US 20040021816A1

a2 Patent Application Publication (o) Pub. No.: US 2004/0021816 A1l

a9 United States

Jeong et al.

(43) Pub. Date: Feb. 5, 2004

(54) REFLECTIVE LIQUID CRYSTAL DISPLAY
DEVICE AND FABRICATING METHOD
THEREOF

(75) Inventors: Woo-Nam Jeong, Kyongsangbuk-do
(KR); Hyun-Suk Jin, Kyonggi-do
(KR); Yong-Jin Cho, Scoul (KR)

Correspondence Address:

MORGAN LEWIS & BOCKIUS LLP
1111 PENNSYLVANIA AVENUE NW
WASHINGTON, DC 20004 (US)

(73) Assignee: LG. Philips LCD Co. Ltd.

(21) Appl. No.: 10/420,786

(22) Filed: Apr. 23,2003
30) Foreign Application Priority Data
Jul. 31,2002 (KR) ccovveeercveeeccioes P2002-0045132

Publication Classification

(51) TNt CL7 o GO2F 1/1343
(52) US. €L oo 349/117
7) ABSTRACT

A reflective liquid crystal display device and a fabricating
method thereof are disclosed in the present invention. The
reflective liquid crystal display device includes a substrate
having a pixel region, a gate line on the substrate, a thin film
transistor connected to the gate line and the data line, the thin
film transistor having a gate electrode, an active layer, and
source and drain electrodes, first and second reflective
clectrodes connected to the drain ¢lectrode, the first and
second reflective electrodes completely covering the data
line and separated by a gap, and a data line crossing the gate
line, wherein the data line has a bent shape including first,
second, and third portions, and the first portion parallel to the
gate line connects the second and third portions, and the
second and third portions are formed under the first and
second reflective electrodes, respectively.
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FIG. 2
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REFLECTIVE LIQUID CRYSTAL DISPLAY
DEVICE AND FABRICATING METHOD THEREOF

[0001] This application claims the benefit of the Korean
Application No. P2002-045132 filed on Jul. 31, 2002, which
is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a liquid crystal
display device, and more particularly, to a reflective liquid
crystal display device and a fabricating method thereof.
Although the present invention is suitable for a wide scope
of applications, it is particularly suitable for improving a
contrast ratio of a liquid crystal display device.

[0004] 2. Discussion of the Related Art

[0005] Generally, liquid crystal display (LCD) devices are
classified into two types depending upon the usage of a light
source: a transmissive LCD device using a backlight and a
reflective LCD device using an external natural and/or
artificial light source. More than about two thirds of a total
power are consumed for the backlight in the transmissive
LCD device, whereas the power consumption is improved in
the reflective LCD devices due to the absence of the back-
light.

[0006] In the reflective LCD device, a black matrix is used
to improve a contrast ratio. However, a contrast ratio is
reduced as a black matrix reduces a reflective portion.

[0007] FIG. 1 is an expanded perspective view of a
reflective liquid crystal display device according to a related
art. In FIG. 1, first and second substrates 6 and 23 face into
and are spaced apart from each other. A data line 17 and a
gate line 5 are formed on the inner surface of the first
substrate 6. Each of the data line 17 and the gate line 5
crosses each other and defines a pixel region “P”. A thin film
transistor (TFT) “T” is formed at each intersection between
the data line 17 and the gate line 5. A pixel electrode (i.c.,
a reflective electrode 18) is formed at the pixel region “P”.
The reflective electrode 18 is formed of a conductive mate-
rial such as aluminum (Al) having an excellent conductivity
and reflectance, and an Al alloy. A black matrix 21 is formed
on the inner surface of the second substrate 23 in a matrix
form. A color filter layer 22 including sub-color filters 22a,
22b, and 22c¢ is formed at an inner portion of the matrix
corresponding to the pixel region “P”. A transparent com-
mon electrode 24 is formed on the entire surface of the
second substrate 23. A liquid crystal layer 20 is interposed
between the first and second substrates 6 and 23.

[0008] The black matrix 21 is formed at regions corre-
sponding to the data line 17, the gate line 5, and the thin film
transistor “T”. The black matrix 21 is designed in consid-
eration of a misaligned margin during the attachment pro-
cess of the first and second substrates 6 and 23. Accordingly,
the area of the black matrix 21 is increased.

[0009] FIG. 2 is a schematic cross-sectional view taken
along line II-II of FIG. 1. FIG. 3 is a magnified cross-
sectional view of a portion “A” of FIG. 2.

