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(57) ABSTRACT

A liquid crystal display is provided that includes: a first dis-
play panel including a thin film transistor and a plurality of
pixel electrodes; a second display panel facing the first dis-
play panel with a cell gap therebetween; a lower resistive
layer disposed on the first display panel; an upper resistive
layer disposed on the second display panel; and a sensing
spacer connecting the lower resistive layer and the upper
resistive layer.
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LIQUID CRYSTAL DISPLAY AND METHOD
FOR MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Divisional of U.S. patent appli-
cation Ser. No. 13/330,303, filed onDec. 19, 2011, and issued
as U.S. Pat. No. 9,007,536 on Apr. 14, 2015, which claims
priority to and the benefit of Korean Patent Application No.
10-2011-0014673, filed on Feb. 18, 2011, which is hereby
incorporated by reference for all purposes as if fully set forth
herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Exemplary embodiments of the present invention
relate to a liquid crystal display and a manufacturing method
thereof.

[0004]

[0005] Liquid crystal displays are now one of the most
widely used type of flat panel display. A liquid crystal display
has two display panels, on which field generating electrodes
such as pixel electrodes and a common electrode are formed.
A liquid crystal layer is interposed between the display pan-
els. In the liquid crystal display. a voltage is applied to the
field generating electrodes, so as to form an electric field in
the liquid crystal layer. The alignment of liquid crystal mol-
ecules of the liquid crystal layer is determined by the electric
field, and the polarization of incident light is controlled, to
thereby display and image.

[0006] The functions of a liquid crystal display are
executed by using various input devices. In recent years,
touch panel input devices have become increasingly popular.

[0007] A touch panel is a device that allows a user to opet-
ate a machine by using a finger or a touch pen (or stylus) to
write or draw characters or execute icons displayed on the
touch panel. A display device attached to the touch panel or
included in the touch panel determines where the screen is
touched, to thereby display an image.

[0008] A touch panel may be a resistive-type, a capacitive-
type, an electro-magnetic-type (EM), or an optical-type, in
accordance with a touch detection method thereof. In general,
in the resistive-type, transparent electrodes having a resis-
tance component are disposed facing each other on two
opposing substrates. If pressure is applied to the electrodes, a
voltage is applied to the transparent electrodes by the resis-
tance component. Accordingly, the resistance components of
the two transparent electrodes are connected like in a parallel
resistance coupling, a change of resistance is generated, and a
voltage is changed by the current flowing though the two
transparent electrodes. A contact position may be recognized
by the voltage change.

[0009] The two transparent electrodes are formed with the
predetermined gap for maintaining an opened state. However,
the sensitivity is decreased according to the size of the gap
and/or production yields may be decreased by deterioration
of the products.

[0010] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not constitute prior art.

2. Discussion of the Background
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SUMMARY OF THE INVENTION

[0011] The present invention provides a liquid crystal dis-
play including a sensing spacer formed of a material trans-
mitting a current when pressure is applied thereto, and a
manufacturing method thereof.

[0012] Additional features of the invention will be set forth
in the description which follows, and in part will be apparent
from the description, or may be learned by practice of the
invention.

[0013] A liquid crystal display, according to an exemplary
embodiment of the present invention, includes: a first display
panel including a thin film transistor and a plurality of pixel
electrodes; a second display panel facing the first display
panel across a cell gap; a lower resistive layer disposed on the
first display panel; an upper resistive layer disposed on the
second display panel; and a sensing spacer connecting the
lower resistive layer and the upper resistive layer.

[0014] Thesensing spacer may substantially be an insulator
when an external force is not applied thereto.

[0015] The resistance of the sensing spacer may change in
accordance with an amount of external force that is applied to
the second display panel.

[0016] Theresistance of the sensing spacer may be reduced
when an external force is applied to the second display panel,
resulting in current flow between the upper resistive layer and
the lower resistive layer.

[0017] Thethickness of the sensing spacer may be substan-
tially a same as the thickness of the cell gap.

