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tively, the second transmissivity being less than the first
transmissivity; and selectively exposing the layer of photo-
sensitive material with the photomask; developing the
exposed layer of photosensitive material to simultaneously
form first and second layers having different thicknesses
within the first and second regions, respectively.
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METHOD FOR FABRICATING A LIQUID
CRYSTAL DISPLAY DEVICE

[0001] This application claims the benefit of Korean
Patent Application No. P2003-98152, filed on Dec. 27,
2003, which is hereby incorporated by reference for all
purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to methods for fab-
ricating a liquid crystal display (LCD) devices. More par-
ticularly the present invention relates to a method for
fabricating an LCD while implementing a Multi-Model on
Glass (MMG) technique with improved productivity.

[0004] 2. Discussion of the Related Art

[0005] As information technology continues to evolve, the
demand for, and development of, various types of flat panel
display devices (e.g., liquid crystal display (LCD), plasma
display panel (PDP), electroluminescent display (ELD), and
vacuum fluorescent display (VFD)) increases. Among the
various types of flat panel display devices, LCD devices are
advantageously lightweight, dimensionally compact, con-
sume relatively low amounts of power in their operation,
display images at high resolution and high luminance, and
can display images on a large-sized screen. Accordingly,
LCD devices are widely used, for example, as substitutes for
Cathode Ray Tubes (CRTS) and find numerous applications
in mobile devices as such notebook computers, portable
telephones, and the like, as well as in other applications such
as televisions and computer monitors.

[0006] A typical LCD device includes an LCD panel for
displaying images and a driver for supplying driving signals
to the LCD panel. The LCD panel generally includes first
and second substrates bonded to, but spaced apart from, each
to form a gap therebetween. The first and second substrates
are bonded together by a sealant material and a substantially
uniform gap is maintained between the bonded substrates by
the presence of spacers. A liquid crystal layer is formed
within the gap between the first and second substrates by
injecting liquid crystal material through an injection hole
formed in the sealant material and into the gap.

[0007] FIG. 1 illustrates an exploded perspective view of
a related art LCD panel.

[0008] Referring to FIG. 1, the related art LCD panel
typically includes a lower substrate 1 bonded to an upper
substrate 2 so as to maintain a gap therebetween. A liquid
crystal layer 3 fills the gap between the lower and upper
substrates 1 and 2.

[0009] The lower substrate 1 supports a plurality of gate
lines 4 spaced apart from each other at a fixed interval and
extending along a first direction; a plurality of data lines 5
spaced apart from each other at a fixed interval and extend-
ing along a second direction, substantially perpendicular to
the first direction, to define a plurality of pixel regions ‘P’
arranged in a matrix pattern; pixel electrodes 6 formed in
each of the pixel regions ‘P’; and thin film transistors “T” at
crossings of the gate and data lines 4 and 5.

[0010] The upper substrate 2 supports a black matrix layer
7 that prevents light from being transmitted in regions
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corresponding to the pixel regions ‘P’ of the lower substrate
1; R, G, B color filter layers 8 that selectively transmit
predetermined wavelengths of light; and a common elec-
trode 9 that enables images to be produced.

[0011] Generally, each thin film transistor ‘T’ includes a
gate electrode that projects from a corresponding gate line 4,
a gate insulating film (not shown) on the gate electrode, an
active layer (not shown) on the gate insulating film and over
the gate electrode, a source electrode that projects from a
corresponding data line, and a drain electrode opposing the
source electrode. Typically, the pixel electrode 6 is formed
of a suitably transparent conductive metal such as indium-
tin-oxide (ITO).

[0012] Upon applying predetermined voltages to the pixel
and common electrodes of the LCD panel described above,
an electric field, vertically oriented with respect to the lower
and upper substrates, is generated to alter an arrangement of
liquid erystal molecules within the liquid crystal layer 3.
Upon altering the arrangement of liquid crystal molecules,
light transmittance characteristics of the LCD panel are
selectively altered and an image can thus be expressed. The
LCD panel described above has good light transmissivity
characteristics and a suitable aperture ratio. Further, the
common electrode 9, supported by the upper substrate 2,
serves as a grounding structure that prevents damage to
liquid crystal cells caused by static electricity.