[0010] As shown in FIGS. 2 and 3, a data line 17 is
formed between adjacent pixel regions “P1” and “P2” on the
inner surface of a first substrate 6. A black matrix 21

1. Field of the Invention
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corresponding to the data line 17 and a color filter layer 22
including sub-color filters 22a, 22b, and 22c¢ corresponding
to the pixel regions “P1” and “P2” are formed on the inner
surface of a second substrate 23. When a first distance
between adjacent reflective electrodes 18 over the data line
17 is “a” and a second distance of the portion of the
reflective electrodes 18 overlapping the data line 17 is “b”,
a width of the black matrix 21 becomes “a+2b”. Since a
uniform electric field is not sufficiently applied to a liquid
crystal layer (not shown) corresponding to the first distance
“a” unlike on the reflective electrode 18, light is leaked
through the liquid crystal layer corresponding to the first
distance “a” even when a voltage corresponding to a black
state of the pixel region “P” is applied in a normally white
mode. Therefore, the black matrix 21 should shield the
region corresponding to the first distance “a”. Furthermore,
a value of “2b” corresponds to a misaligned margin during
the attachment process of the first and second substrates 6
and 23. Therefore, the arca of the black matrix 21 is
increased, thereby decreasing an effective reflection area,
which is not suitable for a reflective liquid crystal display
device requiring high luminance.

[0011] In the reflective LCD device, as mentioned above,
it is important to improve brightness and a contrast ratio
because the ambient light reflected at the reflective electrode
is used instead of the backlight to display images. The black
matrix improving a contrast ratio may prevent the light
leakage in the region corresponding to the data line. How-
ever, an overlapping region of the black matrix and the data
line reduces an effective reflection area, thereby reducing the
brightness.

SUMMARY OF THE INVENTION

[0012] Accordingly, the present invention is directed to a
reflective liquid crystal display device and a fabricating
method thereof that substantially obviate one or more of
problems due to limitations and disadvantages of the related
art.

[0013] Another object of the present invention is to pro-
vide a reflective liquid crystal display device for improving
reduction in an effective reflection area due to a black matrix
and for increasing brightness.

[0014] Additional features and advantages of the inven-
tion will be set forth in the description which follows and in
part will be apparent from the description, or may be learned
by practice of the invention. The objectives and other
advantages of the invention will be realized and attained by
the structure particularly pointed out in the written descrip-
tion and claims hereof as well as the appended drawings.

[0015] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, a reflective liquid crystal
display device includes a substrate having a pixel region, a
gate line on the substrate, a thin film transistor connected to
the gate line and the data line, the thin film transistor having
a gate electrode, an active layer, and source and drain
electrodes, first and second reflective electrodes connected
to the drain electrode, the first and second reflective elec-
trodes completely covering the data line and separated by a
gap, and a data line crossing the gate line, wherein the data
line has a bent shape including first, second, and third
portions, and the first portion parallel to the gate line
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connects the second and third portions, and the second and
third portions are formed under the first and second reflec-
tive electrodes, respectively.

[0016] In another aspect of the present invention, a
method for fabricating a reflective liquid crystal display
device includes forming a gate line on a substrate, forming
a data line crossing the gate line to define a pixel region,
wherein the data line has a bent shape including first, second,
and third portions, and the first portion parallel to the gate
line connects the second and third portions, and the second
and third portions are formed under the first and second
reflective electrodes, respectively, forming a thin film tran-
sistor connected to the gate line and the data line, the thin
film transistor comprising a gate electrode, an active layer,
and source and drain electrodes, and forming first and
second reflective electrodes connected to the drain electrode,
the first and second reflective electrodes completely cover-
ing the data line and having a gap between the first and
second reflective electrodes.

[0017] In another aspect of the present invention, a reflec-
tive liquid crystal display device includes a substrate includ-
ing a pixel region, a gate line on the substrate, a thin film
transistor connected to the gate line and the data line, the thin
film transistor including a gate electrode, an active layer, and
source and drain electrodes, first and second reflective
electrodes electrically connected to the drain electrode, the
first and second reflective electrodes completely covering
the data line and having a first gap between the first and
second reflective electrodes, and a data line crossing the gate
line, the data line comprising first and second branch lines
separated by a second gap formed under the first and second
reflective electrodes, respectively.

[0018] In a further aspect of the present invention, a
method for fabricating a reflective liquid crystal display
device includes forming a gate line on a substrate, forming
a data line on the substrate crossing the gate line and
defining a pixel region, the data line comprising first and
second branch lines separated by a first gap, forming a thin
film transistor connected to the gate line and the data line,
the thin film transistor comprising a gate electrode, an active
layer, and source and drain electrodes, and forming first and
second reflective electrodes connected to the drain electrode,
the first and second reflective electrodes completely cover-
ing the data line and having a second gap between the first
and second reflective electrodes.

[0019] Tt is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

[0020] BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiments of the invention and together with
the description serve to explain the principle of the inven-
tion.

