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(57) ABSTRACT

A liquid crystal display device and a method for manufac-
turing the same includes a liquid crystal display having a
thin film transistor on a substrate; an insulating layer on an
entire surface of the substrate including the thin film tran-
sistor; a first photo-acryl layer on the insulating layer; a
plurality of protrusions on the first photo-acryl layer at fixed
intervals, the plurality of protrusions being formed of a
second photo-acryl layer; and a reflective electrode on the
first photo-acryl layer including the protrusions for being
connected to a predetermined portion of the thin film tran-
sistor. The liquid crystal display device is provided for
maximizing reflection efficiency.
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR MANUFACTURING THE SAME

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This nonprovisional application claims priority
under 35 U.S.C. § 119(a) on Korean Patent Application No.
P2003-34861 filed on May 30, 2003, the entirety of which
is herein incorporated by reference.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a liquid crystal
display (LCD) device, and more particularly, to a liquid
crystal display (LCD) device and a method for manufactur-
ing the same that improves reflexibility by maximizing the
density of protrusions.

[0004]

[0005] With the development of an information society,
demands for various display devices are increasing. Accord-
ingly, many efforts have been made to research and develop
various flat display devices such as liquid crystal display
(LCD), plasma display panel (PDP), electroluminescent
display (ELD) and vacuum fluorescent display (VFD)
devices. Some of these types of flat display devices are
already applied to displays of various equipments.

[0006] Among the various flat display devices, the LCD
device has been most widely used due to the advantageous
characteristics of being thin, light in weight, and having a
relatively low power consumption. The LCD device substi-
tutes for the Cathode Ray Tube (CRT), and in addition to the
mobile type LCD devices, e.g.,, such as a display for a
notebook computer, the LCD devices have been developed
for computer monitors and televisions to receive and display
broadcasting signals.

[0007] Despite various technical developments in the
LCD technology and associated applications in different
fields, research in enhancing the picture quality of the LCD
device has been in some respects lacking, e.g., as compared
to other features and advantages of the LCD device. There-
fore, in order to use the LCD device in various fields as a
general display, the key to developing the LCD device lies
on whether the LCD device can implement a high quality
picture, e.g., such as retaining high resolution and high
luminance with a large-sized screen while still being light in
weight, thin, and requiring low power consumption.

[0008] The LCD device displays an image or a picture by
controlling a light transmittance with an electric fleld
applied to the liquid crystal having dielectric anisotropy. The
LCD device is different from display devices such as an
electroluminescence (EL) device, a cathode ray tube (CRT)
and a light emitting diode (LED) device, which emit light by
itself, in that the LCD device makes use of ambient light as
a light source.

[0009] The LCD devices are classified into two different
types, a transmitting type LCD device and a reflective type
LCD device. The transmitting type LCD device has a
backlight as a light source at the rear of an LCD panel,
whereby the transmitting type LCD device can display
colors by controlling the light transmittance incident on the

1. Field of the Invention

2. Description of the Background Art
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liquid crystal according to the alignment of the liquid
crystal. However, the transmitting type LCD device has
problems in that it requires a relatively high power con-
sumption. Meanwhile, the reflective type LCD device makes
use of ambient light as the light source, thereby requiring a
relatively small amount of power consumption.

[0010] FIG. 1 is a cross-sectional view illustrating a
general reflective type LCD device of the background art.
Referring to FIG. 1, the general reflective type LCD device
includes an upper substrate 13 having a color filter layer (not
shown) and a common electrode 17, a lower substrate 11
having a thin film transistor (not shown) and a reflective
electrode 16, and a liquid crystal 19 between the lower and
upper substrates 11 and 13. The liquid crystal 19 is the
optical anisotropy medium controlling the light transmit-
tance by aligning liquid crystal molecules in a predeter-
mined direction according to the electric field. Herein, it is
possible to use a predetermined medium having the optical
anisotropy characteristics instead of the liquid crystal 19.