[0013] A method for fabricating the related art LCD panel
shown in FIG. 1 will now be described in greater detail with
reference to FIGS. 2 and 3. FIG. 2 illustrates a plan view
of related art first and second model LCD panels and FIG.
3 illustrates a cross-sectional view of the LCD panel across
a line II-I' as shown in FIG. 2.

[0014] Referring generally to FIG. 2, a plurality of first
and second LCD panel models 20 and 30, respectively, are
formed on the same first and second base substrates 21 and
31, respectively. Other than their differences in panel size,
the first LCD panel models 20 are essentially identical as the
second LCD panel models 30 because both the first and
second LCD panel models 20 and 30 are fabricated by
performing the same fabrication processes (e.g., film depo-
sition, photolithography, etc.) on the first and second sub-
strates 21 and 31.

[0015] Thus, the second substrate 31 supports a plurality
of gate lines spaced apart from each other at a fixed interval
and extending along a first direction; a plurality of data lines
spaced apart from each other and extending along a second
direction, substantially perpendicular to the first direction, to
define a plurality of pixel regions arranged in a matrix
pattern; a plurality of pixel electrodes within the pixel
regions; and a plurality of thin film transistors switching
signals from the data lines to corresponding pixel electrodes
in response to signals transmitted by corresponding gate
lines.

[0016] The first substrate 21 supports a black matrix layer
that prevents light from being transmitted outside areas
corresponding to the pixel regions of the second substrate 1;
R, G, B color filter layers that selectively transmit prede-
termined wavelengths of light; and a common electrode that
enables images to be produced. In-Plane Switching (IPS)-
type LCD panels, however, may be provided with the
common electrode formed on the second substrate 31.
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[0017] Referring still to FIG. 3, the aforementioned first
and second substrates 21 and 31 are bonded to each other via
a sealant material and a substantially uniform gap is main-
tained between the bonded substrates by a plurality of
spacers. Accordingly, the first LCD panel models 20 include
the first spacers 23 while the second LCD panel models 30
include the second spacers 33. As shown, the height of the
first spacers 23 for the first LCD panel models 20 is equal to
the height of the second spacers 33 for the second LCD
panel models 30. Moreover, the thickness of the first color
filter layers 22 of the first LCD panel models 20 is equal to
the thickness of the second color filter layers 32 of the
second LCD panel models 30.

[0018] As described above, the same base substrates can
beneficially be used to form multiple LCD panel models
(hereinafter referred to as “Multi-Model on Glass”, or
“MMG?”, technique) with varying panel sizes. Because the
various LCD panels models must be fabricated using the
same processes, however, it is almost impossible to imple-
ment the MMG technique while varying LCD panel char-
acteristics other than panel size. Accordingly, implementa-
tion of related art MMG techniques can be extremely limited
in scope.

SUMMARY OF THE INVENTION

[0019] Accordingly, the present invention is directed to a
method for fabricating LCD devices that substantially obvi-
ates one or more of the problems due to limitations and
disadvantages of the related art.

[0020] An advantage of the present invention provides a
method for fabricating LCD devices while implementing
MMG techniques to form LCD panel models having differ-
ent characteristics other than panel size.

[0021] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
in part will be apparent from the description, or may be
learned by practice of the invention. These and other advan-
tages of the invention will be realized and attained by the
structure particularly pointed out in the written description
and claims hereof as well as the appended drawings.

[0022] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, a method for fabricating
an LCD device may, for example, include forming a layer of
photosensitive material over an entire surface of a first
substrate, the first substrate having a first region correspond-
ing to a first LCD panel model forming region and a second
region corresponding to a second LCD panel model forming
region; aligning a photomask over the layer of photosensi-
tive material, the photomask formed of a light shielding
layer patterned to include a first transmissive region and a
second transmissive region, the first transmissive region
having first transmissivity characteristics and the second
transmissive region having second transmissivity character-
istics; selectively exposing the layer of photosensitive mate-
rial to light via the photomask; and developing the exposed
layer of photosensitive material to simultaneously form first
and second layers on the first and second regions, respec-
tively, the first and second layers having different thick-
nesses.

