a made
of an aluminum film or the like and a second transparent
electrode 1076 made of an IZ0 film are sequentially formed
on an interlayer insulating film 112 formed on the first trans-
parent electrode 102. A region where the reflective electrode
106a and the second transparent electrode 1075 are formed
serves as a reflective region R, and a region exposed from the
reflective electrode 106a in the first transparent electrode 102
serves as a transmissive region T.

The ITO film and the IZO film have a work function of4.9
eV and 4.8 eV, respectively. The respective electrode materi-
als in the reflective region R and the transmissive region T
thus have almost the same work function. However, since
flicker is slightly visually recognized, there is room for
improvement. Note that, in view of transparency to visible
light, conductive property, etching property and electrocor-
rosion with the underlying aluminum film, and the like, the
170 film is preferably used as the second transparent elec-
trode 1075 that covers the reflective electrode 1064. There-
fore, the second transparent electrode 1075 is not formed in
the transmissive region T if priority is given to the efficiency
of the manufacturing process.

Patent document 1: Japanese Laid-Open Patent Publica-
tion No. 2003-255378
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Patent document 2: Japanese Laid-Open Patent Publica-
tion No. 2004-191958

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

In an active matrix substrate of a liquid crystal display
device, a plurality of source lines for supplying a display
signal to each pixel are provided in parallel with each other
between pixels. Since each source line and each adjacent
pixel electrode along the source line overlap each other, a
parasitic capacitance Csd is present between each source
electrode and pixel electrode.

In a semi-transmissive liquid crystal display device, a
peripheral end of a pixel electrode is often formed by a lay-
ered film of a reflective electrode and a transparent electrode
each patterned by photolithography. Therefore, an overlap
width between the pixel electrode, that is, the reflective elec-
trode and transparent electrode, and the source line may vary
due to a variation in manufacturing process. In this case, the
parasitic capacitance Csd may vary in every pixel or every
plurality of pixels. This may cause non-uniform luminance in
the display screen, resulting in degradation in display quality.

The invention is made in view of the above problems and it
is an object of the invention to provide a semi-transmissive
liquid crystal display device in which normal conduction
between a reflective electrode and a transparent electrode and
a high reflectance are maintained, whereby generation of
flicker 1s suppressed and variation in parasitic capacitance
between a source line and a reflective electrode and transpar-
ent electrode is suppressed.

Means for Solving the Problems

Inorder to achieve the above object, according to the inven-
tion, an active matrix substrate includes a first transparent
electrode provided in each pixel and connected to each source
line through a switching element, a reflective electrode pro-
vided in each pixel and connected to the first transparent
electrode through an opening of an insulating layer, and a
second transparent electrode provided in each pixel so as to
overlap the reflective electrode and the first transparent elec-
trode, and respective outer peripheral ends of the reflective
electrode and the second transparent electrode are aligned
with each other.

More specifically, a semi-transmissive liquid crystal dis-
play device according to the invention includes: an active
matrix substrate and a counter substrate which are provided
so as to face each other; and a liquid crystal layer provided
between the active matrix substrate and the counter substrate,
wherein a plurality of pixels each having a reflective region
for providing reflection mode display and a transmissive
region for providing transmission mode display are arranged
in a matrix pattern. The active matrix substrate includes a
plurality of source lines extending in parallel with each other
between the pixels, a first transparent electrode provided in
each pixel and connected to each source line through a
switching element, an insulating layer provided on the first
transparent electrode and having an opening in each pixel, a
reflective electrode provided in each pixel on the insulating
layer and connected to the first transparent electrode through
the opening, and a second transparent electrode provided in
each pixel, overlapping the reflective electrode and an
exposed region of the first transparent electrode from the
reflective electrode, and connected to the reflective electrode
and the first transparent electrode. A region where the reflec-
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tive electrode is formed and the exposed region of the first
transparent electrode from the reflective electrode form the
reflective region and the transmissive region, respectively,
and respective outer peripheral ends of the reflective electrode
and the second transparent electrode are aligned with each
other in each pixel.

In the above structure, the reflective electrode is connected
to the first transparent electrode through the opening of the
insulating layer, and the second transparent electrode over-
laps the reflective electrode and the exposed region of the first
transparent electrode from the reflective electrode and is con-
nected to the reflective electrode and the first transparent
electrode. The reflective electrode and the second transparent
electrode are thus connected to the first transparent electrode.
In this structure, normal conduction between the reflective
electrode and the first transparent electrode is maintained
even if the thickness of the second transparent electrode is
reduced. Therefore, the second transparent electrode can be
formed with a smaller thickness, and a high reflectance can be
maintained in the reflective region. Moreover, since the sec-
ond transparent electrode is provided on the liquid crystal
layer side in the reflective region and the transmissive region,
each electrode material on the liquid crystal layer side has the
same work function in the reflective region and the transmis-
sive region, whereby generation of flicker is suppressed.

Moreover, in each pixel, the respective outer peripheral
ends of the reflective electrode and the second transparent
electrode are aligned with each other on the insulating layer.
This structure suppresses variation in overlap width between
each source line provided between the pixels and the respec-
tive outer peripheral ends of the reflective electrode and the
second transparent electrode through the insulating layer, and
therefore suppresses variation in parasitic capacitance
between the source line and the reflective electrode and sec-
ond transparent electrode.

The invention can thus provide a semi-transmissive liquid
crystal display device in which normal conduction between a
reflective electrode and a transparent electrode and a high
reflectance are maintained and generation of flicker is sup-
pressed as well as variation in parasitic capacitance between
a source line and a reflective electrode and transparent elec-
trode is suppressed.

The first transparent electrode may be made of a compound
of indium oxide and tin oxide, and the second transparent
electrode may be made of a compound of indium oxide and
zine oxide.

In the above structure, the work function of the first trans-
parent electrode is 4.9 eV and the work function of the second
transparent electrode is 4.8 V. However, the second trans-
parent electrode is provided in both the reflective region and
the transmissive region. Therefore, each electrode material on
the liquid crystal layer side in the reflective region and the
transmissive region has the same work function, whereby
generation of flicker is specifically suppressed.

The second transparent electrode may have a thickness of
50 Ao 300 A.

In the above structure, when the thickness of the second
transparent electrode is less than 50 A, normal conduction is
less likely to be obtained between the first transparent elec-
trode and the reflective electrode due to the small thickness of
the second transparent electrode overlapping the first trans-
parent electrode and the reflective electrode. When the thick-
ness of the second transparent electrode exceeds 300 A, the
reflectance is reduced due to the large thickness of the second
transparent electrode on the reflective electrode. Accordingly,
when the thickness of the second transparent electrode is in
the range of 50 A to 300 A, normal conduction between the
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reflective electrode and the transparent electrode and a high
reflectance are maintained, whereby generation of flicker is
suppressed.

The liquid crystal layer may be structured so as to be
vertically oriented when no voltage is applied.

In a vertical alignment type liquid crystal display device,
liquid crystal molecules are substantially vertically oriented
with respect to a substrate surface when no voltage is applied
to a liquid crystal layer. In such a vertical alignment type
liquid crystal display device, a V-T curve of applied voltage
(V) and transmittance (T) is generally steeper than a V-T
curve of a TN (Twisted Nematic) type liquid crystal display
device in a low transmittance region in which non-uniform
luminance is more likely to be visually recognized. There-
fore, the luminance significantly changes with variation in
applied voltage. Since the above structure suppresses varia-
tion in parasitic capacitance between the source line and the
reflective electrode and transparent electrode, variation in
applied voltage resulting from the variation in parasitic
capacitance is reduced and degradation in display quality is
effectively suppressed in the vertical alignment type liquid
crystal display device.

The insulating layer may be formed so that a thickness of
the liquid crystal layer in the reflective region becomes one
half of a thickness of the liquid crystal layer in the transmis-
sive region.

This structure compensates for the phase difference
between the reflective region and the transmissive region.

The reflective electrode may have a first metal layer pro-
vided in contact with the first transparent electrode and a
second metal layer formed on the first metal layer, and the
second transparent electrode may have an opening formed so
as to expose a part of the first transparent electrode.

