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(57) ABSTRACT

A liquid crystal display (LCD) device includes a first sub-
strate having first and second regions thereon, the first region
having a step coverage higher than a step coverage of the
second region, a second substrate bonded to the first sub-
strate, the second substrate having a first column spacer
corresponding to the first region of the first substrate and a
second column spacer corresponding to the second region of
the first substrate, and a liquid crystal layer between the first
and second substrates.

T~ 200
NN NSNS AN ANNANNNANNANNNNANANNNANNNNNNNNNTT - 201
301 J~—-302
85
DA e -
I il
high region low region

(overlapped portion of

lines, TFT portion)

(single metal line portion)



Patent Application Publication Sep. 1,2005 Sheet 1 of 18 US 2005/0190338 A1

FIG. 1
Related Art

//
(LXK LS Ll //
/ // ///

j

2
9




Patent Application Publication Sep. 1, 2005 Sheet 2 of 18

FIG. 2

Related. Art

TFT
substrate

Color filter

substrate

510 ~

alig'nment

US 2005/0190338 Al

r Process

alignment
process

~S10

520 ™

- cleaning

cleaning 1

~—S520

spacer

S30 ™

L scattering

sealant |

~ 540

coating

I
bonding /|
hardening

~ 550

I
cutting/ |
processing

~ 560

injection/.
seal

~S70

|

~ 580

Inspectiom




Patent Application Publication Sep. 1, 2005 Sheet 3 of 18 US 2005/0190338 A1

FIG. 3
Related Art

TFT Color filter
substrate substrate
S101 ~} cleaning cleaning T S101
g102 ~JHiquid crystal seal pattern]  oina
ispersion dispensin

inversion 1+~ S104

bonding / +~_8105
hardenin_g_

cutting/ |~ 8106
processing

inspection T~~5107




US 2005/0190338 Al

Patent Application Publication Sep. 1, 2005 Sheet 4 of 18

yonoj £q ajexysqns 1addn uo YIys jo uoryersusd

WV paye[ey
gy “Dld

RN AN; A\

WV Pale[sy
V¥ Ol



Patent Application Publication Sep. 1, 2005 Sheet 5 of 18 US 2005/0190338 A1

FIG. 5A
Related Art

/\/10

AN / touch portion




US 2005/0190338 Al

Patent Application Publication Sep. 1, 2005 Sheet 6 of 18

sajer)sqns Jaddn pue I9mO] sa[nos[owl [e}sAI1o
Y} 10RU00 Ul a1e siadeds 9oUls 9}v)S [RUISLIO pmby Jjo Jo1yed
a7 0] paloj}sald jou ale s9[moa[oul [e}sAId pinbiy V
1 N - e
) 3 ]
[N ARG IRVAR
. :

1V Pale[ay
g6 Old




Patent Application Publication Sep. 1, 2005 Sheet 7 of 18 US 2005/0190338 A1

FIG. 6

spots inferiority
by touch by gravity

when the density of
column spacers is high

\ | dispersion amount of

when the density of liquid crystal material

column spacers is low



US 2005/0190338 Al

Patent Application Publication Sep. 1, 2005 Sheet 8 of 18

(uonyaod 14J, ‘saurg

(uoryaod aury [ejour a[Juls) jo uorjzod paddefsano)
uolgal mof uolgal ysiy

001 —~_}

L il

Ayweas 1oy o
: \ urdreur 08
c8

o081 : 10—~

102 7 PYOSNON NN ONNOSNON N NSNS NSNS NN NN NNONNNANANNANNANN
00 — -

Vi O




US 2005/0190338 Al

Patent Application Publication Sep. 1, 2005 Sheet 9 of 18

(uorjaod [ 4], ‘soury

(uoryrod aurf [e}aw S[3UIS) jo uorjaod paddejdano)
UOIFaI MO] uorgal ysiy
00T —~_{
/
£yaeas aoj ¥ —
‘ uidrewr 08
c8
808 ~—1 : 108—~—+

102 A N S S S S S S S S S S S S S S S S S S O S S S S S SN

00 — ~~—}-

g4 Ol




US 2005/0190338 Al

Patent Application Publication Sep. 1, 2005 Sheet 10 of 18

(uoryaod I 4L ‘seur

(uorjaod aurf yejsw s[3urs) jo uorjaod paddejasao)
uoidad Mo[ uorgal Yoy
001 "~}
s | £yaeasd aoj 4
: ™~
\ utd.reur 08
8¢

208~ . .Sm.\n/.,\
102 AT S S S S SSSSSSSSESSSNY
002 — |-

D4 Ild




US 2005/0190338 Al

Patent Application Publication Sep. 1, 2005 Sheet 11 of 18

FIG. 8

NN

e N

e e I N e N

h
s @]
—
]

113

AL AR AR AR AR T e

”

|

- 101 305 306

)
\

f

101a 102b

108—
103
102—

—f

302~

104—
102a

TFT—"

=

301



US 2005/0190338 Al

Patent Application Publication Sep. 1, 2005 Sheet 12 of 18

¥01

——

q¥0] ©v0l

e (]

e101
Q20T [ g0l

N

7

LY
NLLLL L

AN

€01

106

I IITTII I I I IT SISO I IIIIIS

c0t

A |

N

S S OSSO SSNNSNNNNNANN

S O O O SO SS S SSN SIS I SO AS

6 Dl

a01



US 2005/0190338 Al

Patent Application Publication Sep. 1, 2005 Sheet 13 of 18

0l

—
Q01 ©¥01
0

¥0€

€07

TSI TIIIIIT I I T IO TIIII SIS

/30

[

A SRR R

DN NN

N N s N e N e N S S S o N s S A N s S s N S N S S N S S S I S S S NN

\

)
A
102

01 Old

c0T



US 2005/0190338 Al

Patent Application Publication Sep. 1, 2005 Sheet 14 of 18

/
007 — \

10T : _

GO0T 901 2 . f

—]
L01 0S¢ cog

90€

Y02

€0C ~—1

BN, U . . . . R U N, N V. .. W W . N

B SR N N O e, . . . . . ™

)
002
A

102

1T OId




US 2005/0190338 Al

Patent Application Publication Sep. 1, 2005 Sheet 15 of 18

101
1

01

—
qv07 ev0l
~

Q20T

A

eIol
L\

001 — )

GOT ——F 7

U]

" N
& Nrgfard

oT

20T

\N[If
L01— —
052~ 80€
P02 ¢
¢

]

I e e e e S e S S S S S S SN NSNS SN NN

RS R U

002~ )

A

102

ol -

Old



US 2005/0190338 Al

Patent Application Publication Sep. 1, 2005 Sheet 16 of 18

. NS

I eH0T av07 u
001 —
101 : =

50T 901 :

- \ -
ww [ e
Y02 — ~_ :

€02 T~

\
"]
"""
/“"-.

. ™, . . .V, s, .~ " " . . . VO " O U, V. ", Vo N N N U N N, . V. . . . . S . V. .

002~ —C )

A

102

el "OId




US 2005/0190338 Al

FIG. 14

Sy

. N

N
|_A_

AN
N

S S SSSSSNSY




US 2005/0190338 Al

Patent Application Publication Sep. 1, 2005 Sheet 18 of 18

L ()

¥01 q201 | e201

}
101 q+0T e¥01 « A
Ui

o
(an)
*=i
A
S

PP IITIIIIOI TIPS IS II IS

c0g

] T T e T e T T N N T T WY

GI "Old

c01



US 2005/0190338 Al

LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF FABRICATING THE SAME

[0001] The present application claims the benefit of
Korean Application No. P2004-13194, filed in Korea on
Feb. 26, 2004, which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION
[0002]

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

[0004]

[0005] As demand for various display devices increases,
development of various type of flat display devices, such as
LCD device, plasma display panel (PDP) device, electrolu-
minescent display (ELD) device, and vacuum fluorescent
display (VFD) device, has increased. Among these various
flat display devices, LCD devices have been commonly used
because of their thin profile, light weight, and low power
consumption. For example, LCD devices are commonly
used as a substitute for cathode ray tube (CRT) devices. In
addition, LCD devices are commonly used in notebook
computers, computer monitors, and televisions. However, in
order to use LCD devices in general display devices, the
LCD devices must be produce high quality images, such as
high resolution and high luminance with a large-sized
screen, while still maintaining their light weight, thin profile,
and low power consumption.

[0006] FIG. 1 is a schematic perspective view of an LCD
device according to the related art. In FIG. 1, an LCD device
includes first and second substrates 1 and 2, and a liquid
crystal layer between the first and second substrates 1 and 2
formed by an injection method. The first substrate 1 includes
a plurality of gate lines 4 arranged along a first direction at
fixed intervals, a plurality of data lines 5 arranged along a
second direction perpendicular to the first direction at fixed
intervals, a plurality of pixel electrodes 6 arranged in a
matrix configuration within pixel regions P defined by
crossing of the gate and data lines 4 and 5, and a plurality
of thin film transistors T enabled according to signals
supplied to the gate lines 4 for transmitting signals from the
data lines 5 to the pixel electrodes 6. The second substrate
2 includes a black matrix layer 7 that prevents light from
portions of the first substrate 1, except for the pixel regions
P, an R/G/B color filter layer 8 for displaying colored light,
and a common electrode 9 for producing images.