[0022]

[0023] FIG. 1 is an expanded perspective view of a
reflective liquid crystal display device according to a related
art;

In the drawings
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[0024] FIG. 2 is a schematic cross-sectional view taken
along line II-II of FIG. 1;

[0025] FIG. 3 is a magnified cross-sectional view of
portion “A” of FIG. 2;

[0026] FIG. 4 is a schematic cross-sectional view of a
reflective liquid crystal display device according to a first
embodiment of the present invention;

[0027] FIG. 5 is a schematic plane view illustrating an
array substrate for the reflective liquid crystal display device
according to the first embodiment of the present invention;

[0028] FIGS. 6A to 6D are schematic cross-sectional
views taken along line VI-VI of FIG. 5§ to illustrate the
process steps of fabricating the array substrate for the
reflective liquid crystal display device according to the first
embodiment of the present invention;

[0029] FIGS. 7A and 7B are schematic plane views
showing an array substrate for a reflective liquid crystal
display device according to a second embodiment of the
present invention,

[0030] FIG. 8 is a schematic plane view showing an array
substrate for a reflective liquid crystal display device accord-
ing to a third embodiment of the present invention;

[0031] FIG.9 is a schematic plane view showing an array
substrate for a reflective liquid crystal display device accord-
ing to a fourth embodiment of the present invention;

[0032] FIGS. 10A to 10E are schematic cross-sectional
views taken along line X-X of FIG. 9 to illustrate the
process steps of fabricating the array substrate for the
reflective liquid crystal display device according to the
fourth embodiment of the present invention; and

[0033] FIGS. 11A to 11D are schematic cross-sectional
views taken along line XI-XI of FIG. 9 to illustrate the
process steps of fabricating the array substrate for the
reflective liquid crystal display device according to the
fourth embodiment of the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0034] Reference will now be made in detail to the illus-
trated embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.

[0035] In a reflective liquid crystal display (LCD) device
according to the present invention, a black matrix is elimi-
nated or reduced by modifying a data line to minimize a
reduction in an effective reflection area due to an overlap-
ping portion of the black matrix and the data line.

[0036] FIG. 4 is a schematic cross-sectional view of a
reflective liquid crystal display device according to a first
embodiment of the present invention.

[0037] In FIG. 4, first and second substrates 100 and 140
face into and spaced apart from each other. A thin film
transistor (TFT) “T”, a data line 118, and a gate line (not
shown) are formed on the inner surface of the first substrate
100. The thin film transistor “T” has a gate electrode 102, an
active layer 110, and source and drain electrodes 114 and
116. The data line 118 and the gate line are connected to the
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source electrode 114 and the gate electrode 102, respec-
tively. A plurality of pixel regions “P1” and “P2” are defined
by the gate line and the data line 118 crossing each other. A
passivation layer 126 is formed on the thin film transistor
“T” and the data line 118. Adjacent reflective electrodes
1244 and 124b are formed on the passivation layer 126 at the
adjacent pixel regions “P1” and “P2”, respectively. The
reflective electrode 1244 is connected to the drain electrode
116. The reflective electrode 124a may have an uneven
shape in order to increase the brightness. Generally, an
uneven pattern is formed on the upper surface of the
passivation layer 126, and the reflective electrode 124a have
the uneven shape due to the uneven pattern of the passiva-
tion layer 126. In the above structure, the data line 118 is
divided into first and second branch lines 1182 and 118b at
one end of the lower substrate 100. The first and second
branch lines 1184 and 1185 are formed and extended under
the adjacent reflective electrodes 124a and 124b, respec-
tively.

[0038] A color filter layer 134 including red, green, and
blue sub-color filters 134a, 1345, and 134c¢ 1s formed on the
inner surface of the second substrate 140 facing into the
lower substrate 100. Each sub-color filter 134a, 134b, and
134c corresponds to each pixel region “P1” and “P2”. A
transparent common electrode 132 is formed on the color
filter layer 134.

[0039] In the above-described reflective liquid crystal dis-
play device, the ambient light is reflected at the adjacent
reflective electrodes 124a and 124b and, at the same time,
transmitted through a space between the first and second
branch lines 1184 and 118b. Unlike the related art structure,
light leakage does not occur at region “E” between the
adjacent reflective electrodes 1244 and 124b (region “E”).
Accordingly, a black matrix (not shown) is not required to
be formed on the portion corresponding to the adjacent
reflective electrodes 124a and 124b. Consequently, since a
black matrix is formed only at a portion corresponding to the
gate line, an effective area of the black matrix can be
reduced, and high brightness and a high contrast ratio can be
obtained.

[0040] FIG. 5 is a schematic plane view illustrating the
array substrate for the reflective liquid crystal display device
according to the first embodiment of the present invention.

[0041] As shown in FIG. 5, a gate line 106 and a data line
118 cross each other defining adjacent pixel regions “P1”
and “P2”. A thin film transistor (TFT) “T” including a gate
electrode 102, an active layer 110, and source and drain
electrodes 114 and 116 is disposed at the intersection of the
gate line 106 and the data line 118. The gate electrode 102
and the source electrode 114 are connected to the gate line
106 and the data line 118, respectively. Herein, the source
and drain electrodes 114 and 116 are spaced apart from each
other. Adjacent reflective electrodes 124a and 124b con-
nected to the drain electrode 116 are formed in the adjacent
pixel regions “P1” and “P2”, respectively.

