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(7) ABSTRACT

A transreflection-type liquid crystal display (LCD) device
includes a plurality of gate and data lines on a substrate
crossing each other defining a plurality of pixel regions, a
plurality of storage lines parallel to the gate lines, each
storage line positioned between the gate lines, a plurality of
thin film transistors disposed at the crossings of the gate and
data lines, each thin film transistor having source and drain
electrodes and a U-shaped channel region, a negative-type
organic insulating layer within the pixel region except for a
transmission part, the negative type organic insulating layer
having at least one of concave and convex patterns thereon,
a reflective electrode on the negative-type organic insulating
layer within the pixel region except for the transmission part,
and a transparent electrode within the pixel region in elec-
trical contact with the drain electrode.

[ 163a 1042
’H/-_/

111

113



Patent Application Publication May 17,2007 Sheet 1 of 14 US 2007/0109475 Al

‘FIG. 1
Related Art

" 7 |
freaf] e ff v

a
/ i |
///////% ///% %//”}

/////////// // 2 11

B T
J<f = = <1
//////////////é //////////2 |




Patent Application Publication May 17,2007 Sheet 2 of 14 US 2007/0109475 Al
FIG.2
Related Art
F .
\B
\' 10
X —13

O I > (4
Lo I e S —

| ///////////////// L I ”23"}23
T f.ﬁgw:a..-bm EE ;;;1:7423a |
, : '\2.,0'
- 4
/
Vo



Patent Application Publication May 17,2007 Sheet 3 of 14 US 2007/0109475 Al

FIG. 3
Related Art
I —
:
43a— | VN 32
: or R TT
;%f 151{ | ')
- !

" , S
6] Ll H%\— T
. - - /f Ay -// 5 ' S |
s T
[ L Lo Ng, 220 Lt

| ( r 1



Patent Application Publication May 17,2007 Sheet 4 of 14 US 2007/0109475 Al

FIG. 4A
Related Art
24 25b 25a
—— : - A~ rrrrazrIr
r T R - o
I 21a Ia q 0TI ar -
FIG. 4B
Related Art
25
A
25a 25b '
o 24 ‘ 24
< ) 2 - ] (3
| T : . N T
I 21a I'H g W il
FIG. 4C
Related Art
22a 45 22b
24 : 3
<) 20 _ T
O G A Vo '
I o4 2la I'n 3 I I



Patent Application Publication May 17,2007 Sheet 5 of 14 US 2007/0109475 Al

- FIG. 4D
| “Related Art
‘.223.' 35 22b 24 264
L) )

) P 24
I g4 2la r'm o4 rm
FIG. 4E

I +-26b
]y 20 1 24
I EE4 Zia I'YII- 3(1 T “HI | mr
Related ‘Art
Ct A

22a: 35. 22b

e26

0 )

Il L7

. \ : : \ \ g
1 94 2la rn 3‘1 I m m



Patent Application Publication May 17,2007 Sheet 6 of 14 US 2007/0109475 Al

FIG. 4G
Related Art

. Gy
ag b ) 25 A o

.‘. 27 24 ) 27 32
PR 2D N
L — — : d7sssssssss|m :
) ] 20 - _
‘ l A R
1 2la o4 r'm g rm I
FIG. 4H

~ Related Art




Patent Application Publication May 17,2007 Sheet 7 of 14 US 2007/0109475 Al

FIG. 9
Related Art




US 2007/0109475 Al

Patent Application Publication May 17,2007 Sheet 8 of 14

\
110

(

o
105a 113 101

[

I

121 CT;

al



Patent Application Publication May 17,2007 Sheet 9 of 14 US 2007/0109475 Al

FIG. 7A

10ta 111 101 121

I N N N 7

DAPad"”’»'D-Lme TFT  Cst’ C-Line 7 G-Pad
v EBVA VVI VI
- FIG. 7B
o 10la 11t 0 R e
| | | '\ 102
- —r - () — — |
Iv Vv 100 v VT
’FIG.V 7C
. 105s 123
1032 )
_ u 104a
104a\g/:.115, \-L*u— Ve }113 00 4 go1
I ———F [\ //_T\— , ‘7“‘—1 : 102
' y - { { - g
L )
- IV vy

vviWw



Patent Application Publication May 17,2007 Sheet 10 of 14 US 2007/0109475 Al
FIG. 7D
123

)
S ‘ \ 104ay -
104a-\g,115, e }113 01 g2
2 e —— \mad ——F— 1032
e 'f‘nL FA—
10la

_ 105s '
103a | Lop@ 1050

——— //:‘):\\' =-102"
[ -103&" A
.

IV IVY | vV VP

FIG. 7E

. 1 1055 1054 1950 104a 107
1048 )\ 103 ?}113 101\ 121 1“
E . 1y 1,106
— il TR\ ‘ i\ ii&t 102
i ( -
i' 103a. C0la i
J SR A — | y |

v v VvV T



Patent Application Publication May 17,2007 Sheet 11 of 14

US 2007/0109475 A1
FIG. 7F
CT,
Ry N
1 Aot
A i | 106 .
| 10!3 i — ~102
| 103 i0a /( \ .
l / (AN ]
7 [~ 103a 104a A
IV IVV 1 —— VVI Vi
113
FIG. 7G

4107

101\ - 121

\<'