[0018] The sensing spacer may directly contact the lower
resistive layer and the upper resistive layer.

[0019] A cell gap spacer disposed on at least one of the first
display panel and the second display panel to maintain the cell
gap may be further included.

[0020] The second display panel may include a color filter
and a light blocking member, and the sensing spacer may be
disposed at a region overlapping the light blocking member.
[0021] The lower resistive layer may be disposed between
the pixel electrodes.

[0022] The lower resistive layer may be disposed at a same
layer as the pixel electrodes.

[0023] The pressure sensing layer comprises a quantum
tunneling composite material having a resistance that varies
according to an amount of force applied thereto.

[0024] A liquid crystal display, according to another exem-
plary embodiment of the present invention, includes: a first
display panel; a second display panel having a lower surface
that faces the first display panel and an opposing an upper
surface of the second display panel; a liquid crystal layer
disposed between the first display panel and the second dis-
play panel; a first resistive layer disposed on the upper surface
of the second display panel and extending in a first direction;
a pressure sensing layer disposed on the first resistive layer
and a second resistive layer disposed on the pressure snssing
layer and extending in a second direction intersecting the first
direction.

[0025] The pressure sensing layer may substantially be an
insulator when an external force is not applied to the second
display panel.

[0026] The resistance of the pressure sensing layer may be
reduced when an external force 1s applied to the second dis-
play panel, such that current flows between the first resistive
layer and the second resistive layer.
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[0027] A color filter and a light blocking member disposed
on the lower surface of the second display panel may be
further included.

[0028] The first display panel may include a thin film tran-
sistor and a pixel electrode.

[0029] The pressure sensing layer comprises a quantum
tunneling composite material having a resistance that varies
according to an amount of force applied thereto.

[0030] A manufacturing method of a liquid crystal display,
according to another exemplary embodiment of the present
invention, includes: forming a first display panel including
lower resistive layers arranged in parallel on a first substrate;
forming a second display panel including upper resistive lay-
ers arranged in parallel on a second substrate and sensing
spacers disposed on the upper resistive layers; combining the
first display panel and the second display panel, such that the
sensing spacers connect the lower resistive layers and the
upper resistive layers; and forming a liquid crystal layer in a
cell gap between the first display panel and the second display
panel.

[0031] The sensing spacer may be formed of a material that
is substantially an insulator when an external force is not
applied to the second display panel.

[0032] The thickness of the sensing spacer may be substan-
tially the same as the thickness of the cell gap.

[0033] The forming of the first display panel may include:
forming a thin film transistor on the first substrate; forming an
insulating layer on the thin film transistor; depositing a first
conductive layer on the insulating layer; and patterning the
first conductive layer to form pixel electrodes and the lower
resistive layers, the lower resistive layers being disposed
between the pixel electrodes.

[0034] The forming of the second display panel may
include: forming a light blocking member and a color filter on
the second substrate; forming a common electrode on the
color filter; forming an insulating layer on the common elec-
trode; depositing and patterning a second conductive layer on
the insulating layer to form the upper resistive layers; and
forming the sensing spacer on the upper resistive layer.
[0035] A manufacturing method of a liquid crystal display,
according to another exemplary embodiment of the present
invention, includes: forming first resistive layers in parallel
on an upper surface of an upper substrate; forming a pressure
sensing layer on the first resistive layers; and forming second
resistive layers in parallel on the pressure sensing layer, the
second resistive layers extending across the first resistive
layers.

[0036] The pressure sensing layer may be formed to cover
the entire upper surface of the upper substrate in which the
first resistive layer is disposed.

[0037] The method may further include: forming a light
blocking member and a color filter on a lower surface of the
upper substrate, to form an upper panel; forming a thin film
transistor and a pixel electrode on a lower substrate, to form a
lower panel; combining the lower panel and the upper panel,
so as to form a cell gap therebetween, and forming a liquid
crystal layer in the cell gap.

