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(57) ABSTRACT

A display panel includes an array substrate, an opposite
substrate and a liquid crystal layer disposed between the
array substrate and the opposite substrate. A sensing array
outputs an initial voltage in response to an initial thickness
of the liquid crystal layer during an initializing time and a
sensing voltage in response to a varied thickness of the
liquid crystal layer due to external force during a sensing
time. A control part compares the sensing voltage with the
initial voltage, determines whether the external force is

(21) Appl. No.: 11/327,130 applied to the display panel, and generates information
indicating a position to which the external force is applied.
Thus, the display apparatus may improve sensing ability to
(22) Filed: Jan. 5, 2006 an external signal inputted through the display panel thereof.
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DISPLAY APPARATUS AND METHOD OF
DRIVING THE SAME

[0001] This application claims priority to Korean Patent
Application No. 2005-1205 filed on Jan. 6, 2005 and Korean
Patent Application No. 2005-27863 filed on Apr. 4, 2005,
and all the benefits accruing therefrom under 35 U.S.C.
§119, the contents of which are herein incorporated by
reference in their entireties.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display apparatus
and a method of driving the same. More particularly, the
present invention relates to a display apparatus capable of
improving a sensing ability to an external signal inputted
through a display panel thereof and a method of driving the
display apparatus.

[0004] 2. Description of the Related Art

[0005] In general, a touch panel is disposed on an upper-
most surface (or screen) of a display apparatus to receive
input data generated when an object, for example, such as a
human finger or a light pen, touches the touch panel. The
touch panel senses a position where the object makes contact
with the screen, and outputs a position signal corresponding
to the position where the object makes contact with the touch
panel, thereby operating the display apparatus.

[0006] Since the display apparatus having the touch panel
does not require an additional data input apparatus (e.g.,
keyboard, mouse, etc.) electrically connected to the display
apparatus, they have gained popularity and been widely used
in various products.

[0007] However, since the touch panel is separate from the
display panel and mounted on the display panel, a thickness
of the display apparatus employing the touch panel
increases.

SUMMARY OF THE INVENTION

[0008] The present invention provides a display apparatus
capable of improving a sensing ability to an external signal
inputted through a display panel thereof.

[0009] The present invention also provides a method suit-
able for driving the above display apparatus.

[0010] In an exemplary embodiment, a display apparatus
includes a display panel, a sensing array disposed in the
display panel and a control part. The display panel includes
an array substrate having a pixel electrode, an opposite
substrate having a common electrode facing the pixel elec-
trode and a liquid crystal layer disposed between the array
substrate and the opposite substrate.

[0011] The sensing array outputs an initial voltage in
response to an initial thickness of the liquid crystal layer
during an initializing time and a sensing voltage in response
to a varied thickness of the liquid crystal layer due to an
external force during a sensing time. The control part
compares the sensing voltage with the initial voltage to
determine whether or not the external force is applied to the
display panel. The control part generates information indi-
cating a position on the display panel to which the external
force is applied.
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[0012] In another exemplary embodiment, a display appa-
ratus generates an initial voltage in response to an initial
thickness of a liquid crystal layer during an initializing time.
The display apparatus generates a sensing voltage in
response to a varied thickness of the liquid crystal layer due
to an external force during a sensing time. The display
apparatus compares the initial voltage with the sensing
voltage to determine whether or not the external force is
applied to a display panel. The display apparatus generates
information indicating a position on the display panel to
which the external force is applied.

[0013] In another exemplary embodiment, the display
apparatus may generate accurate position information of an
inputted signal based on the varied thickness of the liquid
crystal layer while an external force is applied to the display
panel, thereby improving a sensing ability to the external
force to the display apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The above and other advantages of the present
invention will become readily apparent by reference to the
following detailed description when considered in conjunc-
tion with the accompanying drawings wherein:

[0015] FIG. 1 is a plan view showing an exemplary
embodiment of a display apparatus according to the present
invention;

[0016] FIG. 2 is a partially enlarged view showing an
exemplary embodiment of a display area and a peripheral
area of a display panel in FIG. 1,

[0017] FIG. 3 is a layout showing an exemplary embodi-
ment of portion “A” of an array substrate in FIG. 2;

[0018] FIG. 4 is a cross-sectional view taken along line
I-I' in FIG. 3;
[0019] FIG. 5 is a layout showing an exemplary embodi-

ment of portion “B” of an array substrate in FIG. 2;