[0042] The data line 118 is divided into a first branch line
118a and a second branch line 1185 at one end of the first
substrate 100. The first and second branch lines 1184 and
118b are formed and extended under the adjacent reflective
electrodes 124a and 124b, respectively. Considering elec-
trical resistance, the data line is designed to have the total of
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widths of the first and second branch lines 1182 and 11856 to
be the same as the width of the data line of the related art
reflective LCD device.

[0043] Since there is no data line in the region “E”
between the adjacent reflective electrodes 124a and 124b, it
is not required to form a black matrix on a portion corre-
sponding to the region “E” between the adjacent reflective
electrodes 124¢ and 124b on a second substrate (not shown).
Accordingly, a black matrix 130 is formed only on a second
portion of the gate line 106 on the second substrate.

[0044] FIGS. 6A to 6D, which are taken along line VI-VI
of FIG. 5, are cross-sectional views illustrating the process
steps of fabricating the array substrate for the reflective
liquid crystal display device of FIG. 5.

[0045] 1In FIG. 6A, a gate electrode 102 and a gate line
106 (shown in FIG. 5) are formed on a substrate 100. The
gate electrode 102 and the gate line 106 (shown in FIG. 5)
are formed of aluminum (Al) having a low electrical resis-
tance in order to reduce a resistance-capacitance (RC) delay.
Pure aluminum has a low chemical resistance and causes
line defects due to a hillock phenomenon during a later
high-temperature process. Thus, a multi-layered structure
including an aluminum layer such as aluminum/molybde-
num (Al/Mo) can be used as the gate electrode 102 and the
gate line 106 (shown in FIG. 5).

[0046] As shown in FIG. 6B, a gate insulating layer 108
is formed on the gate electrode 102 and the gate line 106
(shown in FIG. 5), which are formed on the entire surface
of the substrate 100, by depositing an inorganic insulating
material, such as silicon nitride (SiN,) and silicon oxide
(510,). Subsequently, an active layer 110 formed of amor-
phous silicon (a-Si:H) and an ohmic contact layer 112
formed of impurity-doped amorphous silicon (n+a-Si:H) are
sequentially formed on the gate insulating layer 108 over the
gate electrode 102.

[0047] In FIG. 6C, a source electrode 114 and a drain
electrode 116 are formed on the ohmic contact layer 112 by
depositing and patterning a conductive metallic material,
such as chromium (Cr), molybdenum (Mo), antimony (Sb),
and titanium (Ti). At the same time, a data line 118 con-
nected to the source electrode 114 is formed on the gate
insulating layer 108. Crossing over a gate line 106 (shown
in FIG. 5), the data line 118 defines adjacent pixel regions
“P1” and “P2”. Moreover, the data line 118 is divided into
first and second branch lines 118a and 1185 at one end of the
substrate 100. The first and second branch lines 118a and
118b are formed at the adjacent pixel regions “P1” and “P2”,
respectively, to be extended in the perpendicular direction.

[0048] A passivation layer 120 is formed on the source and
drain electrodes 114 and 116, and the data line 118 by
depositing an organic insulating material, such as benzocy-
clobutene (BCB) and acrylic resin. Sequentially, a drain
contact hole 122 exposing a portion of the drain electrode
116 is formed by etching the passivation layer 120. The
upper surface of the passivation layer 120 has an uneven top
surface having concave and convex structures.

[0049] 1InFIG. 6D, adjacent reflective electrodes 124a and
1245 connected to the drain electrode 116 are formed at the
adjacent pixel regions “P1” and “P2”, respectively. The
reflective electrode 124 may be formed of a conductive and
reflective metallic material, such as aluminum and an alu-
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minum alloy. The reflective electrode 124 has an uneven
shape because it is formed on the uneven structure of the
passivation layer 120 so as to obtain a high reflectance.

[0050] FIGS. 7A and 7B are schematic plane views
showing an array substrate for a reflective liquid crystal
display device according to a second embodiment of the
present invention.

[0051] In FIG. 7A, a gate line 205 and a data line 217
cross each other defining adjacent pixel regions “P1” and
“P2”. A thin film transistor (TFT) “T” having a gate elec-
trode 208, an active layer 212, and source and drain elec-
trodes 214 and 215 is disposed at the intersection of the gate
line 205 and the data line 217. The gate electrode 208 and
the source electrode 214 are connected to the gate line 205
and the data line 217, respectively. Herein, the source and
drain electrodes 214 and 215 are spaced apart from each
other. Adjacent reflective electrodes 218a and 218b con-
nected to the drain electrode 215 are formed in the adjacent
pixel regions “P1” and “P2”, respectively.

