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Disclosed is a liquid crystal display. According to an exem-
plary embodiment, a liquid crystal display includes: a first
substrate; a first electrode disposed on the first substrate; a
second substrate facing the first substrate; a second electrode
disposed on the second substrate and facing the first elec-
trode; a liquid crystal layer disposed between the first sub-
strate and the second substrate; and a first silicon nitride film

(22)  Filed: Feb. 2,2015 formed between the liquid crystal layer and at least one of the
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in which the first silicon nitride film is disposed between
Jul. 10,2014 (KR) oo 10-2014-0086976 either of the first electrode and the second electrode and the
liquid crystal layer and a second region in which the first
Publication Classificati silicon nitride film is not disposed between the first electrode
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(51) Int.Cl and the liquid crystal layer are formed, and a first electric field
G0é F 1 1343 (2006.01) generated between the first and second electrodes in the first
GO2F 1/1337 (200 6.01) region is different from a second electric field generated
GOF 1/1368 (2006:01) between the first and second electrodes in the second region.
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LIQUID CRYSTAL DISPLAY AND
MANUFACTURING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2014-0086976 filed in the
Korean Intellectual Property Office on Jul. 10, 2014, the
entire contents of which are incorporated herein by reference.

BACKGROUND

[0002] (a) Field

[0003] The embodiments relates to a liquid crystal display
and a manufacturing method thereof.

[0004] (b) Description of the Related Art

[0005] A liquid crystal display is widely used in flat-panel
displays and generally includes two display panels on which
electric field generating electrodes, such as a pixel electrode
and a common electrode, are formed. In addition, a liquid
crystal layer is inserted between the two display panels.
[0006] A liquid crystal display generally displays an image
by generating electric fields in the liquid crystal layer at the
pixel level by applying voltages to the electric field generating
electrodes. The electric fields generated determine the align-
ments of the liquid crystal molecules in the liquid crystal
layer, and as a result, determine the polarization of the inci-
dent light on the liquid crystal layer. By controlling the
strength of the electric fields and varying the polarization of
incident light at the pixel level, a liquid crystal display device
is able to display an image.

[0007] A liquid crystal display generally further includes
switching elements that are connected to each of the pixel
electrodes and aplurality of signal lines, such as gate lines and
data lines, for controlling the state of the switching elements.
The state in which a switching element is in determines
whether a voltage is applied to a pixel electrode.

[0008] A liquid crystal display with a vertically aligned
mode generally has a high contrast ratio and provides a wide
reference angle. The vertically aligned mode refers to the
state in which the long axes of the liquid crystal molecules are
arranged perpendicular to the planar surface of the display
panels when no electric field is applied.

[0009] A liquid crystal display with the vertically aligned
mode may have degraded side visibility compared to its fron-
tal visibility. To solve the problem, a method of dividing one
pixel into two subpixels and making the voltages of the two
subpixels different so that the two subpixels have different
transmittance has been proposed. However, because this
method adds a thin-film transistor and a capacitor to divide
the voltage of the subpixel, an aperture ratio is deteriorated.

SUMMARY

[0010] The embodiments provide a liquid crystal display
that realizes a multi-division visibility configuration without
reduction of an aperture ratio, and a manufacturing method
thereof.

[0011] An embodiment provides a liquid crystal display
including: a first substrate; a first electrode disposed on the
first substrate; a second substrate facing the first substrate; a
second electrode disposed on the second substrate and facing
the first electrode; a liquid crystal layer disposed between the
first substrate and the second substrate; and a first silicon
nitride film disposed between the liquid crystal layer and at
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least one of the first electrode and the second electrode,
wherein a first region in which the first silicon nitride film is
disposed between either of the first electrode and the second
electrode and the liquid crystal layer and a second region in
which the first silicon nitride film is not disposed between the
first electrode and the liquid crystal layer and between the
second electrode and the liquid crystal layer are formed, and
a first electric field generated between the first and second
electrodes in the first region is different from a second electric
field generated between the first and second electrodes in the
second region.

[0012] The first region and the second region may be
included in a pixel.

