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(57) ABSTRACT

An array substrate for a transflective liquid crystal display
device includes: a gate line on a substrate; a data line
crossing the gate line, the gate line and the data line defining
a pixel region having a transmissive portion and a reflective
portion; a gate electrode connected to the gate line; source
and drain electrode spaced apart from each other over the
gate electrode, the source and drain electrode being spaced
apart from each other, the source electrode being connected
to the data line; a reflective layer having the same layer as
the source and drain electrodes, the reflective layer being
disposed in the pixel region and having a transmissive hole
corresponding to the transmissive portion; and a pixel elec-
trode connected to the drain electrode, the pixel electrode
being disposed in the pixel region, wherein the source and
drain electrodes and the reflective layer have multiple layers
of metal, wherein a top layer of the multiple layers includes

(1) Int. CL7 HOLL 29/74; HOIL 31/111  a reflective metallic material.
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TRANSFLECTIVE LIQUID CRYSTAL DISPLAY
DEVICE AND FABRICATING METHOD THEREOF

[0001] This application claims the benefit of Korean
Patent Application No. 2002-41289, filed on Jul. 15, 2002,
which is hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a liquid crystal
display device, and more particularly to a transflective liquid
crystal display device and a fabricating method thereof by
using a reduced number of masks.

[0004] 2. Discussion of the Related Art

[0005] Liquid crystal display (LCD) devices are devel-
oped as next generation display devices because of their
characteristics of light weight, thin profile, and low power
consumption.

[0006] In general, an LCD device is a non-emissive dis-
play device that displays images utilizing optical anisotropy
properties of liquid crystal materials that are interposed
between a thin film transistor (TFT) array substrate and a
color filter (C/F) substrate. Presently, among the various
type of LCD devices commonly used, active matrix LCD
(AM-LCD) devices in which thin film transistors (TFTs) are
disposed in a matrix for each pixel region have been
developed because of their high resolution and superiority in
displaying moving images.

[0007] FIG. 1 is a schematic cross-sectional view of a
liquid crystal display device according to the related art.

[0008] In FIG. 1, first and second substrates 2 and 4 are
spaced apart and facing each other, and a liquid crystal layer
6 is interposed therebetween. A gate electrode 8 is formed on
an inner surface of the second substrate 4 and a gate
insulating layer 9 is formed on the gaie electrode 8. A
semiconductor layer 11 including an active layer 11a and an
ohmic contact layer 115 is formed on the gate insulating
layer 9 over the gate electrode 8. Source and drain electrodes
13 and 15 are formed on the semiconductor layer 11. The
source and drain electrodes 13 and 15 are spaced apart from
each other, and the active layer 11a corresponding to a space
between the source and drain electrodes 13 and 15 functions
as a channel “ch.” The gate electrode 8, the semiconductor
layer 11, and the source and drain electrodes 13 and 15
constitute a thin film transistor (TFT) “T.” Even though not
shown in FIG. 1, a gate line connected to the gate electrode
8 is formed along a first direction and a data line connected
to the source electrode 13 is disposed along a second
direction crossing the first direction. A pixel region “P” is
defined by a cross of the gate line and the data line. A
passivation layer 19 including a drain contact hole 17 is
formed on the TFT “T” and a pixel electrode 21 connected
to the drain electrode 15 through the drain contact hole 17
is formed in the pixel region “P.”

[0009] A color filter layer 23 corresponding to the pixel
electrode 21 is formed on an inner surface of the first
substrate 2. The color filter layer transmits only light of a
specific wavelength. A black matrix 27 is formed at a border
between the adjacent color filter layers 23 to prevent a light
leakage and an inflow of ambient light into the TFT “T.” A

1. Field of the Invention
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common electrode 29 is formed on the color filter layer 23
and the black matrix 27 to apply a voltage to the liquid
crystal layer 6. To prevent a leakage of the liquid crystal
layer 6, a peripheral portion of the first and second substrates
2 and 4 is scaled with a seal pattern 31. A spacer 33 is
disposed between the first and second substrates 2 and 4 to
keep a uniform cell gap with the seal pattern 31. A first
orientation film (not shown) can be formed between the
common electrode 29 and the liquid crystal layer 6, and a
second orientation film (not shown) can be formed between
the liquid crystal layer 6 and the pixel electrode 21 to induce
an alignment of the liquid crystal layer 6.