[0011] After that, a plurality of optical medium layers are
formed on external surfaces of the respective lower and
upper substrates 11 and 13 to control the polarizing state of
light. For example, a light-scattering film 21, a phase dif-
ference plate 23 and a polarizing plate 25 are sequentially
deposited on the upper substrate 13. Herein, the light-
scattering film 21 is formed so as to provide a wide viewing
angle for a viewer by scattering light, and the phase differ-
ence plate 23 includes a first phase difference film having
characteristics of A/4 plate to affect the light to the reflective
electrode, and a second phase difference film having char-
acteristics of A/2 plate. When a voltage is not applied in a
turn-off state, the phase of the light is inverted by the phase
difference plate 23, thereby obtaining a phase difference.
Thus, it is possible to emit a large amount of light to the
outside so as to obtain an LCD panel having high luminance
characteristics. Also, the polarizing plate 25 transmits the
light at a wave direction of a transmitting axis, and absorbs
the rest of the light.

[0012] Hereinafter, a reflective type LCD device of the
background art and a method for manufacturing the same
will be described with reference to the accompanying draw-
ings. FIG. 2 is a plan view illustrating a reflective type LCD
device of the background art having a reflective electrode
including a protrusion, and FIG. 3 is a cross-sectional view
taken along line IV-IV of FIG. 2.

[0013] As shown in FIG. 2 and FIG. 3, a thin film
transistor T is formed on a predetermined portion of a lower
substrate 11 by a common technology, and a passivation
layer 36 is formed on the lower substrate 11 having the thin
film transistor T. Then, a plurality of photo-acryl protrusions
37a are formed on the passivation layer 36 at fixed intervals.
At this time, the protrusions 37a are formed on an entire
surface of the lower substrate 11 including the thin film
transistor T at the fixed intervals, thereby improving a
reflection angle of light.

[0014] A reflective electrode 16 is then formed for being
electrically connected with a drain electrode of the thin film
transistor on the passivation layer 36 including the protru-
sions 37a. At this time, the reflective electrode 16 has an
uneven surface by the protrusions 37a formed on the pas-
sivation layer 36, so that it is possible to concentrate the light
incident on the protrusions 37« at different angles, and to
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emit the light concentrated at a predetermined angle in case
the light incident from the outside is reflected and emitted.
An organic insulating layer 38 is formed on an entire surface
of the lower substrate 11 including the protrusions 374, and
the reflective electrode 16 is formed on the organic insulat-
ing layer 38.

[0015] FIG. 4A to FIG. 4E are cross-sectional views
illustrating manufacturing process steps of a reflective type
LCD device of the background art taken along line IV-IV of
FIG. 2. As shown in FIG. 4A, the passivation layer 36 is
formed on the entire surface of the lower substrate 11
including the thin film transistor (a gate electrode 27, a gate
insulating layer 28, a source electrode 29, a drain electrode
31 and a semiconductor layer 30), and a first photo-acryl
layer 37 is formed on the passivation layer 36. Subsequently,
a diffraction mask 39 defined by a closed area A, a slit area
B and a transmission area C is aligned above the first
photo-acryl layer 37.

[0016] Referring to FIG. 4B, a diffraction exposure and
developing process is performed to the first photo-acryl
layer 37, thereby patterning a plurality of first photo-acryl
patterns 37b at fixed intervals. By the diffraction mask 39,
each of the first photo-acryl patterns 37b has a different
thickness in the central and side portions thereof. That is, the
portions of the first photo-acryl layer 37 corresponding to
the slit area B and the transmission area C of the diffraction
mask 39 are exposed differently to the light, whereby the
central portion of the photo-acryl layer 37 has a different
thickness as that of the side portion thereof.

[0017] As shown in FIG. 4C, the hemisphere-shaped
protrusions 37a are patterned by reflowing the first photo-
acryl patterns 37b in a thermal treatment. Referring to FIG.
4D, a second photo-acryl layer 38 is formed on the entire
surface of the lower substrate 11 including the hemisphere-
shaped protrusions 37a. Then, the second photo-acryl layer
38 and the passivation layer 36 are selectively removed to
expose the predetermined portion corresponding to the drain
electrode 31 of the thin film transistor by photolithography,
thereby forming a contact hole 35. At this time, the hemi-
sphere-shaped protrusions 37a scatter the light greatly, so
that the reflexibility of the light becomes low. In this respect,
the second photo-acryl layer 38 is formed at a thickness
between 1.5 um and 2.0 um, and then a thermo-hardening
process is performed thereon, whereby the second photo-
acryl layer 38 flows along the surface of the protrusions 374.
Accordingly, the second photo-acryl layer 38 fills up the
space between the protrusions 37z, and the height of the
hollow space between the protrusions 37a becomes lower,
so that it is possible to obtain the protrusion having the
height and the radius at a ratio of 1 to 10.