[0007] InFIG. 1, since the liquid crystal layer 3 is formed
between the first and second substrates 1 and 2, liquid crystal
molecules of the liquid crystal layer 3 are driven by an
electric field generated between the pixel electrode 6 and the
common electrode 9. For example, an alignment direction of
the liquid crystal molecules of the liquid crystal layer 3 is
controlled by the induced electric field thereto. Accordingly,
light irradiated through the liquid crystal layer 3 may be
controlled by the alignment direction of the liquid crystal
molecules, thereby displaying images. The LCD device of
FIG. 1 is commonly referred to as a twisted neumatic (TN)
mode LCD device, which has disadvantageous characteris-
tics, such as narrow viewing angles.

1. Field of the Invention

2. Discussion of the Related Art
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[0008] In order to overcome these problems of the TN
mode LCD device, an in-plane switching (IPS) mode LCD
device has been developed. In the FPS mode LCD device, a
pixel electrode and a common electrode are formed in a
pixel region in parallel to each other at a fixed interval
therebetween. Accordingly, an electric field parallel to sub-
strates is generated between the pixel electrode and the
common electrode, thereby aligning liquid crystal molecules
of a liquid crystal layer by the electric field parallel to the
substrates.

[0009] FIGS. 2 and 3 are flow charts of method for
fabricating an LCD device according to the related art,
wherein FIG. 2 shows a liquid crystal injection method and
FIG. 3 shows a liquid crystal dispersion method.

[0010] In FIG. 2, the method for fabricating an LCD
device is divided into three processes, including an array
process, a cell process, and a module process. The array
process largely includes two steps of forming a TFT array
having gate and data lines, a pixel electrode, and a thin film
transistor on a first substrate, and forming a color filter array
having a black matrix layer, a color filter layer, and a
common electrode on a second substrate. During the array
process, a plurality of LCD panels are formed on one
large-sized glass substrate, and the TFT array and the color
filter array are formed within each of the LCD panels. Then,
the TFT substrate and the color filter substrate are moved to
a cell process line. Subsequently, an alignment material is
coated on the TFT substrate and the color filter substrate, and
an alignment process (ie., rubbing process) S10 is per-
formed to the substrates to obtain a uniform alignment
direction of liquid crystal molecules. At this time, the
alignment process S10 is carried out in order of processes for
cleaning before coating of an alignment layer, printing the
alignment layer, baking the alignment layer, inspecting the
alignment layer, and rubbing the alignment layer. Accord-
ingly, the TFT substrate and the color filter substrate are
respectively cleaned (S20).

[0011] Then, ball spacers for maintaining a cell gap
between the two substrates are scattered on one of the two
substrates (S30), and a seal pattern is formed corresponding
to the circumference of respective LCD panel regions to
bond the two substrates to each other (S40). At this time, the
seal pattern includes a liquid crystal injection inlet through
which liquid crystal material is injected. The ball spacers are
formed of plastic balls or minute elastic particles. Then, the
TFT substrate and the color filter substrate having the seal
pattern therebetween are position to oppose each other and
bonded to each other, and then the seal pattern is hardened
(550).

[0012] Then, the bonded TFT and color filter substrates
are cut into individual LCD panel regions (S60), thereby
manufacturing the unit LCD panels each having a fixed size.
Subsequently, the liquid crystal material is injected to the
LCD panel through the liquid crystal injection inlet, and the
liquid crystal injection inlet is sealed (S70), thereby forming
a liquid crystal layer.

[0013] After an inspection process (S80) for observing
external appearances and testing for electric failures in the
LCD panel is performed, the process of manufacturing the
LCD device is completed.

[0014] During the process for injecting the liquid crystal
material, the LCD panel and a container having liquid
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crystal material therein are provided within a vacuum cham-
ber. Accordingly, moisture and air bubbles in the liquid
crystal material and the container are simultancously
removed, and an interior space of the LCD panel is main-
tained in a vacuum state. Then, the liquid crystal injection
inlet of the LCD panel is dipped into the container having
the liquid crystal material in the vacuum state, and the
vacuum state inside the chamber is changed to an atmo-
spheric pressure. Thus, the liquid crystal material is injected
into the interior of the LCD panel through the liquid crystal
injection inlet according to a pressure difference between the
interior of the LCD panel and the vacuum chamber.

[0015] However, the injection method has the following
disadvantages. First, after cutting the large-sized glass sub-
strate into the LCD panel regions, the liquid crystal injection
inlet is dipped into the container having the liquid crystal
material while maintaining the vacuum state between the
two substrates. Thus, significant amounts of time are
required for injecting the liquid crystal material between the
two substrates, thereby lowering production yield. When
forming large-sized LCD devices, it is difficult to completely
inject the liquid crystal material into the inside of the LCD
panel, thereby causing the failure due to incomplete injec-
tion of the liquid crystal material. Furthermore, significant
amounts of time are required for injecting the liquid crystal
material into large-sized spaces for large-sized LCD devices.

[0016] In order to overcome these problems of the liquid
crystal injection method, the liquid crystal dispersion
method has been developed, in which two substrates are
bonded to each other after dispersing liquid crystal material
on any one of the two substrates. In FIG. 3, before bonding
the two substrates, the liquid crystal material is dispersed on
any one of the two substrates. Accordingly, it is impossible
to use ball spacers for maintaining a cell gap between the
two substrates since the ball spacers move along a dispersion
direction of the liquid crystal material. Thus, instead of the
ball spacers, patterned spacers or column spacers are fixed
to the substrate to maintain the cell gap between the two
substrates. As shown in FIG. 3, during an array process, a
black matrix layer, a color filter layer, and an overcoat layer
are formed on the color filter substrate. Then, a photosen-
sitive resin is formed on the overcoat layer, and selectively
removed to form the column spacer on the overcoat layer
above the black matrix layer. The column spacers may be
formed in a photo process or an ink-jet process.

[0017] Then, alignment layers are respectively coated on
entire surfaces of the TFT substrate and the color filter
substrate including the column spacers, and a rubbing pro-
cess 1s performed thereto. After cleaning the TFT substrate
and the color filter substrate (S101), the liquid crystal
material is dispersed on one of the two substrates (S102),
and a seal pattern is formed in the circumference of an LCD
panel region on the other of the two substrates by a dis-
pensing device (§103). At this time, it is possible to perform
dispersion of the liquid crystal and formation of the seal
pattern on any one of the two substrates.

[0018] After the other substrate having no dispersion of
the liquid crystal material is inversed (S104), the TFT
substrate and the color filter substrate are bonded to each
other by pressure, and the seal patterned is hardened (S105).
Subsequently, the bonded substrates are cut into the respec-
tive LCD panels (S106). In addition, an inspection process
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(5107) for observing external appearances and tests for
electric failures in the LCD panel are performed, so that the
process of manufacturing the LCD device is completed.

[0019] In the method of manufacturing the LCD device
according to the liquid crystal dispersion method, the col-
umn spacer is formed on the color filter substrate, and the
liquid crystal material is dispersed on the TFT substrate, then
the two substrates are bonded to each other, thereby forming
the LCD panel. Accordingly, the column spacer is fixed on
the predetermined portion of the color filter substrate. In
addition, the column spacer having a predetermined height
is in contact with the predetermined portion of the TFT
substrate corresponding to the gate or data line.

[0020] However, the column spacer of the LCD device
according to the liquid crystal dispersion method causes the
following problems to the LCD panel. For example, when
the LCD device is formed by the liquid crystal dispersion
method, the column spacers are formed on the color filter
substrate corresponding to the gate or data line. Accordingly,
the column spacers are formed at the same height to be
corresponding to the line region having the same width (gate
or data line). In addition, the columns spacers having the
same height are formed on the color filter substrate in
opposite to the TFT substrate, and the two substrates are
bonded to each other. Since the supportive force of the
column spacers is weak, the LCD panel may suffer from
problems due to gravity. For example, when the LCD device
is at a high temperature, the LCD panel may have a
protruding portion because the liquid crystal material has
large thermal expansion characteristics. When the LCD
panel is placed in a vertical direction, the liquid crystal
molecules of the LCD panel migrate to the lower-corner
direction, thereby causing a gathering of liquid crystal
molecules to the predetermined portion on the LCD panel
due to the effects of gravity.

[0021] FIG. 4A is a cross sectional view of a color filter
substrate having column spacers according to the related art,
and FIG. 4B is a cross sectional view of bonded TFT and
color filter substrates according to the related art. In FIG.
4A, a plurality of column spacers 20 are formed on a black
matrix layer (not shown) of a color filter substrate 2 at fixed
intervals, wherein each of the column spacers 20 is formed
at a height “h.” Then, as shown in FIG. 4B, the color filter
substrate 2 having the column spacers 20 thereon is bonded
to a TFT substrate 1. Accordingly, the height “h” of the
column spacer 20 decreases to a height “h*” due to pressure
created during the bonding process.

[0022] As shown in FIGS. 4A and 4B, after the bonding
process, the column spacer 20 of an LCD panel 10 has the
height “h"™ corresponding to a cell gap. Accordingly, when
the liquid crystal material expands at high temperatures, the
column spacer 200 compensates the supportive force for the
TFT substrate 1 and the color filter substrate 2 in the extent
corresponding to a thickness difference “h-h"” between the
height “h” of the column spacer 200 and the cell gap “h'.”
Thus, the thickness difference “h-h" between the height “h”
of the column spacer 200 and the cell gap “h" corresponds
to a margin to compensate for gravity.