[0023] Tt is to be understood that both the foregoing
general description and the following detailed description
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are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0025]

[0026] FIG. 1 illustrates an exploded perspective view of
a related art LCD panel;

[0027] FIG. 2 illustrates a plan view of related art first and
second model LCD panels;

[0028] FIG. 3 illustrates a cross-sectional view of the
LCD panels across line II-II' shown in FIG. 2;

[0029] FIG. 4 illustrates a plan view of first and second
model LCD panels in accordance with principles of the
present invention;

[0030] FIG. 5 illustrates a cross-sectional view of LCD
panels across line IV-IV' shown in FIG. 4; and

[0031] FIGS. 6A to 6D illustrate a method for fabricating
LCD panels in accordance with principles of the present
invention.

In the drawings:

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0032] Reference will now be made in detail to embodi-
ments of the present invention, examples of which are
illustrated in the accompanying drawings.

[0033] FIG. 4 illustrates a plan view of first and second
model LCD panels in accordance with principles of the
present invention and FIG. § illustrates a cross-sectional
view of LCD panels across line IV-IV' shown in FIG. 4.

[0034] Referring to FIG. 4, a plurality of LCD panel
models may be formed from the same base substrates. For
example, a plurality of first LCD panel models 100 and a
plurality of second LCD panel models 200 having different
LCD panel characteristics, in addition to panel size, may be
formed from the same base substrates 101 and 201.

[0035] According to principles of the present invention,
the first and second LCD panel models may be fabricated by
performing a plurality of film forming and photolithography
processes on respective TFT array and color filter substrates.
For example, and with reference to FIG. 5, the second
substrate 201 may support a plurality of gate lines spaced
apart from each other at a fixed interval and extending along
a first direction; a plurality of data lines spaced apart from
each other and extending along a second direction, substan-
tially perpendicular to the first direction, to define a plurality
of pixel regions arranged in a matrix pattern; a plurality of
pixel electrodes within the pixel regions; and a plurality of
thin film transistors switching signals from the data lines to
corresponding pixel electrodes in response to signals trans-
mitted by corresponding gate lines. In-Plane Switching
(IPS)-type LCD panels, however, may provided with the
common electrode formed on the second substrate 201. The
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first substrate 101 may support a black matrix layer that
prevents light from being transmitted outside regions cor-
responding to the pixel regions of the second substrate 201;
R, G, B color filter layers that selectively transmit prede-
termined wavelengths of light; and a common electrode that
enables images to be produced.

[0036] Referring still to FIG. 5, the aforementioned first
and second substrates 101 and 201, respectively, may be
bonded to each other via a sealant material and a substan-
tially uniform distance may be maintained between the
bonded substrates by a plurality of spacers.

[0037] Therefore, and in accordance with principles of the
present invention, the first LCD panel models 100 may
include first spacers 103 while the second LCD panel
models 200 may include second spacers 203. As shown, the
height of the first spacers 103 included within the first LCD
panel models 100 may be different from (e.g., less than) the
height of second spacers 203 included within the second
LCD panel models 200. Moreover, the thickness of the first
color filter layers 102 included within the first LCD panel
models 100 may be different from (e.g., thicker than) the
thickness of the second color filter layers 202 included
within the second LCD panel models 200.

[0038] Constructed as described above, the panel charac-
teristics of the first LCD panel model 100, in addition to the
panel size, may be different than corresponding panel char-
acteristics of the second LCD panel model 200. Thus,
because the first and second color filter layers 102 and 202
have different thicknesses, the first LCD panel model 100
may, for example, have a higher color reproducibility, lower
light transmissivity than the second LCD panel model 200.
Moreover, because the height of gap the in the first LCD
panel model 100 is less than the height of gap the in the
second LCD panel model 200, the first LCD panel model
100 may have a higher response speed than the second LCD
panel model 200. Stated alternatively, the second LCD panel
model 200 may have a lower color reproducibility, higher
light transmissivity, and a lower response speed, than the
first LCD panel model 100.