[0013] The first silicon nitride film may include positive
charges.
[0014] The first silicon nitride film may include positive

charges expressed in the following Formula 1.

~ Formula 1
N

N

/N_Tl+

PN

[0015] The liquid crystal display may further include a
thin-film transistor disposed on the first substrate, wherein the
thin-film transistor is connected to the first electrode, the first
electrode includes a first subpixel electrode corresponding to
the first region and a second subpixel electrode corresponding
to the second region, and the first subpixel electrode and the
second subpixel electrode receive a voltage from the thin-film
transistor.

[0016] The liquid crystal display may further include an
alignment layer disposed between the first silicon nitride film
and the liquid crystal layer in the first region, and disposed
between at least one of the first electrode and the second
electrode and the liquid crystal layer in the second region.
[0017] Thefirst silicon nitride film may be formed between
the first electrode and the liquid crystal layer, and a second
silicon nitride film may be formed in a third region of the
liquid crystal display and between the second electrode and
the liquid crystal layer.

[0018] The second region may be disposed between the
first region and the third region.

[0019] The first region, the second region, and the third
region may be included in a pixel.

[0020] The liquid crystal display further may include a
thin-film transistor disposed on the first substrate, wherein the
thin-film transistor is connected to the first electrode, the first
electrode includes a first subpixel electrode corresponding to
the first region, a second subpixel electrode corresponding to
the second region, and a third subpixel electrode correspond-
ing to the third region, and the first subpixel electrode, the
second subpixel electrode, and the third subpixel electrode
receive a voltage from the thin-film transistor.

[0021] The liquid crystal display may further include an
alignment layer disposed between the first silicon nitride film
and the liquid crystal layer in the first region, disposed
between the second silicon nitride film and the liquid crystal
layer in the third region, and disposed between at least one of
the first electrode and the second electrode and the liquid
crystal layer in the second region.
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[0022] Another embodiment provides a method for manu-
facturing a liquid crystal display, including: forming a first
electrode on a first substrate; forming a second electrode on a
second substrate facing the first substrate; forming a first
silicon nitride film on at least one of the first electrode or the
second electrode; and forming a liquid crystal layer between
the first substrate and the second substrate, wherein a first
region in which the first silicon nitride film is disposed
between either of the first electrode and the second electrode
and the liquid crystal layer and a second region in which the
first silicon nitride film is not disposed between the first
electrode and the liquid crystal layer and between the second
electrode and the liquid crystal layer are formed, and a first
electric field generated between the first and second elec-
trodes in the first region is different from a second electric
field generated between the first and second electrodes in the
second region.

[0023] The first silicon nitride film may be formed at the
temperature equal to or less than of 450 degrees Celsius by
using a chemical vapor deposition method.

[0024] The first silicon nitride film may be formed to
include positive charges.

[0025] The first silicon nitride film may be formed to
include positive charges expressed in the following Formula
1.

Formula 1

PN

[0026] The method may further include forming an align-
ment layer between the first silicon nitride film and the liquid
crystal layer in the first region, and between at least one of the
first electrode and the second electrode and the liquid crystal
layer in the second region.

[0027] The first silicon nitride film may be formed between
the first electrode and the liquid crystal layer, a second silicon
nitride film may formed in a third region of the liquid crystal
display and between the second electrode and the liquid crys-
tal layer, and the second region may be formed to be disposed
between the first region and the third region.

[0028] The first region, the second region, and the third
region may be formed to be included in a pixel.

[0029] Themethod may further include forming a thin-film
transistor on the first substrate, wherein the thin-film transis-
tor is connected to the first electrode, the first electrode
includes a first subpixel electrode corresponding to the first
region, a second subpixel electrode corresponding to the sec-
ond region, and a third subpixel electrode corresponding to
the third region, and the first subpixel electrode, the second
subpixel electrode, and the third subpixel electrode receive a
voltage from the thin-film transistor.

[0030] According to inventive concept, to divide the volt-
age of a pixel electrode among a plurality of subpixel elec-
trodes, asilicon nitride film including positive charges may be
formed on a portion of the pixel area of the pixel electrode,
thereby realizing a multi-division visibility configuration and
reducing the aperture ratio.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1 shows a layout view of a liquid crystal dis-
play according to an embodiment.