[0020] FIG. 6 is a cross-sectional view taken along line
II-1I" in FIG. 5;
[0021] FIG. 7 is a layout showing an exemplary embodi-

ment of portion “C” of an array substrate in FIG. 2;

[0022] FIG. 8 is a layout showing an exemplary embodi-
ment of an array substrate corresponding to portion “A” in
FIG. 2 according to the present invention;

[0023] FIG. 9 is a cross-sectional view taken along line
[II-1I' in FIG. 8;

[0024] FIG. 10 is a block diagram illustrating an exem-
plary embodiment of a sensing array and a control part of the
display apparatus in FIG. 1;

[0025] FIG. 11 is a circuit diagram illustrating an exem-
plary embodiment of the sensing array in FIG. 10;

[0026] FIG. 12 is a graph illustrating an output voltage of
an exemplary embodiment of an operational amplifier in
FIG. 10,

[0027] FIG. 13 is an exemplary embodiment of a circuit
diagram showing a display panel according to the present
invention;
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[0028] FIG. 14 is a plan view showing another exemplary
embodiment of a display apparatus according to the present
invention;

[0029] FIG. 15 is a circuit diagram illustrating an exem-
plary embodiment of a sensing array and an operational
amplifier in FIG. 14;

[0030] FIG. 16 is a plan view showing another exemplary
embodiment of a display apparatus according to the present
invention;

[0031] FIG. 17 is an exemplary embodiment of a circuit
diagram illustrating a sensing array and an operational
amplifier in FIG. 16; and

[0032] FIG. 18 is another exemplary embodiment of a
circuit diagram illustrating a sensing array according to the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0033] 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 exem-
plary embodiments set forth herein. Rather, these embodi-
ments are provided so that this disclosure will be thorough
and complete, 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.

[0034] It will be understood that when an element or layer
is referred to as being “on” or “connected to” another
element or layer, the element or layer can be directly on or
connected to another element or layer or intervening ele-
ments or layers. 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. Like numbers refer to like elements throughout. As
used herein, the term “and/or” includes any and all combi-
nations of one or more of the associated listed items,

[0035] Tt will be understood that, although the terms first,
second, third, etc., may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer or
section from another region, layer or section. Thus, a first
element, component, region, layer or section discussed
below could be termed a second element, component,
region, layer or section without departing from the teachings
of the present invention.

[0036] Spatially relative terms, such as “upper” and the
like, may be used herein for ease of description to describe
the relationship of one element or feature to another ele-
ment(s) or feature(s) as illustrated in the figures. It will be
understood that the spatially relative terms are intended to
encompass different orientations of the device in use or
operation, in addition to the orientation depicted in the
figures. For example, if the device in the figures is turned
over, elements described as “upper,” relative to other ele-
ments or features would then be oriented as “lower” with
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respect to the other elements or features. The device may be
otherwise oriented (rotated 90 degrees or at other orienta-
tions) and the spatially relative descriptors used herein
interpreted accordingly.

[0037] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises”
and/or “comprising,” when used in this specification, specify
the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

[0038] Embodiments of the invention are described herein
with reference to cross-section illustrations that are sche-
matic illustrations of idealized embodiments (and interme-
diate structures) of the invention. As such, variations from
the shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments of the invention should not be
construed as limited to the particular shapes of regions
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing.

[0039] Hereinafter, the present invention will be explained
in detail with reference to the accompanying drawings.

[0040] FIG. 1 is a plan view showing an exemplary
embodiment of a display apparatus according to the present
invention. FIG. 2 is a partially enlarged view showing an
exemplary embodiment of a display area and a peripheral
area of a display panel in FIG. 1.

[0041] Referring to FIGS. 1 and 2, a display apparatus
400 includes a display panel 300 having an array substrate
100, an opposite substrate 200 and a liquid crystal layer (not
shown).

[0042] The array substrate 100 includes a first substrate
(not shown), a pixel array 120 and a sensing array 130. The
first substrate may be divided into a display area DA and a
peripheral area PA adjacent to the display area DA. The pixel
array 120 is formed in the display area DA of the first
substrate in a substantially matrix shape. The pixel array 120
has a plurality of gate lines GL1 to GLn, a plurality of data
lines DL1 to DLm, a plurality of pixel thin film transistors
(TFT) PT and a plurality of pixel electrodes (not shown).
The “n” of the reference “GLn” and “m” of the reference
“DLm” denote positive integers.