[0023] In FIGS. 4A and 4B, the column spacers 20 are
formed on the portions corresponding to the line regions
having the same width, whereby the thickness difference
“h-h" is limited to 0.1 mm to 0.15 mm. Furthermore, since
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the column spacers 20 are patterned, the column spacers 20
may each have slightly different heights, whereby it is
impossible to obtain uniformity of gravity on the entire
regions of the LCD panel. As compared with ball spacers
each having a spherical end, the column spacer has a larger
contact area with the substrate, thereby generating signifi-
cant frictional forces between the column spacer 20 and the
substrate. Accordingly, if a screen of the LCD device having
the column spacers 20 is touched, spots will be generated on
the screen and will remain for a long time.

[0024] FIG. 5A is a plan view of an LCD device accord-
ing to the related art, and FIG. 5B is a cross sectional view
along I-I' of FIG. 5A according to the related art. In FIG.
5A, if an LCD panel 10 is continuously touched with a finger
along a predetermined direction, the upper substrate 2 of the
LCD panel is shifted at a predetermined interval along the
touch direction, as shown in FIG. 5B. When the cylindrical
column spacers are in contact with the lower and upper
substrates 1 and 2, they cause significant frictional forces
between the column spacers and the two opposing sub-
strates. Thus, the liquid crystal molecules between the
column spacers are not restored to their original states,
thereby generating spots on the screen. In addition, when the
LCD panel is touched with the finger along the predeter-
mined direction, as shown in FIG. 5B, the liquid crystal
molecules gather within the region around the touched
portion, whereby the region around the touched portion
protrudes. In this case, the cell gap “h1” corresponding to the
protruding portion is higher than the cell gap “h2” of the
remaining portions, thereby causing light leakage. Mean-
while, since the touched portion has no liquid crystal mol-
ecules, blurred portions appear on the screen in a black state,
thereby deteriorating luminance of the LCD panel 10. Fur-
thermore, the ball spacers are formed on the substrate in a
large amount, but the column spacers are selectively formed
on the predetermined regions of the LCD panel. Accord-
ingly, when the LCD panel is pressed at a predetermined
portion having no column spacers, the substrates bend and
form a hollow state due to low restoring speed of the
substrates, thereby generating spots on the screen of the
LCD panel.

SUMMARY OF THE INVENTION

[0025] Accordingly, the present invention is directed to an
LCD device and a method of fabricating an LCD device that
substantially obviates one or more problems due to limita-
tions and disadvantages of the related art.

[0026] An object of the present invention is to provide an
LCD device and a method of manufacturing the same, to
form a plurality of column spacers on a color filter substrate
corresponding to predetermined portions of a TET substrate
having the different heights.

[0027] 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
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.

[0028] To achieve these objects and other advantages and
in accordance with the purpose of the invention, as embod-
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ied and broadly described, a liquid crystal display (LCD)
device includes a first substrate having first and second
regions thereon, the first region having a step coverage
higher than a step coverage of the second region, a second
substrate bonded to the first substrate, the second substrate
having a first column spacer corresponding to the first region
of the first substrate and a second column spacer correspond-
ing to the second region of the first substrate, and a liquid
crystal layer between the first and second substrates.

[0029] In another aspect, a liquid crystal display (LCD)
device includes first and second substrates facing each other,
a plurality of gate and data lines on the first substrate, the
gate and data lines crossing each other at crossing regions to
define a plurality of pixel regions, a plurality of thin film
transistors each formed at the crossing region of the gate and
data lines, a plurality of pixel and a plurality of common
electrodes each within one of the pixel regions, a first
column spacer on the second substrate corresponding to one
of the thin film transistors of the first substrate, a second
column spacer on the second substrate corresponding to one
of the gate lines and the data lines of the first substrate, and
a liquid crystal layer between the first and second substrates.

[0030] In another aspect, a liquid crystal display (LCD)
device includes first and second substrates facing each other,
a plurality of gate and data lines on the first substrate, the
gate and data lines crossing each other at crossing regions to
define a plurality of pixel regions, a plurality of thin film
transistors each formed at the crossing regions of the gate
and data lines, a plurality of pixel electrodes each within one
of the pixel regions, a first column spacer on the second
substrate corresponding to one of the thin film transistors of
the first substrate, a second column spacer on the second
substrate corresponding to one of the gate lines and the data
lines of the first substrate, and a liquid crystal layer between
the first and second substrates.

[0031] In another aspect, a liquid crystal display (LCD)
device includes first and second substrates facing each other,
a plurality of gate and data lines on the first substrate, the
gate and data lines crossing each other at crossing regions to
define a pixel region, a plurality of thin film transistors each
formed at one of the crossing regions of the gate and data
lines, a plurality of pixel and a plurality of common elec-
trodes each within one of the pixel regions, a first column
spacer on the second substrate corresponding to an over-
lapped portion of the gate and data lines, a second column
spacer on the second substrate corresponding to one of the
gate lines and one of the data line of the first substrate except
at the overlapped portion of the gate and data lines, and a
liquid crystal layer between the first and second substrates.

[0032] In another aspect, a liquid crystal display (LCD)
device includes first and second substrates facing each other,
a plurality of gate and data lines on the first substrate, the
gate and data lines crossing each other at crossing regions to
define a plurality of pixel regions, a plurality of thin film
transistors each formed at one of the crossing regions of the
gate and data lines, a plurality of pixel electrodes each
within one of the pixel regions, a first column spacer on the
second substrate corresponding to an overlapped portion of
the gate and data lines, a second column spacer on the
second substrate corresponding to one of the gate lines and
one of the data lines of the first substrate except at the
overlapped portion of the gate and data lines, and a liquid
crystal layer between the first and second substrates.
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[0033] In another aspect, a method of manufacturing a
liquid crystal display (LCD) device includes preparing a first
substrate having a thin film transistor array, preparing a
second substrate having a color filter array to oppose the first
substrate, forming first and second column spacers on the
second substrate corresponding to one of first and second
regions of the first substrate, the first region having a step
coverage higher than a step coverage of the second region,
forming a liquid crystal layer between the first and second
substrates, and bonding the first and second substrates to
each other.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] 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 principle of the inven-
tion. In the drawings:

[0035] FIG. 1 is a schematic perspective view of an LCD
device according to the related art;

[0036] FIG. 2 is a flow chart of a method of fabricating an
LCD device according to the related art;

[0037] FIG. 3 is a flow chart of another method of
fabricating an LCD device according to the related art;

[0038] FIG. 4A is a cross sectional view of a color filter
substrate having column spacers according to the related art;

[0039] FIG. 4B is a cross sectional view of bonded TFT
and color filter substrates according to the related art;

[0040] FIG. 5A is a plan view of an LCD device accord-
ing to the related art;

[0041] FIG. 5B is a cross sectional view along I-I' of FIG.
5A according to the related art;

[0042] FIG. 6 is a diagram demonstrating relationships
between spots, gravity, and dispersion of liquid crystal
material;

[0043] FIGS. 7A to 7C are schematic cross sectional
views of an exemplary LCD device according to the present
invention;

[0044] FIG. 8 is a plan view of an exemplary IPS mode
LCD device according to the present invention;

[0045] FIG. 9 is a cross sectional view along I-I' of FIG.
8 of the exemplary IPS mode LCD device of FIG. 8
according to the present invention;

[0046] FIG. 10 is a cross sectional view along line I-I' of
FIG. 8 of another exemplary IPS mode LCD device accord-
ing to the present invention;

[0047] FIG. 11 is a cross sectional view along II-II' of
FIG. 8 of another exemplary IPS mode LCD device accord-
ing to the present invention;

[0048] FIG. 12 is a cross sectional view along I-I' of FIG.
8 of another exemplary IPS mode LCD device according to
the present invention;

[0049] FIG. 13 is a cross sectional view along II-II' of
FIG. 8 of another exemplary IPS mode LCD device accord-
ing to the present invention;
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[0050] FIG. 14 is a plane view of an exemplary TN mode
LCD device according to the present invention; and

[0051] FIG. 15 is a cross sectional view along III-III' of
FIG. 9 according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0052] 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.

[0053] FIG. 6 is a diagram demonstrating relationships
between spots, gravity, and dispersion of liquid crystal
material. In FIG. 6, as a large-sized LCD panel is developed,
a liquid crystal layer of an LCD device is formed in a liquid
crystal dispersion method, thereby improving production
yield, and column spacers functioning as supporters are
formed between lower and upper substrates. As shown in
FIG. 6, the density of the column spacers and the amount of
liquid crystal material are important in order to prevent
problems within the LCD panel, such as the spots on the
LCD panel by touch, the gather of liquid crystal molecules
due to gravity, and formation of a hollow portion in the LCD
panel by external impacts.

[0054] When the LCD device is at a high temperature, the
LCD panel may have a protruding portion due to high
thermal expansion of the liquid crystal material. When the
LCD panel is placed along a vertical direction, the liquid
crystal molecules of the LCD panel migrate along a lower-
corner direction, thereby causing a gathering of liquid crys-
tal molecules to the predetermined portion on the LCD panel
due to gravity. In addition, when the LCD panel is touched
with a finger or a stylus along a predetermined direction, the
liquid crystal molecules gather to the region around the
touched portion, wherein the touched portion has no liquid
crystal molecules, thereby generating light leakage in a
black state.

[0055] When touching the LCD panel, a shift is generated
at a predetermined direction between the lower and upper
substrates. In this state, since there are large frictional forces
between the column spacer and the substrate, it is impossible
to restore the shift due to the frictional forces. If the column
spacers are sparsely formed between the lower and upper
substrates, the L.CD panel includes the hollow state at a
predetermined portion having no column spacer, when the
LCD panel is pressed at the predetermined portion.