[0010] Even though not shown in FIG. 1, the LCD device
includes a backlight unit under the second substrate 4 as a
light source. However, the incident light from the backlight
unit is attenuated during the transmission so that the actual
transmittance is only about 7%. Accordingly, the backlight
unit of the LCD device requires high brightness, thereby
increasing power consumption by the backlight unit. Thus,
a relatively heavy battery is required to supply a sufficient
power to the backlight unit of such a device, and the battery
cannot be used outdoors for a long period of time because of
the increased power requirements.

[0011] In order to overcome the problems described
above, a reflective LCD device and a transflective LCD
device have been developed. The reflective LCD device uses
the ambient light instead of light from the backlight unit, and
thus it is light weight and easy to carry. In addition, power
consumption of the reflective LCD device is reduced so that
the reflective LCD device can be used for a portable display
device such as an electronic diary or a personal digital
assistant (PDA). In the reflective and transflective LCD
devices, a reflective layer of a metallic material having a
high reflectance is formed in a pixel region. The reflective
layer can be formed in the pixel region over or under a
transmissive electrode. More recently, the transmissive elec-
trode is formed over the reflective layer to induce an
alignment of the liquid crystal layer easily. Even with this
structure, a transflective LCD having a multiple-layered
insulating layer is suggested for protection of the reflective
layer and to prevent an electrical short between the trans-
missive electrode and the reflective layer.

[0012] FIGS. 2A to 2G are schematic cross-sectional
views showing a fabricating process of a display region of
an array substrate for a transflective liquid crystal display
device including a multiple-layered insulating layer accord-
ing to the related art, and FIGS. 3A to 3G are schematic
cross-sectional views showing a fabricating process of a
non-display region of an array substrate for a transflective
liquid crystal display device including a multiple-layered
insulating layer according to the related art. Patterns on the
array substrate are formed through a mask process including
a deposition, a coating, a photolithography and an etching,
and figures are shown according to a number of the mask
process.

[0013] InFIGS.2A and 3A, a gate electrode 10 and a first
align key 12 of a first metallic material are formed on a
substrate 4 through a first mask process.

[0014] In FIGS. 2B and 3B, after a gate insulating layer
14 of a first insulating material is formed on the gate
electrode 10 and the first align key 12, a semiconductor layer
16 including an active layer 16a of amorphous silicon (a-Si)
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and an ohmic contact layer 165 of impurity-doped amor-
phous silicon (n+ a-Si) is formed on the gate insulating layer
14 over the gate electrode 10 through a second mask
process.

[0015] In FIGS. 2C and 3C, source and drain ¢lectrodes
18 and 22 of a second metallic material are formed on the
semiconductor layer 16 through a third mask process. The
source and drain electrodes 18 and 22 are spaced apart from
cach other. At the same time, a data line 20 connected to the
source electrode 18 is formed on the gate insulating layer 14,
and a second align key 24 is formed on the gate insulating
layer 14 over the first align key 12. The gate electrode 10,
the semiconductor layer 16, and source and drain electrodes
18 and 22 constitute a thin film transistor (TFT) “T.”

[0016] In FIGS. 2D and 3D, after first, second and third
passivation layers 25, 26 and 28 are sequentially formed on
the TFT“T” and the second align key 24, a first open portion
30 exposing the second align key 24 is formed in the first,
second and third passivation layers 25, 26 and 28 through a
fourth mask process. The first open portion 30 is for pre-
venting the second align key 24 from being screened by the
relatively thick second passivation layer 26. Thus, a mask
for the fourth mask process can have a simpler structure than
that of the previous first to third mask processes.