[0018] As shown in FIG. 4E, a conductive opaque metal
layer such as aluminum Al having great reflexibility is
deposited on the entire surface of the lower substrate 11
including the contact hole 35. Subsequently, the conductive
opaque metal layer is selectively removed by photolithog-
raphy, whereby the reflective electrode 16 is formed in a
pixel region, for being in contact with the drain electrode 31.

[0019] In the reflective type LCD device of the back-
ground art, each of the photo-acryl patterns 37b has a
different thickness in the central and side portions thereof by
the diffraction exposure of the diffraction mask 39. That is,
the step difference is generated in each of the photo-acryl
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patterns 37b by exposing the portions of the photo-acryl
pattern differently to the light. Then, a melt-bake process is
performed to the photo-acryl patterns 37b, thereby forming
the hemisphere-shaped protrusions 37a by thermal-flow.

[0020] However, the present inventor has determined that
the method for manufacturing the reflective type LCD
device of the background art has the following disadvan-
tages. In the method for manufacturing the reflective type
LCD device of the background art, the specific exposure
method such as the diffraction exposure process is per-
formed as required to obtain accuracy of the diffraction
mask.

[0021] Also, in the aforementioned method for manufac-
turing the reflective type LCD device of the background art,
it is possible to decrease the hollow space between the
protrusions in height by the second photo-acryl layer. How-
ever, it has the problem in that the manufacturing process
steps are complicated and complex due to the thermal-flow
characteristics. Also, during the process for forming the
protrusions, it is required to maintain a predetermined space
between the protrusions so as to avoid interference therebe-
tween. Accordingly, the density of the protrusions becomes
low.

[0022] In addition, as shown in FIG. 11A, an inflection
point V exists in a curved surface profile of the protrusion by
the second photo-acryl layer 38 formed on the entire surface
including the protrusions 37a. As the inflection point V is
positioned at the center of the protrusion, it has the problem
of increasing mirror reflection.

SUMMARY OF THE INVENTION

[0023] The present invention overcomes the shortcomings
associated with the background art and achieves other
advantages not realized by the background art.

[0024] An aspect of the present invention is to provide a
liquid crystal display (LCD) device and a method for
manufacturing the same that substantially obviates one or
more problems of the aforementioned liquid crystal display
device of the background art.

[0025] An aspect of the present invention is to provide a
liquid crystal display (LCD) device and a method for
manufacturing the same, in which an inflection point V in a
curved surface of a protrusion is removed so as to decrease
mirror reflection, thereby maximizing reflexibility.

[0026] One or more of these and other aspects is accom-
plished by a liquid crystal display (LCD) device comprising
thin film transistor on a substrate; an insulating layer on an
entire surface of the substrate including the thin film tran-
sistor; a first photo-acryl layer on the insulating layer; a
plurality of protrusions being formed on the first photo-acryl
layer at fixed intervals, wherein the protrusions are formed
of a second photo-acryl layer; and a reflective electrode
being formed on the first photo-acryl layer, said reflective
electrode being capable of being connected to a predeter-
mined portion of the thin film transistor.

[0027] One or more of these and other aspects is accom-
plished by a method for manufacturing a liquid crystal
display (LCD) device comprising forming an insulating
layer on a substrate; forming a first photo-acryl layer on the
insulating layer; performing a hard-cure process on the first
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photo-acryl layer; forming a plurality of second photo-acryl
patterns on the first photo-acryl layer at fixed intervals,
forming a plurality of protrusions by reflowing the second
photo-acryl patterns; and forming a reflective electrode on
an entire surface including the protrusions.

[0028] One or more of these and other aspects is accom-
plished by a method for manufacturing a liquid crystal
display (LCD) device comprising forming a first insulating
layer on an entire surface of a substrate including a thin film
transistor; forming a first photo-acryl layer on the first
insulating layer; performing a hard-cure process on the first
photo-acryl layer; forming a plurality of second photo-acryl
patterns on the first photo-acryl layer at fixed intervals;
forming a plurality of protrusions by reflowing the second
photo-acryl patterns; forming a reflective electrode on a
predetermined portion of the first photo-acryl layer includ-
ing the plurality of protrusions; forming a second insulating
layer on an entire surface of the substrate including the
reflective electrode; forming a contact hole exposing a
predetermined portion of the thin film transistor by selec-
tively removing the second insulating layer, the first photo-
acryl layer and the first insulating layer; and forming a
transparent electrode being electrically connected with the
thin film transistor through the contact hole.