[0056] The aforementioned problems are not necessarily
generated separately, but are correlated with one another.
The problems, such as the spots on the screen by touch and
gathering of liquid crystal molecules due gravity exist in a
trade-off relationship, whereby it is necessary to determine
the dispersion amount of the liquid crystal material in due
consideration of the aforementioned correlation. Accord-
ingly, after determining the dispersion amount of the liquid
crystal material, the density of column spacers may be
determined. For example, when the column spacers are
sparsely formed between the lower and upper substrates, it
may be possible to overcome the problems, such as the spots
on the screen by touch and gathering of liquid crystal
molecules due to gravity.

[0057] Meanwhile, when the LCD panel is pressed at the
predetermined portion having no column spacer, the LCD
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panel may have the hollow state at the predetermined
portion. In this respect, it may be important to determine and
scatter the proper number of the column spacers between the
lower and upper substrates.

[0058] According to the present invention, column spacers
having different heights may be formed on the predeter-
mined portions of the color filter substrate corresponding to
the regions of the TFT substrate. In addition to the column
spacers for maintaining the cell gap between the two sub-
strates, additional column spacers may be formed in the
pixel regions to prevent the LCD panel from having the
hollow state by the external impacts, thereby maintaining
the cell gap. Moreover, some of the column spacers may be
formed to contact or be pressed down to the opposing
substrate in order to prevent the remaining column spacers
from contacting the opposing substrate, thereby solving the
problem of spot formation on the screen of the LCD device.
Thus, some of the column spacers may be formed on the
color filter substrate corresponding to the relatively high
regions of the TFT substrate and may be pressed down to the
TFT substrate at a predetermined thickness. Accordingly, the
margin for gravity in the extent corresponding to a difference
between a real height of the column spacer and a decreased
height of the column spacer after the bonding process may
be obtained. Furthermore, since some of the column spacers
are pressed down to the opposing substrate at the predeter-
mined thickness or more, the margin for compensating for
the problems, such as gathering of the liquid crystal mol-
ecules in the respective pixel region, may be achieved. Thus,
although the patterned column spacers may have different
heights, non-uniformity due to gravity along entire regions
of the LCD panel may be overcome.

[0059] FIGS. 7A to 7C are schematic cross sectional
views of an exemplary LCD device according to the present
invention. In FIG. 7A, an LCD device may include a first
substrate 100 and a second substrate 200 facing each other,
wherein the first substrate 100 may include regions having
different heights. Since the second substrate 200 opposes the
first substrate 100, a first column spacer 301 may be formed
on the second substrate 200 corresponding to the relatively
high regions 80 of the first substrate 100, and the second
column spacer 302 may be formed on the second substrate
200 corresponding to the relatively low regions 85 of the
first substrate 100. In addition, the first and second column
spacers 301 and 302 having the same height may be formed
on a black matrix layer 201. In FIGS. 7A to 7C, the first
substrate 100 may function as a lower substrate forming a
TFT array thereon, wherein the relatively high region 80
may correspond to an overlapped portion of gate and data
lines or a portion corresponding to a thin film transistor TFT,
and the relatively low region 85 may correspond to the gate
or data line.

[0060] According to the present invention, positions of the
first and second column spacers 301 and 302 may be
changed according to a design of the first substrate (TFT
substrate) 100. Accordingly, the first column spacer 301 may
be formed on the second substrate 200 corresponding to the
relatively high region 80 of the first substrate 100, such as
the overlapped portion of the gate and data lines, or the
portion corresponding to the thin film transistor. As com-
pared with the relatively low region 85 of the first substrate
100, the relatively high region 80 of the first substrate 100
may further include a metal line and/or a semiconductor
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layer. Thus, a height of the first column spacer 301 may
decrease more than a height of the second column spacer
302 in the extent corresponding to a height difference
between the relatively high and low regions 80 and 85.
Accordingly, the decreased height of the first column spacer
301 may function as a margin for gravity.

[0061] For example, as a result of experimentation, when
the relatively high region 80 of the first substrate 100
corresponding to the first column spacer 301 has the height
between 2000 A and 6000 A, gathermg of liquid crystal
molecules to the predetermined portion in the LCD panel
due gravity may be prevented.

[0062] In FIG. 7A, the second column spacer 302 may
contact the first substrate 301, and, as shown in FIG. 7B, the
second column spacer 302 may be spaced apart from the first
substrate 301 at a predetermined interval of 2000 A or less.
As shown in FIG. 7C, the second column spacer 302 may
be pressed down to the first substrate 301 at a predetermined
thickness of 2000 A or less. If the second column spacer 302
is pressed down 1o the first substrate 100 at the predeter-
mined thickness for than 2000 A, it may cause formation of
spots on the screen of the LCD panel.

[0063] If the second column spacer 302 is spaced apart
from the first substrate 301 by more than 2000 A, a hollow
portion may be formed in the LCD panel by repeated
external impacts. Accordingly, arrangement of the first and
second column spacers 301 and 302 on the regions having
the different heights may be changed. For example, as shown
in FIG. 7B, if the LCD panel is placed into a stable
environment, the first column spacer 301 may be pressed
down to the first substrate 100 at the thickness between 2000
A and 400 A, and the second column spacer may be spaced
apart from the first substrate 100 at the interval of 2000 A,
thereby preventing gathering of liquid crystal molecules due
to gravity.

[0064] Meanwhile, if the L.CD panel is place in an
unstable environment, as shown in FIG. 7C, the first column
spacer 310 may obtain a margin for gravity to the extent of
4000 A to 6000 A, thereby reaching a margin for thermal
expansion of the liquid crystal material. Accordingly, the
second column spacer 302 may be pressed down to the first
substrate 100 at the thickness of 2000 A or less, to prevent
the increase of frictional force between the second column
spacer 302 and the first substrate 100, thereby preventing
formation of spots on the screen of the LCD panel.

[0065] The first and second column spacers 301 and 302
may be formed on the black matrix layer 201 of the second
substrate 200 corresponding to the gate or data line, or the
portion corresponding to the thin film transistor of the first
substrate 100. Although the first and second column spacers
301 and 302 having the same height may be formed on the
second substrate 200, the first column spacer 301 may
formed on the second substrate 200 corresponding to the
relatively high region 80 of the first substrate 100. For
example, the first column spacer 301 may have the height
decreased to the extent corresponding to the height differ-
ence between the relatively high and low regions 80 and 85.
After the bonding process, the first column spacer 301
becomes shorter than the real height thereof.

[0066] According to the present invention, the second
column spacer 302 may be in contact with the first substrate
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100, may be spaced apart from the first substrate 100 at the
predetermined interval, or may be pressed down to the first
substrate 100 at the predetermined thickness, according to
the height difference between the relatively high and low
regions of the first substrate 100, thereby preventing gath-
ering of liquid crystal molecules due to gravity. Further-
more, the LCD device according to the present invention
may obtain uniformity of gravity along entire regions of the
LCD panel, although the column spacers may have slightly
different heights due to patterning.

[0067] FIG. 8 is a plan view of an exemplary IPS mode
LCD device according to the present invention, and FIG. 9
is a cross sectional view along I-I' of FIG. 8 of the
exemplary EPS mode LCD device of FIG. 8 according to
the present invention. In FIG, 9, an LCD may include first
and second substrates 100 and 200 bonded to each other
having a predetermined interval therebetween, and a liquid
crystal layer 250 formed by injecting a liquid crystal mate-
rial between the bonded first and second substrates 100 and
200.

[0068] In FIG. 8, the first substrate 100 may include a
plurality of gate and data lines 101 and 102, pixel and
common electrodes 103 and 108, and a plurality of thin film
transistors TFT, wherein the gate and data lines 101 and 102
may cross each other to define a plurality of pixel regions.
In addition, the pixel and common electrodes 103 and 108
may be alternately formed within the pixel region, and the
TFT may be formed at a cross portions of the gate and data
lines 101 and 102. Furthermore, 2 common line 118 may be
formed in parallel to the gate line 101 within the pixel
region, and a capacitor electrode 113 that may extend from
the pixel electrode 103 may overlap with the common line
118. For example, the common electrode 108 may extend
from the common line 118. When forming the gate line 101,
the common electrode 108 and the common line 118 may be
simultaneously formed of a low-resistance metal, such as
Cu, Al, Cr, Mo and Ti. In addition, the pixel electrode 103
and the common electrode 108 may be alternately formed in
the pixel region.

[0069] The pixel electrode 103 may be formed on the
same layer as the data line 102, or may be formed as a
different layer from the data line 102. For example, as shown
in FIG. 9, the pixel electrode 103 may be formed on a
different layer from the data line 102. The pixel electrode
103 and the common electrode 108 may be alternately
formed in parallel to each other, or may be formed having a
zigzag-type pattern, as shown in FIG. 8. Furthermore, an
insulating layer may be formed between the common elec-
trode 108 and the pixel electrode 103 to separate the two
patterns from each other. The insulating layer may be
formed of the same material as a gate insulating layer or as
the same material as a passivation layer material, such as
silicon nitride or silicon oxide. Then, the TFT, which may
include a gate electrode 101a, a semiconductor layer 104
covering the gate electrode 101 a, and source/drain elec-
trodes 102¢ and 102b at both sides of the gate electrode
101a, may be formed at the cross portions of the gate and
data lines 101 and 102.