" l;‘\f o e
\ 103a  y0la /( \
L/

. /4 -

| |
w5y

(1032 1048

4



Patent Application Publication May 17,2007 Sheet 12 of 14 US 2007/0109475 A1

FIG. 7TH

CT4 D o9

N
b

1 103a - : 101a /( K
L / | |

-7 — s 0B
SUA |, 105 1 vwmooow
113
FIG. 7T

109

a
s e
_ { . . T
103a/ 101a /(K
— 7 1 10% 104a

l

|

v Iv.v N
i 13




Patent Application Publication May 17,2007 Sheet 13 of 14 US 2007/0109475 Al

FIG. 7J

110 CTy 199 D

Bl

\

A 103a ) ..
' 103a 115/ 10la / K

7 [ 103a 1042
A 1 %,; ’




Patent Application Publication May 17,2007 Sheet 14 of 14 US 2007/0109475 A1

FIG. 8




US 2007/0109475 A1l

TRANSREFLECTION-TYPE LIQUID CRYSTAL
DISPLAY DEVICE AND METHOD OF
FABRICATING THE SAME

[0001] The present invention claims the benefit of Korean
Patent Application No. P2003-23654 filed in Korea on Apr.
15, 2003, which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display (LCD) device and a method of fabricating an LCD
device, and more particularly, to a trans-reflection type LCD
device and a method of fabricating a trans-reflection type
LCD device.

[0004] 2. Discussion of the Related Art

[0005] As demand for various types of display devices
increases, efforts have been made to develop various flat
display devices, such as liquid crystal display (LCD)
devices, plasma display panel (PDP) devices, electrolumi-
nescent display (ELD) devices, and vacuum fluorescent
display (VFD) devices. Currently, some type of the flat
display devices have been incorporated into various display
equipment.

[0006] Among the various types of flat display devices,
the LCD devices have been commonly used in portable
devices due to their advantageous characteristics, such as
thin profile, light weight, and low power consumption. Thus,
the LCD devices are commonly substituted for cathode ray
tube (CRT) display devices. In addition, the LCD devices
have been developed for computer monitors and television
systems to receive and display broadcast signals.

[0007] The LCD devices are usually driven by making use
of optical anisotropy and polarizing characteristics of liquid
crystal molecules of liquid crystal materials. The liquid
crystal molecules have long and thin structures, whereby it
is possible to align the liquid crystal molecules along a
specific direction. For example, when an electric field is
induced to the liquid crystal material, the liquid crystal
molecules become aligned along the specific direction.
Thus, by controlling the alignment direction of the liquid
crystal molecules, light is refracted according to the align-
ment direction of the liquid crystal molecules, thereby
displaying an image.

[0008] The LCD devices are classified into one of reflec-
tive-type LCD devices and transmitting-type LCD devices.
In the transmitting-type LCD devices, light is emitted from
a backlight and transmitted to an LCD panel, thereby
displaying an image. However, in the reflective-type LCD
devices, ambient or front light is reflected within a reflecting
plate of an LCD panel to display an image.

[0009] In general, a transreflection-type LCD device
selectively uses both a transmission and reflection method to
display an image. For example, the transreflection-type LCD
device uses light emitted from a backlight, and ambient light
or a light source, thereby decreasing power consumption.

[0010] FIG. 1 is a perspective view of a transreflection-
type LCD device according to the related art. in FIG. 1, a
transreflection-type LCD device includes upper and lower
substrates 10 and 20 facing each other, and a liquid crystal
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layer 30 between the upper and lower substrates 10 and 20.
In addition, a black-matrix layer 11 is formed on the upper
substrate 10 to shield portions, except for pixel regions of
the lower substrate 20, from the light, and a color filter layer
12 is formed to produce colored light within the pixel
regions. Moreover, a common electrode 13 is formed on an
entire surface of the upper substrate 10 including the black-
matrix layer 11 and the color filter layer 12.

[0011] The lower substrate 20 is commonly called an array
substrate, in which a plurality of thin film transistors, which
serve as switching devices T, are disposed in a matrix
configuration, and a plurality of gate and data lines 21 and
22 are formed to cross each other at the respective thin film
transistors. In addition, the pixel region P includes a trans-
mission part A and a reflective part R, wherein the trans-
mission part A is an open area of a reflective electrode (not
shown).

[0012] FIG. 2 is a cross sectional view of the transreflec-
tion-type LCD device of FIG. 1 according to the related art.
In FIG. 2, the transreflection-type LCD device includes the
upper substrate 10 having the common electrode 13 dis-
posed thereon, and the lower substrate 20 having the pixel
electrode 23. The pixel electrode 23 of the lower substrate 20
includes a transparent electrode 23a formed within portions
corresponding to the transmission part A and the reflective
part R, and on the reflective electrode 235 having the open
area within the transmission part A. In addition, the liquid
crystal layer 30 is formed between the upper and lower
substrates 10 and 20, and a backlight 41 is provided below
the lower substrate 20 to emit light during a transmission
mode of the transflection-type LCD device.

[0013] When the transreflection-type LCD device is oper-
ated in a reflection mode, the ambient light or the front light
is commonly used as the light source. Accordingly, the light
B incident on the upper substrate 10 is reflected to the
reflective electrode 23b, and then the light is transmitted to
the liquid crystal layer 30 having liquid crystal molecules
aligned by an electric field between the reflective electrode
23b and the common electrode 13. Thus, the light transmit-
tance transmitting the liquid crystal layer 30 is controlled
according to the alignment of the liquid crystal layer 30 to
display an image.

[0014] During the transmission mode, the light F emitted
from the backlight 41 provided below the lower substrate 20
is used as the light source. When the light F emitted from the
backlight 41 is incident on the liquid crystal layer 30 through
the transparent electrode 23a, the light transmittance is
controlled by the alignment of the liquid crystal molecules
in the liquid crystal layer 30. For example, the liquid crystal
molecules are aligned by the electric field induced between
the common electrode 13 and the transparent electrode 23a
below a transmission hole to display an image.