[0029] Further scope of applicability of the present inven-
tion will become apparent from the detailed description
given hereinafter. However, it should be understood that the
detailed description and specific examples, while indicating
preferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled in the art from this detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The present invention will become more fully
understood from the detailed description given hereinafter
and the accompanying drawings which are given by way of
illustration only, and thus are not limitative of the present
invention, and wherein:

[0031] FIG. 1 is a cross-sectional view illustrating a
general reflective type color LCD device of the background
art;

[0032] FIG. 2 is a plan view illustrating an LCD device
including a reflective electrode having protrusions of the
background art;

[0033] FIG. 3 is a cross-sectional view taken along line
IV-1V of FIG. 2;

[0034] FIG. 4A to FIG. 4E are cross-sectional views
illustrating manufacturing process steps of an LCD device of
the background art taken along line IV-IV of FIG. 2;

[0035] FIG. 5 is a cross-sectional view illustrating an
LCD device according to an embodiment of the present
invention;

[0036] FIG. 6A to FIG. 6F are cross-sectional views
illustrating manufacturing process steps of an LCD device
according to an embodiment of the present invention;

[0037] FIG. 7A and FIG. 7B are views illustrating pro-
trusion shapes according to an embodiment of the present
invention;
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[0038] FIG. 8 is a graphical view comparing reflexibility
of an LCD device according to the present invention with
that of an LCD device according to the background art;

[0039] FIG. 9A to FIG. 9G are cross-sectional views
illustrating manufacturing process steps of an LCD device
according to another embodiment of the present invention;

[0040] FIG. 10 is a photograph showing a protrusion
shape according to temperature and time when melt-baking
a second photo-acryl pattern; and

[0041] FIG. 11A and FIG. 11B are graphical views com-
paring a protrusion shape according to the present invention
with that according to the background art.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0042] The present invention will hereinafter be described
with reference to the accompanying drawings. Wherever
possible, the same reference numbers will be used through-
out the drawings to refer to the same or similar parts.
Hereinafter, a liquid crystal display (LCD) device and a
method for manufacturing the same according to the present
invention will be described with reference to the accompa-
nying drawings.

[0043] FIG. 5 is a cross-sectional view illustrating an
LCD device according to an embodiment of the present
invention. As shown in FIG. 5, a thin film transistor T is
formed on a predetermined portion of a lower substrate 41,
and an insulating layer 42 is formed on the lower substrate
41 including the thin film transistor T. Then, a first photo-
acryl layer 43 is formed on the insulating layer 42, and a
plurality of protrusions 495 are formed on the first photo-
acryl layer 43 at fixed intervals. At this time, the plurality of
protrusions 495 are formed of a second photo-acryl layer.

[0044] Subsequently, a reflective electrode 51 is formed
on the first photo-acryl layer 43 including the plurality of
protrusions 49b, for being electrically connected to a drain
electrode of the thin film transistor T. At this time, the
reflective electrode 51 has an uneven surface due to the
plurality of protrusions 495 formed on the first photo-acryl
layer 43. Therefore, if the light incident from the outside is
reflected and emitted, it is possible to concentrate the light
incident on the protrusions 495 at different angles, and to
emit the light concentrated to a predetermined angle.

[0045] In this case, the thin film transistor T includes a
gate electrode 44, a gate insulating layer 45, a semiconduc-
tor layer 46, a source electrode 47 and a drain electrode 48.
At this time, the gate electrode 44 is formed on a predeter-
mined portion of the lower substrate 41 according to com-
mon process steps, and the gate insulating layer 45 is formed
on an entire surface of the lower substrate 41 including the
gate electrode 44. Also, the semiconductor layer 46 is
formed on the gate insulating layer 45 above the gate
electrode 44, and the source and drain electrodes 47 and 48
are formed at a predetermined interval, for being partially
overlapped with the semiconductor layer 46. Herein, the
insulating layer 42 is formed of any one of organic insulating
layers such as polyimide, BenzoCycloButen BCB, an oxide
layer and a nitride layer at a thickness between 1 ym and 5

um.

