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LIQUID CRYSTAL DISPLAY DEVICE HAVING A
PATTERNED DIELECTRIC LAYER

CROSS-REFERENCE OF RELATED
APPLICATIONS

[0001] This application is a Continuation of U.S. patent
application Ser. No. 10/732,391 filed on Dec. 9, 2003, which
relies for priority upon Korean Patent Application No.
2002-79549 filed on Dec. 13, 2002. The contents of the
related applications are herein incorporated by reference in
their entirety.

BACKGROUND OF THE INVENTION

[0002]

[0003] The invention relates to display devices. More
particularly, the invention relates to liquid crystal display
devices with improved display quality and luminance, and a
method for fabricating the same.

[0004] 2. Description of the Related Art

[0005] A liquid crystal display (hereinafter referred to as
“LCD”) device is a type of flat panel display device. Like
most flat panel display devices, LCD devices are smaller and
lighter than cathode-ray tube (CRT) display devices of a
comparable screen size. The smaller size and lower weight
make flat panel displays advantageous in various applica-
tions.

[0006] LCD devices display information such as charac-
ters, images, and moving pictures, by using the optical
properties of liquid crystal molecules. An electric field,
which forms in the layer of liquid crystal molecules in
response to voltage, changes the arrangement and/or the
orientation of the liquid crystal molecules. This change in
arrangement and/or orientation of the liquid crystal mol-
ecules, in turn, affects the transmissivity of light through the
liquid crystal layer. Since the liquid crystal itself does not
emit light, the LCD device requires a light source to display
an image. Accordingly. the LCD device sometimes employs
a separate light source.

[0007] The LCD device is classified into three categories:
a transmissive type LCD device, a reflective type LCD
device, and a transmissive-reflective type LCD device.

[0008] A transmissive type LCD device uses an internal
light source for displaying an image. Thus, in transmissive
type LCD devices, light that is generated by application of
electrical power to a light source is provided to the liquid
crystal layer for displaying information on a screen of the
LCD device. In contrast, a reflective type LCD device uses
light from a light source that is external to the LCD device.
This external light source may be, for example, natural light
such as sunlight or an artificial light such as light illuminated
from a lamp. A transmissive-reflective type LCD device uses
both an internal light source and an external light source for
displaying an image. Typically, the transmissive-reflective
type LCD device uses the internal light source when there is
insufficient amount of external light and uses external light
when there is a sufficient amount of it.

[0009] Both the reflective type and the transmissive-re-
flective type LCD devices include a reflective electrode to
reflect the light from an external light source, thereby
displaying images. Therefore, enlarging the reflective sur-

1. Field of the Invention
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face of the reflective electrode usually improves the front
luminance of these LCD devices.

[0010] When the surface area of the reflective electrodes is
maximized, the non-reflective area between the reflective
electrodes decreases in the reflective type or the transmis-
sive-reflective type LCD device. Recently, LCD devices
have been made with reflective electrodes disposed on a
signal line, wherein an electric power of a predetermined
voltage is applied to the signal line. The reflective electrodes
being disposed on the signal line is an advantage of the
reflective type or the transmissive-reflective type LCD
devices.

[0011] However, the reflective type or the transmissive-
reflective type LCD device also suffers from a disadvantage
that lowers the display quality. The reflective electrode
disposed on the signal lines must be electrically isolated
from the reflective signal lines. To achieve this electrical
separation, an organic insulating layer having a dielectric
constant of about 3.3 is interposed between the reflective
electrode and the signal line. The surface of the insulating
layer is generally patterned to direct light such that the front
luminance is improved. Overall, the improvement in front
luminance is due to an increase in the surface area through
which the light passes, and the attendant increase in light
diffusion. Since this improved luminance stems from the
increased surface area of the reflective electrode, which in
turn is made possible by the presence of the insulating layer,
the insulating layer significantly affects the display quality
of a reflective type or a transmissive-reflective type LCD
device.

[0012] Generally, it is desirable to make the insulating
layer thin because a thin insulating layer facilitates forma-
tion of contact holes and light transmission. However, when
the insulating layer is too thin, a parasitic capacitor may
form between the conductive signal line and the non-
conductive insulating layer, and between the non-conductive
insulating layer and the conductive reflective electrode. This
formation of the parasitic capacitor is undesirable, as it
distorts an electrical signal applied through the signal line
and modifies the voltage applied to the reflective electrode.
Ultimately, the parasitic capacitor deteriorates the display
quality of the LCD device.

[0013] To reduce the parasitic capacitance, the thickness
of the insulating layer can be increased. However, this
thickening of the insulating layer adversely affects light
transmission, as discussed above. Although parasitic capaci-
tance can be reduced without thickening the insulating layer
if the reflective electrode is not formed over the signal lines,
this solution also has the undesired effect of reducing the
reflective surface area of the reflective electrode, thereby
still decreasing the luminance of the LCD device. Accord-
ingly, every option has a disadvantage. Thus, there continues
to be a need for novel structures of the LCD device and
manufacturing methods that can improve the front lumi-
nance of an LCD device.