[0043] The gate lines GL1 to GLn are extended to a first
direction D1, and the data lines DL1 to DLm are extended
to a second direction D2. First direction D1 and second
direction D2 are shown in FIG. 1 being substantially per-
pendicular to each other. The gate lines GL.1 to GLn are
electrically insulated from and intersect with the data lines
DL1 to DLm. In exemplary embodiments, each of the pixel
TFTs PT is electrically connected to a corresponding gate
line and a corresponding data line. For example, a first pixel
TFT PT1 may include a gate electrode electrically connected
to a first gate line GLI1, a source electrode electrically
connected to a first data line DL1 and a drain electrode
electrically connected to a first pixel electrode.
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[0044] In other exemplary embodiments, each of the pixel
electrodes may have a transmission electrode (not shown)
and a reflection electrode (not shown). The pixel electrodes
will be described below with reference to FIGS. 3 and 4.

[0045] As shown in FIGS. 1 and 2, the sensing array 130
has a sensing electrode SE, a first TFT ST1 and a second
TFT ST2.

[0046] The sensing electrode SE is formed on the first
substrate corresponding to the display area DA. The sensing
electrode SE may include, but is not limited to, a transparent
and conductive material. The sensing electrode SE may
extend to the second direction D2, such that the sensing
electrode SE is substantially parallel with the data lines DL.1
to DLm. The first and second TFTs ST1 and ST2 are
disposed in the peripheral area PA of the first substrate. The
first TFT ST1 is formed in a first area Al of the peripheral
area PA adjacent to a first end portion of the data lines DL.1
to DLm. The second TFT ST2 is formed in a second area A2
of the peripheral area PA adjacent to a second end portion of
the data lines DL1 to DLm.

[0047] In exemplary embodiments, the sensing array 130
may further include a driving voltage line VL, a first
switching line SL1, a second switching line SL2 and an
output line OL. The first TFT ST1 may include a gate
electrode electrically connected to the first switching line
SL1, a drain electrode electrically connected to the driving
voltage line VL and a source electrode electrically connected
to the sensing electrode SE. In another exemplary embodi-
ment, the second TFT ST2 may include a gate electrode
electrically connected to the second switching line SL.2, a
drain electrode electrically connected to the sensing elec-
trode SE and a source electrode electrically connected to the
output line OL.

[0048] Referring to FIG. 1, the opposite substrate 200
includes a second substrate (not shown) and a common
electrode (not shown). The common electrode may be
formed on the second substrate and include, but not be
limited to, a transparent and conductive material. The liquid
crystal layer may be disposed between the array substrate
100 and the opposite substrate 200. The common electrode
may face the pixel electrodes and the sensing electrode SE,
such that the liquid crystal layer is disposed between the
pixel electrodes and the common electrode and between the
sensing electrode SE and the common electrode.

[0049] In exemplary embodiments, a plurality of first
liquid crystal capacitors Clcl may be defined by the com-
mon electrode, the liquid crystal layer and the transmission
electrodes of the pixel electrodes. A plurality of second
liquid crystal capacitors Clc2 may be defined by the com-
mon electrode, the liquid crystal layer and the reflection
electrodes of the pixel electrodes. In alternative exemplary
embodiments, a sensing capacitor (not shown) may be
defined by the common electrode, the liquid crystal layer
and the sensing electrode SE.

[0050] Referring to FIG. 1, the display apparatus 400
further includes a gate driving circuit 330 and a data driving
circuit 350. The gate driving circuit 330 is electrically
connected to the gate lines GL1 to GLn to sequentially
output a gate signal to the gate lines GL1 to GLn. In
exemplary embodiments, the gate driving circuit 330 is
formed on the first substrate by a thin film process when the
pixel array 120 is formed.

Aug. 10, 2006

[0051] The data driving circuit 350 is electrically con-
nected to the data lines DL1 to DLm to sequentially output
a data signal to the data lines DL1 to DLm. In exemplary
embodiments, the data driving circuit 350 may be integrated
into a chip. The chip in which the data driving circuit 350 is
integrated may be mounted on the first substrate correspond-
ing to the peripheral area PA.

[0052] FIG. 3 is a layout showing portion “A” of an array
substrate in FIG. 2. FIG. 4 is a cross-sectional view taken
along line I-I' in FIG. 3.

[0053] Referring to FIGS. 3 and 4, in the array substrate
100, an {ix(j-1)}-th pixel Pij-1 and an (ixj)-th pixel Pij are

formed on portion “A” of the first substrate 110, wherein “1
and “J” denote positive integers.