[0017] InFIGS.2E and 3E, areflective layer 32 of a third
metallic material having a high reflectance is formed on the
third passivation layer 28 over the TFT “T” through a fifth
mask process. The reflective layer 32 has a second open
portion 34 exposing the third passivation layer 28. In this
step of forming the reflective layer 32, the second align key
24 is used for the fifth mask process. The first and third
passivation layers 25 and 28 are made of silicon nitride
(SiNx), and the second passivation layer 26 is made of
benzocyclobutene (BCB). The first passivation layer 25 is
formed to improve an electrical property of the TFT “T.” The
second passivation layer 26 is formed to reduce an electrical
interference between the reflective layer 32 and a transmis-
sive electrode (not shown). The third passivation layer 28 is
formed to improve a contact property between the second
passivation layer 26 and the reflective layer 32.

[0018] In FIGS. 2F and 3F, after a fourth passivation
layer 36 is formed on the reflective layer 32 and the second
align key 24, a drain contact hole 38 exposing the drain
electrode 22 is formed in the first to fourth passivation layers
25,26, 28 and 36 corresponding to the second open portion
34 through a sixth mask process. The fourth passivation
layer 36 is made of the same material as the first and second
passivation layers 25 and 28. The fourth passivation layer 36
is formed to prevent the Galvanic phenomenon (a corrosion
phenomenon) between the reflective layer 32 and the trans-
missive electrode (not shown).

[0019] In FIGS. 2G and 3G, a transmissive electrode 40
of a transparent conductive material is formed on the fourth
passivation layer 36 in a pixel region “P” through a seventh
mask process. The transmissive electrode 40 is connected to
the drain electrode 22 through the drain contact hole 38. The
pixel region “P” includes a reflective portion corresponding
to the reflective layer 32 and a transmissive portion. Images
are displayed by using an ambient light in the reflective
portion, while images are displayed by using light from the
backlight unit (not shown) in the transmissive portion.

[0020] As shown in FIGS. 2A to 2G and FIGS. 3A t0 3G,
an array substrate for a transflective LCD device is formed
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through seven mask processes including a gate process, a
semiconductor layer process, a data process, a reflective
layer process, an align key open process, a contact hole
process and a transmissive electrode process. Thus, the
process of an array substrate for a transflective LCD device
has more fabrication steps than that for a transmissive LCD
device, and chemical and/or physical processes are repeated
in the mask process. Therefore, as the fabrication steps
increase, a fabrication cost and a possibility of damages to
the device also increase.

SUMMARY OF THE INVENTION

[0021] Accordingly, the present invention is directed to a
liquid crystal display device that substantially obviates one
or more of the problems due to limitations and disadvan-
tages of the related art.

[0022] An advantage of the present invention is to provide
a transflective liquid crystal display device whose produc-
tion yield is improved by reducing the number of mask
processes.

[0023] An advantage of the present invention is to provide
an array substrate for a transflective liquid crystal display
device where source and drain electrodes has multiple layers
of metallic material and an additional reflective layer is
omitted.

[0024] 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. These and other advan-
tages of the invention will be realized and attained by the
structure particularly pointed out in the written description
and claims hereof as well as the appended drawings.

[0025] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, an array substrate for a
transflective liquid crystal display device may, for example,
include a gate line on a substrate; a data line crossing the
gate line, the gate line and the data line defining a pixel
region having a transmissive portion and a reflective portion;
a gate electrode connected to the gate line; source and drain
electrode spaced apart from each other over the gate elec-
trode, the source electrode being connected to the data line;
a reflective layer having the same layer as the source and
drain electrodes, the reflective layer being disposed in the
pixel region and having a transmissive hole corresponding to
the transmissive portion; and a pixel electrode connected to
the drain electrode, the pixel electrode being disposed in the
pixel region, wherein the source and drain electrodes and the
reflective layer have multiple layers of metal, wherein a top
layer of the multiple layers includes a reflective metallic
material.