SUMMARY OF THE INVENTION

[0014] Accordingly, the invention is directed to an LCD
device that substantially obviates one or more of the prob-
lems stemming from the limitations and disadvantages of the
related art. The present invention provides an LCD device
with improved light reflectance, reduced parasitic capaci-
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tance, and uncompromised light transmission, all of which
improve display quality. The present invention also provides
a method of manufacturing this LCD device.

[0015] 1In one aspect, the invention is a display device that
includes a first substrate having a first region and a second
region and a dielectric layer deposited on the first and the
second regions. The first region includes a region in which
first signal lines extend along a first direction, a region in
which second signal lines extend along a second direction
that is substantially perpendicular to the first direction, and
a region in which switching transistors that are electrically
connected to one of the first signal lines and one of the
second signal lines are formed. The dielectric layer of the
first region has a first pattern and the dielectric layer of the
second region has a second pattern that is different from the
first pattern. A second substrate is coupled to the first
substrate to form a space between the second substrate and
the dielectric layer and a liquid crystal layer is positioned in
the space.

[0016] In another aspect, the invention is a display device
including a first substrate, a second substrate, and a liquid
crystal layer is positioned between the first and the second
electrodes. The first substrate has a display region, a non-
display region, a dielectric material, and a first electrode.
The display region is for displaying an image while the
non-display region is for forming driving signal lines and
transistors. The dielectric material is deposited on the first
substrate, and it has a surface pattern of bumpy portions that
are spaced apart at a regular interval such that the interval of
the bumpy portions formed in the display region is larger
than the interval of the bumpy portions formed in the
non-display region. The first electrode is deposited on the
dielectric material and has an electrode pattern that substan-
tially matches the surface pattern.

[0017] In yet another aspect, the invention is a display
device including a substrate having a plurality of regions and
a dielectric layer deposited on the plurality of regions,
wherein a surface of the dielectric layer in each of the
plurality of regions has a unique pattern.

[0018] The invention also includes a method of making a
display apparatus. The method includes obtaining a first
member having a first region and a second region, forming
first signal lines, second signal lines, and transistors in the
first region of the first member; depositing a dielectric layer
on the first region and the second region, patterning the
dielectric layer overlying the first region to form a first
patterned region, and pattering the dielectric layer overlying
the second region to form a second patterned region having
a pattern different from the first patterned region. A second
member is attached to the first member to form a space
between the second member and the dielectric layer and a
liquid crystal layer is deposited in the space.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The above and other objects and advantages of the
present invention will become readily apparent by reference
to the following detailed description when considered in
conjunction with the accompanying drawings, in which:

[0020] FIG. 1 is a conceptual view showing an LCD
device according to a first exemplary embodiment of the
present invention;
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[0021] FIG. 2 is a cross-sectional view showing an inside
of the LCD device shown in FIG. 1;

[0022] FIG. 3 is a conceptual view showing a first member
shown in FIG. 1;

[0023] FIG. 4 is a cross sectional view showing a thin film
transistor shown in FIG. 2;

[0024] FIG. 5A is a plan view showing a leakage current
prevention pattern and a luminance-increasing pattern
according to a first exemplary embodiment of the present
invention;

[0025] FIG. 5B is a plan view showing another leakage
current prevention pattern and a luminance-increasing pat-
tern according to a first exemplary embodiment of the
present invention;

[0026] FIG. 6 is a cross sectional view taken along the line
B-B of FIG. 54;

[0027] FIG. 7 is a plan view showing a first electrode
shown in FIG. 2;

[0028] FIG. 8is a conceptual view showing a first member
of an LCD device according to a second exemplary embodi-
ment of the present invention;

[0029] FIG. 91is a cross sectional view taken along the line
C-C of the first member shown in FIG. 8;

[0030] FIG. 10 is a view showing a first signal line and a
gate electrode formed on a first member of the LCD device
according to an exemplary embodiment of the present
invention;

[0031] FIG. 11 is a view showing a channel layer formed
on a first member according to an exemplary embodiment of
the present invention; and

[0032] FIG. 12 is a view showing a second signal line, a
source electrode and a drain electrode formed on a first
member of the LCD device according to an exemplary
embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0033] The present invention now will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which exemplary embodiments of the present inven-
tion are shown. This invention may, however, be embodied
in many different forms and should not be construed as
limited to the embodiments set forth herein. As an exem-
plary embodiment, the present invention discloses a reflec-
tive LCD device including signal lines, a dielectric layer,
and a reflective layer. However, the sprit and scope of the
present invention should not be limited to the reflective type
LCD, as would be apparent to a person of ordinary skill in
the art.

[0034] As used herein, “coupled to0” or “coupled with”
indicates any direct or indirect connection. Likewise, when
one material is “deposited on” another material, the two
materials could be positioned adjacent to each other or
separated by intermediate layers. A “thickness” of a dielec-
tric layer is a thickness of the dielectric layer measured in a
direction that is substantially perpendicular to the surface of
a substrate. The thickness of a dielectric layer includes the
thickness of any pattern on the surface of the dielectric layer.
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[0035] A “pattern” is any form of regular and/or irregular
pattern having a bumpy portion and a dip portion. A “bumpy
portion,” as used herein, refers to any portion in the pattern
having a local thickness greater than the mean thickness of
the layer in the relevant region. A “dip portion,” as used
herein, refers to any portion in the pattern having a local
thickness that is less than or equal to the mean thickness of
the dielectric layer in the relevant region. The “height” of a
patterned portion refers to the distance between the bottom
of a nearest dip portion and the top of a nearest bumpy
portion. A “repetition frequency,” which only applies to a
regular pattern, indicates the number of bumpy portions in
a given amount of surface area. An “interval” refers to the
distance between two bumpy portions, measured between
the corresponding physical portions of the two bumpy
portions.