[0032] FIG. 2 shows a cross-sectional view with respect to
aline II-1I of FIG. 1.

[0033] FIG. 3 shows a graph of a current-voltage curve for
the respective regions shown in FIG. 1 and FIG. 2.

[0034] FIG. 4 shows a graph of luminance curves over a
range of gray values, the luminance curves corresponding to
comparative examples and an embodiment.

[0035] FIG. 5 shows a numerical table of exemplary trans-
mittance and visibility values for the comparative examples
and the embodiment shown in FIG. 4.

[0036] FIG. 6 shows a cross-sectional view of a pixel elec-
trode that additionally divides an electric field forming region
by having different thicknesses of a silicon nitride film
formed thereon, according to an embodiment.

[0037] FIG. 7 shows a cross-sectional view of a liquid
crystal display according to an embodiment.

[0038] FIG. 8 shows a top plan view of a liquid crystal
display according to an embodiment.

[0039] FIG. 9 shows a cross-sectional view of a liquid
crystal display with respect to lines IX-IX' and IX'-IX" of
FIG. 8.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0040] Embodiments are described more fully hereinafter
with reference to the accompanying drawings in which exem-
plary embodiments of the inventive concepts are shown.
However, it is understood that the inventive concepts is not
limited to the disclosed embodiments. On the contrary, those
of ordinary skill in the art would realize that the described
embodiments may be modified in various different ways, all
without departing from the spirit and scope of the inventive
concepts.

[0041] In the drawings, the thickness of layers, films, pan-
els, regions, etc., are exaggerated for clarity. It is understood
that when an element such as a layer, film, region, or substrate
is referred to as being “on” another element, it may be directly
on the other element or intervening elements may also be
present. In contrast, when an element is referred to as being
“directly on,” “directly connected to” or “directly coupled to”
another element or layer, there are no intervening elements or
layers present. Like reference numerals designate like ele-
ments throughout the specification.

[0042] FIG. 1 shows a layout view of a liquid crystal dis-
play according to an embodiment. FIG. 2 shows a cross-
sectional view with respect to a line II-I of FIG. 1.

[0043] Referring to FIG. 1 and FIG. 2, the liquid crystal
display includes a lower panel 100, an upper panel 200, and a
liquid crystal layer 3 that is disposed between the display
panels 100 and 200 and includes liquid crystal molecules 310.
[0044] FIG. 1 shows a pixel area from among a plurality of
pixel areas disposed in a row direction and a column direction
of the liquid crystal display. A thin-film transistor (TFT) is
disposed in the pixel area and connected to a gate line 121, a
data line 171, and a pixel electrode 191. The pixel electrode
191 is divided into a plurality of regions (in the case of FIG.
1, three regions).

[0045] Referring to FIG. 1 and F1G. 2, a pixel electrode 191
is disposed on a first substrate 110, and a common electrode
270 is disposed on a second substrate 210 facing the first
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substrate 110. The pixel area shown in FIG. 1 and FIG. 2
includes a first region P1, a second region P2, and a third
region P3. The pixel electrode 191 includes a first subpixel
electrode 191a disposed in the first region P1, a second sub-
pixel electrode 1915 disposed in the second region P2, and a
third subpixel electrode 191¢ disposed in the third region P3.
[0046] A first silicon nitride film SN1 is disposed on the
pixel electrode 191, and a second silicon nitride film SN2 is
disposed on the common electrode 270. Particularly, the first
silicon nitride film SN1 is disposed between the first subpixel
electrode 191a and the liquid crystal layer 3, and the second
silicon nitride film SN2 is disposed between the third subpixel
electrode 191¢ and the liquid crystal layer 3. The silicon
nitride film is not formed in the second region P2.

[0047] A first alignment layer 11 is disposed on the pixel
electrode 191. A second alignment layer 21 is disposed on the
common electrode 270. The first silicon nitride film SN1 is
formed between the first subpixel electrode 1914 and the first
alignment layer 11 in the first region P1. The second silicon
nitride film SN2 is formed between the common electrode
270 and the second alignment layer SN2 in the third region
P3.