[0015] FIG. 3 is an enlarged plan view of a pixel of a
transreflection-type LCD device according to the related art.
In FIG. 3, a unit pixel includes gate and data lines 21 and 22,
a pixel electrode 23, and a thin film transistor T, wherein the
gate and data lines 21 and 22 cross each other to define a
pixel region. In addition, the pixel electrode 23 includes a
transparent electrode 23a and a reflective electrode 23b
within the pixel region, and the thin film transistor T is
formed at the crossing point of the gate and data lines 21 and
22. The thin film transistor T includes a gate electrode 21a,



US 2007/0109475 A1l

a source electrode 224, and a drain electrode 225, and a
scanning signal is supplied to the gate electrode 21a. In
addition, the source electrode 22a protrudes from a portion
of the data line 22 and receives video signals from the data
line 22, and the drain electrode 225 is formed at a prede-
termined interval from the source electrode 22a to supply
video signals to the pixel electrode 23. Then, a gate pad 31
and a source pad 32 are respectively formed at end portions
of the gate line 21 and the data line 22 and are connected to
drive ICs (not shown).

[0016] In FIG. 3, the pixel electrode 23 includes the
transparent electrode 23a that is formed in portions corre-
sponding to the transmission part A and the reflective part R,
and on the reflective electrode 236 formed within the
reflective part R, except for the transmission part A. Accord-
ingly, the transparent electrode 23a is connected to the drain
electrode 224 through a contact part C1 to receive the video
signals. In addition, the reflective electrode 235 is formed to
contact the transparent electrode 23a within the contact part
C1 to which the video signals are supplied.

[0017] FIGS. 4A to 4H are cross sectional views along I-T',
1I-1T', and III-IIT' of FIG. 3 of an array substrate fabrication
process of a transreflection-type LCD device according to
the related art. In FIGS. 4A to 4H. the line I-I' extends from
a thin film transistor to a pixel region within a unit pixel
region, the line II-II" includes a section of a gate pad, and the
line TII-IIT" includes a section of a source pad.

[0018] In FIG. 4A, a conductive metal layer is deposited
on the transparent substrate 20, and is selectively removed
using a first mask (not shown), thereby forming the plurality
of gate lines 21 (in FIG. 3) and the gate electrodes 21a.
Accordingly, as shown in FIG. 3, each gate line 21 includes
a gate pad 31 at one end portion thereof, and the gate
electrode 21a protrudes from the gate line 21. Subsequently,
a first insulating layer 24, an amorphous silicon layer 25a,
and an impurity layer (n* layer) 255 are sequentially depos-
ited on an entire surface of the transparent substrate 20.

[0019] In FIG. 4B, the impurity layer 255 and the amor-
phous silicon layer 25a are selectively removed using a
second mask (not shown) to form an island-shaped semi-
conductor active layer 25 (later shown in FIG. 4C as
semiconductor layer 35).

[0020] In FIG. 4C, a conductive metal layer is deposited
on the transparent substrate 20 having the semiconductor
layer 35, and is selectively removed using a third mask (not
shown), thereby forming the plurality of data lines 22 (in
FIG. 3) crossing the gate lines 21 (in FIG. 3), the source
electrode 22a, and the drain electrode 225. Accordingly, the
source electrode 22a protrudes from each data line 22 (in
FIG. 3) toward the semiconductor layer 35, and the drain
electrode 225 is positioned at a predetermined interval from
the source electrode 22a on the other side of the semicon-
ductor layer 35. Subsequently, the impurity layer 255 of the
semiconductor layer 35, which is exposed between the
source and drain electrodes 22a and 22b, is removed using
the source and drain electrodes 22a¢ and 226 as a mask,
thereby forming the semiconductor layer 35.

[0021] In FIG. 4D, an organic insulating layer is coated
along an entire surface of the transparent substrate 20
including the data lines 22 (in FIG. 3), and exposure and
developing processes are performed using a fourth mask
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(not shown) having a predetermined open area. Then, the
organic insulating layer corresponding to the open area of
the fourth mask is removed at a predetermined thickness.
Then, a heat treatment is performed to form a first organic
insulating layer 26a having embossing patterns at a portion
of the organic insulating layer that is relatively thicker than
the portion removed using the fourth mask. The organic
insulating layer is formed of a positive-type organic insu-
lating layer, such as Benzocyclobutene (BCB), or is formed
of a positive-type material, such as photoacryl.

[0022] In FIG. 4E, a second organic insulating layer 265
having a constant thickness is coated on the first organic
insulating layer 26a, wherein the second organic insulating
layer 265 is formed of the same material as the first organic
insulating layer 26a. Since the second organic insulating
layer 265 is coated on the first organic insulating layer 26a
at the constant thickness, it is possible to maintain the
embossing patterns of the first organic insulating layer 26a
after coating the second organic insulating layer 265 on the
first organic insulating layer 26a.

[0023] In FIG. 4F, the first and second organic insulating
layers 26a and 265 are selectively removed using a fifth
mask (not shown) having a predetermined open area,
thereby defining the contact part C1 that exposes a prede-
termined portion of the drain electrode 225 and defining the
transmission part A. After selectively removing the first and
second organic insulating layers 26a and 264, the remaining
first and second organic insulating layers 26a and 265 are
referred to as a first passivation layer 26. When selectively
removing the first and second organic insulating layers 26a
and 265, the first and second organic insulating layers 26a
and 265 corresponding to the gate and source pads are
removed to expose the gate insulating layer 24 and the
source pad 32.