Exemplary Embodiments of an LCD Device
Embodiment 1

[0036] FIG. 1 is a conceptual view showing an LCD
device according to a first exemplary embodiment of the
present invention, and FIG. 2 is a cross-sectional view
showing an inside of the LCD device shown in FIG. 1. FIG.
3 is a conceptual view of the first member shown in FIG. 1.

[0037] Referring to FIG. 1, the LCD device 400 includes
a first member 100, a liquid crystal layer 300, and a second
member 200. The first member 100 and the second member
200 are separated by a predetermined distance, sandwiching
the liquid crystal layer 300. As shown in FIGS. 2 and 3, the
first member 100 includes a first substrate 110, a plurality of
signal lines 120, a thin film transistor (hereinafter, referred
to as TFT) 130, a dielectric layer 140, and a first electrode
150. The second member 200 includes a second substrate
210, a second electrode 220, and a color filter 230.

[0038] The first substrate 110 includes a transparent mate-
rial. In one embodiment, the first substrate 110 is a glass
substrate having a high transmissivity. The signal lines 120
are disposed on the first substrate 110, and first and second
driving signals are applied thereto from an external electric
power source. The first driving signal is a timing signal and
the second driving signal is a data signal including infor-
mation. The signal lines 120 to which the first and second
driving signals are applied are disposed in different direc-
tions with respect to each other but in a way that they will
not be electrically shorted.

[0039] In the embodiment that is shown, the signal lines
120 include first signal lines 122 and second signal lines 128
that are arranged substantially perpendicular to each other
but without being electrically coupled. The first signal lines
122 extend in a first direction on the first substrate 110, and
the first driving signal is applied to the first signal lines 122.
The second signal lines 128 extend in a second direction
perpendicular to the first direction on the first substrate 110,
and the second driving signal is applied to the second signal
lines 128.

[0040] Tt is well known that the number of signal lines
correlates with the size and the resolution of the display
screen. For example, when the LCD device has a diagonal
length of 19 inches and a resolution of 1024x768 pixels, and
displays a full-color image, the first signal lines 122 includes
768 sub-lines, and the second signal lines 128 includes 3072
sub-lines, which is equivalent to 1024x3.
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[0041] FIG. 4 is a cross sectional view of a thin film
transistor shown in FIG. 2.

[0042] Referring to FIGS. 2 and 4, a TFT 130 is formed at
a pixel 112. The boundaries of a pixel are approximately
delineated by the first signal lines 122 and the second signal
lines 128. The TFT 130 includes a gate electrode 123, an
insulating layer 124, a channel region 131, a source elec-
trode 129, and a drain electrode 134.

[0043] The first signal lines extend in the first direction to
form the gate electrode 123 at the pixel 112. The insulating
layer 124 is formed on the entire surface of the first substrate
110, thereby insulating the gate electrode 123.

[0044] The channel region 131 (see FIG. 11) is disposed
over the gate electrode 123 at every pixel 112, and includes
an amorphous silicon thin film 132, a first n* amorphous
silicon thin film 133a and a second n™ amorphous silicon
thin film 13354. The amorphous silicon thin film 132 is
disposed on a portion of the insulating layer covering the
gate electrode 123, and the first n* amorphous silicon thin
film 133a and the second n*amorphous silicon thin film
1335 are disposed on a surface of the amorphous silicon thin
film 132.

[0045] The second signal lines 128, which generally
extend in the second direction, has a segment that extends in
the first direction to form the source electrode 129 (see FIG.
12). The source electrode 129 makes contact with the first n*
amorphous silicon thin film 133a, and the drain electrode
134 makes contact with the second n* amorphous silicon
thin film 1335. The drain electrode 134 includes a first
contact hole 134a.

[0046] FIG. 5Ais a plan view showing a first pattern 142
and a second pattern 144 according to a first exemplary
embodiment of the present invention, and FIG. 6 is a cross
sectional view taken along the line B-B of FIG. 5A.

[0047] Referring to FIGS. 5A and 6, a dielectric layer 140
is formed on the surface of the first substrate 110 for
insulating the signal lines 120 and the TFTs 130 from a first
electrode 150 (see FIG. 2). In an exemplary embodiment, the
dielectric layer 140 is formed by first using a method such
as spin coating, and then patterning the substantially flat
surface to achieve the desired surface pattern. The surface
pattern serves to reflect or defract incident light in a desired
direction, which is usually the direction from which the
display device is squarely viewed.