[0070] An exemplary method of forming the first substrate
100 of FIG. 7 may include using an exemplary 5-mask
process. For example, a metal material, such as Mo, Al or Cr,
may be formed along an entire surface of the first substrate
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100 by a sputtering method, and then patterned using a first
mask (not shown). Accordingly, the plurality of gate lines
101 and the gate electrodes 101a that extend from the gate
lines 101 may be simultaneously formed. During the pro-
cess, the common line 118 may be formed in parallel to the
gate line 101, and the common electrode 108 may be formed
to extend from the common line 118 of the pixel region in
the zigzag-type pattern.

[0071] Next, an insulating material of SiNe may be depos-
ited along an entire surface of the first substrate 100 includ-
ing the gate lines 101, thereby forming the gate insulating
layer 105. Then, an amorphous silicon layer 1044 and an n*
layer 1045 heavily doped with phosphorous P may be
sequentially deposited onto the gate insulating layer 105,
and then patterned using a second mask (not shown), thereby
forming the semiconductor layer 104 having a shape cov-
ering the gate electrode 101a on the gate insulating layer
105.

[0072] Next, a metal material, such as Mo, Al or Cr, may
be deposited along an entire surface of the substrate 100 by
a sputtering method, and then patterned using a third mask
(not shown), thereby forming the data line 102 perpendicu-
lar to the gate line 101. At the same time, the source and
drain electrodes 102a and 102b may be formed at both sides
of the gate electrode 1014, wherein the source electrode
1022 may be formed to project from the data line 102.
During the patterning process, the n* layer 104b may be
removed above the gate electrode 101a by over-etching the
n* layer below the source and drain electrodes 102z and
102b. Accordingly, a portion of the amorphous silicon layer
may be exposed above the gate electrode 101a, thereby
defining a channel region of the TFT. The semiconductor
layer 104 may be comprised of the amorphous silicon layer
and the n* layer.

[0073] Next, a passivation layer 106 of SiN_ may be
deposited along an entire surface of the gate insulating layer
105 including the semiconductor layer 104 and the source/
drain electrodes 102 and 1025 using a chemical vapor
deposition (CVD) method. The passivation layer 106 may be
formed of an inorganic material, such as SiN,, or may be
formed of an organic material having a low dielectric
constant, such as BenzoCycloButene (BCB), Spin On Glass
(SOG), or acryl, to improve an aperture ratio of liquid crystal
cell. Then, the passivation layer 106 may be selectively
etched on the drain electrode 102b by using a fourth mask
(not shown), thereby forming a contact hole exposing a
portion of the drain electrode 102b.

[0074] Next, a transparent conductive material may be
formed on the passivation layer 106 to fill the contact hole
by using a sputtering method, and may be patterned using a
fifth mask (not shown), thereby forming the pixel electrode
103 and the capacitor electrode 113. Accordingly, the pixel
electrode 103 and the common electrode 108 may be alter-
nately formed within the pixel region in the zigzag-type
pattern, wherein the capacitor electrode 113 may be con-
nected to the pixel electrode 103 on the common line 118.
As shown in FIG. 9, for example, the portion corresponding
to the TET and the overlapped portion of the gate and data
lines 101 and 102 may be higher than the portion corre-
sponding to the gate or data line 101 or 102.

[0075] Next, the second substrate 200 may be formed to
oppose the first substrate 100. The second substrate 200 may
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include a black matrix layer 201, an R/G/B color filter layer
202, and an overcoat layer 203. The black matrix layer 201
may prevent light from portions corresponding to gate and
data lines and TFTs, except for respective pixel regions. The
color filter layer 202 may be formed to display various
colors at the portions corresponding to the respective pixel
regions, and the overcoat layer 203 may be formed along an
entire surface of the second substrate 200 including the
black matrix layer 201 and the color filter layer 202.

[0076] Then, a plurality of first and second column spacers
301 and 302 having the same height may be formed on
predetermined portions of the overcoat layer 203, corre-
sponding to regions of the first substrate 100 having the
different heights.

[0077] According to the present invention, the first column
spacer 301 may be formed at the portion corresponding to
the TFT of the first substrate 100, and the second column
spacer 302 may be formed at the portion corresponding to
the data line 102 of the first substrate 100, wherein the first
and second column spacers 301 and 302 may have the same
height. For example, the first column spacer 301 may
correspond to a relatively high region of the first substrate
100. Thus, after a bonding process, the first column spacer
301 may be pressed down to the first substrate 100 at a
thickness of about 2000 A to about 6000 A, due to pressure
used during the bonding process.

[0078] Since the first column spacer 301 may be formed to
maintain a cell gap between the two substrates 100 and 200,
the first column spacer 301 may obtain a margin for com-
pensating for gathering of liquid crystal molecules due to
gravity at a region being pressed down to the first substrate
100. In addition, since the second column spacer 302 may
correspond to a relatively low region of the first substrate
100, the second column spacer 302 may be pressed down
less than an amount of the first column spacer 301.

[0079] InFIG.9,since the second column spacer 302 may
contact the first substrate 100, the second column spacer 302
may be spaced apart from the first substrate 100, or may be
pressed down to the first substrate 100 to an amount of about
2000 A. Accordingly, the second column spacer 200 may be
formed to provide a resistive force to external impacts
within the LCD display panel. Thus, a predetermined dif-
ference between the relatively high and low regions of the
first substrate 100 corresponding to the first and second
column spacers 301 and 302 may be necessary. Accordingly,
it may be possible to prevent the second column spacer 302
from being pressed down to the first substrate 100 at the
thickness above about 2000 A. If the second column spacer
302 is pressed down to the first substrate 100 at the thickness
above about 2000 A, it may cause an increase of frictional
forces between the second column spacer 302 and the first
substrate 100, thereby generating spots on a screen by touch.
In addition, the second column spacer 302 may be pressed
down more than the first column spacer 301 at the thickness
corresponding to the height difference between the relatively
high and low regions of the first substrate 100 corresponding
to the first and second column spacers 301 and 302.

[0080] Next, the respective arrays may be formed on the
first and second substrates 100 and 200, and then the two
substrates 100 and 200 may be bonded to each other.
Accordingly, the first column spacer 301 may maintain the
cell gap between the two bonded substrates 100 and 200, and
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the first column spacer 301 may be decreased at the height
corresponding to the difference between the regions of the
drain electrode 1025 and the data line 102, whereby the first
column spacer 301 may support the first and second sub-
strates 100 and 200 to obtain a margin for gravity. Since the
second column spacer 302 may be formed between the two
bonded substrates 100 and 200, it may be possible to
increase a density of the column spacers, thereby preventing
formation of a hollow portion of the LCD panel due to
external impacts.

[0081] Formation of the first and second column spacers
301 and 302 may include formation of an organic insulating
layer or photosensitive organic resin, and selective removal
of portions of the organic insulating layer or photosensitive
organic resin. The first and second column spacers 301 and
302 may formed of an organic material having a lower
hardness than that of a metal material used for forming the
gate or data line. For example, when bonding the first and
second substrates 100 and 200 to each other, the first column
spacer 301 may first contact the relatively high region of the
first substrate 100. Accordingly, since the first column spacer
301 may be pressed between the two substrates 100 and 200,
the height of the first column spacer 301 may decrease. In
this case, the bonding process may be performed at a
compression pressure suitable for positioning the second
column spacer 302 to the first substrate 100 within an
amount of about 2000 A. The decreased height of the first
column spacer 301 may function as a margin for compen-
sating for gathering of the liquid crystal molecules on the
LCD panel.

[0082] In FIG. 9, the second column spacer 302 may
correspond to the relatively low region including to the data
line 102 of the first substrate 100, and the first column spacer
301 may correspond to the relatively high region including
the semiconductor layer 104 and the gate insulating layer
105, as well as the data line 102. Thus, the decreased height
of the first column spacer 301 may correspond to a total
thickness of the semiconductor layer 104 and the gate
insulating layer 105. As shown in FIG. 7B, the second
column spacer 302 may contact with structures on the first
substrate 100 without application of the compression pres-
sure.

[0083] Then, although not shown, first and second align-
ment layers may be respectively formed on the first substrate
100 having the TFT array, and the second substrate 200
having the color filter array including the first and second
column spacers 301 and 302. Next, a rubbing process may
be performed to the first and second alignment layers. When
rubbing the first and second substrates 100 and 200, surfaces
of each of the first and second alignment layers may be
rubbed with the cloth at a uniform pressure and speed. Thus,
polymer chains of the alignment layers may be aligned along
a predetermined direction, thereby determining an initial
alignment direction of the liquid crystal material.

[0084] During the bonding process, the second alignment
layer 204 corresponding to the second column spacer 302
may contact the first alignment layer 107. Accordingly, the
predetermined portion of the first alignment layer 107 con-
tacting the second column spacer 302 may be pressed down
since the alignment layer is relatively softer than the column
spacer.

[0085] Tt is necessary to determine an appropriate number
of the column spacers between the first and second sub-
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strates 100 and 200. For example, if excessive amounts the
first and second column spacers 301 and 302 are formed
within the LCD panel, the LCD panel may have a protruding
portion may be created in the LCD panel during high-
temperature processing. When the LCD panel is maintained
along a vertical direction, the liquid crystal molecules of the
LCD panel may migrate to a lower-corner direction, thereby
causing a gathering of liquid crystal molecules to the pre-
determined portion on the LCD panel due to gravity. In
addition, when the LCD panel is touched with a finger or a
stylus along a predetermined direction, the liquid crystal
molecules may gather at the region around the touched
portion, wherein the touched portion may have no liquid
crystal molecules, thereby generating spots and light leakage
in the black state. Thus, it is necessary to determine and
scatter the appropriate number of the column spacers
between the first and second substrates 100 and 200.