[0052] The data line 217 has a bent shape including first,
second, and third portions 2174, 217b, and 217c. The first
portion 217a parallel to the gate line 205 connects the
second and third portions 217b and 217¢. The second and
third portions 217b and 217¢ are formed under the adjacent
reflective electrodes 218a and 2185, respectively. The sec-
ond portion 2175 has the same area as the third portion 217¢
to disperse and minimize an effect on the reflective electrode
218 by a polarity (“+” or “~”) of a signal flowing through the
data line 217. Since the second portion 217b has the same
width as the third portion 217¢, a length “d,” of the second
portion 217b is equal to a length “d,+d,” of the third portion
217c. A black matrix 221a, 2215, and 221c is formed to
cover the first portion 217a at region “E” between the
adjacent reflective electrodes 2184 and 218b and the gate
line 205. Since the first portion 217a at the region “E”
between the adjacent reflective electrodes 2184 and 218b
has a small area, the black matrix 221a and 221b over the
first portion 217a can be eliminated. Therefore, an arca of
the black matrix is reduced so that an effective reflection
area can be enlarged.

[0053] FIG. 7B is a schematic plane view illustrating an
array substrate for a reflective liquid crystal display device
according to a variation of the second embodiment of the
present invention.

[0054] In FIG. 7B, a gate line 205 and a data line 220
cross each other defining adjacent pixel regions “P1” and
“P2”. A thin film transistor (TFT) “T” having a gate elec-
trode 208, an active layer 212, and source and drain elec-
trodes 214 and 216 is disposed at the intersection of the gate
line 205 and the data line 220. The gate electrode 208 and
the source electrode 214 are connected to the gate line 205
and the data line 220, respectively. The source and drain
electrodes 214 and 216 are spaced apart from each other.
Adjacent reflective electrodes 218a and 218b connected to
the drain electrode 216 are formed at the adjacent pixel
regions “P1” and “P2”, respectively.

[0055] The data line 220 has a bent shape including first,
second and third portions 220a, 220b, and 220c¢, wherein the
bent portion forms a right angle (90°). The first portion 2204
parallel to the gate line 205 connects the second and third
portions 2205 and 220c¢. The second and third portions 2205
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and 220c¢ are formed under the adjacent reflective electrodes
218a and 218b, respectively. The second portion 220b has
the same area as the third portion 220c to disperse and
minimize an effect on the reflective electrode 218 by a
polarity (“+” or “~”) of a signal flowing through the data line
220. Since the second portion 220b has the same width as the
third portion 220c, a length “d,+ds” of the second portion
220b is equal to a length “ds” of the third portion 220c. A
black matrix 2214, 2215, and 221c¢ is formed to cover the
first portion 220 at region “E” between the adjacent reflec-
tive electrodes 218« and 218b and the gate line 205. Since
the first portion 2204 at the region “E” between the adjacent
reflective electrodes 2184 and 218b has a small area, the
black matrix 2214 and 221b over the first portion 220a can
be eliminated. Therefore, an area of the black matrix is
reduced so that an effective reflection area can be enlarged.

[0056] Alternatively, the data line can be alternately
formed at a plurality of pixel regions. In this case, the data
line has first, second, and third portions and the number of
each of the first, second, and third portions is one.

[0057] FIG. 8 is a schematic plane view illustrating an
array substrate for a reflective liquid crystal display device
according to a third embodiment of the present invention.

[0058] InFIG. 8, a gate line 305 and a data line 317 cross
each other defining adjacent pixel regions “P1” and “P2”. A
thin film transistor (TFT) “T” having a gate electrode 308,
an active layer 312, and source and drain electrodes 314 and
316 is disposed at the intersection of the gate line 305 and
the data line 317. The gate electrode 308 and the source
electrode 314 are connected to the gate line 305 and the data
line 317, respectively. The source and drain electrodes 314
and 316 are spaced apart from each other. Adjacent reflective
electrodes 318a and 318b connected to the drain electrode
316 are formed at the adjacent pixel regions “P1” and “P2”,
respectively.

[0059] The data line 317 has a bent shape including first,
second, and third portions 3174, 317b, and 317¢, wherein
the bent portion forms a right angle (90°). The first portion
317a parallel to the gate line 305 connects the second and
third portions 317b and 317¢. The second and third portions
317b and 317c¢ are formed under the adjacent reflective
electrodes 318a and 318b, respectively. The second portion
317b has the same area as the third portion 317¢ to disperse
and minimize an effect on the reflective electrode 318 by a
polarity (“+” or “~") of a signal flowing through the data line
317. Since the second portion 3175 has the same width as the
third portion 317c¢, a length “d,” of the second portion 317
is equal to a length “d,” of the third portion 317¢. A black
matrix 321a and 321b is formed to cover the first portion
317a at region “E” between the adjacent reflective elec-
trodes 3184 and 318b and the gate line 305. Since the first
portion 317a at the region “E” between the adjacent reflec-
tive electrodes 3182 and 318b has a small area, the black
matrix 321a over the first portion 317a can be eliminated.
Therefore, an area of the black matrix is reduced so that an
effective reflection area can be enlarged.

[0060] Alternatively, the data line can be alternately
formed at a plurality of pixel regions. In this case, the data
line has first, second, and third portions and the number of
each of the first, second, and third portions is one.