[0048] The dielectric layer 140 is patterned to form a
second contact hole 143 that extends through the dielectric
material, a first pattern 142 for preventing a leakage current,
and a second pattern 144 for increasing the display device
luminance. The second contact hole 143 is connected to the
first contact hole 1344 of the drain electrode 134, together
forming a contact hole of the LCD device. The drain
electrode 134 and the first electrode 150 can be electrically
coupled to each other through the contact hole 143.

[0049] A first pattern 142, herein also referred to as a
“leakage current prevention pattern,” is formed in a first
region 142¢ of the dielectric layer 140, and a second pattern
144, herein also referred to as “a luminance-increasing
pattern,” is formed in a second region 144¢ of the dielectric
layer 140. The second region 144¢ is shown enclosed by the
broken lines in FIG. 5A. The areas outside of the broken
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lines constitute the first region 142¢. A person of ordinary
skill in the art will understand that the region around the
contact hole 143 (herein referred to as the “contact hole
region”) will have a pattern that is neither the first pattern
142 nor the second pattern 144 to accommodate the presence
of the contact hole 143.

[0050] The first region 142¢ is a portion of the dielectric
layer 140 overlying the signal lines 120 through which
electrical signals are transmitted, and the second region 144¢
is the portion of the dielectric layer 140 overlying the gate
insulating layer 124 that is not covered with electrically
conductive layers. More specifically, the first region 142¢ is
a portion of the dielectric layer 140 corresponding to the first
signal lines 122, the second signal lines 128, and TFTs 130.
The second region 144¢ is the remaining portion of the
dielectric layer 140. Thus, the first signal lines 122, the
second signal lines 128, and TFTs 130 substantially outline
the boundaries of the second region 144c.

[0051] A region near the edge of the first electrode 150
(see FIG. 2) overlies the first signal lines 122, the second
signal lines 128, and the TFTs 130. The parasitic capacitance
that forms between the first electrode and the signal lines
122, 128 is inversely proportional to the distance between
the first electrode 150 and the first signal lines 122, 128.
Likewise, the parasitic capacitance between the first elec-
trode 150 and the TFT 130 is inversely proportional to the
distance between the first electrode 150 and the TFT 130.
Thus, the dielectric layer may have a mean thickness in a
range from about 1.5 to about 1.7 um to reduce the parasitic
capacitance. However, as stated above, this thickening of the
dielectric layer has undesirable consequences, such as com-
plications in contact hole formation and decreased light
transmission efficiency.

[0052] According to the present invention, a plurality of
first bumpy portions 142q is formed in the first region 142¢
for both reducing the parasitic capacitance and uniformly
distributing the light. For example, each of the first bumpy
portions 142¢ may have a hemispherical shape with a
diameter of from about 5 um to about 7 um and a height of
about 0.3 um to about 0.5 pm. The mean thickness in the first
region 142¢ of the dielectric layer 140 is in a range from 1.5
pm to about 1.7 pm. In another embodiment, each of the first
bumpy portions 142a may be formed into a polygonal shape
such as a polygonal cylinder or a polygonal cone having a
polygonal cross section, as shown in FIG. 5B. The polygonal
bumpy portion has a diagonal length of about 5 pum to about
7 um in a polygonal cross section and a height of about 0.3
pm to about 0.5 um. The mean thickness in the first region
142¢ of the dielectric layer 140 is also in a range between
about 1.5 pm and about 1.7 um. A width of a dip portion
1425 between two neighboring first bumpy portions 1424 is
about 5 pm to about 7 pm. The first bump may have any
shape besides the hemispherical shape and the polygonal
shape, as would be known to one of the ordinary skill in the
art.

[0053] Since electrical signals are not transmitted in the
area under the second region 144¢, no parasitic capacitor is
formed in the second region 144c¢. Therefore, the second
pattern 144, rather than the first pattern 142, is formed in the
second region 144¢. Most of the light for displaying an
image is provided through the second pattern 144 that is
designed to enhance light transmission. Therefore, the sec-
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ond pattern 144 significantly affects the reflectance and
luminance, and ultimately the display quality. of the LCD
device.

[0054] In general, the amount of light that is transmitted
through a layer is inversely proportional to the thickness of
the layer. As stated above, however, thick layers are desir-
able for reducing parasitic capacitance. Therefore, thus far,
LCD device design entailed a compromise between maxi-
mizing light transmission and reducing parasitic capaci-
tance. The invention achieves high light transmission and
reduces parasitic capacitance by forming two different pat-
terns in different regions of the dielectric layer 140. The two
different patterns are preferably selected to result in two
different mean thicknesses, so that the pattern with a higher
mean thickness can be formed in the region(s) where para-
sitic capacitance is likely to form and the pattern with a
lower mean thickness can be formed in the region(s) where
light transmission occurs. The mean thickness of a layer is
determined by a ratio of the bumpy portions and the dip
portions of a pattern.

[0055] In the embodiment shown, the first pattern 142 has
a higher mean thickness than the second pattern 144. Since
parasitic capacitance is likely to form in the first region
142¢, which is located above the TFT 130, the first pattern
142 is formed in the first region 142¢. As for the second
region 144c¢, the second pattern 144 is formed thereon since
a thinner dielectric layer is desirable for enhanced light
transmission.