In the above structure, an opening that exposes a part of the
first transparent electrode is formed in the second transparent
electrode. Therefore, the outer peripheral end and the opening
of the second transparent electrode are formed simulta-
neously. In the case where the outer peripheral end and the
opening of the second transparent electrode are formed by
wet etching, the first transparent electrode is exposed to an
etchant. Therefore, when the outer peripheral end of the sec-
ond transparent electrode is formed by etching, the etching
rate of the first metal layer is lower than that in the case where
no opening is formed in the second transparent electrode of
each pixel. Therefore, the etching amount of the first metal
layer is less likely to vary even if the etching time varies. This
improves dimensional accuracy of the first metal layer. As a
result, the respective outer peripheral ends of the first metal
layer and the second metal layer are more likely to be aligned
with each other, and the respective outer peripheral ends of
the reflective electrode formed by the first metal layer and
second metal layer and the second transparent electrode are
more likely to be aligned with each other. As aresult, variation
in parasitic capacitance between the source line and the
reflective electrode and second transparent electrode is sup-
pressed.

According to the invention, a method for manufacturing a
semi-transmissive liquid crystal display device including an
active matrix substrate and a counter substrate which are
provided so as to face each other, and a liquid crystal layer
provided between the active matrix substrate and the counter
substrate, wherein a plurality of pixels each having a reflec-
tive region for providing reflection mode display and a trans-
missive region for providing transmission mode display are
arranged in a matrix pattern, includes the steps of: a first
transparent electrode formation step of forming a plurality of
source lines extending in parallel with each other on a sub-
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strate and forming in each pixel a first transparent electrode
connected to each source line through a switching element; an
insulating layer formation step of forming on the first trans-
parent electrode an insulating layer having an opening in each
pixel; a reflective conductive film formation step of forming a
reflective conductive film so as to cover the insulating layer;
a first etching step of, by etching a portion of the reflective
conductive film corresponding to the opening, forming a
reflective conductive layer connected to the first transparent
electrode through the opening of the insulating layer; a trans-
parent conductive film formation step of forming a transpar-
ent conductive film so as to cover the reflective conductive
layer; and a second etching step of, by etching a portion of the
reflective conductive layer and transparent conductive film
located between the pixels, forming a reflective electrode
connected to the first transparent electrode through the open-
ing ofthe insulating layer, and a second transparent electrode
overlapping the reflective electrode and an exposed region of
the first transparent electrode from the reflective electrode
and connected to the reflective electrode and the first trans-
parent electrode, thereby fabricating the active matrix sub-
strate in which a region where the reflective electrode is
formed and the exposed region of the first transparent elec-
trode from the reflective electrode serve as the reflective
region and the transmissive region, respectively, wherein in
the second etching step, the reflective conductive layer and
the transparent conductive film are etched so that respective
outer peripheral ends of the reflective electrode and the sec-
ond transparent electrode are aligned with each other in each
pixel.

In the above method, the reflective electrode is connected
to the first transparent electrode through the opening of the
insulating layer by the reflective conductive film formation
step and the first etching step. Moreover, the second transpar-
ent electrode overlaps the reflective electrode and the exposed
region of the first transparent electrode from the reflective
electrode and is connected to the reflective electrode and the
first transparent electrode by the transparent conductive film
formation step and the second etching step. The reflective
electrode and the second transparent electrode are thus con-
nected to the first transparent electrode. In this structure,
normal conduction between the reflective electrode and the
first transparent electrode is maintained even if the thickness
of the second transparent electrode is reduced. Therefore, the
second transparent electrode can be formed with a smaller
thickness, and a high reflectance can be maintained in the
reflective region. Moreover, since the second transparent
electrode is formed on the liquid crystal layer side in the
reflective region and the transmissive region, each electrode
material on the liquid crystal layer side has the same work
function in the reflective region and the transmissive region,
whereby generation of flicker is suppressed.

Moreover, by the second etching step, the respective outer
peripheral ends of the reflective electrode and the second
transparent electrode are aligned with each other on the insu-
lating layer in each pixel. This structure suppresses variation
in overlap width between each source line provided between
the pixels and the respective outer peripheral ends of the
reflective electrode and the second transparent electrode
through the insulating layer, and therefore suppresses varia-
tion in parasitic capacitance between the source line and the
reflective electrode and second transparent electrode.

The invention can thus provide a semi-transmissive liquid
crystal display device in which normal conduction between a
reflective electrode and a transparent electrode and a high
reflectance are maintained and generation of flicker is sup-
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pressed as well as variation in parasitic capacitance between
a source line and a reflective electrode and transparent elec-
trode is suppressed.

The first transparent electrode may be made of a compound
of indium oxide and tin oxide, and the second transparent
electrode may be made of a compound of indium oxide and
zine oxide.

According to the above method, the work function of the
first transparent electrode is 4.9 eV and the work function of
the second transparent electrode is 4.8 eV. However, the sec-
ond transparent electrode is provided in both the reflective
region and the transmissive region. Therefore, each electrode
material in the reflective region and the transmissive region
has the same work function, whereby generation of flicker is
specifically suppressed.

In the reflective conductive film formation step, a first
metal film and a second metal film may be sequentially
formed so as to cover the insulating layer, and in the second
etching step, the transparent conductive film may be wet-
etched so as to expose a part of the first transparent electrode
in each pixel.

According to the above method, in the second etching step,
the transparent conductive film is wet-etched so as to expose
a part of the first transparent electrode in each pixel. The first
transparent electrode is therefore exposed to an etchant.
Accordingly, when a layered film of the reflective conductive
layer formed by the first metal film and second metal film and
the transparent conductive layer is etched in a region between
the pixels in the second etching step, the etching rate of the
first metal film is lower than that in the case where a part of the
first transparent electrode is not exposed in each pixel. There-
fore, the etching amount of the first metal film is less likely to
vary even if the etching time ofthe second etching step varies.
This improves dimensional accuracy of a first metal layer
formed by the first metal film. As a result, the respective outer
peripheral ends of the first metal layer formed by the first
metal film and the second metal layer formed by the second
metal film are more likely to be aligned with each other, and
the respective outer peripheral ends of the reflective electrode
formed by the first metal layer and second metal layer and the
second transparent electrode are more likely to be aligned
with each other. As a result, variation in parasitic capacitance
between the source line and the reflective electrode and sec-
ond transparent electrode is suppressed.

EFFECTS OF THE INVENTION

According to the invention, an active matrix substrate
includes a first transparent electrode provided in each pixel
and connected to each source line through a switching ele-
ment, a reflective electrode provided in each pixel and con-
nected to the first transparent electrode through an opening of
an insulating layer, and a second transparent electrode pro-
vided in each pixel so as to overlap the reflective electrode and
the first transparent electrode, and respective outer peripheral
ends of the reflective electrode and the second transparent
electrode are aligned with each other. The invention can thus
provide a semi-transmissive liquid crystal display device in
which normal conduction between a reflective electrode and
a transparent electrode and a high reflectance are maintained
and generation of flicker is suppressed as well as variation in
parasitic capacitance between a source line and a reflective
electrode and transparent electrode is suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a plan view of an active matrix substrate 20a of a
semi-transmissive liquid crystal display device according to a
first embodiment;
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FIG. 2 is a cross-sectional view of a semi-transmissive
liquid crystal display device 50a of the first embodiment
taken along line I1I-1T in FIG. 1;

FIG. 3 is a plan view of a substrate 20q, illustrating a
fabrication process of the active matrix substrate 20a;

FIG. 4 1s a plan view of a substrate 20a, illustrating a
fabrication process of the active matrix substrate 20a;

FIG. 5 1s a plan view of a substrate 20a; illustrating a
fabrication process of the active matrix substrate 20a;

FIG. 6 is a plan view of a substrate 20a, illustrating a
fabrication process of the active matrix substrate 20a;

FIG. 7 is a plan view of a substrate 20a5 illustrating a
fabrication process of the active matrix substrate 20a;