[0061] FIG. 9 is a schematic plane view showing an array
substrate for a reflective liquid crystal display device accord-
ing to a fourth embodiment of the present invention.



US 2004/0021816 Al

[0062] 1In FIG. 9, a gate line 406 and a data line 420 are
formed on a first substrate 400. The gate line 406 and the
data line 420 cross each other defining first, second, third,
and fourth pixel regions “P1”, “P2”, “P3”, and “P4”. The
widths of a first region “E1” between the first and second
pixel regions “P1” and “P2” and a second region “E2”
between the third and fourth pixel regions “P3” and “P4” are
minimized. The data line 420 is divided into first and second
branch lines 420a and 4205 at one end of the first substrate
400. The first branch line 420a is disposed at the first and
third pixel regions “P1” and “P3”, and the second branch
line 4200 is disposed at the second and fourth pixel regions
“P2” and “P4”. The first and second branch lines 420a and
4200 are connected to each other through a connection
pattern 421. The connection pattern 421 is formed over the
gate line 406 at the intersecting region “K” of the gate line
406 and the data line 420. The gate line 406 may have a
minimum width at the intersecting region “K”.

[0063] The gate line 406 has first and second protrusions
402 and 408. The first protrusion 402 extending to the first
and second pixel regions “P1” and “P2” is used as a gate
electrode, and the second protrusion 408 extending to the
third and fourth pixel regions “P3” and “P4” is used as a first
capacitor electrode of a storage capacitor “Cgp”. The first
branch line 420a is disposed to pass over a connecting
region “J” between the gate line 406 and the first capacitor
electrode 408.

[0064] A thin film transistor (TFT) “T” including the gate
electrode 402, an active layer 412, and source and drain
electrodes 416 and 418 is disposed at the intersection of the
gate line 406 and the second branch line 420b. The source
electrode 416 connected to the second branch line 4205 is
spaced apart from the drain electrode 418. The drain elec-
trode 418 has a third protrusion 424 extending over the first
capacitor electrode 408 through an extended portion 422 at
each pixel region “P1”, “P2”, “P3”, and “P4”. The third
protrusion 424 is used as a second capacitor electrode of a
storage capacitor. Accordingly, the first and second capacitor
electrodes 408 and 424 form the storage capacitor “Cgy”
with an insulating layer (not shown) interposed between the
first and second capacitor electrodes 408 and 424.

[0065] A reflective clectrode 430 is formed at each pixel
region “P17, “P2”, “P3”, and “P4”. Since the reflective
electrode 430 is connected to the second capacitor electrode
424, image signals are supplied to the reflective electrode
430 from the drain electrode 418. The reflective electrode
430 completely covers the data line 420, the gate line 406,
and the gate electrode 402. Since the data line 420 is formed
under the reflective electrode 430 spaced apart at each pixel
region, the black matrix covering the light reflected from the
data line is not required. If the first branch line 420a is not
disposed at the connecting region “J” between the gate line
406 and the data line 420 and the connection pattern 421 is
not disposed at the intersecting region “K” of the gate line
406 and the data line 420, an additional black matrix
corresponding to the exposed first branch line 420a and the
exposed connection pattern 421 should be formed on a
second substrate (not shown) to prevent light leakage. The
first branch line 4204 at the connecting region “J” and the
connecting pattern 421 at the intersecting region “K” are
exposed. However, the exposed areas of the first branch line
420a and the connection pattern 421 are small, so that a
black matrix corresponding to the exposed first branch line
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420q and the exposed connection pattern 421 is not required.
Accordingly, high luminance and a high aperture ratio can
be obtained. Although an overlapping portion of the first
branch line 4204 and the first capacitor electrode 408 at the
connecting region “J” may vary a capacitance of the storage
capacitor “Cgr”, the variation of the capacitance can be
minimized in a small-sized reflective liquid crystal display
device.

[0066] FIGS. 10A to 10E, which are taken along line X-X
of FIG. 9. FIGS. 11A to 11D, which are taken along line
XI-XI of FIG. 9, are cross-sectional views illustrating the
process steps of fabricating the array substrate for the
reflective liquid crystal display device according to the
fourth embodiment of the present invention.

[0067] In FIGS. 10A and 11A, a gate line 406, a gate
electrode 402, and a first capacitor electrode 408 are formed
on a first substrate 400. The gate electrode 402 is a first
protrusion extending from the gate line 406, and the first
capacitor electrode 408 is a second protrusion extending
from the gate line 406. The gate line 406, the gate electrode
402, and the first capacitor electrode 408 are formed of
aluminum (Al) having a low electrical resistance in order to
reduce a resistance-capacitance (RC) delay. Pure aluminum
has a low chemical resistance and causes line defects due to
a hillock phenomenon during a later high-temperature pro-
cess. Thus, a multi-layered structure including aluminum
layer such as aluminum/molybdenum (Al/Mo) can be used
as the gate line 406, the gate electrode 402, and the first
capacitor electrode 408. As shown in FIG. 10A, a gate
insulating layer 410 is formed on the gate line 406, the gate
electrode 402, and the first capacitor electrode 408 by
depositing an inorganic insulating material, such as silicon
nitride (SiN,) and silicon oxide (SiO,)

[0068] In FIGS. 10B, an active layer 412 of amorphous
silicon (a-Si:H) and an ohmic contact layer 414 of impurity-
doped amorphous silicon (n+a-Si:H) are sequentially

formed on the gate insulating layer 410 over the gate
electrode 402.