[0038] According to an exemplary embodiment of the
present invention, a variable touch display may be realized,
such that expression according to intensity of an applied
pressure is possible, as well simplified touch detection. A
touch function is provided in a liquid crystal display, and
thereby the weight and thickness thereof may be reduced.
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[0039] Ttisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention, and together with the
description serve to explain the principles of the invention.
[0041] FIG. 11s atop plan view of a liquid crystal display,
according to an exemplary embodiment of the present inven-
tion.

[0042] FIG. 2 is a cross-sectional view taken along the line
[I-IT' of FIG. 1.
[0043] FIG. 3 is a partial perspective view of the color filter

display panel shown in FIG. 1 and FIG. 2.

[0044] FIG. 4is a graph showing a characteristic of a mate-
rial forming a sensing spacer explained in the exemplary
embodiment of FIGS. 1 to 3.

[0045] FIG. 5isa cross-sectional view taken along the line
1I-IT" of FIG. 1, according to another exemplary embodiment
of the present invention.

[0046] FIGS. 6,7, 8, 9 10, 11, 12, 13 and 14 are cross-
sectional views showing a manufacturing method of a liquid
crystal display, according to another exemplary embodiment
of the present invention.

[0047] FIG. 15 is a schematic layout view of an upper
surface of a color filter substrate of a liquid crystal display,
according to another exemplary embodiment of the present
invention.

[0048] FIG. 16 is across-sectional view taken along the line
XV-XV'of FIG. 14.

[0049] FIGS.17A,17B,18A,18B,19A,19B,20A and 20B
are plane views and cross-sectional views showing a manu-
facturing method of a liquid crystal display, according to
another exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0050] The invention is described more fully hereinafter
with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown. This
invention may, however, be embodied in many different
forms and should not be construed as limited to the exemplary
embodiments set forth herein. Rather, these exemplary
embodiments are provided so that this disclosure is thorough,
and will fully convey the scope of the invention to those
skilled in the art. In the drawings, the size and relative sizes of
layers and regions may be exaggerated for clarity. Like ref-
erence numerals in the drawings denote like elements.
[0051] It will be understood that when an element or layer
is referred to as being “on” or “connected to” another element
or layer, it can be directly on or directly connected to the other
element or layer, or intervening elements or layers may be
present. In contrast, when an element is referred to as being
“directly on” or “directly connected to” another element or
layer, there are no intervening elements or layers present.
[0052] FIG. 1is atop plan view of a liquid crystal display,
according to an exemplary embodiment of the present inven-
tion. FIG. 2 is a cross-sectional view taken along the line II-1T'
of FIG. 1. FIG. 3 is a partial perspective view of the color filter
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display panel shown in FIG. 1 and FIG. 2. FIG. 4 is a graph
showing a characteristic of a material forming a sensing
spacer of FIGS. 1 to 3.

[0053] Referring to FIGS. 1 to 3, a liquid crystal display,
according to the present exemplary embodiment, includes: a
first display panel 100 (thin film transistor array panel)
including a thin film transistor (TFT); a second display panel
200 (color filter display panel) facing the first display panel
100 and including a plurality of color filters 230 formed on a
surface facing the first display panel 100; and a liquid crystal
layer 3 formed between the first display panel 100 and the
second display panel 200. The liquid crystal layer 3 includes
liquid crystal molecules (not shown).

[0054] The first display panel 100 includes a first insulation
substrate 110, the thin film transistor (TFT) disposed on the
first insulation substrate 110, an insulating layer 180 formed
on the thin film transistor (TFT), pixel electrodes 191 dis-
posed on the insulating layer 180, and a lower resistive layer
380 between the pixel electrodes 191.

[0055] The thin film transistor (TFT) includes a gate elec-
trode 124 protruded from a gate line 121 extending in a first
direction on the first insulation substrate 110, a gate insulating
layer 140 deposited on the whole surface of the first insulation
substrate 110 and covering the gate electrode 124, a semicon-
ductor layer 154 and a resistance contact pattern 165 sequen-
tially deposited on the gate insulating layer 140, a source
electrode 173 branched from a data line 171 and extending in
a second direction intersecting the first direction on the first
insulation substrate 110, and a drain electrode 175.