[0056] In an exemplary embodiment, each of the second
bumpy portions 144a is formed into a hemispherical shape
having a diameter in a range from about 10 um to about 15
pm and a height in a range from about 0.8 pm to about 1.5
um. As a result, the second bumpy portions 144q are larger
than the first bumpy portions 142a. Therefore, the mean
thickness of the dielectric layer 140 is in a range from about
0.8 pm to about 1.2 um due to the second bumpy portions
144a, so that the dielectric layer 140 of the second pattern
144 has a mean thickness lower than the mean thickness of
the dielectric layer 140 of the first pattern 142. As shown, the
diameter of the second bumpy portion 144a is greater than
the diameter of the first bumpy portion 142a. However, the
diameter of the second dip portion 1445 is greater than the
diameter of the first dip portion 1425 by an even greater
amount than the difference between the diameter of the
bumpy portions 142¢ and 144a. As a result, a greater
percentage of the first region 142¢ is covered with bumpy
portions than the second region 144¢, and the mean thick-
ness of the dielectric layer 140 corresponding to the second
pattern 144 is lowered to enhance light transmission.

[0057] In another embodiment, each of the second bumpy
portions 144a may be formed into a structure having a
polygonal cross section. For example, the bumpy portions
may have a polygonal shape such as a polygonal cylinder or
a polygonal cone, as shown in FIG. 5B. The polygonal
convex portion 144q has a diagonal length of about 10 pm
to 15 um and a height of about 0.8 pum to 1.5 um. The mean
thickness in the second region 144c¢ of the dielectric layer
140 is in a range from about 0.8 pm to about 1.2 um. A width
of a dip portion between the second bumpy portions 144a is
in a range from about 5 um to about 7 um. The polygonal
cross section can be adopted for the first bumpy portions 142
as well.
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[0058] The first bumpy portion 144a could have any shape
besides the hemispherical shape and the polygonal shape
disclosed herein, as would be apparent to one of the ordinary
skill in the art. In one embodiment, the bumpy portions of
the pattern are arranged regularly, i.e. at a constant fre-
quency, so that each of the bumpy portions is spaced apart
from a neighboring bumpy portion by a predetermined
distance. In another embodiment, the pattern is irregular and
the distance between bumpy portions vary within one pat-
terned region.

[0059] FIG. 7 is a plan view of the first electrode 150
shown in FIG. 2. As shown, the first electrode 150 is formed
on a surface of the dielectric layer 140. Examples of
materials that may be used in the first electrode 150 include
aluminum and an aluminum alloy. The first electrode 150 is
positioned to fit with the TFTs 130 on the surface of the
dielectric layer 140. Since the TFTs 130 of the present
embodiment is arranged in a matrix configuration, the first
electrode 150 is also arranged in a similar matrix configu-
ration.

[0060] In one embodiment, a portion of the first electrode
150 near the boundaries of the pixel 112 overlies a portion
of the first signal lines 122 and a portion of the second signal
lines 128 to maximize the surface area of the reflective first
electrode 150. A reference letter T in FIG. 7 denotes a width
of the overlapping portion that includes both the first elec-
trode 150 and at least one of the first and second signal lines
122, 128. The overlapping portion of the first electrode 150
may have a width T in a range of from about 1 to about 3
um. A gap of a distance G, where there 1s no reflective
electrode surface, may be have a width of between about 2
and about 4 um. The smaller the gap G is, the larger is the
reflective surface area of the first electrode 150, and greater
1s the reflective efficiency. The greater the reflective surface
area, the higher is the quality and luminance of the LCD
display.

[0061] In an alternative embodiment, the first electrode
150 covers the first signal lines 122 and the second signal
lines 128 (i.e., G=0). Since the first pattern 142 is formed on
the first signal lines 122 and the second signal lines 128, the
parasitic capacitance can be sufficiently reduced even
though the first electrode 150 is disposed over the first and
second signal lines 122 and 128.

[0062] The surface of the first electrode 150 has a pattern
that is similar to that of the dielectric layer 140 since the first
electrode 150 is deposited via sputtering or chemical vapor
deposition (CVD). A first protruding portion 152 is formed
on a first region of the first electrode 150 the first pattern
142, and a second protruding portion 154 is formed on a
second region of the first electrode 150. The first and second
protruding portions 152 and 154 have a similar shape as the
first and second bumpy portions 142a and 144a. Like the
first and the second bumpy portions 142a and 144a, the first
and the second protruding portion 152 and 154 may have the
hemispheric shape, a polygonal shape, or any other shape.

[0063] Referring again to FIG. 2, the above-described first
member 100 is assembled with a second member positioned
substantially parallel to the first member 100, and the liquid
crystal layer 300 is provided between the first and second
member 100 and 200.

[0064] According to an exemplary embodiment of the
LCD device, the parasitic capacitance between the signal
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lines and the electrode and between the TFT and the
electrode can be reduced by forming a plurality of bumpy
portions on a surface of the dielectric layer, thereby pre-
venting display quality degrade. In addition, the luminance
of the LCD device can be improved by decreasing the
thickness of the dielectric layer.