[0026] In another aspect of the present invention, a
method of fabricating an array substrate for a transflective
liquid crystal display device may, for example, include
forming a gate electrode and a gate line on a substrate
through a first mask process; forming a first insulating layer
on the gate electrode and the gate line; forming a semicon-
ductor layer on the first insulating layer over the gate
electrode through a second mask process; forming source
and drain electrodes on the semiconductor layer, a data line
crossing the gate line, and a reflective layer on the first
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insulating layer through a third mask process, the source and
drain electrodes being spaced apart from each other, the
source electrode being connected to the data line, the gate
line and the data line defining a pixel region having a
transmissive portion and a reflective portion, the reflective
layer being disposed in the pixel region and having a
transmissive hole corresponding to the transmissive portion,
the source and drain electrodes, the data line and the
reflective layer having multiple layers of metal, a top layer
of the multiple layers including a reflective metallic mate-
rial; forming second insulating layer on the source and drain
electrodes, the data line and the reflective layer through a
fourth mask process, the second insulating layer having a
drain contact hole exposing the drain electrode; and forming
a pixel electrode on the third insulating layer through a fifth
mask process, the pixel electrode including a transparent
conductive material, the pixel electrode being connected to
the drain electrode through the drain contact hole.

[0027] In yet another aspect of the present invention, a
method of fabricating an array substrate for a transflective
liquid crystal display device may, for example, include
forming a gate electrode and a gate line on a substrate;
forming a first insulating layer on the gate electrode and the
gate line; forming a semiconductor layer on the first insu-
lating layer, the semiconductor layer having an active layer
and an ohmic contact layer; forming source and drain
electrodes, a data line and a reflective layer having multiple
layers on the first insulating layer at the same time, wherein
the gate line and the data line defines a pixel region having
a transmissive portion and a reflective portion, forming a
pixel electrode of a transparent conductive material electri-
cally connected to the drain electrode.

[0028] 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.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0030]

[0031] FIG. 1 is a schematic cross-sectional view of a
liquid crystal display device according to the related art;

[0032] FIGS. 2A to 2G are schematic cross-sectional
views showing a fabricating process of a display region of
an array substrate for a transflective liquid crystal display
device including a multiple-layered insulating layer accord-
ing to the related art;

[0033] FIGS. 3A to 3G are schematic cross-sectional
views showing a fabricating process of a non-display region
of an array substrate for a transflective liquid crystal display
device including a multiple-layered insulating layer accord-
ing to the related art;

[0034] FIG. 4 is a schematic plane view of a liquid crystal
display device according to an embodiment of the present
invention;

In the drawings:
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[0035] FIGS. 5A to 5G are schematic cross-sectional
views showing a fabricating process of a display region of
an array substrate for a transflective liquid crystal display
device according to an embodiment of the present invention;
and

[0036] FIGS. 6A to 6G are schematic cross-sectional
views showing a fabricating process of a non-display region
of an array substrate for a transflective liquid crystal display
device according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0037] Reference will now be made in detail to embodi-
ments of the present invention, example of which is illus-
trated in the accompanying drawings. Wherever possible,
similar reference numbers will be used throughout the
drawings to refer to the same or like parts.

[0038] FIG. 4 is a schematic plane view of a liquid crystal
display device according to an embodiment of the present
invention.

[0039] 1In FIG. 4, a gate line 111 and a data line 120 are
formed to cross each other and define a pixel region “P.” A
gate electrode 110 extends from the gate line 111. A semi-
conductor layer 116 is formed over the gate electrode 110.
Source and drain electrodes 118 and 122 are spaced apart
from each other and overlap the gate electrode 110 and the
semiconductor layer 116. The source electrode 118 extends
from the data line 120. The gate electrode 110, the semi-
conductor layer 116 and the source and drain electrodes 118
and 122 constitute a thin film transistor (TFT) “T.” A
reflective layer 124 having a transmissive hole 123 is formed
in the pixel region “P” at the same layer as the data line 120.
A pixel electrode 136 connected to the drain electrode 122
through a drain contact hole 132 is formed in the pixel
region “P.” The pixel region “P” includes a transmissive
portion corresponding to the transmissive hole 123 and a
reflective portion corresponding to the reflective layer 124.
The data line 120, and the source and drain electrodes 118
and 122 have multiple layers whose top layer is made of a
metallic material having a high reflectance. Accordingly, the
reflective layer 124 can be simultancously formed with the
data line 120, and the source and drain electrodes 118 and
122, which results in a reduced number of the mask pro-
cesses.