[0046] FIG. 6A to FIG. 6F are cross-sectional views
illustrating manufacturing process steps of an LCD device



US 2004/0239845 Al

according to the present invention. As shown in FIG. 6A,
the insulating layer 42 is formed on an entire surface of the
lower substrate 41 including the thin film transistor T. At this
time, the insulating layer 42 is formed of any one of the
organic insulating layers such as polyimide, BenzoCy-
cloButen BCB, an oxide layer and a nitride layer at a
thickness between 1 um and 5 um. Subsequently, the first
photo-acryl layer 43 is coated on the insulating layer 42 at
a thickness between 2 um and 3 um. Then, a hard-cure
process is performed to the first photo-acryl layer 43, for
stably maintaining the first photo-acryl layer 43 during an
exposure and developing process.

[0047] At this time, the thin film transistor T includes a
gate electrode 44, a gate insulating layer 45, a semiconduc-
tor layer 46, a source electrode 47 and a drain electrode 48.
Herein, the gate electrode 44 is formed on a predetermined
portion of the lower substrate 41, and the gate insulating
layer 45 is formed on an entire surface of the lower substrate
41 including the gate electrode 44. Also, the semiconductor
layer 46 is formed on the gate insulating layer 43 above the
gate electrode 44, and the source and drain electrodes 47 and
48 are formed at a predetermined interval, for being partially
overlapped with the semiconductor layer 46.

[0048] As shown in FIG. 6B, the second photo-acryl layer
49 is coated on the first photo-acryl layer 43 at a thickness
between 0.5 um and 0.8 um. Referring to FIG. 6C, the
second photo-acryl layer 49 is selectively patterned by the
exposure and developing process, thereby forming second
photo-acryl patterns 49« on the first photo-acryl layer 43 at
fixed intervals. As mentioned above, the first photo-acryl
layer 43 is performed by a thermal treatment, e.g., such as
the hard-cure process, during the exposure and developing
process for patterning the second photo-acryl layer 49, so
that the first photo-acryl layer 43 is not deformed.

[0049] As shown in FIG. 6D, a melt-bake process is
performed for reflowing the second photo-acryl pattern 49a,
thereby forming the plurality of hemisphere-shaped protru-
sions 49b having the desired slope. At this time, in order to
improve light efficiency, it is preferable to form the protru-
sion 49b having a height and a radius at a ratio of 1 to 10.
Also, the melt-bake process is performed at a temperature
between 110° C. and 160° C. Meanwhile, it is possible to
obtain the reflexiblity having trapezoidal reflection charac-
teristics by controlling the curvature of the protrusion 49b.

[0050] As shown in FIG. 6E, the first photo-acryl layer 43
and the insulating layer 42 are selectively removed for
exposing a predetermined portion of the drain electrode 48
of the thin film transistor T, thereby forming a contact hole
50. Referring to FIG. 6F, a conductive opaque metal layer,
e.g., such as aluminum Al, having great reflexibility is
deposited on the entire surface of the lower substrate 41
including the contact hole 50. Next, the conductive opaque
metal layer is selectively removed by photolithography,
whereby the reflective electrode 51 is formed for being in
contact to the drain electrode. At this time, the reflective
electrode 51 serves as a pixel electrode in a pixel region.

[0051] The reflective electrode 51 has an uneven surface
by the plurality of protrusions 495 formed on the first
photo-acryl layer 43. For example, the reflective electrode
51 is formed of any one of opaque metal layers, e.g., such
as Al, Ag, MoW, AlI—Nd alloy and Cr layer. Thus, the
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reflective electrode 51 has the uneven surface including the
plurality of protrusions, thereby improving reflexibility of
the reflective electrode 51.

[0052] FIG. 7A and FIG. 7B are views illustrating pro-
trusion shapes according to an embodiment of the present
invention. As shown in FIG. 7A, a profile function of the
protrusion 49b serves as the important element determining
the intensity according to a reflection angle of reflected light.
It is important to obtain the shape of the protrusion 49b for
uniformly distributing the incident light within a range of the
viewing angle. Accordingly, the distribution and intensity of
the reflected light by the reflection angle are determined.