[0056] The insulating layer 180 has a contact hole 185
exposing the drain electrode 175 of the thin film transistor
(TFT). The pixel electrode 191 may be made of indium tin
oxide (ITO) or indium zinc oxide (IZO), and may be electri-
cally connected to the drain electrode 175 of the thin film
transistor (TFT), through the contact hole 185 of the insulat-
ing layer 180. The pixel electrode 191 is separated from an
adjacent pixel electrode 191 in the first direction, by a first
interval W1, and in the second direction by a second interval
w2

[0057] The lower resistive layer 380 may be formed of the
same material as the pixel electrode 191 and extends in the
second direction, between the pixel electrodes 191. That is,
the lower resistive layer 380 may be formed in the same plane
as the pixel electrode 191, on the data line 171. The width of
the lower resistive layer 380 is smaller than the first interval
W1 between the pixel electrodes 191, to prevent a short
between the lower resistive layer 380 and the pixel electrode
191.

[0058] The second display panel 200 includes: a second
insulation substrate 210 made of the same material as the first
insulation substrate 110; a light blocking member 220 dis-
posed on the second insulation substrate 210 and arranged in
a matrix; red, green, and blue color filters 230 formed on the
second insulation substrate 210; a common electrode 270
formed on the color filters 230, to apply a voltage to a portion
of the liquid crystal layer 3 corresponding to the pixel elec-
trode 191; a cell gap spacer 340 to maintain a uniform cell gap
between the second display panel 200 and the first display
panel 100; and a sensing spacer 370 physically connecting the
lower resistive layer 380 of the first display panel 100 and an
upper resistive layer 360 disposed on the second display panel
200.

[0059] The cell gap spacer 340 is formed on the common
electrode 270 of the second display panel 200, between the
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pixel electrodes 191. Accordingly, auniform cell gap between
the second display panel 200 and the first display panel 100 is
maintained. The cell gap spacer 340 may be formed to overlap
the light blocking member 220, so as to not reduce light
transmittance.

[0060] The upper resistive layer 360 is formed on the com-
mon electrode 270 and extends in the same direction as the
lower resistive layer 380. The upper resistive layer 360 faces
the lower resistive layer 380 and may overlap the light block-
ing member 220, so as to not reduce the light transmittance of
the liquid crystal display.

[0061] Theupper resistive layer 360 is conductive. As such,
an insulating layer 350 is disposed between the upper resis-
tive layer 360 and the common electrode 270, to prevent a
short with the common electrode 270.

[0062] Theinsulating layer 350 is bar-shaped and is formed
along the edges color filters 230, on the common electrode
270. The upper resistive layer 360 faces the lower resistive
layer 380 and is formed on the insulating layer 350. The
sensing spacer 370 physically connects the lower resistive
layer 380 and the upper resistive layer 360.

[0063] The insulating layer 350 and the upper resistive
layer 360 may extend across the lowerresistive layer 380. The
sensing spacer 370 is formed on the upper resistive layer 360
and contacts the lower resistive layer 380. Also, the sensing
spacer 370 connects the upper resistive layer 360 and the
lower resistive layer 380. However, the sensing spacer 370 is
generally disposed to overlap the light blocking member 220,
whichhas a matrix shape extending in the horizontal direction
and the vertical direction.

[0064] The sensing spacer 370 is substantially an insulator
when external pressure is not applied thereto. Herein, external
pressure refers to an external force applied to the display
apparatus by, for example, a finger of auserora touch pen, but
excludes atmospheric pressure.

[0065] The sensing spacer 370 may be made of a material
having an electrical resistance that changes according to the
pressure being applied thereto, such as when external pres-
sure is applied to the second display panel 200. Particularly,
as shown in FIG. 4, the sensing spacer 370 may be made ofa
material that has a reduced resistance when pressure is
applied, such that current flows therethrough.