[0024] In FIG. 4G, a reflective metal layer is deposited
along an entire surface of the first passivation layer 26, and
is selectively removed using a sixth mask (not shown),
whereby the reflective electrode 2354 is formed in the pixel
region except for the transmission part A and the first contact
part C1. Next, an inorganic insulating layer 27 of SiNx is
deposited along the entire surface of the lower substrate 20
including the reflective electrode 234. For example, the
inorganic insulating layer 27 is deposited on the lower
substrate 20 at a high temperature of 300° C. or more.
However, the embossing patterns of the first passivation
layer 26 are destroyed by thermal flow.

[0025] 1In FIG. 4H, the inorganic insulating layer 27 is
selectively removed at the first contact part C1, the second
contact part C2, and the third contact part C3 using a seventh
mask (not shown), thereby forming a second passivation
layer 27a. Subsequently, a transparent metal layer is depos-
ited along the entire surface of the lower substrate 20
including the second passivation layer 27qa, and is selec-
tively removed using an eighth mask (not shown). Thus, the
transparent electrode 23a is formed within the pixel region
including the transmission part A and the first contact part
C1. In addition, a gate pad terminal 33a is formed in the
second contact part C2 to be connected with the gate pad 31,
and a source pad terminal 43a is formed in the third contact
part C3 to be connected with the source pad 32.

[0026] According to the related art, the embossing patterns
(or concave pattern) are formed of the organic insulating
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layer to improve reflexibility of the reflective electrode by
increasing a surface area of the reflective electrode having
the embossing patterns.

[0027] FIG. 5 is a photomicrograph showing a peeling
phenomenon of a reflective electrode according to the
related art. In FIG. 5, after forming the organic insulating
layer having the embossing patterns, the reflective electrode
is formed. Then, the inorganic insulating layer, such as SiNx,
is deposited at a temperature of about 300° C. Accordingly,
the peeling phenomenon occurs due to stress caused by
inferior adhesion between the reflective electrode and the
organic insulating layer.

[0028] According to the related art transreflection-type
LCD device, the embossing pattern (i.e., the concave pat-
tern) 1s formed using a positive-type organic insulating layer,
such as Benzocyclobutene (BCB), or using a positive-type
photoacryl to improve the reflexibility. However, when
using the positive-type organic insulating layer, mask pro-
cess steps for forming the embossing pattern of the organic
insulating layer must be performed, as well as the other
mask process steps for removing the transmission part.
Thus, according to the related art, a dual-coating process is
required during the process for forming the organic insulat-
ing layer, thereby complicating fabrication process steps.

[0029] For example, when forming the embossing pattern
using BCB, it is difficult to perform the complicated fabri-
cation process steps, thereby degrading the reflexibility of
the reflective electrode. In addition, since the positive-type
photoacryl has a transition glass temperature, the thermal
flow is generated at the high process temperatures, thereby
destroying the embossing pattern of the first passivation
layer due to the thermal flow.

[0030] Moreover, after forming the organic insulating
layer having the embossing pattern (i.e., the concave pat-
tern), the reflective electrode is formed on the organic
insulating layer. Then, the inorganic insulating layer, such as
SiNx, is deposited thereon, and the transparent electrode is
formed. Thus, when the passivation layer of SiNx is depos-
ited at the high process temperatures, it may generate the
peeling phenomenon due to stress from the inferior adhesion
between the reflective electrode and the organic insulating
layer.

SUMMARY OF THE INVENTION

[0031] Accordingly, the present invention is directed to a
transreflection-type liquid crystal display (LCD) device and
a method of fabricating a transreflection-type liquid crystal
display (LCD) device that substantially obviates one or more
problems due to limitations and disadvantages of the related
art.

[0032] An object of the present invention is to provide a
trans-reflection type LCD device and a method for manu-
facturing the same, which is formed in simplified manufac-
turing process steps with 6 masks since concave and/or
convex patterns are formed in a negative type organic
insulating layer in a stamp process without a mask.

[0033] Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following
or may be learned from practice of the invention. The
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objectives and other advantages of the invention may be
realized and attained by the structure particularly pointed out
in the written description and claims hereof as well as the
appended drawings.

[0034] To achieve these objects and other advantages and
in accordance with the purpose of the invention, as embod-
ied and broadly described, a transreflection-type liquid crys-
tal display (LCD) device includes a plurality of gate and data
lines on a substrate crossing each other defining a plurality
of pixel regions, a plurality of storage lines parallel to the
gate lines, each storage line positioned between the gate
lines, a plurality of thin film transistors disposed at the
crossings of the gate and data lines, each thin film transistor
having source and drain electrodes and a U-shaped channel
region, a negative-type organic insulating layer within the
pixel region except for a transmission part, the negative type
organic insulating layer having at least one of concave and
convex patterns thereon, a reflective electrode on the nega-
tive-type organic insulating layer within the pixel region
except for the transmission part, and a transparent electrode
within the pixel region in electrical contact with the drain
electrode.