[0069] In FIG.10C and 11B, source and drain electrodes
416 and 418 are formed on the ohmic contact layer 414 by
depositing and patterning a conductive metallic material,
such as chromium (Cr), molybdenum (Mo), antimony (Sb),
and titanium (Ti). At the same time, a data line 420 con-
nected to the source electrode 416 is formed on the gate
insulating layer 410. The data line 420 defines adjacent pixel
regions “P3” and “P4” with the gate line 406. Moreover, an
extended portion 422 and a second capacitor electrode 424
are formed on the gate insulating layer 410. The second
capacitor electrode 424 is formed over the first capacitor
electrode 408, and the extended portion 422 connects the
second capacitor electrode 424 and the drain electrode 418.
The first and second capacitor electrodes 408 and 424 form
a storage capacitor “Cgy” with an insulating layer 410
interposed between the first and second capacitor electrodes
408 and 424.

[0070] The data line 420 is divided into first and second
branch lines 420a and 4205 at one end of the substrate 400.
The first and second branch lines 420a and 4205 are con-
nected to each other through a connection pattern 421 at an
intersecting region “K” of the gate line 406 and the data line
420. The connection pattern 421 is formed to overlap the
gate line 406. The first branch line 420a is disposed at a
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connecting region “J” between the gate line 406 and the first
capacitor electrode 408. Since the area of the first branch
line 4204 at the connecting region “J” and the connection
pattern 421 at the intersecting region “K” is small, a black
matrix corresponding to the first branch line 420a and the
connection pattern 421 is not required.

[0071] 1In FIGS. 10D and 11C, a passivation layer 426 is
formed on the source electrode 416, the drain electrode 418,
the data line 420, and the second capacitor electrode 424 by
depositing an organic insulating material, such as benzocy-
clobutene (BCB) and acrylic resin. Sequentially, a capacitor
contact hole 428 exposing a portion of the second capacitor
electrode 424 is formed by etching the passivation layer 426.

[0072] In FIGS. 10E and 11D, a reflective electrode 430
is formed on the passivation layer 426. The reflective
electrode 430 is located in the pixel region “P4” and
connected to the second capacitor electrode 424 through the
contact hole 428. The reflective electrode 430 is formed of
a reflective metallic material, such as aluminum and an
aluminum alloy. Alternatively, an array substrate has a
structure such that a floating reflective plate is formed at the
pixel region and a transparent electrode connected to the
second capacitor electrode is formed over or under the
floating reflective plate.

[0073] Since a black matrix corresponding to a space
between the adjacent reflective electrodes is not required, the
total area of the black matrix can be reduced and luminance
can be improved. Moreover, since the ambient light passes
through the space between the adjacent reflective electrodes
without reflection, a color-mixing phenomenon between the
adjacent reflective electrodes can be prevented and a high
contrast ratio can be obtained.

[0074] Consequently, in the array substrate according to
the present invention, since the data line is formed under the
reflective electrode, light leakage caused by a scattering of
ambient light at the data line is prevented. Moreover, since
ambient light passes through the space between the adjacent
reflective electrodes without reflection, an additional black
matrix corresponding to the region is not required. There-
fore, an aperture ratio is improved, and high luminance and
a high contrast ratio can be obtained.

[0075] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
reflective liquid crystal display device and the fabricating
method thereof of the present invention without departing
from the spirit or scope of the inventions. Thus, it is intended
that the present invention covers the modifications and
variations of this invention provided they come within the
scope of the appended claims and their equivalents.

What is claimed is:
1. A reflective liquid crystal display device, comprising:

a substrate having a pixel region;
a gate line on the substrate;

a thin film transistor connected to the gate line and the
data line, the thin film transistor having a gate elec-
trode, an active layer, and source and drain electrodes;
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first and second reflective electrodes connected to the
drain electrode, the first and second reflective elec-
trodes completely covering the data line and separated
by a gap; and

a data line crossing the gate line, wherein the data line has
a bent shape including first, second, and third portions,
and the first portion parallel to the gate line connects the
second and third portions, and the second and third
portions are formed under the first and second reflective
electrodes, respectively.

2. The reflective liquid crystal display device according to
claim 1, wherein the second portion of the data line has the
same area as the third portion.

3. The reflective liquid crystal display device according to
claim 1, wherein the gate electrode and the source electrode
are connected to the gate line and the data line, respectively.

4. The reflective liquid crystal display device according to
claim 1, wherein the first and second reflective electrodes are
formed of one of aluminum and an aluminum alloy.