Embodiment 2

[0065] FIG. 8 is a conceptual depiction of a first member
of an LCD device according to a second exemplary embodi-
ment of the present invention, and FIG. 9 is a cross sectional
view taken along the line C-C of the first member shown in
FIG. 8.

[0066] The second embodiment of the present invention
has the same elements as in the first embodiment of the
present invention except for the dielectric layer, and thus any
further descriptions concerning the same elements will be
omitted.

[0067] Referring to FIG. 8 and FIG. 9, the surface areas of
a first region having the first pattern 145 and the second
region having the second pattern 146 affect the parasitic
capacitance and luminance of the LCD device. In more
detail, when the surface area of the second region having the
second pattern 146 is decreased and the surface area of the
first region having the first pattern 145 is increased, the
parasitic capacitance between the first signal lines 122 and
the first electrode 150 or between the second signal lines 122
and the first electrode 150 is greatly reduced.

[0068] In an exemplary embodiment, the boundaries
between the first region and the second region are located
further away from the signal lines 122, 128 and the TFT 130
than in the first embodiment. For example, the boundaries
may be located about 10 pm to about 30 pm away from each
of the first signal lines, the second signal lines, and the TFTs.
The first pattern 145 includes a plurality of first bumpy
portions 142 and the second pattern includes a plurality of
second bumpy portions 144a.

[0069] Accordingly, the parasitic capacitance can be
greatly reduced by enlarging the surface area of the leakage
current prevention pattern 145 to thereby prevent display
failure.

Exemplary Methods of Manufacturing an LCD Device

[0070] Exemplary methods of manufacturing the present
invention now will be described with reference to the
accompanying drawings. FIGS. 10-12 are views showing
different stages of a process for manufacturing the LCD
device according to an exemplary embodiment of the
present invention.

[0071] First, signal lines 122 and gate electrodes 123 are
formed on a surface of the first substrate 110 as shown in
FIG. 10. FIG. 10 is a view showing a partially formed
version of the first member 100 on which a plurality of first
signal lines 122 and a plurality of gate electrodes 123 are
formed.

[0072] A metal is deposited on the whole surface of a first
substrate 110 to thereby form a metal layer on the first
substrate 110. Examples of the metal layer include an
aluminum layer, an aluminum alloy layer, etc. Subsequently,
a photoresist film is deposited on the metal layer and
patterned through an exposure process using a photomask.
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The metal layer may be patterned using the photoresist
pattern, forming a plurality of first signal lines 122 in a first
direction on the metal layer. Each of the first signal lines 122
extends at different points thereof in a second direction, to
thereby form a plurality of gate electrodes 123. A transparent
insulating layer is deposited on the first signal lines 122 after
forming the first signal lines 122.

[0073] Next, a channel layer is formed on the first member
as shown in FIG. 11. FIG. 11 is a view showing a channel
layer formed on a first member 100.

[0074] After depositing the insulating layer, an amorphous
silicon layer and an n* amorphous silicon layer are subse-
quently deposited on the first substrate 110 on which the first
signal lines 122, the gate electrodes 123, and the insulating
layer have been deposited. Then, the amorphous silicon
layer and the n* amorphous silicon layer are patterned using
the photoresist pattern and the pattern mask to form a
channel layer 131 including a lower channel 132 and an
upper channel 133.

[0075] The lower channel 132 is positioned on the gate
electrode 123, and has a width larger than the width W of the
corresponding gate electrode 123. The lower channel 132 is
conductive when a signal voltage is applied to the gate
electrode 123, and is non-conductive when the signal volt-
age is broken off from the gate electrode 123. The upper
channel 133 is formed on the lower channel 132 and
includes a first sub-channel 133a and a second sub-channel
1335.

[0076] Then, a plurality of second signal lines, source
electrodes and drain electrodes are formed on the first
member as shown in FIG. 12. FIG. 12 is a view showing a
plurality of second signal lines, source electrodes, and drain
electrodes formed on the first member.

[0077] A metal is deposited on the whole surface of the
first substrate 110, to thereby form a metal layer on the first
substrate 110. Examples of suitable metal include aluminum,
aluminum alloy, etc. as shown in FIG. 12. Subsequently, a
photoresist film is coated on the metal layer, and then
patterned through exposure and development processes
using a photomask. The metal layer is patterned using the
photoresist pattern so that a plurality of second signal lines
128 are formed in the second direction on the metal layer.
Each of the second signal lines 128 extends in the first
direction from a unique point on the metal layer, thereby
forming a plurality of source electrodes 129 and drain
electrodes 134. The source electrode 129 makes contact with
the first sub-channel 1334, and the drain electrode 134
makes contact with the second sub-channel 133b4. A first
contact hole 134a is also formed on the drain electrode 134.
A TFT comprises a gate electrode 123, a source electrode
129, a channel layer, and a drain electrode 134.

[0078] Hereinafter, the process for forming the dielectric
layer and the first electrode is explained with reference to
FIG. 5A and the attached drawings.

[0079] Referring to FIG. 5A and FIG. 5B, the dielectric
layer 140 is deposited on the whole surface of the first
substrate 110 to thereby cover all the second signal lines
128, source electrodes 129, and the drain electrodes 134.
The dielectric layer 140 electrically insulates the first signal
lines, the second signal lines, and the first electrode from
each other. The dielectric layer 140 is patterned to form the
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first pattern 144, the second pattern 142, and a second
contact hole 143 (see FIG. 9).