[0035] In another aspect, a method for fabricating a tran-
sreflection-type liquid crystal display (LCD) device includes
forming a gate line and a storage line on a substrate using a
first mask, forming a data line and a thin film transistor
having source and drain electrodes using a second mask by
depositing a semiconductor layer and a metal layer on the
substrate including the gate line and the storage line, the data
line being perpendicular to the gate line to define a pixel
region, forming a negative-type organic insulating layer
having at least one of concave and convex patterns therein
using a third mask, the concave and convex patterns formed
within the pixel region except for a transmission part,
forming a reflective electrode on the negative-type organic
insulating layer formed within the pixel region except for the
transmission part, using a fourth mask, forming a contact
hole on a drain electrode using a fifth mask, and forming a
transparent electrode within the pixel region using a sixth
mask to be connected with the drain electrode through the
contact hole.

[0036] In another aspect, a method for fabricating a tran-
sreflection-type liquid crystal display (LCD) device includes
forming a plurality of gate lines and a plurality of storage
lines on a substrate, each gate line having a gate electrode
protruding therefrom and each storage line is disposed
between the gate lines in parallel to the gate lines, forming
a plurality of data lines and a plurality of drain electrodes on
the substrate, forming a semiconductor layer on a portion of
the substrate including the gate lines, the plurality of data
lines, and the plurality of drain electrodes, each data line
perpendicular to the gate line on the semiconductor layer to
define a pixel region, forming a negative-type organic insu-
lating layer having at least one of concave and convex
patterns along an entire surface of the substrate including the
data lines, the negative-type organic insulating layer includ-
ing a contact part and a transmission part therein, forming a
reflective electrode corresponding to the pixel region except
for the contact part and the transmission part, forming an
inorganic insulating layer along an entire surface of the
substrate except for the contact part, and forming a trans-
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parent electrode corresponding to the pixel region including
the transmission part to be connected with the drain elec-
trode within the contact part.

[0037] Tt is to be understood that both the foregoing
general description and the following detailed description of
the present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] 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 embodiment(s) of the invention and together with
the description serve to explain the principle of the inven-
tion. In the drawings:

[0039] FIG. 1 is a perspective view of a transreflection-
type LCD device according to the related art;

[0040] FIG. 2 is a cross sectional view of the transreflec-
tion-type LCD device of FIG. 1 according to the related art;

[0041] FIG. 3 is an enlarged plan view of a pixel of a
transreflection-type LCD device according to the related art;

[0042] FIGS. 4A to 4H are cross sectional views along I-T'
1I-IT', and TII-IIT' of FIG. 3 of an array substrate fabrication
process of a transreflection-type LCD device according to
the related art;

[0043] FIG. 5 is a photomicrograph showing a peeling
phenomenon of a reflective electrode according to the
related art;

[0044] FIG. 6 is an enlarged plan view of an exemplary
pixel of a transreflection-type LCD device according to the
present invention;

[0045] FIGS. 7A to 7] are cross sectional views along
V-1V, V-V', and VI-VI' of an exemplary array substrate
fabrication process steps of a transreflection-type LCD
device according to the present invention; and

[0046] FIG. 8 is a photomicrograph of an exemplary
pattern of a transreflection-type LCD device according to the
present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0047] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

[0048] FIG. 6 is an enlarged plan view of an exemplary
pixel of a transreflection-type LCD device according to the
present invention. In FIG. 6, a unit pixel of a trans-reflection
type LCD device may include gate and data lines 101 and
105, a thin film transistor, a transparent electrode 110, and a
reflective electrode 108, wherein the gate and data lines 101
and 105 may cross each other to define a pixel region and the
thin film transistor may be formed at a crossing point of the
gate and data lines 101 and 105. In addition, the transparent
electrode 110 may be formed within the pixel region, and the
reflective electrode 108 may have a transmission part D
below the transparent electrode 110. Furthermore, a storage
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line 111 may be formed in parallel to the gate line 101, and
may function as an electrode of a storage capacitor.

[0049] InFIG. 6, the thin film transistor may include a gate
electrode 101a, a semiconductor layer 113, a source elec-
trode 1054, and a drain electrode 1055, wherein scanning
signals may be supplied to the gate electrode 101 through the
gate line 101, and the semiconductor layer 113 may be
formed to partially overlap the gate electrode 110a and the
storage line 111. In addition, the source electrode 105a may
protrude from a portion of the data line 105 that receives
video signals from the data line 105, and the drain electrode
1055 may be formed at an interval from the source electrode
1054 to supply the video signals to the transparent electrode
110. Accordingly, the source electrode 1054 may extend to
the gate electrode 101¢ in a “U”-shaped to cover three sides
of the gate electrode 101 within an opening along one side
within the gate electrode 101. Then, the drain electrode 1055
may extend to the source electrode 105a to overlap the
storage line 111, and the extending portion of the drain
electrode 1055 may be spaced apart from the source elec-
trode 105a. Thus, since the U-shaped source electrode 1054
may surround the drain electrode 1055, a channel region
may be increased.

[0050] The drain electrode 1056 may be electrically con-
nected to the transparent electrode 110 within a first contact
part CT1. Then, a gate pad 121 and a source pad 115 may
be formed at extended end portions of the gate line 101 and
the data line 105, respectively, to be connected to drive ICs
(not shown). For example, the gate pad 121 may be elec-
trically connected to a transparent gate pad terminal 1105
through a third contact part CT3, and the source pad 115 may
be electrically connected to a transparent source pad termi-
nal 110« through a second contact part CT2.

[0051] In FIG. 6, the gate pad 121 may be formed at one
end portion extended from the gate line 101, wherein the
gate pad 121 may be larger than the gate line 101. Similarly,
the source pad 115 may be formed at one end portion
extended from the data line 105, wherein the source pad 115
may be larger than the data line 105. In addition, the
transparent electrode 110 may partially overlap the gate and
data lines 101 and 105 along both sides of the pixel region,
and the reflective electrode 108 may have a planar shape
formed below the transparent electrode 110 to have an open
area within the transmission part D.