[0048] According to embodiments of the inventive con-
cepts, the silicon nitride films SN1 and SN2 are formed at a
temperature equal to or less than 450 degrees Celsius by using
a chemical vapor deposition method. In this manner, positive
charges, as expressed in Formula 1 below, are generated
according to Mechanism 1 (also shown below) during the
forming process. Therefore, the silicon nitride films SN1 and
SN2 that are formed according embodiments include the
positive charges expressed in Formula 1.

)

Sy |/
Si—
, /
Ne=Si=—H + H—N, + nf
Si—
N
N I\
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@
\N/ | /

AN N
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\N/ l/
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N—=©i+ + H—N + H
/ Il\f Si—
N I
-
Formula 1

[Mechanism 1]

[0049] When a mixture of SiH,/NH; or SiH,/H,/N, gas is
deposited by using a low-temperature plasma enhanced
chemical vapor deposition (PECVD) method, SizN, is not
generated. Instead, a thin film of SiNx including about 8 to 30
at % of hydrogen is formed. However, because the reducing
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speed of the combination of Si and Si is slower than the
increasing speed of the combination of Si and N in this pro-
cess, H—N—(SiH,), functions as a precursor, as shown in
Mechanism 1, to generate the positive charges of Formula 1.
[0050] When the silicon nitride film is formed between the
pixel electrode 191 and the liquid crystal layer 3 or between
the common electrode 270 and the liquid crystal layer 3, the
total capacitance is reduced because the capacitance induced
by the silicon nitride film and the liquid crystal layer 3 is
connected in series with the other capacitances.

[0051] FIG. 3 shows a graph of a current-voltage curve for
the respective regions shown in FIG. 1 and FIG. 2, according
to an exemplary embodiment. Referring to FIG.

[0052] 3. changes of the current-voltage curve are shown
for when a voltage is applied to the pixel electrode 191 and the
common electrode 270, which is grounded. With respect to
the current-voltage curve ofthe second region P2, the current-
voltage curve is shifted to the left in the first region P1 and the
current-voltage curve is shifted to the right in the third region
P3. These shifts correspond to changes in a threshold voltage
Vth. The firstregion P1, second region P2, and third region P3
may correspond to a high pixel region, a middle pixel region,
and a low pixel region, respectively. Thus, according to an
embodiment of the inventive concept, the pixel may be
divided into three pixel regions.

[0053] FIG. 4 shows a graph of luminance curves over a
range of gray values, the luminance curves corresponding to
comparative examples and an embodiment. Referring to FIG.
4, Comparative Example 1 shows a measurement of lateral
visibility for a case in which the voltage of the pixel electrode
is not differentially divided. Comparative Example 2 shows a
measurement for a case in which the voltage is differentially
divided to achieve an area ratio of 1:1.5 and a voltage ratio of
0.77. Comparative Example 2 may have additional thin film
transistor and capacitor to improve the lateral visibility. In the
exemplary embodiment shown in FIG. 4, the pixel area is
divided into three regions with an area ratio of 1:1:1, and a
voltage drop degree caused by the silicon nitride film is 9%.
As shown in FIG. 4, the lateral visibility of the exemplary
embodiment is closer in value to its frontal visibility com-
pared to Comparative Example 1 and Comparative Example
2. In FIG. 4, 2.2 gamma may mean the frontal visibility.
[0054] FIG. 5 shows a numerical table of exemplary trans-
mittance and visibility values for the comparative examples
and the exemplary embodiment shown in FIG. 4. Referring to
FIG. 5, compared to the transmittance for Comparative
Example 1, which is at 100%, the transmittance for the exem-
plary embodiment is a little reduced, but a visibility index
(GDI) is improved. In Comparative Example 2, which uses
two divisions, the transmittance is additionally lowered com-
pared to the exemplary embodiment. Therefore, when the
thin-film transistor is not added to realize the differential
voltage, like in the exemplary embodiment, visibility is
improved and reduction of aperture ratio or transmittance is
minimized.