[0080] In more detail, the dielectric layer 140 is divided
into a first region on which the leakage current prevention
pattern (the first pattern 142) is formed and a second region
on which the luminance-increasing pattern (the second pat-
tern 144) is formed. The first region is located on the first
and second signal lines 122 and 128, the source electrodes
129, and the drain electrodes 134. The second region is the
remaining portion of the dielectric layer that is not part of the
first region. The dielectric layer 140 is patterned such that
the mean thickness of the first region is smaller than the
mean thickness of the second region.

[0081] As an embodiment, the leakage current prevention
pattern may be formed into a hemispherical shape having a
diameter of about 5 um to about 7 pm and a height of about
0.3 um to about 0.5 pm, or a polygonal shape having a
diagonal length of about 5 pm to about 7 um and a height of
about 0.3 pm to about 0.5 um. The mean thickness of the first
region is in a range of about 1.5 to about 1.7 um. The leakage
first pattern 142 may also have any shape besides the
hemispheric and the polygonal shape, as would be apparent
to one of the ordinary skill in the art.

[0082] Meanwhile, the second pattern 144 may be formed
into a hemispherical shape having a diameter of about 10 pum
to about 15 um and a height of about 0.8 um to about 1.5 pm,
or a polygonal shape such as a polygonal cylinder or a
polygonal cone. The polygonal shape has a diagonal length
of about 10 um to about 15 um in a diagonal cross sectional
surface and a height of about 0.8 um to about 1.5 pm. For
example, the mean thickness of the second region is in a
range of about 0.8 to about 1.2 pm. The first pattern may also
have any shape besides the hemispherical shape and the
polygonal shape, as would be apparent to one of the ordinary
skill in the art. The second contact hole 143 is formed so as
to expose the drain electrode 134 of the TFT 130 while the
dielectric layer 140 is patterned.

[0083] A metal is deposited on the surface of the dielectric
layer 140 to form a metal layer on the dielectric layer 140
with a matrix shape. Therefore, the first electrode 150 is
formed on a surface of the dielectric layer 140, as shown in
FIG. 7. The height of the first electrode 150 varies according
to the height of the corresponding dielectric layer, so that the
mean height of the first electrode 150 in the first region is
greater than the mean height of the first electrode 150 in the
second region. In addition, the first electrode 150 has a
plurality of protruding portions 152 for sufficiently reflecting
light. The protruding portion of the first electrode 150 in the
first region is also formed to be larger than the protruding
portion of the first electrode 150 in the second region.

[0084] A second electrode 220 is formed on a whole
surface of a second transparent substrate 210 that is coupled
to the first electrode 150, as shown in FIG. 2. A color filter
230 may be further disposed between the second electrode
220 and the second transparent substrate 210.

[0085] The first member 100 and the second member 200
are assembled after being aligned with each other. Then,
liquid crystal is injected between the first member 100 and
the second member 200, thereby completing the LCD
device.

[0086] Whereas the embodiments of this invention illus-
trates the reflective type LCD device, the apparatus and
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method disclosed are not limited to this application and are
applicable to all kinds of LCD devices which display an
image using a dielectric layer and a reflective electrode. For
example, the embodiments of this invention can be applied
to a transmissive and reflective type LCD that uses the
dielectric layer, the reflective electrode, and the transparent
electrode and can display an image regardless of darkness or
brightness of displaying place, because the shape of the
reflective electrode and the transparent electrode is deter-
mined by the shape of the dielectric layer according to the
present invention.

[0087] Although the exemplary embodiments of the
present invention have been described, it is understood that
the present invention should not be limited to these preferred
embodiments but various changes and modifications can be
made by one skilled in the art within the spirit and scope of
the present invention as hereinafter claimed.

What is claimed is:
1. A display device comprising:

a first substrate having a first region and a second region,
the first region including a region in which first signal
lines extend along a first direction, a region in which
second signal lines extend along a second direction that
is substantially perpendicular to the first direction, and
a region in which switching transistors that are electri-
cally connected to one of the first signal lines and one
of the second signal lines are formed;

a dielectric layer deposited on the first and the second
regions, wherein the dielectric layer of the first region
has a first pattern and the dielectric layer of the second
region has a second pattern that is different from the
first pattern;

a second substrate coupled to the first substrate to form a
space between the second substrate and the dielectric
layer; and

a liquid crystal layer positioned in the space.

2. The display device of claim 1, wherein the dielectric
layer having the first pattern has a different mean thickness
from the dielectric layer having the second pattern.

3. The display device of claim 1, wherein the first pattern
is a substantially repetitive pattern of a first repetition
frequency and the second pattern is a substantially repetitive
pattern of a second repetition frequency, wherein the first
repetition frequency and the second repetition frequency are
different.

4. The device of claim 1, wherein the first pattern includes
first bumpy portions and first dip portions and the second
pattern includes second bumpy portions and second dip
portions.