[0086] In addition to the first column spacer 301, the
second column spacer 302 may be formed within one pixel
region, thereby increasing a density of the column spacers
within the LCD panel and preventing formation of a hollow
portion within the LCD panel. Furthermore, the second
column spacer 302 may contact the first substrate 100, or
may be spaced apart from or may be pressed down onto the
first substrate within an amount of about 2000 A. Accord-
ingly, a reduction of frictional forces between the second
column spacer 302 and the first substrate 100 may be
obtained, thereby reducing the spots on the screen.

[0087] In addition, the first and second column spacers
301 and 302 may be formed within one pixel region, thereby
maintaining an appropriate density of the column spacers.
Furthermore, the first column spacer 301 may correspond to
the relatively high region of the first substrate 100, and the
height of the first column spacer 301 may be reduced after
the bonding process, thereby improving a supportive force
to the first and second substrate 100 and 200. Accordingly,
gathering of the liquid crystal molecules due to gravity
within the LCD panel may be prevented. 100861 According
to the present invention, the first and second column spacers
301 and 302 may be respectively formed on the second
substrate 200 corresponding to the relatively high and low
regions of the first substrate 100. For example, the first
column spacer 301 may correspond to the relatively high
region of the first substrate 100 to maintain the cell gap
between the first and second substrates 100 and 200, thereby
preventing gathering of liquid crystal molecules due to
gravity. In addition, the second column spacer 302 may
correspond to the relatively low region of the first substrate
100 to prevent the spots on the screen due to touching,
thereby preventing formation of the hollow portions within
the LCD panel.

[0088] According to the present invention, the second
column spacer 302 may contact the first substrate 100, or
may be spaced apart from or may be pressed down onto the
first substrate 100. Thus, although the LCD panel may be
touched, restoration of the liquid crystal molecules to an
original state within the LCD panel may be accomplished
since the frictional forces may be decreased between the first
and second substrates 100 and 200.

[0089] In addition, the highest region of the first substrate
100 may be changed according to a design of the TFT array.
Since the highest region of the first substrate 100 may
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correspond to the drain electrode 1025 of the TFT, a contact
region between the drain electrode 102b and the pixel
electrode, or between the source electrode 1024 of the TFT
may be the highest region of the first substrate 100 according
to the design of the TFT array. Furthermore, formation of an
ITO layer along an entire surface of a rear side of the second
substrate 200 may prevent static electricity on the LCD
panel.

[0090] FIG. 10 s a cross sectional view along line I-I' of
FIG. 8 of another exemplary IPS mode LCD device accord-
ing to the present invention. In FIG. 10, an LCD device may
include a first substrate 100, a second substrate 200, a first
column spacer 301, and a second column spacer 302,
wherein the first column spacer 301 may be formed on the
second substrate 200 corresponding to a portion of a TFT of
the first substrate 100. The second column spacer 302 may
be formed on the second substrate 200 corresponding to a
gate line 101 of the first substrate 100. Except that, the LCD
device may have similar structures as that of the LCD device
shown in FIG. 9 of the present invention. In addition, the
first and second column spacers 303 and 304 may have
similar functions as those according to the LCD device
shown in FIG. 9 of the present invention. Accordingly,
specific detailed description of all the features of FIG. 10
has been excluded for the sake of brevity.

[0091] FIG. 11 is a cross-sectional view taken along line
HI-IT of FIG. 8 in an LCD device according to the third
embodiment of the present invention. In the LCD device
according to third embodiment of the present invention, as
shown in FIG. 11, a first column spacer 305 is formed on a
second substrate 200 corresponding to an overlapped portion
between gate and data lines 101 and 102, a relatively high
region of a first substrate 100, and a second column spacer
306 is formed on the second substrate 200 corresponding to
the data line 102, a relatively low region of the first substrate
100. Like those in the LCD devices according to the first and
second embodiments of the present invention, the first and
second column spacers 305 and 306 are formed on the
second substrate 200 corresponding to the regions having
the different heights, thereby preventing problems such as
spots on an LCD Panel by touch, gather of liquid crystal
molecules to a predetermined direction of the LCD panel by
gravity, and a hollow portion in the LCD panel by external
impacts. Although not shown, supposing that the gate and
data lines 101 and 102 have the same height, it is possible
to form the first column spacer 305 on the second substrate
200 corresponding to the overlapped portion of the gate and
data lines 101 and 102, and to form the second column
spacer 306 on the second substrate 200 corresponding to the
gate line 101.

[0092] FIG. 12 is a cross sectional view along I-I' of FIG.
8 of another exemplary IPS mode LCD device according to
the present invention. An exemplary method of manufac-
turing an LCD device using a 4-mask process according to
the present invention will be described with reference to
FIG. 12. In FIG. 12, a metal material, such as Mo, Al or Cr,
may be formed along an entire surface of a first substrate 100
by a sputtering method, and patterned using a first mask (not
shown), thereby simultaneously forming a gate line 101, and
a gate electrode 101 extending from the gate line 101.
During the process, a common line 118 may be formed in
parallel to the gate line 101, and a common electrode 108
may be formed to extend from the common line 118 in a
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zigzag-type pattern. Then, a gate insulating layer 105, an
amorphous silicon layer 104a, an n* layer 104b, and source/
drain electrode layers similar to a data line may be sequen-
tially deposited along an entire surface of the first substrate
100 including the gate line 101.

[0093] Next, the source/drain electrode layers, the n* layer
104b, and the amorphous silicon layer 104 may be selec-
tively removed using a second mask (not shown), thereby
forming a data line 102 and a projecting pattern from the
data line 102 to the drain electrode. Accordingly, the n* layer
104b and the amorphous silicon layer 104a each having a
same width may be formed below the patterned source/drain
electrode layers.

[0094] Next, the source/drain electrode layers and the n*
layer 104b corresponding to a channel region of a semicon-
ductor layer may be removed having a same width by using
the second mask (not shown), thereby forming source/drain
electrodes 1024 /102b and the semiconductor layer 1044 and
104b having the channel region. Accordingly, the second
mask (not shown) may be a diffraction mask, wherein a
photoresist for a transmission part may be removed com-
pletely, a photoresist for a semi-transmission part may be
removed at a predetermined thickness, and a photoresist for
a closed part may be maintained at an initial thickness. In
addition, the closed part may be defined corresponding to the
source/drain electrodes 1022/1025b and the data line 102, and
the semi-transmission part may be defined corresponding to
the channel region between the source electrode 105z and
the drain electrode 1055.

[0095] Then, a passivation layer 106 of SiNe may be
deposited along an entire surface of the gate insulating layer
105 including the semiconductor layer 104 and the source/
drain electrodes 102¢ and 102 using a CVD method.
Alternatively, the passivation layer 106 may be formed of an
organic material having a low dielectric constant, such as
BCB, SOG, or acryl, to improve an aperture ratio of a liquid
crystal cell. Next, the passivation layer 106 may be selec-
tively etched on the drain electrode 102b by using a third
mask (not shown), thereby forming a contact hole exposing
a portion of the drain electrode 102b.

[0096] Next, a transparent conductive material may be
formed on the passivation layer 106 to fill the contact hole
by a sputtering method, and then patterned using a fourth
mask (not shown), thereby forming a pixel electrode 103
that may be alternately formed with the common electrode
108 within the pixel region.

[0097] Next, a second substrate 200 may be formed to
oppose the first substrate 100. The second substrate 200 may
include a black matrix layer 201, an RIG/B color filter layer
202, and an overcoat layer 203. The black matrix layer 201
may block light from portions corresponding to gate and
data lines and TFTs, except for respective pixel regions. The
color filter layer 202 may be formed to display various
colors at the portions corresponding to the respective pixel
regions, and the overcoat layer 203 may be formed along an
entire surface of the second substrate 200 including the
black matrix layer 201 and the color filter layer 202.

[0098] Next, a plurality of first and second column spacers
307 and 308 having the same height may be formed on
predetermined portions of the overcoat layer 203, corre-
sponding to regions of the first substrate 100 having the
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different heights. Accordingly, the first column spacer 307
may be formed on the second substrate 200 corresponding to
a high region defined as a contact region between the TET
and the pixel electrode of the first substrate 100. Then, the
second column spacer 308 may be formed on the second
substrate 200 corresponding to a low region of the gate line
on the first substrate 100. Thus, the first column spacer 307
may maintain a cell gap between the first and second
substrates 100 and 200, and the second column spacer 308
may control a density of the column spacers to prevent
formation of a hollow portion with the LCD panel due to
external impacts.

[0099] Accordingly, the first column spacer 307 corre-
sponding to the contact region between the drain electrode
1025 of the thin film transistor and the pixel electrode 103
may have the height suitable for supporting the first and
second substrates 100 and 200. After forming the first and
second column spacers 307 and 308, the first and second
substrates 100 and 200 may be bonded to each other. When
the bonding process is completed, the height of the first
column spacer 307 may be reduced by an amount corre-
sponding to a difference between the high and low regions
of the first substrate 100 corresponding to the first and
second column spacers 307 and 308. In addition, the second
column spacer 308 may contact the first substrate 100.