[0055] FIG. 6 shows a cross-sectional view of a pixel elec-
trode that additionally divides an electric field forming region
by having different thicknesses of a silicon nitride film
formed thereon, according to an exemplary embodiment.
Referring to FIG. 6, the first silicon nitride film SN1 in the
first region P1 (see FIG. 2) includes a 1-1 silicon nitride film
(SN1-1)anda 1-2silicon nitride film (SN1-2). The 1-1 silicon
nitride film (SN1-1) and the 1-2 silicon nitride film (SN1-2)
have different thicknesses from each other. Similarly, the
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second silicon nitride film SN2 in the third region P3 (see
FIG. 2) includes a 1-1 silicon nitride film (SN1-1) and a 1-2
silicon nitride film (SN1-2). The 1-1 siliconnitride film (SN1-
1) and the 1-2 silicon nitride film (SN1-2) have different
thicknesses from each other. By forming the silicon nitride
films with different thicknesses, regions having differential
voltages are generated.

[0056] FIG. 7 shows a cross-sectional view of a liquid
crystal display, according to an embodiment. The exemplary
embodiment of FIG. 7 differs from that of FIG. 2 at least in
that the third region P3 is not formed. That is, the area is
divided into only two regions, a first region P1 and a second
region P2, to generate a differential voltage. Referring to FIG.
7, a silicon nitride film (SN) is disposed on the first subpixel
electrode 191a, and the first alignment layer 11 is disposed
directly on the second subpixel electrode 1915.

[0057] The configuration of the exemplary embodiment
described with reference to FIG. 1 and FIG. 2 is further
described in reference to FIG. 8 and FIG. 9. FIG. 8 shows a
top plan view of a liquid crystal display, according to an
embodiment. F1G. 9 shows a cross-sectional view of a liquid
crystal display with respect to lines IX-IX' and IX'-IX" of
FIG. 8.

[0058] Referring to FIG. 8 and FIG. 9, the liquid crystal
display includes alower panel 100, an upper panel 200, and a
liquid crystal layer 3 disposed between the display panels 100
and 200. A backlight unit 300 is disposed at a position that
faces the lower panel 100. The position of the backlight umt
300, however, is not limited to facing the lower panel 100 and
may be disposed at a position that faces the upper panel 200.
[0059] The lower panel 100 is described hereinafter. A plu-
rality of gate lines 121 are formed on the insulation substrate
110, which may be made of a material such as transparent
glass or plastic. A gate line 121 transfers a gate signal and
extends mainly in a horizontal direction. Each gate line 121
includes a plurality of gate electrodes 124 protruding from the
gate line 121 and a wide end portion 129 configured to be
connected with another layer or a gate driver (not illustrated).
The end portion 129 of the gate line may be formed with a
lower layer 129p and an upper layer 1297

[0060] The gate line 121 and the gate electrode 124 have a
dual-layer structure including lower layers 121p and 124p
and upper layers 1217 and 1247 The lower layers 121p and
124p may be formed with, for example, one of titanium,
tantalum, molybdenum, or an alloy thereof. The upper layers
1217 and 124» may be formed with, for example, copper (Cu)
or a copper alloy. Although the gate line 121 and the gate
electrode 124 are described above as having a dual-layer
structure in the exemplary embodiment of FIG. 9, the gate
line 121 and the gate electrode 124 may be formed with a
single-layer structure.

[0061] A gate insulating layer 140 made of an insulating
material, such as silicon nitride, is formed on the gate line
121. The gate insulating layer 140 includes a lower gate
insulating layer 140a and an upper gate insulating layer 1404,
which may be formed with an insulating material such as
silicon nitride or silicon oxide. In another embodiment, the
gate insulating layer 140 may be formed as a single layer.
[0062] A semiconductor layer 151 made of, for example,
hydrogenated amorphous silicon or polysilicon is formed on
the gate insulating layer 140. The semiconductor layer 151
extends mainly in a longitudinal direction and includes a
plurality of projections 154 that extend to the gate electrode
124.
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[0063] A plurality of ohmic contact stripes 161 and ohmic
contact islands 165 are formed on the projections 154 of the
semiconductor layer 151. An ohmic contact stripe 161
includes a plurality of projections 163. A projection 163 and
an ohmic contact island 165 form a pair and are disposed on
the projection 154 of the semiconductor layer 151.