[0066] Accordingly, if external pressure is applied to the
second display panel 200, the sensing spacer 370 is com-
pressed, such that the current flows. As a result, the sensing
spacer 370 electrically connects the lower resistive layer 380
and the upper resistive layer 360, such that the voltage change
generated by the current flowing between the lower resistive
layer 380 and the upper resistive layer 360 is measured,
thereby detecting the input position of the external pressure
(input position of a user).

[0067] For example, the sensing spacer 370 may include a
quantum tunneling composite (QTC) material manufactured
by Peratech Limited. The QTC material is manufactured by
combining metal particles of a surface protrusion within an
elastic binder, such as silicon rubber. The resistance thereof is
more than 1012 ohms (€2) when pressure is not applied, such
that the QTC material is almost an insulator. However, if
pressure is applied, the electrical conductivity is quickly
increased by the quantum tunneling effect between the pro-
trusions of the surface of the metal particles.

[0068] FIG. 51is a cross-sectional view taken along the line
1I-IT" of FIG. 1, according to another exemplary embodiment
of the present invention. Referring to FIG. 5, a lower resistive
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layer 380 may be disposed within a region in which a pixel
electrode 191 of a first display panel 100 is formed. and the
lower resistive layer 380 is separated from the pixel electrode
191, unlike an exemplary embodiment of FIGS. 1 to 3. Also,
an upper resistive layer 360 and a sensing spacer 370 may be
formed on the second display panel 200 corresponding to the
lower resistive layer 380.

[0069] FIGS. 6 to 14 are cross-sectional views showing a
manufacturing method of the liquid crystal display of FIGS.
1 to 4, according to an exemplary embodiment of the present
invention. Referring to FIG. 6, a first metal layer formed of,
for example, aluminum (Al), an aluminum alloy, silver (Ag),
asilver alloy, copper (Cu). acopper alloy, molybdenum (Mo),
a molybdenum alloy, chromium (Cr), titanium (T1), tantalum
(Ta), etc., is deposited on the first insulation substrate 110.
[0070] The first metal layer is patterned to form a gate line
(not shown) and the gate electrode 124 protruding from the
gate line. Next, silicon nitride is deposited on the whole
surface of the first insulation substrate 110 including the gate
electrode 124, by plasma chemical vapor deposition
(PECVD), to form the gate insulating layer 140.

[0071] An amorphous silicon layer and a silicide or an
amorphous silicon layer doped with a high concentration of a
n-type impurity are sequentially deposited on the gate insu-
lating layer 140, by a plasma chemical vapor deposition, and
then patterned to form the semiconductor layer 154 and the
resistance contact pattern 165 on the gate insulating layer
140.

[0072] Sequentially, a second metal layer formed of the
same material as the first metal layer is deposited on the whole
surface of the resulting object. The second metal layer is
patterned to form a data line (not shown) intersecting the gate
line, the source electrode 173 branched from the data line, and
the drain electrode 175. Accordingly, a thin film transistor
(TFT) including the gate electrode 124, the semiconductor
layer 154, the resistance contact pattern 165, the source elec-
trode 173, and the drain electrode 175 is completed. Here, the
gate insulating layer 140 is provided between the gate line and
the data line, such that the gate line and the data line are
prevented from contacting each other. Next, a passivation
layer 180 is formed on the whole surface of the first insulation
substrate 110 and the TFT.

[0073] Referring to FIG. 7, a first mask (not shown) is
disposed on the insulating layer 180. The first mask is then
used to form the contact hole 185 in the passivation layer 180
partially exposing the drain electrode 226, through an expos-
ing and developing process. A transparent electrode layer 190
made of ITO or [ZO is then deposited on the passivation layer
180 and in the contact hole 185.

[0074] Referring to FIG. 8, the transparent electrode layer
190 is patterned to form the pixel electrode 191 and the lower
resistive layer 380. Here, pixel electrodes 191 are separated
by the first interval W1, to prevent a short between the pixel
electrode 191 and the lower resistive layer 380. The lower
resistive layer 380 is formed in the first intervals W1. As such,
the first display panel 100 is completed.