5. The device of claim 4, wherein the first bumpy portions
are regularly separated from one another by a first prede-
termined distance.

6. The device of claim 5, wherein the second bumpy
portions are regularly separated from one another by a
second predetermined distance.

7. The device of claim 4, wherein the first bumpy portions
have a height of about 0.3 to about 0.5 micron, wherein the
height is a difference between a thinnest portion of the
dielectric layer and the thickest portion of the dielectric layer
in the first region.
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8. The device of claim 7, wherein the second bumpy
portions have a height of about 0.8 micron to about 1.5
micron.

9. The device of claim 1, wherein a mean thickness of the
dielectric layer having the second pattern is between about
0.8 micron to about 1.2 micron.

10. The device of claim 1, wherein the portion of the
dielectric layer having the first pattern has a mean thickness
of about 1.5 micron to about 1.7 micron.

11. The device of claim 4, wherein the first bumpy
portions make up a greater portion of the first pattern than
the first dip portions.

12. The device of claim 4, wherein the second bumpy
portions and the second dip portions make up about equal
proportions of the second pattern.

13. The device of claim 4, wherein each of the first bumpy
portions has a polygonal cross section.

14. The device of claim 13, wherein the polygonal cross
section has a longest diameter of between about 5 micron
and about 7 micron.

15. The device of claim 4, wherein each of the second
bumpy portions is a hemispherical bump having a circular
cross section of a diameter between about 10 micron and
about 15 micron.

16. The device of claim 4, wherein each of the first bumpy
portions is a hemispherically shaped bump having a diam-
eter of about 5 micron to about 7 micron.

17. The device of claim 1 further comprising a first
electrode deposited on the dielectric layer.

18. The device of claim 17, wherein the first electrode is
reflective, and wherein the first electrode is deposited over
a part of the signal lines to maximize a reflective surface.

19. The device of claim 17, wherein a portion of the
dielectric layer having the first pattern has a higher mean
thickness than a portion of the dielectric layer having the
second pattern, for reducing parasitic capacitance between
the signal lines and the first electrode.

20. The device of claim 19, wherein more light is trans-
mitted through the second pattern than the first pattern, and
wherein the second pattern is designed to enhance light
transmission.

21. The device of claim 17, wherein the first electrode in
the first region and the second region has patterns that are
substantially similar to the first pattern and the second
pattern, respectively.

22. The device of claim 1, wherein the first region and the
second region are located within a pixel, wherein the pixel
is substantially surrounded by signal lines formed on the first
substrate.

23. The device of claim 1, wherein the first and second
patterns are irregular patterns.

24. The device of claim 1, wherein signal lines and
transistors are formed on the first region.

25. The display device of claim 1 further comprising a
contact hole region, wherein the dielectric layer deposited on
the contact hole region has a third pattern that is different
from the first pattern and the second pattern, the third pattern
accommodating a contact hole that extends through the
dielectric layer.

26. A display device comprising:

a first substrate including a display region for displaying
an image and a non-display region formed on the first
substrate for forming driving signal lines and transis-
tors;
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a dielectric material deposited on the first substrate,
wherein a surface of the dielectric material has a
surface pattern of bumpy portions that are spaced apart
at a regular interval, wherein the interval of the bumpy
portions formed in the display region is larger than the
interval of the bumpy portions formed in the non-
display region; and

a first electrode deposited on the dielectric material, the
first electrode having an electrode pattern that substan-
tially matches the surface pattern;

a second substrate; and

a liquid crystal layer positioned between the first and the
second substrates.
27. The device of claim 26, wherein each of the bumpy
portions has a polygonal cross section.
28. A display device comprising:

a substrate having a plurality of regions;

a dielectric layer deposited on the plurality of regions,
wherein a surface of the dielectric layer in each of the
plurality of regions has a unique pattern.

29. A method of making a display apparatus, the method

comprising:

obtaining a first member having a first region and a second
region;

forming first signal lines, second signal lines, and tran-
sistors in the first region of the first member;

depositing a dielectric layer on the first region and the
second region;

patterning the dielectric layer overlying the first region to
form a first patterned region;
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patterning the dielectric layer overlying the second region
to form a second patterned region having a pattern
different from the first patterned region;

attaching a second member to the first member to form a
space between the second member and the dielectric
layer; and

depositing a liquid crystal layer in the space.

30. The method of claim 29 further comprising patterning
the dielectric layer so that a mean thickness of the dielectric
layer is higher in the first patterned region than in the second
patterned region.

31. The method of claim 29, wherein the first region
comprises electrically conductive portions including signal
lines and transistors and the second region comprises a light
transmitting region.

32. The method of claim 29, wherein the first patterned
region comprises first bumpy portions and first dip portions,
wherein the first bumpy portions have a polygonal cross
section.

33. The method of claim 29, wherein the first patterned
region has a regular pattern comprising first bumpy portions
and first dip portions, wherein the first bumpy portions are
separated from one another by a first predetermined dis-
tance.

34. The method of claim 33, wherein the second patterned
region has a regular pattern comprising second bumpy
portions and second dip portions; wherein the second bumpy
portions are separated from one another by a second prede-
termined distance that is different from the first predeter-
mined distance.
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