[0052] FIGS. 7A to 7] are cross sectional views along
IV-IVY, V-V, and VI-VI' of an exemplary array substrate
fabrication process steps of a transreflection-type LCD
device according to the present invention. In FIGS. 7A to 71,
the line IV-IV" includes a section of a source pad D-Pad, the
line V-V' includes a section from a data line D-Line to a gate
line G-Line through a thin film transistor TFT and a storage
capacitor Cst, and the line VI-VT includes a section of a gate
pad G-Pad.

[0053] As shown in FIG. 7A, a conductive metal layer,
such as Al, Cr, or MoW, may be deposited on a transparent
substrate 100, and patterned using a first mask (not shown)
to simultaneously form the gate pad 121 having one enlarged
end portion, the gate line 101 extended from the gate pad
121 along a first direction, and the gate electrode 101a
protruding from the gate line 101. In addition, the storage
line 111 may be formed between the gate lines 101 to be
parallel to the gate lines 101.
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[0054] In FIG. 7B, a gate insulating layer 102, an amor-
phous silicon layer 103, an impurity layer (n* layer) 104, and
source/drain metal layers 105s may be sequentially depos-
ited along an entire surface of the transparent substrate 100
including the gate electrode 101a. The gate insulating layer
102 may include an inorganic insulating layer, such as SiO,
or SiN,. Then, the source/drain metal layers 105s may
include conductive metal layers, such as Al, Cr, or MoW.

[0055] InFIG. 7C, a photo-resist layer 123 may be coated
on the transparent substrate 100 including the source/drain
metal layers 105s, and exposure and developing processes
may be performed using a second mask (not shown) that
may include a transmission part, a semi-transmission part,
and a closed part. When performing the exposure and
developing processes, the second mask (not shown) may be
a diffraction mask. For example, the photo-resist layer 123
corresponding to the transmission part may be completely
removed, and the photo-resist layer 123 corresponding to the
semi-transmission part is removed at a predetermined thick-
ness. In this case, the photo-resist layer 123 corresponding
to the closed part may be maintained at the initial coating
thickness.

[0056] In addition, the closed part may define a region for
forming the source/drain electrodes and the data line, the
semi-transmission part may define a channel region between
the source and the drain electrodes, and the transmission part
may define the remaining region. Thus, the source/drain
metal layers 1055, which may correspond to the transmis-
sion part, the impurity layer 1044, and the amorphous silicon
layer 103a may be removed first using the photo-resist layer
123 patterned using the second mask, thereby forming the
source pad 115 and the data line 105 as a single body with
the source/drain metal layers 105s, the amorphous silicon
layer 1034, and the impurity layer 104. Within the gate pad
portion, the source/drain metal layers 105s, the impurity
layer 104, and the amorphous silicon layer 103 may be
completely removed. In addition, the source pad 115 may be
formed at one enlarged end portion of the data line 105.

[0057] 1In FIG. 7D, after ashing the photo-resist layer 123
patterned using the second mask, the photo-resist layer 123
corresponding to the closed part and the semi-transmission
part may be removed at the thickness corresponding to that
of the semi-transmission part, whereby the photo-resist layer
123 of the semi-transmission part may be completely
removed, and the photo-resist layer 123 may remain on the
closed part. Then, the source/drain metal layers 105s corre-
sponding to the semi-transmission part may be wet-etched
using the patterned photo-resist layer 123 as a mask, thereby
forming the source/drain electrodes 105a and 10556. Next,
the impurity layer 104 may be dry-etched by using the
photo-resist layer 123, thereby forming the semiconductor
layer 113 including the amorphous silicon layer 103a and
the impurity layer 104q. Accordingly, a channel region may
be defined between the source electrode 105a and the drain
electrode 10554, and the photo-resist layer 123 may be
completely removed.

[0058] In FIG. 7E, a first passivation layer 106 of an
inorganic insulating material, such as SiN_ or SiO_, may be
deposited along the entire surface of the substrate 100
including the source/drain electrodes 105a and 1055. Then,
a negative-type organic insulating layer 107 may be coated
at a first thickness, and round-shaped concave patterns may
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be formed along an entire surface of the negative-type
organic insulating layer 107 using a stamp process. Although
the concave patterns may be formed on the surface of the
negative type organic insulating layer according to the
present invention, the embossing patterns may be formed on
the surface of the negative-type organic insulating layer.

[0059] The stamp process may be performed using a
stamp having patterns inverse to the round-shaped concave
patterns of the negative-type organic insulating layer 107.
For example, the negative-type organic insulating layer 107
may be formed according to a negative-type process in
which the organic insulating layer 107 may be patterned to
form the concave patterns according to embossing patterns
of the stamp. Accordingly, the negative-type organic insu-
lating layer 107 may be formed of negative photoacryl.
Subsequently, a UV-curing process may be performed to the
patterned negative-type organic insulating layer 107 to sta-
bly maintain the concave patterns of the negative-type
organic insulating layer 107.

[0060] In FIG. 7F, the portions of the negative-type
organic insulating layer 107 corresponding to the transmis-
sion part D, the upper part CT4 of the storage line 111, the
upper part of the gate pad 121, and the upper part of the
source pad 115 may be selectively removed according to a
dry-etch process. Then, a re-curing process may be per-
formed to the patterned negative-type organic insulating
layer 107 at a temperature between about 160° C. and about
240° C. for a period of about 40 to about 80 minutes. In
addition, the re-curing process may be performed at a
temperature of about 220° C. for a period of about 60
minutes. Accordingly, the re-curing process may improve
adhesion between the reflective electrode 108 and the nega-
tive-type organic insulating layer 107.