FIG. 8 is a plan view of a substrate 20, illustrating a
fabrication process of the active matrix substrate 20a;

FIG. 9 is a plan view of a substrate 20a, illustrating a
fabrication process of the active matrix substrate 20a;

FIG. 10 is a cross-sectional view taken along line X-X in
FIG. 9;

FIG. 11 is a schematic cross-sectional view schematically
showing the semi-transmissive liquid crystal display device
504 of FIG. 2;

FIG. 12 is a diagram illustrating a flicker measuring
method;

FIG. 13 is a graph showing an example of a measured
flicker waveform;

FIG. 14 is a graph showing the relation between Vcom and
flicker ratio;

FIG. 15 is a graph showing the relation between 170 film
thickness and AVcom;

FIG. 16 is a graph showing the relation between 170 film
thickness and reflectance;

FIG. 17 is a graph showing the relation between applied
voltage and transmittance;

FIG. 18 is a schematic cross-sectional view of a semi-
transmissive liquid crystal display device 505 according to a
second embodiment;

FIG. 19 is a first schematic cross-sectional view showing a
region between pixels P of the active matrix substrate 20a;

FIG. 20 is an SEM image showing the top surface of a
region between pixels P of the active matrix substrate 20a
corresponding to FIG. 19;

FIG. 21 is an SEM image showing a cross section of a
region between pixels P of the active matrix substrate 20a
corresponding to FI1G. 19;

FIG. 22 is a second schematic cross-sectional view show-
ing a region between pixels P of the active matrix substrate
20a;

FIG. 23 is an SEM image showing the top surface of a
region between pixels P of the active matrix substrate 20a
corresponding to FIG. 22;

FIG. 24 is an SEM image showing a cross section of a
region between pixels P of the active matrix substrate 20a
corresponding to FIG. 22;

FIG. 25 is a graph showing the relation between etching
time in patterning a layered film of an IZO film, aluminum
film and molybdenum film between pixels and a line width
difference between the patterned aluminum layer and molyb-
denum layer in the active matrix substrates 20a and 1205,

FIG. 26 is a schematic cross-sectional view showing a state
of the active matrix substrate 20a in a second etching step of
the first embodiment;

FIG. 27 is a schematic battery diagram showing a local
battery reaction of the active matrix substrate 20a;

FIG. 28 is a plan view of an active matrix substrate 20ca of
asemi-transmissive liquid crystal display device according to
a third embodiment;
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FIG. 29 is a cross-sectional view of the active matrix sub-
strate 20ca taken along line XXIX-XXIX in FIG. 28;

FIG. 30 is a plan view of an active matrix substrate 20da of
the semi-transmissive liquid crystal display device according
to the third embodiment;

FIG. 31 is a cross-sectional view of the active matrix sub-
strate 20da taken along line XXXI-XXXI in FIG. 30;

FIG. 32 is a graph showing the relation between etching
time of a second etching step and a line width difference
between the patterned aluminum layer and molybdenum
layer in the active matrix substrates 20ca and 20da;,

FIG. 33 is a schematic battery diagram showing a local
battery reaction of the active matrix substrate 20ca;

FIG. 34 is a schematic battery diagram showing a local
battery reaction of the active matrix substrate 20da;

FIG. 35 is a plan view of another active matrix substrate
20c¢b similar to the active matrix substrate 20ca;

FIG. 36 is a plan view of another active matrix substrate
20cc similar to the active matrix substrate 20ca;

FIG. 37 is a plan view of another active matrix substrate
20cd similar to the active matrix substrate 20ca;

FIG. 38 is a plan view of another active matrix substrate
204b similar to the active matrix substrate 20da;

FIG. 39 is a schematic cross-sectional view of a conven-
tional semi-transmissive liquid crystal display device 150a;

FIG. 40 is a schematic cross-sectional view of a conven-
tional semi-transmissive liquid crystal display device 1505;

FIG. 41 1s a schematic cross-sectional view showing a state
of a conventional active matrix substrate 1205 in an etching
step corresponding to FIG. 26; and

FIG. 42 is a schematic battery diagram showing a local
battery reaction of the active matrix substrate 1204.

DESCRIPTION OF THE REFERENCE
NUMERALS

C1, C2 opening

E outer peripheral end

P pixel

R reflective region

T transmissive region

2 source line

2¢ first transparent electrode

5TFT (switching element)

6 reflective conductive film

6a reflective electrode

6aa molybdenum layer (first metal layer, first metal film)

6ab aluminum layer (second metal layer, second metal
film)

6b reflective conductive layer

7 transparent conductive film

7a second transparent electrode

104 insulating substrate

12 insulating layer

124 opening

20a, 205, 20ca-cd, 20da, 20db active matrix substrate

25 liquid crystal layer

304, 305 counter substrate

50a, 505 semi-transmissive liquid crystal display device

BEST MODE FOR CARRYING OUT THE
INVENTION

Hereinafter, embodiments of the invention will be
described in detail with reference to the accompanying draw-
ings. Note that the invention is not limited to the embodiments
described below.
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First Embodiment

FIGS. 1 through 17 show a first embodiment of a semi-
transmissive liquid crystal display device according to the
invention. FIG. 1 is a plan view of an active matrix substrate
20a of a semi-transmissive liquid crystal display device 50a
of this embodiment, and FIG. 2 is a cross-sectional view of
the semi-transmissive liquid crystal display device 50a taken
along line [1-IT in FIG. 1.

As shown in FIG. 2, the semi-transmissive liquid crystal
display device 50a includes an active matrix substrate 20a
and a counter substrate 30 which are provided so as to face
each other, and a liquid crystal layer 25 provided between the
substrates 20a and 30q.

As shown in FIG. 1, the active matrix substrate 20a
includes gate lines 1 extending in parallel with each other,
source lines 2 extending in parallel with each other in a
direction perpendicular to the gate lines 1, thin film transistors
(TFTs) 5 provided at each intersection of the gate lines 1 and
the source lines 2 as switching elements, and pixel electrodes
8 provided in each display region (pixel P) surrounded by a
pair of adjacent gate lines 1 and a pair of adjacent source lines
2. Each pixel electrode 8 includes a reflective electrode 6a
that forms a reflective region R for providing reflection mode
display, a portion that forms a transmissive region T exposed
from the reflective electrode 64 in a first transparent electrode
2¢ for providing transmission mode display, and a second
transparent electrode 7a that is described later. Note that,
although not shown in FIG. 1, the active matrix substrate 20a
may include capacitor lines extending in parallel with each
other between the gate lines 1.

As shown in FIG. 1, each TFT 5 includes a gate electrode
1a that is a protruding portion of the gate electrode 1, a gate
insulating film (not shown) provided so as to cover the gate
electrode 1a, a semiconductor layer (not shown) provided
with an island shape at a position corresponding to the gate
electrode 1a on the gate insulating film, and a source elec-
trode 2a as a protruding portion of a source line 2 and a drain
electrode 26 which are provided so as to face each other on the
semiconductor layer. Note that an extended portion of the
drain electrode 25 is a first transparent electrode 2¢.

The active matrix substrate 20a has a multi-layered struc-
ture in which a gate insulating film, a protective insulating
film 11, and an interlayer insulating film 12 are sequentially
formed on an insulating substrate 10q.

The gate line 1 and the gate electrode 1a are provided
between the insulating substrate 10a and the gate insulating
film.

A semiconductor layer is provided between the gate insu-
lating film and the protective insulating film 11, and the
source line 2, the source electrode 2a, and the drain electrode
2b are provided on the semiconductor layer.