[0040] Since the data line 120 has the same layer as the
reflective layer 124, the data line 120 and the reflective layer
124 are spaced apart from each other by a distance of about
5 um to about 7 um to prevent an electrical short therebe-
tween. Moreover, a first capacitor electrode 113 extends
from the gate line 111 and a second capacitor electrode 121
is formed over the first capacitor electrode 113. The second
capacitor electrode 121 may be formed at the same layer as
the data line 120, and a first insulating layer (not shown) is
interposed between the first and second capacitor electrodes
113 and 121. The pixel electrode 136 is connected to the
second capacitor electrode through a capacitor contact hole
125 in a second insulating layer (not shown). Accordingly,
the first and second capacitor electrodes 113 and 121, and
the first insulating layer constitute a storage capacitor “CST”
connected to the TFT “T.”

[0041] FIGS. 5A to 5G are schematic cross-sectional
views showing a fabricating process of a display region of
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an array substrate for a transflective liquid crystal display
device according to an embodiment of the present invention,
and FIGS. 6A to 6G are schematic cross-sectional views
showing a fabricating process of a non-display region of an
array substrate for a transflective liquid crystal display
device according to an embodiment of the present invention.

[0042] In FIGS. 5A and 6A, a gate electrode 110 and a
first align key 112 of a first metallic material are formed on
a substrate 100 through a first mask process.

[0043] In FIGS. 5B and 6B, after a gate insulating layer
114 of a first insulating material is formed on the gate
electrode 110 and the first align key 112, a semiconductor
layer 116 including an active layer 116a of amorphous
silicon (a-Si) and an ohmic contact layer 116b of impurity-
doped amorphous silicon (n+ a-Si) is formed on the gate
insulating layer 114 over the gate electrode 110 through a
second mask process. The first insulating material can be
made of a silicon insulating material such as silicon nitride
(SiNx).

[0044] In FIGS. 5C and 6C, source and drain electrodes
118 and 122 of a second metallic material are formed on the
semiconductor layer 116 through a third mask process. The
source and drain electrodes 118 and 122 are spaced apart
from each other. At the same time, a data line 120 connected
to the source electrode 118, a reflective layer 124 and a
second align key 126 are formed on the gate insulating layer
114. Thus, the data line 120, the reflective layer 124 and the
second align key 126 have the same layer as the source and
drain electrodes 118 and 122. The reflective layer 124 is
disposed in the pixel region “P” and the second align key
126 corresponds to the first align key 112. The gate electrode
110, the semiconductor layer 116, and source and drain
electrodes 118 and 122 constitute a thin film transistor (TFT)
w»

[0045] The data line 120 can have multiple layers in which
a top layer includes a metallic material having a high
reflectance, and a bottom layer includes a metallic material
having a high chemical corrosion resistance. For example,
the top layer can include one of aluminum (Al) and alumi-
num (Al) alloy such as aluminum neodymium (AINd) and
the bottom layer can include one of molybdenum (Mo),
tungsten (W), nickel (Ni) and titanium (Ti). Therefore, the
source electrode 118 includes first and second sub-source
electrodes 1182 and 118b. Similarly, the drain electrode 122
includes first and second sub-drain electrodes 122a and
122b, the data line 120 includes first and second sub-data
lines 120a and 1205, the reflective layer 124 includes first
and second sub-reflective layers 124a and 124b, and the
second align key 126 includes first and second sub-second
align keys 1264 and 126b. Since the second sub-reflective
layer 124b is made of a metallic material having a high
reflectance, the reflective layer 124 can be simultaneously
formed with the source and drain electrodes 118 and 122 and
the data line 120 through the third mask process.