[0039] FIGS. 6A to 6D illustrate a method for fabricating
LCD panels in accordance with principles of the present
invention.

[0040] Referring to FIG. 6A, a layer of photosensitive
material 300, capable of transmitting light within a prede-
termined range of wavelengths, may be formed on a first
substrate 101. In one aspect of the present invention, the
photosensitive material 300 may include a material capable
of transmitting wavelengths associated with the color red,
green, blue, and the like. A photomask 400 may then be
aligned over the photosensitive material 300. In one aspect
of the present invention, the photomask 400 may generally
include a patterned light shielding layer ‘A’ that transmits
substantially no light. In another aspect of the present
invention, the photomask 400 may include a first transmis-
sive region ‘B’, having a first transmissivity suitable for
transmitting light, and a second transmissive region ‘C’,
having a second transmissivity that is lower than the first
transmissivity for transmitting a fraction of the light trans-
mitted by the first transmissive region ‘B’. In still another
aspect of the present invention, the second transmissive
region ‘C’ may be provided as a plurality of slits arranged
within the light shielding layer ‘A’.
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[0041] According to principles of the present invention,
the photosensitive material 300 may be provided as a
negative-type photosensitive material that, upon being
developed, remains where it has been exposed to light.
Alternatively, however, the photosensitive material 300 may
be provided as a positive photosensitive material that, upon
being developed, remains where it has been shielded from
light. Thus, where the photosensitive material 300 is pro-
vided as a positive photosensitive material, the arrangement
of the first and second transmissive regions ‘B’ and ‘C’ may
be altered as desired.

[0042] After the photomask 400 is aligned over the pho-
tosensitive material 300, light (e.g., UV light) may be
irradiated onto the substrate 101. Accordingly, only portions
of the photosensitive material 300 beneath the first and
second transmissive regions ‘B’ and ‘C’ of photomask 400
may be exposed to the irradiated light. Because the second
transmissive region ‘C’ transmits only a fraction of light
transmitted by the first transmissive region ‘B’, the portion
of photosensitive material 300 beneath the second transmis-
sive region ‘C’ is exposed to a smaller amount of light than
the portion of photosensitive material 300 beneath the first
transmissive region ‘B’. With reference to FIG. 6B, the
exposed photosensitive material 300 may then be developed
to simultaneously form first and second color filter layers
102 and 202, respectively. Because the portion of photosen-
sitive material 300 beneath the second transmissive region
‘C’ 1s exposed 1o a smaller amount of light than the portion
of photosensitive material 300 beneath the first transmissive
region ‘B’, the portion of photosensitive material 300
beneath the second transmissive region ‘C’ may, after devel-
opment, be thinner than the portion of photosensitive mate-
rial 300 beneath the first transmissive region ‘B’. Accord-
ingly, the thickness and width of the first color filter layer
102 may be different from the thickness and width of the
second color filter layer 202.

[0043] Referring to FIG. 6C, an insulating film may be
formed over the entire surface of the first substrate 101,
including over the first and second color filter layers 102 and
202, respectively. In one aspect of the present invention, the
insulating film may form a substantially planar upper sur-
face. Next, the insulating film may be selectively removed
by photolithography and etching processes to form a plu-
rality of first and second column spacers 103 and 203,
respectively, on opposing side edges of the first and second
color filter layers 102 and 202, respectively. According to
principles of the present invention, the first and second
column spacers 103 and 203 may be simultaneously formed
to have different heights because the first and second color
filter layers 102 and 202 on which they are formed have
different thicknesses.

[0044] Referring to FIG. 6D, after the first and second
column spacers 103 and 203 are formed, a second substrate
201 may be bonded to the first substrate 101 and contact the
first and second column spacers 103 and 203. According to
principles of the present invention, the second substrate 201
may, for example, support a plurality of gate lines spaced
apart from each other at a fixed interval and extending along
a first direction; a plurality of data lines spaced apart from
each other and extending along a second direction, substan-
tially perpendicular to the first direction, to define a plurality
of pixel regions arranged in a matrix pattern; a plurality of
pixel electrodes within the pixel regions; and a plurality of
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thin film transistors switching signals from the data lines to
corresponding pixel electrodes in response to signals trans-
mitted by corresponding gate lines. While it has been
described above that the first and second column spacers 103
and 203 are formed on the first substrate 101, it should be
noted that at least one of the first and second column spacers
103 and 203 may, alternatively, be formed on the second
substrate 201.