[0053] P(probability)=AS/S (herein, AS is the surface area
in a range where a surface angle of the profile is constant,
and S is the surface area of the profile). Therefore, the
probability distribution of the unit area AS having the
predetermined slope 0 is very important. Also, according to
a study based on current research, the present inventor has
determined that it is possible to obtain the optimal front
reflexibility in the protrusion having a height and a radius at
a ratio of 1 to 10.

[0054] 1In addition, it is preferable to form the protrusion
having a radius of 4 um to 5 um. Referring to FIG. 7B, the
reflective electrode has the uneven surface by the protru-
sions 49b formed on the first photo-acryl layer, whereby it
is possible to concentrate the light incident on the protru-
sions 49b at different angles, and to emit the light concen-
trated at a predetermined angle if the light incident from the
outside is reflected and emitted.

[0055] FIG. 8 is a graphical view comparing reflexibility
of an LCD device according to an embodiment of the present
invention with that of an LCD device according to the
background art. Referring to FIG. 8, the first photo-acryl
layer 43 is formed as a flattening layer for obtaining high
aperture ratio. Also, the second photo-acryl layer 49 is
coated on the first photo-acryl layer 43. Herein, the second
photo-acryl layer 49 is thinner than the first photo-acryl
layer 43. Then, the protrusion 49b removing an inflection
point of the curved surface is formed, so that it is possible
to decrease mirror reflection and to obtain trapezoidal reflec-
tion characteristics having constant reflexibility in the entire
reflective scattering viewing angle.

[0056] In the background art, when the light is incident at
an angle of 20°, the inflection point exists by the second
photo-acryl layer formed on the entire surface including the
protrusions. Also, as the inflection point V is positioned at
the center of the protrusion, it has the problem of increasing
the mirror reflection.

[0057] As mentioned above, the present invention is
described according to the method for manufacturing the
reflective type LCD device. However, it is possible to apply
the present invention to a transflective type LCD device
having a reflective part of which the surface has an uneven
surface. Accordingly, in case of the method for manufactur-
ing the reflective type LCD device according to the present
invention, the reflective electrode serves as the pixel elec-
trode. However, it is possible to manufacture the transflec-
tive type LCD device in which a reflective electrode having
an uneven surface is formed, and then a transparent elec-
trode is formed additionally. In this case, the transparent
electrode is connected to the drain electrode of the thin film
transistor.
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[0058] FIG. 9A to FIG. 9G are cross-sectional views
illustrating manufacturing process steps of an LCD device
according to another embodiment of the present invention.
As shown in FIG. 9A, a first insulating layer 72 is formed
on an entire surface of a lower substrate 71 including a thin
film transistor T. At this time, the first insulating layer 72 is
formed of an organic insulating layer such as polyimide,
BenzoCycloButen BCB, an oxide layer or a nitride layer at
a thickness between 1 ym and 5 um.

[0059] Subsequently, a first photo-acryl layer 73 is coated
on the first insulating layer 72 at a thickness between 2 ym
and 3 ym. Then, a hard-cure process is performed to the first
photo-acryl layer 73, for stably maintaining the first photo-
acryl layer 73 during an exposure and developing process.
Herein, the thin film transistor T includes a gate electrode
74, a gate insulating layer 75, a semiconductor layer 76, a
source electrode 77 and a drain electrode 78. At this time, the
gate electrode 74 is formed on a predetermined portion of
the lower substrate 71, and the gate insulating layer 75 is
formed on an entire surface of the lower substrate 71
including the gate electrode 74. Also, the semiconductor
layer 76 is formed on the gate insulating layer 73 above the
gate electrode 74, and the source and drain electrodes 77 and
78 are formed at a predetermined interval, for being partially
overlapped with the semiconductor layer 76.

[0060] As shown in FIG. 9B, a second photo-acryl layer
79 is coated on the first photo-acryl layer 73 at a thickness
between 0.5 um and 0.8 um. Referring to FIG. 9C, the
second photo-acryl layer 79 is selectively patterned by the
exposure and developing process, thereby forming second
photo-acryl patterns 79a. In this case, the first photo-acryl
layer 73 is performed by a thermal treatment such as the
hard-cure process, during the exposure and developing pro-
cess for patterning the second photo-acryl layer 79, so that
the first photo-acryl layer 73 is not deformed.