[0075] FIG. 9 to FIG. 14 are cross-sectional views to
explain a manufacturing process of the second display panel
200 shown in FIG. 2. Referring to FIG. 9, the light blocking
member 220 is formed on the second insulation substrate 210.
The color filters 230 overlapping the edges of the light block-
ing member 220 are then formed. The overcoat 250 may be
formed on the color filters 230. The overcoat 250 may be
omitted, according to some aspects.
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[0076] The common electrode 270 is formed on the over-
coat 250. The common electrode 270 may be formed of ITO
or IZ0 (the same material as the pixel electrode 191).
[0077] Referring to FIG. 10, an organic insulator is coated
on the whole surface of the second display panel 200, includ-
ing the common electrode 270. Next, a pattern is formed in
the organic insulator through an exposing and developing
process, to form the cell gap spacer 340. The cell gap spacer
340 may be formed to overlap the light blocking member.
[0078] Referring to FIG. 11 and FIG. 12, an insulating resin
345 is coated on the whole surface of the common electrode
270 and the cell gap spacer 340. Next, the insulating resin 345
is patterned to form the insulating layer 350 around edges of
the color filter 230. The insulating layer 350 may be formed to
have the same shape as the lower resistive layer 380.

[0079] Next, a first metal layer 355 is formed on the second
display panel 200 including the insulating layer 350. The first
metal layer 355 is electrically connected to the common elec-
trode 270. The first metal layer 355 is patterned to form the
upper resistive layer 360 on the insulating layer 350. The
upper resistive layer 360 is disposed to face the lower resistive
layer 380. The upper resistive layer 360 is electrically insu-
lated from the common electrode 270 by the insulating layer
350.

[0080] The insulating layer 350 and the upper resistive
layer 360 may extend across the lower resistive layer 380. The
upper resistive layer 360/first metal layer 355 may be formed
of ITO or 170.

[0081] Referring to FIG. 13 and FIG. 14, a second metal
layer 365 is deposited on the common electrode 270 and the
upper resistive layer 360. The portion of the second metal
layer 365 disposed on the upper resistive layer 360 is formed
to have the same height (thickness) as the cell gap spacer 340.
[0082] The second metal layer 365 is patterned to form the
sensing spacer 370 having substantially a same height as the
cell gap spacer 340. The sensing spacer 370 is disposed on the
upper resistive layer 360. Accordingly, the second display
panel 200, including the cell gap spacer 340 and the sensing
spacer 370 having substantially the same height, is com-
pleted.

[0083] The first display panel 100 and the second display
panel 200 are combined and the liquid crystal layer is injected
therebetween. As such, the liquid crystal display shown in
FIG. 2 is completed

[0084] FIG. 15 is a schematic layout view of an upper
surface of a color filter substrate of a liquid crystal display,
according to another exemplary embodiment of the present
invention. FIG. 16 is a cross-sectional view taken along the
line XV-XV' of FIG. 15.

[0085] Referring to FIG. 15 and FIG. 16, a first resistive
layer 510 is disposed on the upper surface of an insulation
substrate 500 and extends in a first direction. A pressure
sensing layer FS is formed on the first resistive layer 510 and
the upper surface of the insulation substrate 500. A second
resistive layer 530 on the pressure sensing layer FS and
extends in a second direction intersecting the first direction.
[0086] The first resistive layer 510 and the second resistive
layer 530 may be formed of the transparent material, such as
ITO and IZO. The pressure sensing layer FS is substantially
an insulator when external pressure is not applied thereto. The
pressure sensing layer FS may be formed of a material of
which the resistance changes according to the pressure. That
is, the pressure sensing layer FS may be formed of the same
material as the sensing spacer 370.
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[0087] The first electrode XM is connected to the end of the
first resistive layer 510, and the second electrode YM is con-
nected to the end of the second resistive layer 530. A circuit
line is connected to a controller 800 through the first electrode
XM and the second electrode YM, thereby transmitting the
signal.