[0045] After the first and second substrates 101 and 201
have been bonded to each other, liquid crystal material may
be filled into the gap between the bonded substrates to form
a plurality of LCD panels. Thus, in accordance with prin-
ciples of the present invention, a plurality of first LCD panel
models 100 and a plurality of second LCD panel models 200
may be formed using the same base substrates, wherein the
first and second LCD panel models have different panel
characteristics (e.g., color reproducibility, light transmissiv-
ity, response speed, etc.) in addition to panel size. Conse-
quently, when implementing MMG techniques according to
principles of the present invention, the sizes, liquid crystal
modes, viewing angles, alignment directions, alignment
methods, color reproducibility, and the like, of the various
LCD panel models must be taken into account.

[0046] For example, the first and second LCD panel
models 100 and 200 may include the same or different
alignment directions, in addition to different panel sizes. In
one aspect of the present invention, alignment directions of
the first and second LCD panel models 100 and 200 may be
formed according to a physical treatment (e.g., a rubbing
treatment). For example, a base substrate may be rubbed
along one direction with a rubbing cloth attached to a
rotating drum to form straight grooves running in one
direction. Formed using the rubbing method described
above, the first and second LCD panel models 100 and 200
may have alignment directions oriented at either 0° or 180°
with respect to each other. As is generally known, the
viewing angle of an LCD panel is heavily dependent upon
the alignment direction of the LCD panel. Thus, if the
alignment direction of one LCD panel model changes, the
alignment direction (and thus the viewing angle character-
istics) of another LCD panel model also changes. To over-
come this potentially undesirable effect, alignment direc-
tions of the first and second LCD panel models 100 and 200
may be formed according to a UV irradiation method or at
least one of the LCD panel models may be provided as a
vertical alignment (VA)-mode LCD panel, or the like, that
does not require the formation of alignment directions by
rubbing or UV irradiation to induce an orientation of liquid
crystal molecules within a liquid crystal layer.

[0047] In one aspect of the present invention, UV light
may be irradiated to the substrate by causing a UV light
source to emit UV light, transmitting the emitted UV light
through a lens, uniformly transmitting the resultant UV light
through a polarizer, and directing the polarized UV light to
a substrate at a predetermined incident angle. In another
aspect of the present invention, the polarized UV light may
be selectively directed to predetermined portions of the
substrate. As a result, only the portion of the material
exposed to the incident UV light is altered to form straight
grooves along a predetermined direction. For example, a
first UV irradiation may be performed on a selectively
exposed portion of a substrate corresponding to, for example
the first LCD panel models 100. Subsequently, the substrate
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may be rotated and a second UV irradiation may be per-
formed on a different, selectively exposed, portion of the
substrate corresponding to, for example the second LCD
panel models 200. Accordingly, a plurality of alignment
directions may be formed within the various LCD panel
models to induce an orientation of liquid crystal molecules
within the liquid crystal layer.

[0048] 1In one aspect of the present invention, an orienta-
tion of liquid crystal molecules within a liquid crystal layer
may be induced not by the formation of straight grooves
(formed via rubbing or irradiation with light) but by the
provision of an alignment structure that perturbs an electric
field (e.g., a slit, a protrusion, a fringe field, etc.) present in,
for example, VA-mode LCD panels. In VA-mode LCD
panels, liquid crystal molecules of negative-type liquid
crystal material are oriented perpendicular to the alignment
structures when no voltage is applied to the pixel and
common electrodes. When a voltage is applied, domains of
different orientations are formed within the liquid crystal
layer and an alignment boundary is formed between the
alignment structure.