[0061] In FIG. 7G, a reflective metal layer, such as Al, Al
alloy, Au, or Au alloy, may be deposited along an entire
surface of the substrate 100 including the negative-type
organic insulating layer 107, and may be selectively
removed using a wet-etch process including a fourth mask
(not shown). Accordingly, the reflective electrode 108 may
be formed within the pixel region, except within the trans-
mission part D and the upper part CT4 of the storage line
111.

[0062] 1In FIG. 7H, a second passivation layer 109 of an
inorganic insulating material, such as SiN, or SiO,. may be
deposited on the substrate 100 including the reflective the
transparent electrode along an interface therebetween.
Accordingly, the negative-type organic insulating layer 107
may be stably maintained at a temperature of about 240° C.
In addition, the second passivation layer 109 nay be depos-
ited on the negative-type organic insulating layer 107 at a
temperature between about 180° C. and 220° C., thereby
preventing destruction of the concave patterns on the surface
of the negative-type organic insulating layer 107 and pre-
venting occurrence of the peeling phenomenon. Moreover,
the second passivation layer may be deposited on the
negative-type organic insulating layer at a relatively low
temperature of about 200° C., thereby stably maintaining the
negative-type organic insulating layer 107 and the reflective
electrode 108.

[0063] 1In FIG. 71, the second passivation layer 109 may
be selectively removed using a fifth mask (not shown),
thereby forming the first contact part CT1 in the upper part
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of the storage line 111, and the second and third contact parts
CT2 and CT3, which may function as contact parts of the
gate pad and the source pad. Accordingly, the second contact
part CT2 may be formed by removing the first passivation
layer 106 and the second passivation layer 109 above the
predetermined portion of the source pad 115 at a constant
thickness, and the third contact part CT3 may be formed by
removing the gate insulating layer 102 and the first passi-
vation layer 106 at a constant thickness. Similarly, the first
passivation layer 106 may be etched within the first contact
part CT1, thereby exposing a portion of the drain electrode
1055.

[0064] In FIG. 71, a transparent metal layer, such as ITO
(Indium-Tin-Oxide), 1Z0 (Indium-Zinc-Oxide), or 1TZO
(Indium-Tin-Zine-Oxide), may be deposited on the substrate
including the second passivation layer 109, and selectively
removed using a sixth mask (not shown), thereby forming
the transparent electrode 110 within the pixel region, the
gate pad terminal 1105 within the gate pad 121, and the
source pad terminal 110a within the source pad 115. Accord-
ingly, the transparent electrode 110 may contact the drain
electrode 1055 through the first contact part CT1, and the
transparent electrode 110 may be formed within the pixel
region including the transmission part D. In addition, the
gate pad terminal 1105 may contact the gate pad 121 through
the third contact part CT3, and the source pad terminal 110a
may contact the source pad 115 through the second contact
part CT2.

[0065] FIG. 8 is a photomicrograph of an exemplary
pattern of a transreflection-type LCD device according to the
present invention. In FIG. 8, after forming the reflective
electrode in the trans-reflection type LCD device according
to the present invention, the second passivation layer 109
may be deposited at a temperature between about 180° C.
and about 220° C. that is lower than the temperature (i.e.,
240° C.) at which the patterns of the negative-type organic
insulating layer 107 may undergo the thermal flow phenom-
enon. Thus, it may be possible to maintain stabilization of
the patterns of the negative-type organic insulating layer 107
after forming the second passvation layer 109, and may
prevent occurrence of the peeling phenomenon. In addition,
the transmission hole may be exposed within the pixel
region.

[0066] According to the present invention, the fabrication
process of the transreflection-type LCD device may be
performed using six masks for patterning the gate electrode,
the semiconductor layer, the source/drain electrodes, the
negative type inorganic insulating layer, the reflective elec-
trode, and the transparent electrode. Thus, fabrication of the
transreflection-type LCD device according to the present
invention decreases the number of the masks. In addition,
the transreflection-type LCD device according to the present
invention may include a semiconductor layer formed of
amorphous silicon material or polysilicon-type material.

[0067] According to the present invention, the transreflec-
tion-type LCD device and method of fabricating a transre-
flection-type LCD device has the following advantages.
First, the semiconductor layer and the source/drain elec-
trodes may be formed using a diffraction mask, and the
concave patterns of the negative-type organic insulating
layer may be formed using a stamping process, whereby the
number of the masks may be decreased to six, thereby
making exposure and developing processes unnecessary.
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[0068] Second, by using the negative-type organic insu-
lating layer, the patterns may be formed during the stamping
process instead of during the exposure and developing
processes using the mask, whereby the round-shaped con-
cave patterns may be formed without destruction of the
patterns.

[0069] Third, after the stamping process of the negative-
type organic insulating layer, UV light may be first irradiated
thereto, and a re-curing process may be performed thereto
after the etching process of the transmission part. In addi-
tion, the second passivation layer may be deposited at a
relatively low temperature of about 200° C., thereby making
it possible to stably maintain the round-shaped patterns of
the negative-type organic insulating layer, the reflective
electrode, and the transparent electrode without occurrence
of the peeling phenomenon and causing destruction of the
patterns.