[0088] In the case that the insulation substrate 500 is con-
tacted by the finger of the user at a touch point TP, the current
flows to the pressure sensing layer FS. As such, the first
resistive layer 510 and the second resistive layer 530 are
electrically connected to each other. Here, the change of the
voltage that is generated by the current flowing to the first
resistive layer 510 and the second resistive layer 530 is mea-
sured, thereby detecting the input position of the user. The
pressure sensing layer FS covers the whole upper surface of
the insulation substrate 500. However, the current only flows
at the portion of the pressure sensing layer FS corresponding
to the touch point TP, such that the input position of the user
may be detected.

[0089] A light blocking member 620 and a color filter 630
are disposed on a rear surface of the insulation substrate 500.
Although not shown, the description for the first display panel
in FIG. 2 may be applied to the present exemplary embodi-
ment. Most of the description, except for the constitution of
the sensing spacer between the first display panel and the
second display panel, in the exemplary embodiment of FIG. 1
to FIG. 4 is applied to the present exemplary embodiment.
However, the pressure sensing layer corresponding to the
sensing spacer in the present exemplary embodiment is dis-
posed on the upper surface of the second display panel, which
is different from the previous exemplary embodiment.
[0090] FIGS. 17A to 20B are plane views and cross-sec-
tional views showing a manufacturing method of the liquid
crystal display of FIG. 15 and FIG. 16, according to another
exemplary embodiment of the present invention. Referring to
FIG. 17A and FIG. 17B, the first metal layer is deposited and
patterned on an insulation substrate 500, to form the first
electrode XM and the second electrode YM at edge portions
of the insulation substrate 500.

[0091] Referring to FIG. 18A and FIG. 18B, the first trans-
parent conductive layer is deposited and patterned on the
insulation substrate 500, to form the first resistive layer 510.
Here, the first resistive layer 510 is physically connected to
the first electrode XM.

[0092] Referring to FIG. 19A and FIG. 19B, the pressure
sensing layer FS is deposited on the entire area on the insu-
lation substrate 500. However, the second electrode YM may
be exposed. This is how the second resistive layer 530 will be
physically connected to the second electrode YM.

[0093] The pressure sensing layer FS may be formed of a
material of which the resistance is changed according to the
pressure, however it is substantially an insulator in the state
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that the external pressure is not applied. That is, like the
sensing spacer 370, the pressure sensing layer FS may be
formed of the material of which the resistance is decreased
and thereby the current flows, as the applied pressure (force)
is increased.

[0094] Referring to FIG. 20A and FIG. 20B, the second
transparent conductive layer is deposited and patterned on the
pressure sensing layer FS, to form the second resistive layer
530. Here, the second resistive layer 530 is formed to be
physically connected to the second electrode YM.

[0095] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A liquid crystal display comprising:

a first display panel;

asecond display panel having a lower surface that faces the

first display panel and an opposing an upper surface of
the second display panel,

a liquid crystal layer disposed between the first display

panel and the second display panel;

a first resistive layer disposed on the upper surface of the

second display panel and extending in a first direction;
apressure sensing layer disposed on the first resistive layer;
and

a second resistive layer disposed on the pressure sensing

layer and extending in a second direction intersecting
the first direction.

2. The liquid crystal display of claim 1, wherein the pres-
sure sensing layer is substantially an insulator when an exter-
nal force is not applied to the second display panel.

3. The liquid crystal display of claim 1, wherein the resis-
tance of the pressure sensing layer is reduced when an exter-
nal force is applied to the second display panel, such that
current flows between the first resistive layer and the second
resistive layer.

4. The liquid crystal display of claim 1, further comprising
a color filter and a light blocking member disposed on the
lower surface of the second display panel.

5. The liquid crystal display of claim 4, wherein the first
display panel comprises a thin film transistor and a pixel
electrode.

6. The liquid crystal display of claim 1, wherein the pres-
sure sensing layer comprises a quantum tunneling composite
material having a resistance that varies according to an
amount of force applied thereto.
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