[0100] InFIG. 12, the first and second column spacer 307
and 308 may be respectively formed on the second substrate
200 corresponding to the portions of the TFT and the gate
line on the first substrate 100, since the black matrix layer
201 may cover the portions of the TFT and the gate line,
thereby preventing reduction of an aperture ratio. Accord-
ingly, the first and second column spacers 307 and 308 may
be formed on the black matrix layer 201 of the second
substrate 200 to prevent the reduction of the aperture ratio.

[0101] Next, first and second alignment layers 107 and
204 may be formed on the first substrate 100 having the TFT
array and formed on the second substrate 200 having the
color filter array, respectively. Then, a rubbing process may
be performed to the first and second alignment layers 107
and 204. During rubbing of the first and second substrates
100 and 200, surfaces of the first and second alignment
layers 107 and 204 may be rubbed with a cloth at a uniform
pressure and speed. Thus, polymer chains of the alignment
layers may be aligned along a predetermined direction,
thereby determining an initial alignment direction of the
liquid crystal material.

[0102] FIG. 13 is a cross sectional view along II-IT' of
FIG. 8 of another exemplary IPS mode LCD device accord-
ing to the present invention. In FIG. 13, an LCD device may
have similar structures as that of the LCD device of FIG, 11
according to the present invention, except for a first column
spacer 309 corresponding to an overlapped portion of gate
and data lines 101 and 102, and a second column spacer 310
corresponding to the gate line 101. In FIG. 13, the LCD
device may be manufactured using 4 masks, whereby the
data line 102, an n* layer 1025, and an amorphous silicon
layer 104z may be patterned using one mask. Thus, the data
line 102 may be formed with a semiconductor layer 104a
and 104b, except for a portion corresponding to a channel
region of the amorphous silicon layer 1044. Accordingly, the
overlapped portion of the gate and data lines 101 and 102
may further include the amorphous silicon layer 104a, the n*
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layer 104a, and the data line 102, as compared with the
portion forming the data line 101. For example, the over-
lapped portion of the gate and data lines 101 and 102 may
be higher than the portion of the gate line 101 by an amount
corresponding 1o a total combined thickness of the amor-
phous silicon layer 1044, the n* layer, and the data line 102.
When the first column spacer 309 corresponds to the over-
lapped portion of the gate and data lines 101 and 102, and
the second column spacer 310 corresponds to the gate line
101, the first column spacer 309 may be pressed down by an
amount more than the second column spacer 310 to the first
substrate 100 by an amount corresponding to the total
combined thickness of the amorphous silicon layer 1044, the
n* layer, and the data line 102.

[0103] FIG. 14 is a plane view of an exemplary TN mode
LCD device according to the present invention, and FIG. 15
is a cross sectional view along III-III' of FIG. 9 according
to the present invention. In FIG. 14 and FIG. 15, an LCD
device may include first and second substrates 100 and 200
bonded to each other having a predetermined interval ther-
ebetween, and a liquid crystal layer 250 formed by injecting
liquid crystal material between the first and second sub-
strates 100 and 200. The first substrate 100 may include a
plurality of gate and data lines 101 and 102, pixel electrodes
103, and TFTs. Accordingly, the gate and data lines 101 and
102 may cross on the first substrate 100 to define a plurality
of pixel regions, wherein the pixel electrodes 103 may each
be formed within the pixel regions. In addition, each of the
TFTs may be formed at the crossing portions of the gate and
data lines 101 and 102, and may each include a gate
electrode 1014, a semiconductor layer 104 covering the gate
electrode 1014, and source/drain electrodes 102a/102b cor-
responding to the gate electrode 101a.

[0104] Operation of the TN mode LCD device is different
from operational of an IPS mode LCD device in that the
pixel electrode is formed as one pattern within the pixel
region of the first substrate 100, and a common electrode
205, instead of an overcoat layer 203 (in FIG. 9) is formed
along an entire surface of the second substrate 200. The LCD
device of FIGS. 14 and 15 of the present invention may
have similar structures as those of the LCD devices of FIGS.
7-13 of the present invention. Accordingly, detailed descrip-
tion of each of the features of FIGS. 14 and 15 have been
omitted for the sake of brevity.

[0105] An exemplary method of manufacturing the LCD
device of FIG. 14 and 15 of the present invention may
include forming a metal material, such as Mo, Al or Cr,
along an entire surface of the first substrate 100 by a
sputtering method, and patterned using a first mask (not
shown), thereby simultaneously forming the plurality of gate
lines 101, and gate electrodes 101¢ extending from the gate
lines 101.

[0106] Then, an insulating material of SiN_ may be depos-
ited along the entire surface of the first substrate 100
including the gate lines 101, thereby forming a gate insu-
lating layer 105. Next, an amorphous silicon layer 1044 and
an n* layer 104b heavily doped with phosphorous P may be
sequentially deposited onto the gate insulating layer 105,
and then patterned using a second mask (not shown), thereby
forming the semiconductor layer 104 having a shape cov-
ering the gate electrode 101a on the gate insulating layer
105.
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[0107] Next, a metal material, such as Mo, Al or Cr, may
be deposited along the entire surface of the substrate by a
sputtering method, and patterned using a third mask (not
shown), thereby forming the data line 102 perpendicular to
the gate line 101.

[0108] Then, the source and drain electrodes 102z and
1025 may be simultaneously formed at both sides of the gate
electrode 101a, wherein the source electrode 102a may
project from the data line 102. During the metal patterning
process, the n* layer 104b may be removed above the gate
electrode 101a by over-etching the n* layer below the source
and drain electrodes 102a and 102b. Accordingly, a portion
of the amorphous silicon layer may be exposed above the
gate electrode 101, thereby defining a channel region of the
TFT, wherein the semiconductor layer 104 may be com-
prised of the amorphous silicon layer and the n* layer.

[0109] Then, a passivation layer 106 of SiNe may be
deposited along the entire surface of the gate insulating layer
105 including the semiconductor layer 104 and the source/
drain electrodes 102¢ and 102 using a CVD method.
Alternatively, the passivation layer 106 may be formed of an
organic material having a low dielectric constant, such as
BCB, SOG, or acryl, to improve an aperture ratio of the
liquid crystal cell. Then, the passivation layer 106 may be
selectively etched on the drain electrode 1025 using a fourth
mask (not shown), thereby forming a contact hole exposing
a portion of the drain electrode 102b.

[0110] Next, a transparent conductive material may be
formed on the passivation layer 106 to fill the contact hole
by a sputtering method, and then patterned using a fifth mask
(not shown), thereby forming the pixel electrode 103 within
the pixel region. The portion corresponding to the TFT and
the overlapped portion of the gate and data lines 101 and
102' may be higher than the portion corresponding to the
gate or data line 101 or 102.

[0111] Next, the second substrate 200 may be formed to
oppose the first substrate 100. The second substrate 200 may
include a black matrix layer 201, an R/G/B color filter layer
202, and a common electrode 203. The black matrix layer
201 may block light from portions corresponding to gate and
data lines 101 and 102 and the TFTs, except for respective
pixel regions. The color filter layer may be formed to display
various colors at the portions corresponding to the respective
pixel regions, and the common electrode 203 may be formed
along an entire surface of the second substrate 200 including
the black matrix layer 201 and the color filter layer 202.

[0112] Next, a plurality of first and second column spacers
311 and 312 having the same height may be formed on
predetermined portions of the common electrode 203, cor-
responding to regions of the first substrate 100 having the
different heights. Accordingly, the first column spacer 311
may be formed on the second substrate 200 corresponding to
the TFT of the first substrate 100, and the second column
spacer 312 may be formed on the second substrate 200
corresponding to the data line 102 of the first substrate 100.

[0113] The LCD device may be manufactured by applying
the IPS mode LCD device to the TN mode LCD device. In
addition, the LCD device and the method of manufacturing
the same according to the present invention may be char-
acterized by the plurality of column spacers having the same
height formed on the second substrate (i.c., color filter
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substrate) corresponding to the predetermined regions of the
first substrate (i.c., TFT array substrate) having the different
heights. Accordingly, the height difference between the
regions may be variable according to a design of the array
process on the first substrate. According to the present
invention, the first and second column spacers may be
formed on the black matrix layer of the second substrate
corresponding to the highest and lowest regions of the first
substrate, respectively. However, the highest and lowest
regions of-the first substrate may be changed according to
processing methods. Accordingly, if the first column spacer
contacts the first substrate, and the second column spacer is
spaced apart from the first substrate at the predetermined
interval, it may be possible to obtain the same effect.

[0114] As mentioned above, the LCD device according to
the present invention and the method of manufacturing the
same has the following advantages. First, in addition to the
first column spacer for maintaining the cell gap between the
two substrates, the second column spacer may be addition-
ally formed within one pixel region, thereby increasing a
density of the column spacers within the LCD panel. Thus,
it may be possible to prevent formation of a hollow portion
within the LCD panel. In addition, the plurality of column
spacers having the same height may be formed on the second
substrate corresponding to the regions of the first substrate
having the different heights. Thus, some of column spacers
may contact the first substrate. Then, the remaining column
spacers may be pressed down to the first substrate by a
predetermined thickness, and the heights thereof may be
reduced by the predetermined thickness being pressed down
to the first substrate. Thus, it is possible to obtain a margin
for gravity by an amount corresponding to the decreased
height of the column spacer.