5. The reflective liquid crystal display device according to
claim 1, wherein the first and second reflective electrodes
have an uneven shape.

6. The reflective liquid crystal display device of claim 1,
wherein the gap between the first and second reflective
electrodes is smaller than a length of the first portion of the
data line.

7. A method for fabricating a reflective liquid crystal
display device, comprising;

forming a gate line on a substrate;

forming a data line crossing the gate line to define a pixel
region, wherein the data line has a bent shape including
first, second, and third portions, and the first portion
parallel to the gate line connects the second and third
portions, and the second and third portions are formed
under the first and second reflective electrodes, respec-
tively;

forming a thin film transistor connected to the gate line
and the data line, the thin film transistor comprising a
gate clectrode, an active layer, and source and drain
electrodes; and

forming first and second reflective electrodes connected to
the drain electrode, the first and second reflective
electrodes completely covering the data line and having
a gap between the first and second reflective electrodes.

8. The method according to claim 7, wherein the gap
between the first and second reflective electrodes is smaller
than a length of the first portion of the data line.

9. The method according to claim 7, wherein the second
portion has the same area as the third portion.

10. The method according to claim 7, wherein the gate
electrode and the source electrode are connected to the gate
line and the data line, respectively.

11. The method according to claim 7, wherein the first and
second reflective electrodes are formed of one of aluminum
and an aluminum alloy.

12. The method according to claim 7, wherein the first and
second reflective electrodes have an uneven shape.

13. Areflective liquid crystal display device, comprising:

a substrate including a pixel region;

a gate line on the substrate;
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a thin film transistor connected to the gate line and the
data line, the thin film transistor including a gate
electrode, an active layer, and source and drain elec-
trodes;

first and second reflective electrodes electrically con-
nected to the drain electrode, the first and second
reflective electrodes completely covering the data line
and having a first gap between the first and second
reflective electrodes; and

a data line crossing the gate line, the data line comprising
first and second branch lines separated by a second gap
formed under the first and second reflective electrodes,
respectively.

14. The reflective liquid crystal display according to claim
13, wherein the first gap is equal to or smaller than the
second gap.

15. The reflective liquid crystal display device according
to claim 13, wherein the gate electrode and the source
electrode are connected to the gate line and the second
branch line, respectively.

16. The reflective liquid crystal display device according
to claim 15, further comprising a first capacitor electrode
extending from the gate line to the pixel region, and a second
capacitor electrode extending from the drain electrode, the
second capacitor electrode being formed over the first
capacitor electrode.

17. The reflective liquid crystal display device according
to claim 13, wherein the first and second reflective elec-
trodes are formed of one of aluminum and an aluminum
alloy.

18. The reflective liquid crystal display device according
to claim 13, further comprising a connection pattern con-
necting the first and second branch lines, the connection
pattern located over the gate line.

19. The reflective liquid crystal display device according
to claim 13, wherein the first branch line is formed over the
gate line and the first capacitor electrode.

20. The reflective liquid crystal display device according
to claim 13, wherein the first and second capacitor electrodes
form a storage capacitor.

21. The reflective liquid crystal display device according
to ¢laim 13, wherein the first and second branch lines have
a width substantially the same as each other.

22. The reflective liquid crystal display device according
to claim 13, wherein the first and second reflective elec-
trodes completely cover the gate line.
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23. A method for fabricating a reflective liquid crystal
display device, comprising;

forming a gate line on a substrate;

forming a data line on the substrate crossing the gate line
and defining a pixel region, the data line comprising
first and second branch lines separated by a first gap;

forming a thin film transistor connected to the gate line
and the data line, the thin film transistor comprising a
gate electrode, an active layer, and source and drain
electrodes; and

forming first and second reflective electrodes connected to
the drain electrode, the first and second reflective
electrodes completely covering the data line and having
a second gap between the first and second reflective
electrodes.

24. The method according to claim 23, further comprising
forming first and second capacitor electrodes on the sub-
strate, wherein the first capacitor electrode is extended from
the gate line and the second capacitor electrode is extended
from the drain electrode and located over the first capacitor
electrode.

25. The method according to claim 23, wherein the gate
electrode and the source electrode are connected to the gate
line and the second branch line, respectively.

26. The method according to claim 23, wherein the first
and second reflective electrodes are formed of one of alu-
minum and an aluminum alloy.

27. The method according to claim 23, further comprising
forming a connection pattern connecting the first and second
branch lines, the connection pattern located over the gate
line.

28. The method according to claim 23, wherein the first
branch line is formed over the gate line and the first
capacitor electrode.

29. The method according to claim 24, wherein the first
and second capacitor electrodes form a storage capacitor.

30. The method according to claim 23, wherein the first
gap is equal to or greater than the second gap.

31. The method according to claim 23, wherein the first
and second branch lines have a width substantially the same
as each other.

32. The reflective liquid crystal display device according
to claim 23, wherein the first and second reflective elec-
trodes completely cover the gate line.
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