The reflective electrode 6a and the second transparent elec-
trode 7a which are connected to the drain electrode 25 (first
transparent electrode 2e) are formed on the protective insu-
lating film 11 and the interlayer insulating film 12. The sec-
ond transparent electrode 7a overlaps the reflective electrode
6a and the first transparent electrode 2¢ exposed from the
reflective electrode 6a, and is connected to the reflective
electrode 64 and the first transparent electrode 2¢. In order to
compensate for the phase difference between the reflective
region R and the transmissive region T, the sum of the respec-
tive thicknesses of the protective insulating film 11 and the
interlayer insulating films 12 that form an insulating layer is
set so that the thickness of the liquid crystal layer 25 in the
reflective region R becomes substantially one half of the
thickness of the liquid crystal layer 25 in the transmissive
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region T. Moreover, since the interlayer insulating film 12 has
a convexo-concave surface, the reflective electrode 6a formed
on the interlayer insulating film 12 also has a convexo-con-
cave surface, whereby light that is incident on the reflective
electrode 6a can be diffused as appropriate.

As shown in FIG. 1, the reflective electrode 6a is provided
around the transmissive region T (a portion exposed from the
reflective electrode 6a in the first transparent electrode 2c¢),
and a stepped portion is formed by the interlayer insulating
film 12 in a boundary region between the reflective region R
and the transmissive region T. Therefore, the reflective elec-
trode 6a is connected to the first transparent electrode 2¢
through the stepped portion of the interlayer insulating film
12. An outer peripheral end E of the reflective electrode 6a is
aligned with an outer peripheral end E of the second trans-
parent electrode 7a.

An alignment film (not shown) is provided on the second
transparent electrode 7a.

The counter substrate 30a is a multi-layered structure in
which a color filter layer 21, an overcoat layer (not shown), a
common electrode 22, and an alignment film (not shown) are
sequentially formed on an insulating substrate 105. Note that,
although not shown in FIG. 2, a rivet protruding toward the
liquid crystal layer 30 is provided for every reflective region
R and every transmissive region T of each pixel in the counter
substrate 30a.

The color filter layer 21 includes a black matrix 215 pro-
vided so as to overlap the gate lines 1 and source lines 2 of the
active matrix substrate 20qa, and a colored layer 21a provided
in each gap of the black matrix 215 so as to correspond to each
pixel electrode 8 of the active matrix substrate 20a and col-
ored with red, green, or blue. A region overlapping the black
matrix 215 between the pixel electrodes 8 is a black matrix
region B.

The liquid crystal layer 25 is a nematic liquid crystal hav-
ing electro-optic properties and includes liquid crystal mol-
ecules of AE (dielectric anisotropy )<0. It is therefore consid-
ered that, when no voltage is applied to the liquid crystal layer
25, only the liquid crystal molecules near each rivet are ori-
ented so as to be radially tilted around the rivet and the other
liquid crystal molecules far from each rivet are oriented sub-
stantially vertically to the substrate surface. It is also consid-
ered that, when a voltage is applied to the liquid crystal layer
25, the liquid crystal molecules far from each rivet are also
oriented so as to correspond to the radially tilted orientation.
Such orientation of the liquid crystal molecules widens a
viewing angle in image display.

The semi-transmissive liquid crystal display device 50a is
structured so that light entering from the side of the counter
substrate 30a is reflected by the reflective electrode 64 in the
reflective region R and light emitted from a backlight and
entering from the side of the active matrix substrate 20a
transmits through the transmissive region T. In the semi-
transmissive liquid crystal display device 50a, when a gate
signal is transmitted from the gate line 1 to the gate electrode
1a and the TFT 5 is turned on in each pixel, a source signal is
transmitted from the source line 2 to the source electrode 2a
and predetermined charges are written to the pixel electrode 8
through the semiconductor layer and the drain electrode 2é.
At this time, a potential difference is produced between each
pixel electrode 8 of the active matrix substrate 20a and the
common electrode 22 of the counter substrate 30a, and a
predetermined voltage is applied to the liquid crystal layer 25.
By changing the orientation state of the liquid crystal mol-
ecules by the magnitude of the voltage applied to the liquid
crystal layer 25, the light transmittance of the liquid crystal
layer 25 is adjusted and an image is displayed.
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In order to prevent image burn-in, the semi-transmissive
liquid crystal display device 50a is AC-driven by alternately
applying a positive voltage and a negative voltage to the liquid
crystal layer 25 by inverting the potential of the pixel elec-
trodes 8 at every prescribed period. Therefore, the potential of
the common electrode 22 is setto an optimal counter potential
Vcom so that positive and negative voltages that are applied to
the liquid crystal layer 25 become effectively equal to each
other.

Hereinafter, a method for manufacturing the semi-trans-
missive liquid crystal display device 50a according to this
embodiment will be described in detail with reference to
FIGS. 3 through 9. FIGS. 3 through 9 are plan views showing
a substrate surface in each step of a fabrication process of an
active matrix substrate. Note that the manufacturing method
of this embodiment includes an active matrix substrate fabri-
cation process, a counter substrate fabrication process, and a
liquid crystal display device fabrication process.

[Active Matrix Substrate Fabrication Process]

First, a metal film such as titanium is formed with a thick-
ness of about 3,000 A on the whole surface of an insulating
substrate 10a such as a glass substrate by a sputtering method.
The metal film is then patterned by photolithography tech-
nology (Photo Engraving Process; hereinafter, referred to as
“PEP technology™) to form gate lines 1 and gate electrodes
la.

Thereafter, a silicon nitride film or the like is formed with
a thickness of about 3,000 A by a CVD (Chemical Vapor
Deposition) method on the whole substrate having the gate
lines 1 and the gate electrodes 1a formed thereon, whereby a
gate insulating film is formed.

An intrinsic amorphous silicon film (thickness: about
1,500 A) and a phosphorus-doped n+ amorphous silicon film
(thickness: about 500 A) are successively formed by a CVD
method on the whole substrate on the gate insulating film, and
are then patterned into an island shape on the gate electrodes
1a by PEP technology. A semiconductor layer made of the
intrinsic amorphous silicon film and the n+ amorphous sili-
con layer is thus formed.

A transparent conductive film made of an ITO film, a
compound of indium oxide and tin oxide, is then formed with
a thickness of about 1,400 A by a sputtering method on the
whole substrate on the gate insulating film having the semi-
conductor layer formed thereon. The transparent conductive
film is then patterned by PEP technology to form source lines
2, source electrodes 2a, drain electrodes 25, and first trans-
parent electrodes 2¢ (a first transparent electrode formation
step).

Thereafter, a channel portion is formed by etching away the
n+ amorphous silicon layer of the semiconductor layer by
using the source electrodes 2a and the drain electrodes 25 as
amask. TFTs 5 are thus formed.

A silicon nitride film or the like is then formed with a
thickness of about 3,000 A on the whole substrate on the
source electrodes 2a and the drain electrodes 26 by using a
CVD method. The silicon nitride film is then patterned by
PEP technology so as to cover the TFTs 5. A protective
insulating film 11 is thus formed.

A photosensitive acrylic resin or the like is then applied
with a thickness of about 1.8 um on the whole substrate on the
protective insulating film 11, and is patterned by PEP tech-
nology so as to cover the protective insulating film 11. An
interlayer insulating film 12 having an opening 124 in each
pixel (formation portion) P is thus formed as shown in a
substrate 20q, of FIG. 3 (an insulating layer formation step).

Thereafter, as shown in a substrate 20a, of F1G. 4, a molyb-
denum film (thickness: about 500 A) as a first metal film and
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an aluminum film (thickness: about 1,000 A) as a second
metal film are sequentially formed by a sputtering method on
the whole substrate on the interlayer insulating layer 12 to
form a reflective conductive film 6 (a reflective conductive
film formation step).

After a photosensitive resin is applied to the whole sub-
strate on the reflective conductive film 6, a resist pattern 15
having an opening 15¢ in each pixel (formation portion) P
corresponding to the respective opening 12a in the interlayer
insulating film 12 is formed as shown in a substrate 20a; of
FIG. 5.

The substrate 2043 is then wet-etched with, for example, a
mixed solution of nitric acid, phosphoric acid, and acetic acid
through the resist pattern 15 to form a reflective conductive
layer 65 having the first transparent electrodes 2¢ exposed in
aportion corresponding to the respective openings 15a of the
resist pattern 15, as shown in a substrate 20a, of FIG. 6 (a first
etching step). The molybdenum film is interposed between
the aluminum film of the reflective conductive layer 65 and
the ITO film of the first transparent electrodes 2¢. Therefore,
electric corrosion (electrocorrosion) due to formation of a
local battery between the aluminum film and the ITO film can
be prevented when the aluminum film is developed by PEP
technology.