[0115] Furthermore, the column spacers corresponding to
the low region of the first substrate may just contact the first
substrate or may be pressed down to the first substrate within
an amount of about 2000 A during the bonding process.
Thus, it may be possible to reduce the frictional forces
between the column spacer and the first substrate, thereby
preventing the spots on the LCD panel due to touching.

[0116] According to the design of the TFT array on the
first substrate, the highest and lowest regions of the first
substrate may be determined, and the first and second
column spacers having the same height may correspond to
the highest and lowest regions of the first substrate. Thus, it
may be possible to prevent gathering of liquid crystal
molecules due to gravity without changing the spacer for-
mation process. In addition, since some of the column
spacers may be pressed down to the opposing substrate at the
predetermined thickness or more, it may be possible to
obtain a margin for compensating for the gathering of the
liquid crystal molecules within the respective pixel regions.
Thus, although the patterned column spacers may have the
different heights, it may be possible to obtain uniformity of
gravity along entire regions of the LCD panel.

[0117] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
liquid crystal display device and method of fabricating the
same of the present 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.
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What is claimed is:
1. A liquid crystal display (LCD) device, comprising:

a first substrate having first and second regions thereon,
the first region having a step coverage higher than a
step coverage of the second region;

a second substrate bonded to the first substrate, the second
substrate having a first column spacer corresponding to
the first region of the first substrate and a second
column spacer corresponding to the second region of
the first substrate; and

a liquid crystal layer between the first and second sub-

strates.

2. The device according to claim 1, wherein the first and
second column spacers having the same height.

3. The device according to claim 1, wherein the first
column spacer maintains a cell gap between the first and
second substrates by a supportive force.

4. The device according to claim 3, wherein a height of the
first column spacer decreases by an amount corresponding to
a height difference between the first and second regions of
the first substrate.

5. The device according to claim 4, wherein the height of
the first column spacer decreases within a range of about
2000 A to about 6000 A.

6. The device according to claim 3, wherein the second
column spacer contacts the first substrate.

7. The device according to claim 1, wherein the second
column spacer is spaced apart from the first substrate by a
first interval.

8. The device according to claim 1, wherein a first height
of the second column spacer is reduced to a second height
when a compression pressure is applied to the second
substrate.

9. The device according claim 1, wherein the first sub-
strate includes a thin film transistor array, and the second
substrate includes a color filter array.

10. The device according to claim 9, wherein the thin film
transistor array comprises:

a plurality of gate and data lines crossing each other at
crossing region to define a plurality of pixel regions;

a plurality of thin film transistors each disposed at the
crossing regions of the gate and data lines; and

a plurality of common and a plurality of pixel electrodes
alternately formed within the pixel region.
11. The device according to claim 10, wherein the color
filter array comprises:

a black matrix corresponding to a plurality of metal lines
and the plurality of thin film transistors of the thin film
transistor array;

a color filter layer along an entire surface of the second
substrate including the black matrix layer; and

an overcoat layer on the color filter layer.

12. The device according to claim 11, wherein the first
column spacer corresponds to a source electrode of one of
the thin film transistors.

13. The device according to claim 11, wherein the first
column spacer corresponds to a drain electrode of one of the
thin film transistors.
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14. The device according to claim 11, wherein the first
column spacer corresponds to a gate electrode of one of the
thin film transistors.

15. The device according to claim 11, wherein the first
column spacer corresponds to a contact region between one
of the thin film transistors and one of the pixel electrodes.

16. The device according to claim 11, further comprising
an ITO layer disposed along an entire surface of a rear side
of the first substrate.

17. The device according to claim 11, wherein the plu-
rality of column spacers are formed on the color filter array.

18. The device according to claim 11, wherein the first and
second column spacers are formed on the black matrix layer.

19. The device according to claim 9, wherein the thin film
transistor array comprises:

a plurality of gate and data lines crossing each other at
crossing regions to define a plurality of pixel regions;

a plurality of thin film transistors each disposed at the
crossing regions of the gate and data lines; and

a plurality of pixel electrodes each within the pixel
regions.
20. The device according to claim 1.9, wherein the color
filter array comprises:

a black matrix corresponding to a plurality of metal lines
and the plurality of thin film transistors of the TFT
array;

a color filter layer disposed along an entire surface of the
second substrate including the black matrix layer; and

a common electrode disposed on the color filter layer.

21. The device according to claim 20, wherein the first
column spacer corresponds to a source electrode of one of
the thin film transistors.

22. The device according to claim 20, wherein the first
column spacer corresponds to a drain electrode of one of the
thin film transistors.

23. The device according to claim 20, wherein the first
column spacer corresponds to a gate electrode of one of the
thin film transistors.

24. The device according to claim 20, wherein the first
column spacer corresponds to a contact region between one
of the thin film transistors and one of the pixel electrodes.

25. The device according to claim 20, wherein the first
and second column spacers are formed on the black matrix
layer.

26. The device according to claim 1, further comprising a
plurality of alignment layers each formed on opposing
surfaces of the first and second substrates.

27. A liquid crystal display (LCD) device, comprising:

first and second substrates facing each other;
a plurality of gate and data lines on the first substrate, the

gate and data lines crossing each other at crossing
regions to define a plurality of pixel regions;

a plurality of thin film transistors each formed at the
crossing region of the gate and data lines;

a plurality of pixel and a plurality of common electrodes
each within one of the pixel regions;

a first column spacer on the second substrate correspond-
ing to one of the thin film transistors of the first
substrate;
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a second column spacer on the second substrate corre-
sponding to one of the gate lines and the data lines of
the first substrate; and

a liquid crystal layer between the first and second sub-

strates.

28. The device according to claim 27, wherein a first
thickness of the first column spacer is reduced to a second
thickness when a compressive pressure is applied to the first
substrate, and the second column spacer contacts the first
substrate.

29. The device according to claim 27, wherein the first
and second column spacers have the same height.

30. A liquid crystal display (LCD) device, comprising:

first and second substrates facing each other;

a plurality of gate and data lines on the first substrate, the
gate and data lines crossing each other at crossing
regions to define a plurality of pixel regions;

a plurality of thin film transistors each formed at the
crossing regions of the gate and data lines;

a plurality of pixel electrodes each within one of the pixel
regions;

a first column spacer on the second substrate correspond-
ing to one of the thin film transistors of the first
substrate;

a second column spacer on the second substrate corre-
sponding to one of the gate lines and the data lines of
the first substrate; and

a liquid crystal layer between the first and second sub-

strates.

31. The device according to claim 30, wherein a first
thickness of the first column spacer is reduced to a second
thickness when a compressive pressure is applied to the first
substrate, and the second column spacer contacts the first
substrate.

32. The device according to claim 30, wherein the first
and second column spacers have the same height.

33. Aliquid crystal display (LCD) device, comprising:

first and second substrates facing each other;

a plurality of gate and data lines on the first substrate, the
gate and data lines crossing each other at crossing
regions to define a pixel region;

a plurality of thin film transistors each formed at one of
the crossing regions of the gate and data lines;

a plurality of pixel and a plurality of common electrodes
each within one of the pixel regions;

a first column spacer on the second substrate correspond-
ing to an overlapped portion of the gate and data lines;

a second column spacer on the second substrate corre-
sponding to one of the gate lines and one of the data line
of the first substrate except at the overlapped portion of
the gate and data lines; and

a liquid crystal layer between the first and second sub-
strates.

34. The device according to claim 33, wherein a first

thickness of the first column spacer is reduced to a second
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thickness when a compressive pressure is applied to the first
substrate, and the second column spacer contacts the first
substrate.

35. The device according to claim 33, wherein the first
and second column spacers have the same height.

36. A liquid crystal display (LCD) device, comprising:

first and second substrates facing each other;

a plurality of gate and data lines on the first substrate, the
gate and data lines crossing each other at crossing
regions to define a plurality of pixel regions;

a plurality of thin film transistors each formed at one of
the crossing regions of the gate and data lines;

a plurality of pixel electrodes each within one of the pixel
regions;

a first column spacer on the second substrate correspond-
ing to an overlapped portion of the gate and data lines;

a second column spacer on the second substrate corre-
sponding to one of the gate lines and one of the data
lines of the first substrate except at the overlapped
portion of the gate and data lines; and

a liquid crystal layer between the first and second sub-

strates.

37. The device according to claim 36, wherein a first
thickness of the first column spacer is reduced to a second
thickness when a compressive pressure is applied to the first
substrate, and the second column spacer contacts the first
substrate.

38. The device according to claim 36, wherein the first
and second column spacers have the same height.
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39. A method of manufacturing a liquid crystal display
(LCD) device, comprising:

preparing a first substrate having a thin film transistor
array;

preparing a second substrate having a color filter array to
oppose the first substrate;

forming first and second column spacers on the second
substrate corresponding to one of first and second
regions, the first region having a step coverage higher
than a step coverage of the second region;

forming a liquid crystal layer between the first and second
substrates; and

bonding the first and second substrates to each other.

40. The method according to claim 39, wherein the first
column spacer is formed on the second substrate corre-
sponding to the first region of the thin film transistor array
on the first substrate, and the second column spacer is
formed on the second substrate corresponding to one of the
data line and the gate line except for the first region of the
first substrate.

41. The method according to claim 39, wherein the first
region of the first substrate corresponds to a portion of the
thin film transistor of the thin film transistor array.

42. The method according to claim 39, wherein the first
region of the thin film transistor array on the first substrate
corresponds to an overlapped portion of the gate lines and
data lines.

43. The method according to claim 39, wherein the first
and second column spacers have the same height.
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