[0061] As shown in FIG. 9D, a melt-bake process is
performed to the second photo-acryl patterns 79a, thereby
forming a plurality of hemisphere-shaped protrusions 79b
having the desired slope by reflowing the second photo-acryl
patterns 79a. At this time, it is preferable to form the
protrusion 796 having a height and a radius at a ratio of 1 to
10 so as to improve light efficiency. Meanwhile, the curva-
ture of the protrusion 79b is controlled to obtain the reflex-
ibility having trapezoidal reflection characteristics.

[0062] As shown in FIG. 9E, an opaque metal layer is
deposited on the entire surface of the lower substrate 71
including the protrusions 79b, and then selectively removed
by photolithography, thereby forming a reflective electrode
80. At this time, the reflective electrode 80 has an uneven
surface by the protrusions 795 formed on the first photo-
acryl layer 73. In a preferred embodiment the opaque metal
layer may be formed of any one of Al, Ag, MoW, Al—Nd
alloy and Cr layer.

[0063] Referring to FIG. 9F, a second insulating layer 81
is formed on an entire surface of the lower substrate 71
including the reflective electrode 80. Then, the second
insulating layer 81, the first photo-acryl layer 73 and the first
insulating layer 72 are selectively removed by photolithog-
raphy so as to expose a predetermined portion of the drain
electrode 78, thereby forming a contact hole 82.

[0064] Referring to FIG. 9G, a transparent metal layer is
deposited on the entire surface of the lower substrate 71
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including the contact hole 82, and then selectively removed
by photolithography. A transparent electrode 83 covering the
reflective electrode 80 is formed for being electrically con-
nected with the drain electrode 78 through the contact hole
82. At this time, the transparent metal layer is formed of ITO
(Indium-Tin-Oxide), 1ZO (Indium-Zinc-Oxide) or ITZO
(Indium-Tin-Zinc-Oxide) by CVD method or sputtering
method.

[0065] FIG. 10 is a photograph showing a protrusion
shape according to temperature and time when melt-baking
the second photo-acryl pattern. As shown in FIG. 10, the
curvature of the entire protrusion is affected only with the
temperature of the melt-bake process for the second photo-
acryl pattern. In this respect, the temperature (approximately
110-160° C.) and time of the melt-bake process is controlled
so as to control the curvature of the second photo-acryl layer.

[0066] In the background art process steps, it is possible to
control the top of the protrusion and the hollow space
between the protrusions. Meanwhile, in the process steps
according to the present invention, it is possible to easily
control the reflexibility of the reflection angle by controlling
the curvature of the protrusion.

[0067] FIG. 11A and FIG. 11B are views comparing a
protrusion shape according to the present invention with that
according to the background art. As shown in FIG. 11A, the
inflection point V exists in a curved surface profile of the
protrusion in the background art. Further, as the inflection
point V is positioned at the center of the protrusion, it has the
problem of increasing mirror reflection. Meanwhile, the
inflection point V does not exist in the protrusion according
to the present invention, as shown in FIG. 11B, whereby it
is possible to decrease mirror reflection.

[0068] At this time, unexplained ‘H* is a height of the
protrusion, ‘R’ is a radius of the protrusion, ‘b’is an exist-
ence length of the inflection point V, ‘Hb’ is a height of the
portion corresponding to the inflection point V, ‘Ha’ is a
height subtracting the height ‘Hb’ of the portion correspond-
ing to the inflection point V from the height ‘H* of the
protrusion, and ‘a’ is a length subtracting the existence
length ‘b’ of the inflection point V from the radius ‘R’ of the
protrusion.

[0069] As mentioned above, the LCD device according to
the present invention and the method for manufacturing the
same has the following advantages. First, the plurality of
protrusions are formed on the first photo-acryl layer used as
the flattening layer, so that it is possible to remove the
inflection point, thereby decreasing the mirror reflection, and
obtaining the trapezoidal reflection characteristics having
the constant reflexibility in the entire reflective scattering
viewing angle.

[0070] In the L.CD device according to the present inven-
tion and the method for manufacturing the same, it is
possible to remove the problem generated by the diffraction
exposure method and the diffraction mask requiring accu-
racy, thereby simplifying the manufacturing process steps.
Also, the reflective electrode having the uneven surface by
the protrusions is formed according to the simplified manu-
facturing process steps. Thus, it is possible to obtain the
high-quality reflective or transflective type LCD device.