[0070] Fourth, the concave patterns may be formed during
the stamping process at a single time without use of a mask,
thereby making a dual-coating process for the organic insu-
lating layer unnecessary and simplifying the fabrication
processing steps. By decreasing the number of mask process
steps, it may be possible to decrease the number of exposure,
developing, and etching processes, thereby improving yield.

[0071] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in tran-
sreflection-type liquid crystal display device and method of
fabricating the same of the present invention without depart-
ing from the spirit or scope of the invention. Thus, it is
intended that the present invention cover the modifications
and variations of this invention provided they come within
the scope of the appended claims and their equivalents.

1. A transreflection-type liquid crystal display (LCD)
device, comprising:

a plurality of gate and data lines on a substrate crossing
each other defining a plurality of pixel regions;

a plurality of storage lines parallel to the gate lines, each
storage line positioned between the gate lines;

a plurality of thin film transistors disposed at the crossings
of the gate and data lines, each thin film transistor
having source and drain electrodes and a U-shaped
channel region;

a negative-type organic insulating layer within the pixel
region except for a transmission part, the negative type
organic insulating layer having at least one of concave
and convex patterns thereon;

a reflective electrode on the negative-type organic insu-
lating layer within the pixel region except for the
transmission part; and

a transparent electrode within the pixel region in electrical

contact with the drain electrode.

2. The device according to claim 1, wherein each of the
gate and data lines have a pad disposed at one extending end
portion and includes a pad terminal formed of a same
material as the transparent electrode.

3. The device according to claim 1, wherein the thin film
transistor includes an active layer disposed beneath the data
line and the source and drain electrodes.
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4. The device according to claim 1, wherein the source
electrode protrudes from each of the data lines and overlaps
a gate electrode of the thin film transistor.

5. The device according to claim 1, wherein the negative-
type organic insulating layer includes a negative-type pho-
toacryl.

6. The device according to claim 1, wherein the concave
and convex patterns of the negative-type organic insulating
layer are formed using a stamping process.

7. The device according to claim 1, further comprising a
passivation layer disposed between the reflective electrode
and the transparent electrode.

8. The device according to claim 7, wherein the passiva-
tion layer includes one of SiO, and SiN,.

9-20. (canceled)

21. A method for fabricating a transreflection-type liquid
crystal display (LCD) device, comprising:

forming a plurality of gate lines and a plurality of storage
lines on a substrate, each gate line having a gate
electrode protruding therefrom and each storage line is
disposed between the gate lines in parallel to the gate
lines;

forming a plurality of data lines and a plurality of drain
electrodes on the substrate;

forming a semiconductor layer on a portion of the sub-
strate including the gate lines, the plurality of data
lines, and the plurality of drain electrodes, each data
line perpendicular to the gate line on the semiconductor
layer to define a pixel region;

forming a negative-type organic insulating layer having at
least one of concave and convex patterns along an
entire surface of the substrate including the data lines,
the negative-type organic insulating layer including a
contact part and a transmission part therein,

forming a reflective electrode corresponding to the pixel
region except for the contact part and the transmission
part;

forming an inorganic insulating layer along an entire
surface of the substrate except for the contact part; and

forming a transparent electrode corresponding to the pixel
region including the transmission part to be connected
with the drain electrode within the contact part.
22. The method according to claim 21, wherein the
forming of the semiconductor layer, the source and drain
electrodes and the data lines includes:

depositing a gate insulating layer, an amorphous silicon
layer, an impurity layer, a metal layer, and a photo-
resist layer along an entire surface of the substrate
including the gate lines;

patterning the photo-resist layer to reduce a thickness
portion of the photo-resist layer corresponding to a
channel region of a thin film transistor by a diffraction
exposure using a diffraction mask;
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etching the amorphous silicon layer, the impurity layer,
and the metal layer using the patterned photo-resist
layer as a mask;

ashing the photo-resist layer to remove the portion cor-
responding to the channel region; and

etching the metal layer and the impurity layer using the

photo-resist layer as a mask.

23. The method according to claim 22, wherein the
diffraction mask includes a closed part corresponding to
portions for forming the data lines and the source and drain
electrodes, and a semi-transmission part corresponding to a
portion for forming the channel region.

24. The method according to claim 21, wherein the source
electrode includes a U-shape.

25. The method according to claim 21, wherein the drain
electrode overlaps the storage line.

26. The method according to claim 21, wherein the
forming of the negative-type organic insulating layer
includes:

depositing a negative-type organic insulating material
along an entire surface of the substrate including the
data lines;

patterning the at least one of the concave and convex
patterns on the surface of the negative-type organic
insulating layer to a predetermined thickness using a
stamping method; and

forming the contact part and the transmission part by
selectively removing the negative-type organic insulat-
ing layer.

27. The method according to claim 26, further comprising
hardening the negative-type organic insulating layer using
UV light after the forming of the negative-type organic
insulating layer.

28. The method according to claim 26, further comprising
re-curing the negative-type organic insulating layer after the
selectively removing of the contact part and the transmission
part of the negative-type organic insulating layer.

29. The method according to claim 28, wherein the
re-curing process is performed at a temperature between
about 160° C. and about 240° C. during a period of about 40
to about 80 minutes.

30. The method according to claim 21, wherein the
negative-type organic insulating layer includes a negative-
type photoacryl.

31. The method according to claim 21, wherein the
inorganic insulating layer includes one of SiO, and SiN,.

32. The method according to claim 21, wherein the
inorganic insulating layer is formed at a temperature
between about 180° C. and about 220° C.

33. The method according to claim 9, further comprising:

forming an inorganic insulating layer on the substrate
before forming the negative-type organic insulating
layer.
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