[0046] In FIGS. 5D and 6D, after first and second passi-
vation layers 128 and 130 are sequentially formed on the
TFT “T” and the second align key 126, a drain contact hole
132 exposing the drain electrode 122 and an open portion
134 exposing the second align key 126 are formed in the first
and second passivation layers 128 and 130 through a fourth
mask process. The first passivation layer 128 includes one of
an inorganic insulating material group and the second pas-
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sivation layer 130 includes one of an organic insulating
material group having a low dielectric constant. For
example, the first and second passivation layers 128 and 130
can be made of a silicon insulating material and benzocy-
clobutene (BCB), respectively. The open portion is formed
through an additional mask process in the related art. In this
embodiment, however, since the reflective layer 124 is
simultaneously formed with the source and drain electrodes
118 and 122 through the third mask process, the open
portion 134 can be formed through the fourth mask process
of forming the drain contact hole 132. Accordingly, the
additional mask process of forming the open portion can be
omitted.

[0047] 1In FIGS. 5E and 6E, a pixel electrode 136 of a
transparent conductive material is formed on the second
passivation layer 130 in a pixel region “P” through a fifth
mask process. The pixel electrode 136 is connected to the
drain electrode 122 through the drain contact hole 132. The
pixel region “P” includes a reflective portion corresponding
to the reflective layer 124 and a transmissive portion corre-
sponding to the transmissive hole 123. Images are displayed
by using an ambient light in the reflective portion, while
images are displayed by using light from the backlight unit
(not shown) in the transmissive portion.

[0048] Consequently, since a reflective layer, a data line,
source and drain electrodes and an align key are simulta-
neously formed to have multiple layers whose top layer
includes a metallic material having a high reflectance, an
additional mask process for the align key can be eliminated.
Therefore, a high production yield and a low production cost
can be obtained.

[0049] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

1. An array substrate for a transflective liquid crystal
display device, comprising:

a gate line on a substrate;

a data line crossing the gate line, the gate line and the data
line defining a pixel region having a transmissive
portion and a reflective portion;

a gate electrode connected to the gate line;

source and drain electrode spaced apart from each other
over the gate electrode, the source electrode being
connected to the data line;

a reflective layer at the same layer as the source and drain
electrodes, the reflective layer being disposed in the
pixel region and having a transmissive hole corre-
sponding to the transmissive portion; and

a pixel electrode connected to the drain electrode, the
pixel electrode being disposed in the pixel region,

wherein the source and drain electrodes and the reflective
layer have multiple layers of metal,

wherein a top layer of the multiple layers includes a
reflective metallic material.
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2. The array substrate according to claim 1, wherein the
reflective metallic material is a metal including aluminum
(Al).

3. The array substrate according to claim 2, wherein the
metal is aluminum-neodymium (AINd).

4. The array substrate according to claim 1, wherein the
data line and the reflective layer are spaced apart from each
other by a distance of about 5 ym to about 7 um.

5. The array substrate according to claim 1, further
comprising first to third insulating layers and a semiconduc-
tor layer, wherein the first insulating layer is formed on the
gate electrode and the gate line, wherein the semiconductor
layer is formed on the first insulating layer, wherein the
second and third insulating layers are sequentially formed on
the source and drain electrodes and the reflective layer, and
wherein the second and third insulating layers have a drain
contact hole exposing the drain electrode.
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6. The array substrate according to claim 5, further
comprising first and second capacitor electrodes, wherein
the first capacitor electrode has the same layer as the gate
line, wherein the second capacitor electrode has the same
layer as the data line, wherein the second capacitor electrode
overlaps the first capacitor electrode.

7. The array substrate according to claim 6, wherein the
first insulating layer is interposed between the first and
second capacitor electrodes, wherein the second capacitor
electrode is connected to the pixel electrode through a
capacitor contact hole in the second and third insulating
layers.

8-20. (Cancelled)
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