[0064] A plurality of data lines 171, a plurality of source
electrodes 173 connected to the data lines 171, and a plurality
of drain electrodes 175 facing the source electrodes 173 are
formed on the ohmic contacts 161 and 165 and the gate
insulating layer 140.

[0065] A data line 171 transmits a data signal and extends
mainly in the longitudinal direction and crosses the gate line
121. The source electrode 173 may extend toward the gate
electrode 124 and have a U shape or various other shape.
[0066] As FIG. 8 shows, the drain electrode 175 is sepa-
rated from the data line 171 and extends upward from the
middle of the U-shaped source electrode 173. The data line
171 includes a wide end portion 179 configured to connect to
another layer or a data driver (not shown).

[0067] Although not shown, the data line 171, the source
electrode 173, and the drain electrode 175 may have a dual-
layer structure including an upper layer and a lower layer. The
upper layer may be formed of, for example, copper (Cu) or a
copper alloy, and the lower layer may be formed of, for
example, one of titanium (T1), tantalum (Ta), molybdenum
(Mo), and alloys thereof. The data line 171, the source elec-
trode 173, and the drain electrode 175 may have a tapered
lateral side.

[0068] The ohmic contacts 161, 163, and 165 are formed
directly on the semiconductors 151 and 154 and below the
data line 171 and the drain electrode 175.

[0069] That is, the ohmic contacts 161, 163, and 165 are
formed between the semiconductors 151 and 154 and the data
line 171 and the drain electrode 175, thereby reducing the
contact resistance between them. The ohmic contacts 161,
163, and 165 may have substantially the same planar pattern
as the data line 171, the source electrode 173, and the drain
electrode 175,

[0070] On the projection 154 of the semiconductor layer
151, there is an exposed portion that is not covered by the data
line 171 and the drain electrode 175 as well as a portion that
overlaps with the source electrode 173 and the drain electrode
175. The semiconductor layer 151 may have substantially the
same planar pattern as the ohmic contacts 161 and 165 except
at the exposed portion of the projection 154.

[0071] A gate electrode 124, a source electrode 173, and a
drain electrode 175 form a thin-film transistor (TFT) together
with the projection 154 of the semiconductor layer 151. A
channel of the thin-film transistor is formed on the projection
154 between the source electrode 173 and the drain electrode
175.

[0072] A passivation layer 180 is formed on the data line
171, the drain electrode 175, and the projection 154 of the
exposed semiconductor layer. The passivation layer 180 may
made of an inorganic insulator, an organic insulator, or a
low-dielectric insulator such as a silicon nitride or silicon
oxide.

[0073] A contact hole 181 that exposes an end portion 129
of the gate line 121 is formed on the passivation layer 180 and
the gate insulating layer 140. Also, a contact hole 182 that
exposes the end portion 179 of the data line 171 and a contact
hole 185 that expose an end of the drain electrode 175 are
formed on the passivation layer 180.
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[0074] A pixel electrode 191 and contact assistants 81 and
82 are formed on the passivation layer 180 and may be made
of a transparent conductive material such as ITO or IZO, or a
reflective metal such as aluminum, silver, chromium, or an
alloy thereof. The pixel electrode 191 is electrically con-
nected to the drain electrode 175 through the contact hole 185
and receives a data voltage from the drain electrode 175.
[0075] The contact assistants 81 and 82 are connected
through the contact holes 181 and 182 to the gate pad 129 of
the gate line 121 and the data pad 179 of the data line 171,
respectively. The contact assistants 81 and 82 facilitate adher-
ence of the end portion 129 of the gate line 121 and the end
portion of the data line 171 to an external device, as well as
protect the end portions.