[0071] The invention being thus described, it will be
obvious that the same may be varied in many ways. Such
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variations are not to be regarded as a departure from the
spirit and scope of the invention, and all such modifications
as would be obvious to one skilled in the art are intended to
be included within the scope of the following claims.

What is claimed is:
1. A liquid crystal display (LCD) device comprising:

a thin film transistor on a substrate;

an insulating layer on an entire surface of the substrate
including the thin film transistor;

a first photo-acryl layer on the insulating layer;

a plurality of protrusions being formed on the first photo-
acryl layer at fixed intervals, wherein the protrusions
are formed of a second photo-acryl layer; and

areflective electrode being formed on the first photo-acryl
layer, said reflective electrode being capable of being
connected to a predetermined portion of the thin film
transistor.

2. The LCD device according to claim 1, wherein each of
said protrusions has a height and a radius at a ratio of 1 to
10.

3. The LCD device according to claim 1, wherein the first
photo-acryl layer is thicker than the second photo-acryl
layer.

4. The LCD device according to claim 1, wherein a curved
surface reflexibility of each of said protrusions has trapezoi-
dal reflection characteristics.

5. A method for manufacturing a liquid crystal display
(LCD) device comprising:

forming an insulating layer on a substrate;,
forming a first photo-acryl layer on the insulating layer;

performing a hard-cure process on the first photo-acryl
layer;

forming a plurality of second photo-acryl patterns on the
first photo-acryl layer at fixed intervals;

forming a plurality of protrusions by reflowing the second
photo-acryl patterns; and

forming a reflective electrode on an entire surface includ-

ing the protrusions.

6. The method according to claim 5, wherein the insulat-
ing layer is formed of an organic insulating layer.

7. The method according to claim 5, wherein the insulat-
ing layer is formed of any one of the group consisting of
polyimide, BCB, an oxide layer and a nitride layer.

8. The method according to claim 5, wherein the first
photo-acryl layer is thicker than the second photo-acryl
layer.

9. The method according to claim 5, wherein the first
photo-acryl layer is formed at a thickness between 2 um and
3 ym.

10. The method according to claim 5, wherein the second
photo-acryl layer is formed at a thickness between 0.5 um
and 0.8 pm.

11. The method according to claim 5, furthering compris-
ing performing a melt-bake process on the second photo-
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acryl patterns at a temperature between 110° C. and 160° C.
so as to form the protrusions.

12. The method according to claim 5, wherein the reflec-
tive electrode is formed of any one of the group consisting
of Al, Ag, MoW, Al—Nd alloy and a Cr layer.

13. The method according to claim 5, further comprising
controlling the curvature of the protrusions to achieve
reflexibiltiy having trapezoidal reflection characteristics.

14. A method for manufacturing a liquid crystal display
(LCD) device comprising:

forming a first insulating layer on an entire surface of a
substrate including a thin film transistor;

forming a first photo-acryl layer on the first insulating
layer;

performing a hard-cure process on the first photo-acryl
layer;

forming a plurality of second photo-acryl patterns on the
first photo-acryl layer at fixed intervals;

forming a plurality of protrusions by reflowing the second
photo-acryl patterns;

forming a reflective electrode on a predetermined portion
of the first photo-acryl layer including the plurality of
protrusions;

forming a second insulating layer on an entire surface of
the substrate including the reflective electrode;

forming a contact hole exposing a predetermined portion
of the thin film transistor by selectively removing the
second insulating layer, the first photo-acryl layer and
the first insulating layer; and

forming a transparent electrode being electrically con-
nected with the thin film transistor through the contact
hole.

15. The method according to claim 14, wherein the first
and second insulating layers are formed of the same insu-
lating layer.

16. The method according to claim 14, wherein the first
and second insulating layers are formed of any one of the
group consisting of polyimide, BCB, an oxide layer and a
nitride layer.

17. The method according to claim 14, wherein the first
insulating layer is formed at a thickness between 1 um and
5 pm.

18. The method according to claim 14, wherein the
transparent electrode is formed of any one of the group
consisting of Indium-Tin-Oxide (ITO), Indium-Zinc Oxide
(IZO) and Indium-Tin-Zinc-Oxide (ITZO).

19. The method according to claim 14, wherein the first
photo-acryl layer is thicker than the second photo-acryl
layer.

20. The method according to claim 14, further comprising
controlling the curvature of the protrusions to achieve
reflexibiltiy having trapezoidal reflection characteristics.
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