[0049] According to principles of the present invention,
the first and second LCD panel models may be provided as
TN (Twist Nematic)-, STN (Super Twist Nematic)-, IPS
(In-plane Switching)-, VA-mode LCD panels, and the like.
However, because each of the various modes of LCD panels
are fabricated using different processes, only first and second
LCD panel models 100 and 200 of the same mode can be
formed using the same base substrates.

[0050] As described above, MMG techniques may be
implemented to form LCD panel models of the same mode
but having different panel characteristics (e.g., color repro-
ducibility, light transmissivity, response speed, etc.) in addi-
tion to differences in panel size and alignment directions.
For example, the photomask 400, having the first and second
transmissive regions ‘B’ and ‘C’ formed within the patterned
light shielding layer ‘A’, may be used to simultaneously
form first and second color filter layers 102 and 202 having
different thickness and widths. Thus, the efficiency with
which base substrates are used can be maximized.

[0051] Tt will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:
1. A method for fabricating a liquid crystal display (LCD)
device, comprising:

forming a layer of photosensitive material over a first
substrate having a first region and a second region
defined thereomn;

arranging a photomask over the layer of photosensitive
material, the photomask formed of a light shielding
layer patterned to include a first transmissive region
and a second transmissive region, the first transmissive
region having first transmissivity characteristics and
the second transmissive region having second trans-
missivity characteristics; and
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selectively exposing the layer of photosensitive material
to light via the photomask;

developing the exposed layer of photosensitive material to
form first and second layers on the first and second
regions, respectively, wherein the first and second
layers have different thicknesses; and

forming at least one first LCD panel model within the first
region and at least one second LCD panel model within
the second region.

2. The method as claimed in claim 1, wherein the first and
second layers include color filter layers.

3. The method as claimed in claim 1, wherein the layer of
photosensitive material includes one selected from red pho-
tosensitive material, green photosensitive material, and blue
photosensitive material.

4. The method as claimed in claim 1, further comprising
forming column spacer layers on the first and second layers.

5. The method as claimed in claim 1, further comprising
forming column spacer layers on the first substrate.

6. The method as claimed in claim 1, wherein the second
transmissive region includes a plurality of slits within the
light shiclding layer, wherein a transmissivity of the second
transmissive region is less than a transmissivity of the first
transmissive region.

7. The method as claimed in claim 1, further comprising
bonding a second substrate to the first substrate after the
developing, wherein a distance between the first and the
second substrates is substantially constant within the first
and second regions.

8. The method as claimed in claim 6, further comprising
forming a plurality of column spacers on the second sub-
strate.

9. The method as claimed in claim 7, further comprising
forming a liquid crystal layer between the first and second
substrates.

10. The method as claimed in claim 1, wherein the first
LCD panel model and the second LCD panel model have
different color reproducibility characteristics.
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11. The method as claimed in claim 1, wherein the first
LCD panel model and the second LCD panel model have
different light transmittance characteristics.

12. The method as claimed in claim 1, wherein the first
LCD panel model and the second LCD panel model have
different response speeds.

13. The method as claimed in claim 1, wherein the first
LCD panel model and the second LCD panel model have
different panel sizes.

14. The method as claimed in claim 1, wherein the first
LCD panel model and the second LCD panel model have the
same liquid crystal mode.

15. The method as claimed in claim 14, the first LCD
panel model and the second LCD panel model have a
vertical alignment mode, an in-plane switching mode, a
twist nematic mode, or a super twist nematic mode.

16. The method as claimed in claim 1, further including
forming a first alignment direction within the first LCD
panel model and a second alignment direction within the
second LCD panel model.

17. The method as claimed in claim 16, wherein the first
alignment direction is the same as the second alignment
direction.

18. The method as claimed in claim 16, wherein the first
alignment direction is different from the second alignment
direction.

19. The method as claimed in claim 16, wherein forming
the first and second alignment directions includes perform-
ing a physical alignment process.

20. The method as claimed in claim 16, wherein the first
alignment direction is oriented at an angle of about 90°,
about 180°, or about 270° with respect to the second
alignment direction.

21. The method as claimed in claim 16, wherein forming
the first and second alignment directions includes perform-
ing at least one UV irradiation process.
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