[0076] A first alignment layer 11 is disposed on the pixel
electrode 191.
[0077] Theupper panel 200 is described hereinafter. A light

blocking member 220 is formed on the insulation substrate
210 made of, for example, transparent glass or plastic. The
light blocking member 220 prevents light leakage between
the pixel electrodes 191 and defines an opening region that
faces the pixel electrode 191.

[0078] A plurality of color filters 230 are formed on the
insulation substrate 210 and the light blocking member 220.
The color filters 230 are disposed mostly within the area
surrounded by the light blocking member 220 and may extend
along the columns of the pixel electrodes 191 in the longitu-
dinal direction. The respective color filters 230 may display
one of three primary colors including red, green, and blue.
Although the light blocking member 220 and the color filter
230 are described above as being formed on the upper panel
100 in the exemplary embodiment of FIG. 9, the light block-
ing member 200 or the color filter 230 may be formed on the
lower panel 200.

[0079] Anovercoat 250is formed on the color filter 230 and
the light blocking member 220. The overcoat 250 may be
made of an inorganic or organic insulator. The overcoat pre-
vents the color filters 230 from being exposed and provides a
planarized surface. In some cases, the overcoat 250 may be
omitted.

[0080] As FIG. 9 illustrates, a common electrode 270 is
formed on a lower surface of the overcoat 250. The common
electrode 270 may be made of a transparent conductor such as
ITO or IZ0O, and receives a common voltage Vcom. A second
alignment layer 21 is formed on a lower surface of the com-
mon electrode 270.

[0081] The liquid crystal layer 3 is interposed between the
thin-film transistor array panel 100 and the upper display
panel 200 and includes liquid crystal molecules having nega-
tive dielectric anisotropy. That is, in the absence of an electric
field, the liquid crystal molecules are aligned such that their
long axes are perpendicular to the surfaces of the two display
panels 100 and 200.

[0082] The pixel electrode 191 and the common electrode
270 form a liquid crystal capacitor together with a portion of
the liquid crystal layer 3 therebetween. The liquid crystal
capacitor is capable of maintaining the applied voltage even
after the thin-film transistor is turned off. Moreover, the pixel
electrode 191 may overlap with a storage electrode line (not
illustrated) to form a storage capacitor and, thereby, increase
the voltage storage capacity of the liquid crystal capacitor.

[0083] Although not explicitly shown in FIG. 8 and F1G. 9,
the manner in which the silicon nitride films SN1 and SN2
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and the differential voltage are formed in FIG. 2 may be
applied to the exemplary embodiment of FIGS. 8 and 9.
[0084] While the present disclosure describes a number of
exemplary embodiments, it is not limited to the disclosed
embodiments. Instead, the present disclosure is intended to
cover various modifications and equivalent arrangements that
those of ordinary skill in the art would understand from the
present disclosure.

What is claimed is:

1. A liquid crystal display comprising:

a first substrate;

a first electrode disposed on the first substrate;

a second substrate facing the first substrate;

a second electrode disposed on the second substrate and
facing the first electrode; a liquid crystal layer disposed
between the first substrate and the second substrate; and

a first silicon nitride film disposed between the liquid crys-
tal layer and at least one of the first electrode and the
second electrode,

wherein a first region in which the first silicon nitride film
1s disposed between either of the first electrode and the
second electrode and the liquid crystal layer is formed,
and a second region in which the first silicon nitride film
is not disposed between the first electrode and the liquid
crystal layer and between the second electrode and the
liquid crystal layer is formed, and

a first electric field generated between the first and second
electrodes in the first region is different from a second
electric field generated between the first and second
electrodes in the second region.

2. The liquid crystal display of claim 1, wherein

the first region and the second region are included in a
pixel.

3. The liquid crystal display of claim 2, wherein

the first silicon nitride film includes positive charges.

4. The liquid crystal display of claim 3, wherein

the first silicon nitride film includes positive charges
expressed in the following Formula 1:

Formula 1
\ \Il\]/
/N—TH
PN

5. The liquid crystal display of claim 4, further comprising

a thin-film transistor disposed on the first substrate,
wherein

the thin-film transistor is connected to the first electrode,

the first electrode includes a first subpixel electrode corre-
sponding to the first region and a second subpixel elec-
trode corresponding to the second region, and

the first subpixel electrode and the second subpixel elec-
trode receive a voltage from the thin-film transistor.