Thereafter, as shown in a substrate 20a5 of FIG. 7, a trans-
parent conductive film 7 made of an IZO (Indium Zinc Oxide)
film is formed with a thickness of 50 A to 300 A (preferably,
about 100 A) by a sputtering method on the whole substrate
on the reflective conductive layer 65 (a transparent conduc-
tive film formation step). In addition to the IZO film, an AZO
(Aluminum Zinc Oxide) film, a GZO (Gallium Zinc Oxide)
film, and the like may be used as the transparent conductive
film 7.

After a photosensitive resin is applied to the whole sub-
strate on the transparent conductive film 7, a resist pattern 16
having an opening 16a between the pixels (formation por-
tions) P is formed as shown in a substrate 20a6 of F1G. 8.

The substrate 204 is then wet-etched with, for example, a
mixed solution of nitric acid, phosphoric acid, and acetic acid
through the resist pattern 16 to form reflective electrodes 6a
and second transparent electrodes 7a with the interlayer insu-
lating film 12 exposed in a portion corresponding to the
openings 16a of the resist pattern 16, as shown in a substrate
2047 of FIG. 9 (a second etching step). As shown in a cross-
sectional view of FIG. 10, an outer peripheral end E of the
second transparent electrode 7a is aligned with an outer
peripheral end E of the reflective electrode 6. Note that “the
outer peripheral end E of the second transparent electrode 7a
is aligned with the outer peripheral end E of the reflective
electrode 6a” means that the difference between the outer
peripheral end E of the second transparent electrode 7a and
the outer peripheral end E of the reflective electrode 6a is
within +0.2 pm by simultaneously etching the transparent
conductive film 7 and the reflective conductive film 64.

In a conventional manufacturing method, on the other
hand, an outer peripheral end of a reflective conductive layer
(6b) 1s also patterned in the first etching step, and alignment
with respect to the patterned outer peripheral end of the
reflective conductive layer (65) is required in the second
etching step to form the second transparent electrodes. This
increases an alignment error, and the difference between the
outer peripheral end of the second transparent electrode (7a)
and the outer peripheral end of the reflective electrode (6a)
becomes +2.0 um or more.

Finally, a polyimide resin is applied to the whole substrate
on the second transparent electrodes 7a to form an alignment
film.
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The active matrix substrate 20a can thus be fabricated.

Note that a method of forming the semiconductor layer
from an amorphous silicon film is shown in the above fabri-
cation process of the active matrix substrate 20a. However,
the semiconductor layer may be formed from a polysilicon
film, and an amorphous silicon film and a polysilicon film
may be laser-annealed to improve a crystalline property.

[Counter Substrate Fabrication Process)]

First, a chromium thin film is formed on the whole surface
of an insulating substrate 105 such as a glass substrate and
then patterned by PEP technology to form a black matrix 214.

Thereafter, a colored layer 21a colored with red, green, or
blue is patterned in each gap of the black matrix 215 to form
a color filter layer 21.

An acrylic resin is then applied to the whole substrate on
the color filter layer 21 to form an overcoat layer.

AnITO film is formed with a thickness of about 1,000 A on
the whole substrate on the overcoat layer to form a common
electrode 22.

Finally, a polyimide resin is applied to the whole substrate
on the common electrode 22 to form an alignment film.

The counter substrate 30a can thus be fabricated.

[Liquid Crystal Display Device Fabrication Process]

First, a sealing material such as a thermosetting epoxy resin
is applied to one of the active matrix substrate 20a and the
counter substrate 30a by a screen printing method so as to
have a frame pattern missing a portion corresponding to a
liquid crystal injection port. Spherical resin or silica spacers
having a diameter corresponding to the thickness of the liquid
crystal layer 25 are dispersed onto the other substrate.

Thereafter, the active matrix substrate 20a and the counter
substrate 30a are bonded to each other and the sealing mate-
rial is cured to form an empty cell.

A liquid crystal material is injected between the active
matrix substrate 20a and the counter substrate 30a of the
empty cell to form a liquid crystal layer 25. The liquid crystal
layer 25 has a thickness of about 2 um in the reflective region
R and about 4 um in the transmissive region T.

Finally, after a UV curable resin is applied to the liquid
crystal injection port, the liquid crystal injection port is sealed
by UV radiation.

The semi-transmissive liquid crystal display device 50a of
this embodiment can thus be manufactured.

Hereinafter, experiments conducted will be specifically
described.

First, a flicker measuring method will be described with
reference to FI1G. 12.

In flicker measurement, as shown in FIG. 12, a backlight 60
is provided under the semi-transmissive liquid crystal display
device 50a, a fluorescent lamp 801is provided obliquely above
the semi-transmissive liquid crystal display device 50a, and a
flicker measuring device 70 (for example, Multimedia Dis-
play Tester 3298F made by Yokogawa Electric Corporation)
is provided above the semi-transmissive liquid crystal display
device 50a. Light from the backlight 60 (or the fluorescent
lamp 80) is emitted to the semi-transmissive liquid crystal
display device 50a, and a halftone image signal is applied to
each pixel electrode 8 of the active matrix substrate 20a and a
predetermined counter potential Vcom is applied to the com-
mon electrode 22 of the counter substrate 30a, whereby the
luminance of transmitted light t (or reflected light r) from the
semi-transmissive liquid crystal display device 50a is mea-
sured by the flicker measuring device 70. As a result, a flicker
waveform as shown in FIG. 13 is obtained. An average lumi-
nance L. and a flicker amplitude AL are calculated, and a
flicker ratio at a predetermined counter potential Vcom is
calculated by the formula: flicker ratio (%)=AL/L.
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As shown in FIG. 14, in the flicker measurement, a counter
voltage Veom of 1.75 Vt0 225V and 1.45V to 1.95 V is
respectively applied in the transmission mode display using
incident light from the backlight 60 and the reflection mode
display using incident light from the fluorescent lamp 80.
Note that, in FIG. 14, the circles show a flicker ratio in the
transmission mode, and the squares show a flicker ratio in the
reflection mode. The difference AVcom between Vecom cor-
responding to the lowest flicker ratio in the transmission
mode and Vcom corresponding to the lowest flicker ratio in
the reflection mode is a flicker voltage difference. Note that it
is considered that the smaller the flicker voltage difference
AVcom is, the more generation of flicker is suppressed.

Semi-transmissive liquid crystal display devices were fab-
ricated by the same method as that of the above embodiment
and a flicker voltage difference AVcom was measured. More
specifically, as shown in FIG. 11, semi-transmissive liquid
crystal display devices 50a having an active matrix substrate
20a in which the thickness of an 17O film of the second
transparent electrodes 7a is 50 A to 300 A (400 A) were
fabricated as an example of the invention, and as shown in
FIG. 40, semi-transmissive liquid crystal display devices
1505 having an active matrix substrate 1205 in which the
thickness of an IZO film of the second transparent electrodes
1075 is 50 A to 400 A were fabricated as a comparative
example of the invention, and each flicker voltage difference
AVcom was measured. Note that FIG. 11 is a cross-sectional
view schematically showing the semi-transmissive liquid
crystal display device 50a of FIG. 2.

Hereinafter, the measurement result of the flicker voltage
difference AVcom will be described with reference to FIG.
15.

In the example of the invention, as shown by the circles in
the figure, the flicker voltage difference AVcom is around 0
mV regardless of the thickness of the IZO film, and genera-
tion of flicker was not confirmed.

In the comparative example of the invention, as shown by
the triangles in the figure, the flicker voltage difference
AVcom tends to decrease with an increase in the thickness of
the IZ0 film. In the comparative example, the flicker voltage
difference AVcom decreased only to about 120 mV and gen-
eration of flicker was confirmed. This is because the differ-
ence in work function between the reflective region R and the
transmissive region T is 0.1 eV (=4.9 eV-4.8 eV).

The reflectance in the reflective region R was measured in
each semi-transmissive liquid crystal display device fabri-
cated as the example of the invention.

As shown in FIG. 16, in each semi-transmissive liquid
crystal display device of the example of the invention, the
reflectance was reduced with an increase in the thickness of
the IZ0 film. The reflectance was significantly reduced when
the thickness of the IZO film exceeds 300 A. Note that, when
the thickness of the 170 film is less than 50 A, the reflectance
is high, but conduction between the first transparent electrode
formed below the second transparent electrode and the reflec-
tive electrode may become defective.

Accordingly, an appropriate thickness of the IZO film of
the second transparent electrodes is in the range of 50 A to
300 A in view of the measurement result of the flicker voltage
difference AVcom, the measurement result of the reflectance,
and the like.

As has been described above, according to the semi-trans-
missive liquid crystal display device 50a of this embodiment,
the reflective electrode 6a is connected to the first transparent
electrode 2¢ through the opening 12a of the interlayer insu-
lating film 12, and the second transparent electrode 7a over-
laps the reflective electrode 6a and the region exposed from
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the reflective electrode 6a in the first transparent electrode 2¢
and is connected to the reflective electrode 6a and the first
transparent electrode 2¢. Therefore, the reflective electrode
6a and the second transparent electrode 7a are connected to
the first transparent electrode 2¢. Therefore, normal conduc-
tion between the reflective electrode 6a and the first transpar-
ent electrode 2¢ can be maintained even if the thickness of the
transparent electrode 7a is reduced. Therefore, the second
transparent electrode 7a can be formed with a small thick-
ness, and a high reflectance can be maintained in the reflective
region R. Moreover, in the reflective region R and the trans-
missive region T, the second transparent electrode 7a is pro-
vided on the side of the liquid crystal layer 25. Therefore,
each electrode material on the side of the liquid crystal layer
25 in the reflective region R and the transmissive region T has
the same work function, whereby generation of flicker can be
suppressed.

Moreover, the respective outer peripheral ends E of the
reflective electrode 6a and the second transparent electrode
7a on the interlayer insulating film 12 are aligned with each
other in each pixel. This structure can suppress variation in
overlap width between each source line 2 provided between
the pixels P and the respective outer peripheral ends E of the
reflective electrode 6a and the second transparent electrode
7a through the insulating layer formed by the protective insu-
lating film 11 and the interlayer insulating film 12, and there-
fore can suppress variation in parasitic capacitance Csd
between the source line 2 and the reflective electrode 6a and
second transparent electrode 7a.

The invention can thus provide a semi-transmissive liquid
crystal display device in which normal conduction between a
reflective electrode and a transparent electrode and a high
reflectance are maintained and generation of flicker is sup-
pressed as well as variation in parasitic capacitance between
a source line and a reflective electrode and transparent elec-
trode is suppressed.

A vertical alignment type semi-transmissive liquid crystal
display device is described in the above embodiment. How-
ever, the invention is also applicable to a TN type semi-
transmissive liquid crystal display device. As shown in FIG.
17, in the vertical alignment type semi-transmissive liquid
crystal display device, a V-T curve of applied voltage (V) and
transmittance (T) is steeper than a V-T curve of the TN type
semi-transmissive liquid crystal display device in a low trans-
mittance region (0% to 20%) in which non-uniform lumi-
nance is more likely to be visually recognized. It is therefore
well known in the art that, in the vertical alignment type
semi-transmissive liquid crystal display device, the lumi-
nance significantly changes with variation in applied voltage.
Note that, in FIG. 17, the thick solid line indicates a V-T curve
of the vertical alignment type liquid crystal display device
and the thin solid line indicates a V-T curve of the TN type
liquid crystal display device. Therefore, in such a vertical
alignment type semi-transmissive liquid crystal display
device as in the above embodiment, variation in parasitic
capacitance Csd between the source line and the reflective
electrode and transparent electrode is suppressed. Therefore,
variation in applied voltage resulting from the variation in
parasitic capacitance Csd is reduced. As a result, degradation
in display quality can be more effectively suppressed as com-
pared to the TN type semi-transmissive liquid crystal display
device.

According to the semi-transmissive liquid crystal display
device 50a of this embodiment, the second transparent elec-
trode 7a serves as a redundant portion between the reflective
electrode 6a and the first transparent electrode 2c. Therefore,
defects in the pixel electrode 8 can be suppressed and reduc-
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tion in manufacturing yield of the semi-transmissive liquid
crystal display device can be suppressed.

According to the semi-transmissive liquid crystal display
device 50a of this embodiment, the transparent conductive
film 7 and the reflective conductive layer 65 are simulta-
neously etched in the second etching step and the respective
outer peripheral ends E of the second transparent electrode 7a
and the reflective electrode 6a are aligned with each other.
Therefore, the reflective electrode 6a can be designed to have
a large area. For example, in the semi-transmissive liquid
crystal display device 50« of this embodiment, generation of
flicker can be prevented by merely forming the outer periph-
eral end E of the second transparent electrode 7a on the outer
peripheral end E of the reflective electrode 6a. Therefore, the
reflective electrode 6a can be designed to have an area of up
to 50% of the pixel P (transmissive region T: 30%). In the
conventional semi-transmissive liquid crystal display device
1505, on the other hand, the reflective electrode 106a needs to
be completely covered by the second transparent electrode
1075 in order to prevent generation of flicker. Accordingly,
the reflective electrode 106« has an area of up to 43% of the
pixel P (transmissive region T: 30%).

Second Embodiment

The first embodiment of the invention may be structured as
described below. Note that, in each of the embodiments
shown below, the same elements as those of FIGS. 1 through
17 are denoted by the same reference numerals and charac-
ters, and detailed description thereof will be omitted.

FIG. 18 is a schematic cross-sectional view of a semi-
transmissive liquid crystal display device 506 according to
this embodiment, and this cross-sectional view corresponds
to FIG. 11.

In the semi-transmissive liquid crystal display device 505,
a transparent layer 23 is provided in a reflective region R of a
counter substrate 305 instead of the interlayer insulating film
12 provided in order to compensate for the phase difference
between the reflective region R and the transmissive region T
in the first embodiment.

Third Embodiment

In the semi-transmissive liquid crystal display device 50a
of the first embodiment, as shown in FIGS. 19 through 21,
respective outer peripheral ends E of a molybdenum layer
(first metal layer) 6aa formed by a molybdenum film, an
aluminum layer (second metal layer) 6ab formed by an alu-
minum film, and a second transparent electrode 7a (for
example, an outer peripheral end E,, of the molybdenum
layer 6aa and an outer peripheral end E , of the aluminum
layer 6a) are aligned with each other on the interlayer insu-
lating film 12 in a normal portion of the active matrix sub-
strate 20a. In the substrate surface, however, as shown in
FIGS. 22 through 24, the outer peripheral end E,, of the
molybdenum layer 6aa may include a portion protruding
from the outer peripheral end E , of the aluminum layer 6ab.
Therefore, there is room for improvement. FIGS. 19 and 22
are schematic cross-sectional views showing a gap between
pixels P of the active matrix substrate 20a. FIGS. 20 and 23
are SEM (Scanning Electron Microscope) images showing
the top surface of the active matrix substrate 20a between
pixels P. FIGS. 21 and 24 are SEM images showing a cross
section of the active matrix substrate 20a between the pixels
P. If a protruding line width of the molybdenum layer 6aa
from the aluminum layer 6ab varies in the substrate surface,
the parasitic capacitance Csd varies in every pixel P or every
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plurality of pixels P, and the luminance may become non-
uniform in halftone display. A method of making the protrud-
ing line width of the molybdenum layer 6aa from the alumi-
num layer 6ab constant in the substrate surface was
considered in order to suppress generation of non-uniform
luminance.