6. The liquid crystal display of claim 5, further comprising

an alignment layer disposed between the first silicon
nitride film and the liquid crystal layer in the first region,
and disposed between at least one of the first electrode
and the second electrode and the liquid crystal layer in
the second region.
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7. The liquid crystal display of claim 1, wherein

the first silicon nitride film is formed between the first
electrode and the liquid crystal layer, and a second sili-
con nitride film is formed in a third region of the liquid
crystal display and between the second electrode and the
liquid crystal layer.

8. The liquid crystal display of claim 7, wherein

the second region is disposed between the first region and
the third region.

9. The liquid crystal display of claim 8, wherein

the first region, the second region, and the third region are
included in a pixel.

10. The liquid crystal display of claim 9, wherein

the first and second silicon nitride films include positive
charges expressed in the following Formula 1:

Formula 1
/N—TH
N

11. The liquid crystal display of claim 10, further compris-
ing
a thin-film transistor disposed on the first substrate,
wherein
the thin-film transistor is connected to the first electrode,
the first electrode includes a first subpixel electrode corre-
sponding to the first region, a second subpixel electrode
corresponding to the second region, and a third subpixel
electrode corresponding to the third region, and
the first subpixel electrode, the second subpixel electrode,
and the third subpixel electrode receive a voltage from
the thin-film transistor.
12. The liquid crystal display of claim 11, further compris-
ing
an alignment layer disposed between the first silicon
nitride film and the liquid crystal layer in the first region,
disposed between the second silicon nitride film and the
liquid crystal layer in the third region, and disposed
between at least one of the first electrode and the second
electrode and the liquid crystal layer in the second
region.
13. A method for manufacturing a liquid crystal display
comprising:
forming a first electrode on a first substrate;
forming a second electrode on a second substrate facing the
first substrate;
forming a first silicon nitride film on at least one of the first
electrode and the second electrode; and
forming a liquid crystal layer between the first substrate
and the second substrate, wherein
a first region in which the first silicon nitride film is dis-
posed between either of the first electrode and the sec-
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ond electrode and the liquid crystal layer is formed, and
a second region in which the first silicon nitride film is
not disposed between the first electrode and the liquid
crystal layer and between the second electrode and the
liquid crystal layer is formed, and

a first electric field generated between the first and second
electrodes in the first region is different from a second
electric field generated between the first and second
electrodes in the second region.

14. The method of claim 13, wherein

the first silicon nitride film is formed at the temperature
equal to or less than 450 degrees Celsius by using a
chemical vapor deposition method.

15. The method of claim 14, wherein

the silicon nitride film is formed to include positive
charges.

16. The method of claim 15, wherein

the silicon nitride film is formed to include positive charges
expressed in the following Formula 1:

Formula 1
Y
/N—TH
AN

17. The method of claim 16, further comprising

forming an alignment layer between the first silicon nitride
film and the liquid crystal layer in the first region and
between at least one of the first electrode and the second
electrode and the liquid crystal layer in the second
region.

18. The method of claim 13, wherein

the first silicon nitride film is formed between the first
electrode and the liquid crystal layer, a second silicon
nitride film is formed in a third region of the liquid
crystal display and between the second electrode and the
liquid crystal layer, and

the second region is formed between the first region and the
third region.

19. The method of claim 18, wherein

the first region, the second region, and the third region are
formed to be included in a pixel.

20. The method of claim 19, further comprising

forming a thin-film transistor on the first substrate, wherein

the thin-film transistor is connected to the first electrode,

the first electrode includes a first subpixel electrode corre-
sponding to the first region, a second subpixel electrode
corresponding to the second region, and a third subpixel
electrode corresponding to the third region, and

the first subpixel electrode, the second subpixel electrode,
and the third subpixel electrode receive a voltage from
the thin-film transistor.

* ok %k
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