FIG. 26 is a schematic cross-sectional view showing a state
of a substrate in the second etching step of the fabrication
process of the active matrix substrate 20a of the first embodi-
ment. FIG. 41 is a schematic cross-sectional view corre-
sponding to FIG. 26 and showing a state of a substrate in an
etching step of the conventional active matrix substrate 1205.
FIG. 25 is a graph showing the relation between the etching
time in patterning the layered film of TZO film, aluminum film
and molybdenum film between pixels and the line width
difference between the patterned aluminum layer and molyb-
denum layer in the active matrix substrate 20a and the active
matrix substrate 1205. Note that, in FIG. 25, each triangle
shows the result in the active matrix substrate 20a and each
circle shows the result in the active matrix substrate 1205.

In the active matrix substrate 20a, as shown in FIG. 26, the
first transparent electrode 2¢ made of an ITO film is covered
by the second transparent electrode 7@ made of an IZ0 film in
the transmissive region T. Therefore, the ITO film is not
exposed to an etchant W (for example, a mixed solution of
nitric acid, phosphoric acid, and acetic acid as described in the
first embodiment), and is etched at a relatively high rate by a
local battery reaction shown ina schematic battery diagram of
FIG. 27. Inthe active matrix substrate 1205, as shown in FIG.
41, the first transparent electrode 102 made of an [TO film is
exposed to an etchant W in the transmissive region T, and is
etched at a relatively low rate by a local battery reaction
shown in a schematic battery diagram of FIG. 42.

Itcan therefore be considered as follows: the etching rate of
the molybdenum layer 6aa is high in the active matrix sub-
strate 20a. Therefore, the line width difference between the
aluminum layer 6ab and the molybdenum layer 6aa varies if
the immersion time in the etchant W varies (see the triangles
in FIG. 25). The etching rate of the molybdenum layer 106aa
is low in the active matrix substrate 1205. Therefore, the line
width difference between the aluminum layer 106a5 and the
molybdenum layer 106aq is stable even if the immersion time
in the etchant W varies (see the circles in FIG. 25).

As aresultof keen study, the inventors uniquely found that
the etching rate of the molybdenum layer 6aa depends on the
underlying first transparent electrode 2¢ made of an ITO film.
The inventors therefore fabricated an active matrix substrate
20ca shown in a plan view of FIG. 28 and a cross-sectional
view of F1G. 29 and an active matrix substrate 20da shown in
aplan view of FIG. 30 and a cross-sectional view of F1G. 31
and verified the relation between the etching time and the line
width difference between the aluminum layer and the molyb-
denum layer.

In the active matrix substrate 20ca, as shown in FIG. 28,
capacitor lines 15 are provided so as to extend in parallel with
each other between gate lines 1, and a transmissiveregion T is
formed on both sides of the capacitor line 15 in each pixel P.
A reflective region R is formed around each transmissive
region T. As shown in FIG. 28, each transmissive region T has
an approximately rectangular shape. An opening C1 is
formed in a second transparent electrode 7a along each side of
each transmissive region T and exposes a part of a first trans-
parent electrode 2¢, as shown in FIG. 29. Each capacitor line
15 has a laterally protruding portion in every pixel P and
forms an auxiliary capacitor with the first transparent elec-
trode 2¢ and a gate insulating film provided between the
capacitor line 15 and the first transparent electrode 2¢. In each
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pixel P, the distance between gate lines 1 is, for example, 327
um and the distance between source lines 2 is, for example,
109 pum. Each transmissive region T has an approximately
rectangular shape of, for example, 70 um long by 80 um wide
having its four corners chamfered with a chamfered size of,
for exaniple, 5 um long by 5 um wide. The opening C1 is, for
example, 5 um in the width direction and 30 pm to 45 pm in
the length direction.

In the active matrix substrate 20da, as shown in FIGS. 30
and 31, an opening C2 is formed in a second transparent
electrode 7a in each transmissive region T and exposes a part
of the center of a first transparent electrode 2¢. Note that the
opening C2 has a rectangular shape of, for example, 10 pm
long by 15 um wide.

FIG. 32 is a graph showing the relation between the etching
time in the second etching step and the line width difference
between the patterned aluminum layer and molybdenum
layer in the active matrix substrate 20ca and the active matrix
substrate 20da. Note that, in FIG. 32, each circle shows the
result in the active matrix substrate 20ca and each square
shows the result in the active matrix substrate 20da.

In the active matrix substrate 20ca, as shown in FIG. 29, a
part of the first transparent electrode 2¢ made of an ITO film
is exposed by the opening C1 in the transmissive region T.
Therefore, the ITO film (first transparent electrode 2c¢) is
exposed to an etchant W with the molybdenum film (molyb-
denum layer 6aa) and the ITO film (first transparent electrode
2¢) being in direct contact with each other. The ITO film is
thus etched at a relatively low rate by a local battery reaction
shown in a schematic battery diagram of FIG. 33. In the active
matrix substrate 20ca, as shown by the circles in FIG. 32, the
line width difference between the aluminum layer 6ab and the
molybdenum layer 6aais 0.1 umto 0.2 pm even if the immer-
sion time in the etchant W varies (10 seconds to 30 seconds).
The line width difference between the aluminum layer 6ab
and the molybdenum layer 6aa is thus stable.

In the active matrix substrate 20da, as shown in FIG. 31, a
part of the first transparent electrode 2¢ made of an ITO film
is exposed by the opening C2 in the transmissive region T.
Therefore, the ITO film (first transparent electrode 2c) is
exposed to an etchant W with the molybdenum film (molyb-
denum layer 6aa) and the ITO film (first transparent electrode
2¢) being in contact with each other through the etchant W.
The ITO film is thus etched at a relatively low rate by a local
battery reaction shown in a schematic battery diagram of FIG.
34. In the active matrix substrate 20da, as shown by the
squares in FIG. 32, the line width difference between the
aluminum layer 6ab and the molybdenum layer 6aa is 0.6 pm
to 0.7 um even if the immersion time in the etchant W varies
(10 seconds to 30 seconds). The line width difference
between the aluminum layer 6ab and the molybdenum layer
6aa is thus stable. Note that, with this line width difference
(0.6 um to 0.7 um) between the aluminum layer 6a? and the
molybdenum layer 6aa, the difference between the respective
outer peripheral ends E of the second transparent electrode 7a
and the reflective electrode 6a does not fall within the range
(within £0.2 um) shown in the first embodiment. However,
since the line width difference between the aluminum layer
6ab and the molybdenum layer 6aa is constant (0.6 um to 0.7
pm) in the substrate surface, the difference between the outer
peripheral end E of the reflective electrode 6a formed by the
molybdenum layer 6aa and the aluminum layer 6ab and the
outer peripheral end E of the second transparent electrode 7a
also becomes constant. This active matrix substrate can thus
suppress variation in overlap width between each source line
2 provided between the pixels P and the respective outer
peripheral ends E ofthe reflective electrode 6a and the second
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transparent electrode 7a through the insulating layer formed
by the protective insulating film 11 and the interlayer insulat-
ing film 12.

As shown by the above result of the active matrix substrates
20ca and 20da, it was verified that variation in line width
difference between the respective outer peripheral ends E of
the aluminum layer 6ab and molybdenum layer 6aa of the
reflective electrode 6a can be suppressed by wet-etching the
170 film so as to expose a part of the first transparent elec-
trode 2¢ made of an ITO film in the transmissive region T.

FIGS. 35 through 37 show other examples of the active
matrix substrate similar to the active matrix substrate 20ca of
FIG. 28 and capable of suppressing variation in line width
difference between the aluminum layer 6ab and the molyb-
denum layer 6aq.

In an active matrix substrate 20¢b, as shown in FIG. 35, a
pair of openings C1 exposing a part of the first transparent
electrode 2¢ are formed in the second transparent electrode 7a
in the upper- and lower-side portions of each transmissive
region T.

In an active matrix substrate 20cc, as shown in FIG. 36, an
annular opening C1 exposing a part of the first transparent
electrode 2¢ is formed in the second transparent electrode 7a
in the peripheral portion of each transmissive region T.

In an active matrix substrate 20cd, as shown in F1G. 37, the
reflective electrode 6a forming the reflective region R is
extended with a rectangular shape at the four corners of each
transmissive region T as light shielding portions, and an open-
ing C1 is formed inside each light shielding portion. The light
shielding portions are located at the four corners of each
rectangular opening 12a in the interlayer insulating film 12,
and the orientation state of the liquid crystal molecules
becomes discontinuous in these regions. Accordingly, in the
active matrix substrate 20cd, the regions having a locally
reduced response speed of the liquid crystal molecules are
shielded by the light shielding portions formed by the
extended portion of the reflective electrode 6a, so that these
regions cannot contribute to display.

FIG. 38 shows another example of the active matrix sub-
strate similar to the active matrix substrate 20da of FIG. 30
and capable of suppressing variation in line width difference
between the aluminum layer 6ab and the molybdenum layer
6aa.

In the active matrix substrate 2045, as shown in FIG. 38,
two openings C2 exposing a part of the first transparent elec-
trode 2¢ are formed in the second transparent electrode 7a of
each transmissive region T.

As has been described above, according to the manufac-
turing method of the semi-transmissive liquid crystal display
device of this embodiment, the IZO film is wet-etched so as to
expose a part of the first transparent electrode 2¢ of each pixel
P in the second etching step. The first transparent electrode 2¢
is therefore exposed to the etchant. Accordingly, when the
layered film of the reflective conductive layer 65 made of the
molybdenum film and the aluminum film and the [ZO film is
etched in a region between the pixels P in the second etching
step, the etching rate of the molybdenum film (molybdenum
layer 6aa)is lower than that in the case where a part of the first
transparent electrode 2¢ is not exposed in each pixel P. There-
fore, the etching amount of the molybdenum film (molybde-
num layer 6aa) is less likely to vary even ifthe etching time in
the second etching step varies. This improves dimensional
accuracy of the molybdenum layer 6aa formed by the molyb-
denum film. As a result, the respective outer peripheral ends
of the molybdenum layer 6aa and the aluminum layer 6ab are
more likely to be aligned with each other, and the respective
outer peripheral ends of the reflective electrode 6a formed by
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the molybdenum layer 6aa and aluminum layer 6ab and the
second transparent electrode 7a are more likely to be aligned
with each other. This structure can suppress variation in over-
lap width between each source line 2 provided between the
pixels P and the respective outer peripheral ends E of the
reflective electrode 6a and the second transparent electrode
7a through the insulating layer formed by the protective insu-
lating film 11 and the interlayer insulating film 12, and can
thus suppress variation in parasitic capacitance between each
source line 2 and the reflective electrode 6a and second trans-
parent electrode 7a. Accordingly, the invention can provide a
semi-transmissive liquid crystal display device in which nor-
mal conduction between a reflective electrode and a transpar-
ent electrode and a high reflectance are maintained, whereby
generation of flicker is suppressed and variation in parasitic
capacitance between a source line and a reflective electrode
and transparent electrode is suppressed.

Note that this embodiment can also be applied to the sec-
ond embodiment.

INDUSTRIAL APPLICABILITY

As has been described above, the invention enables flicker
to be less likely to be visually recognized in a semi-transmis-
sive liquid crystal display device. Therefore, the invention is
useful for a semi-transmissive liquid crystal display device
for which high display quality is required.

The invention claimed is:

1. A semi-transmissive liquid crystal display device, com-
prising:

an active matrix substrate and a counter substrate which are
provided so as to face each other; and

a liquid crystal layer provided between the active matrix
substrate and the counter substrate, wherein a plurality
of pixels each having a reflective region for providing
reflection mode display and a transmissive region for
providing transmission mode display are arranged in a
matrix pattern,

the active matrix substrate includes a plurality of source
lines extending in parallel with each other between the
pixels, a first transparent electrode provided in each
pixel and connected to each source line through a
switching element, an insulating layer provided on the
first transparent electrode and having an opening in each
pixel, a reflective electrode provided in each pixel on the
insulating layer and connected to the first transparent
electrode through the opening, and a second transparent
electrode provided in each pixel, overlapping the reflec-
tive electrode and an exposed region of the first trans-
parent electrode from the reflective electrode, and con-
nected to the reflective electrode and the first transparent
electrode,

a region where the reflective electrode is formed and the
exposed region of the first transparent electrode from the
reflective electrode form the reflective region and the
transmissive region, respectively, and

respective outer peripheral ends of the reflective electrode
and the second transparent electrode are aligned with
each other in each pixel.

2. The semi-transmissive liquid crystal display device
according to claim 1, wherein the first transparent electrode is
made of a compound of indium oxide and tin oxide, and the
second transparent electrode is made of a compound of
indium oxide and zinc oxide.

3. The semi-transmissive liquid crystal display device
according to claim 2, wherein the second transparent elec-
trode has a thickness of 50 A to 300 A.

10

15

20

25

30

35

40

45

50

55

60

65

22

4. The semi-transmissive liquid crystal display device
according to claim 1, wherein the liquid crystal layer is struc-
tured so as to be vertically oriented when no voltage is
applied.

5. The semi-transmissive liquid crystal display device
according to claim 1, wherein the insulating layer is formed
so that a thickness of the liquid crystal layer in the reflective
region becomes one half of a thickness of the liquid crystal
layer in the transmissive region.

6. The semi-transmissive liquid crystal display device
according to claim 1, wherein the reflective electrode has a
first metal layer provided in contact with the first transparent
electrode and a second metal layer formed on the first metal
layer, and the second transparent electrode has an opening
formed so as to expose a part of the first transparent electrode.

7. The device of claim 1, wherein said second transparent
electrode overlaps and directly contacts a substantial portion
of the area of the first transparent electrode in the opening in
the insulating layer which is not covered by the reflective
electrode.

8. A method for manufacturing a semi-transmissive liquid
crystal display device including an active matrix substrate
and a counter substrate which are provided so as to face each
other, and a liquid crystal layer provided between the active
matrix substrate and the counter substrate, wherein a plurality
of pixels each having a reflective region for providing reflec-
tion mode display and a transmissive region for providing
transmission mode display are arranged in a matrix pattern,
comprising the steps of:

a first transparent electrode formation step of forming a
plurality of source lines extending in parallel with each
other on a substrate and forming in each pixel a first
transparent electrode connected to each source line
through a switching element;

an insulating layer formation step of forming on the first
transparent electrode an insulating layer having an open-
ing in each pixel,

a reflective conductive film formation step of forming a
reflective conductive film so as to cover the insulating
layer;

a first etching step of, by etching a portion of the reflective
conductive film corresponding to the opening, forming a
reflective conductive layer connected to the first trans-
parent electrode through the opening of the insulating
layer;

a transparent conductive film formation step of forming a
transparent conductive film so as to cover the reflective
conductive layer; and

a second etching step of, by etching a portion of the reflec-
tive conductive layer and transparent conductive film
located between the pixels, forming a reflective elec-
trode connected to the first transparent electrode through
the opening of the insulating layer, and a second trans-
parent electrode overlapping the reflective electrode and
an exposed region of the first transparent electrode from
the reflective electrode and connected to the reflective
electrode and the first transparent electrode, thereby fab-
ricating the active matrix substrate in which a region
where the reflective electrode is formed and the exposed
region of the first transparent electrode from the reflec-
tive electrode serve as the reflective region and the trans-
missive region, respectively, wherein

in the second etching step, the reflective conductive layer
and the transparent conductive film are etched so that
respective outer peripheral ends of the reflective elec-
trode and the second transparent electrode are aligned
with each other in each pixel.

9. The method for manufacturing a semi-transmissive lig-

uid crystal display device according to claim 8, wherein the
first transparent electrode is made of a compound of indium
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oxide and tin oxide, and the second transparent electrode is in the second etching step, the transparent conductive film
made of a compound of indium oxide and zinc oxide. is wet-etched so as to expose a part of the first transpar-
10. The method for manufacturing a semi-transmissive ent electrode in each pixel.

liquid crystal display device according to claim 8, wherein
in the reflective conductive film formation step, a first
metal film and a second metal film are sequentially
formed so as to cover the insulating layer, and ok ok ok
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