[0054] The {ix(j-1)}-th pixel Pij-1 includes an i-th gate
line GLi, a (j-1)-th data line DLj-1, a (j-1)-th pixel TFT
PTj-1 and a (j-1)-th pixel electrode PEj-1. The (j-1)-th
pixel electrode PEj-1 has a (j-1)-th transmission electrode
TEj-1 and a (j-1)-th reflection electrode REj-1. The (j-1)-
th reflection electrode REj-1 is disposed on the (j-1)-th
transmission electrode TEj-1 and has a transmission win-
dow TW through which the (j—1)-th transmission electrode
TEj-1 is partially exposed.

[0055] The (ixj)-th pixel Pij includes the i-th gate line GLi,
a j-th data line DL, a j-th pixel TFT PTj and a j-th pixel
electrode PEj. The j-th pixel electrode PEj has a j-th trans-
mission electrode TFEj and a j-th reflection electrode RE;.

[0056] In exemplary embodiments, the sensing electrode
SE is formed at one side of the (ixj)-th pixel Pij. The sensing
electrode SE may be disposed between the j-th pixel elec-
trode PEj and the (j+1)-th data line DLj+1. The sensing
electrode SE may include a sensing reflection electrode REs
and a sensing transmission electrode TEs.

[0057] Referring to FIG. 4, the i-th gate line (not shown)
including, but not limited to, a first metal material, is formed
on the first substrate 110. The gate insulating layer 121 is
formed on the first substrate 110 on which the i-th gate line
is formed. The j-th and (j+1)-th data lines DIj and DI j+1
include, but not limited to, a second metal material, are
formed on the gate insulating layer 121.

[0058] An organic insulating layer 122 is formed on the
gate insulating layer 121 and the j-th and (j+1)-th data lines
DLj and DLj+1. In exemplary embodiments, a plurality of
concave-convex portions may be formed on the organic
insulating layer 122 by an embossing process. The j-th
transmission electrode TEj and the sensing transmission
electrode TEs may be formed on the organic insulating layer
122 in a uniform thickness. In other exemplary embodi-
ments, the j-th transmission electrode TEj and the sensing
transmission electrode TEs may include a transparent and
conductive material.

[0059] The j-th reflection electrode REj may be formed on
the j-th transmission electrode TEj in a uniform thickness.
The sensing reflection electrode REs may also be formed on
the sensing transmission electrode TEs in a uniform thick-
ness. In exemplary embodiments, the j-th reflection elec-
trode REj and the sensing reflection electrode REs may
include, but are not limited to, a metal material having high
reflectance. The transmission window TW is formed through



US 2006/0176266 Al

the j-th reflection electrode REj, through which the j-th
transmission electrode TEj is partially exposed.

[0060] Referring to FIG. 4, the opposite substrate 200
includes a second substrate 210, a color filter layer 220 and
acommon electrode 230. The color filter layer 220 may have
a red color pixel, a green color pixel and a blue color pixel
formed on the second substrate 210. The common electrode
230 may be formed on the color filter layer 220 in a uniform
thickness.

[0061] The liquid crystal layer 250 is disposed between
the array substrate 100 and the opposite substrate 200. The
first liquid crystal capacitor Clcl includes the common
electrode 230, the liquid crystal layer 250 and the j-th
transmission electrode TEj. The second liquid crystal
capacitor Cle2 includes the common electrode 230, the
liquid crystal layer 250 and the j-th reflection electrode RE;.
The sensing capacitor Cs includes the common electrode
230, the liquid crystal layer 250 and the sensing electrode
SE.

[0062] FIG. 5 is a layout showing portion “B” of an array
substrate in FIG. 2. FIG. 6 is a cross-sectional view taken
along line II-II' in FIG. 5.

[0063] Referring to FIGS. 5 and 6, in the array substrate
100, the first switching line SL1, the driving voltage line VL,
and the first switching TFT ST1 are formed in portion “B”
of a first substrate 110. The first switching line SL.1 and the
driving voltage line VL may include, but are not limited to,
a first metal material and may be formed on the first
substrate 110.

[0064] A gate electrode ST1-G of the first switching TFT
ST1 is branched from the first switching line SL.1, such that
the gate electrode ST1-G is wider than the first switching
line SL1. The gate insulating layer 121 covers the first
switching line SL1 and the gate electrode ST1-G.

[0065] In exemplary embodiments, a source electrode
ST1-S and a drain electrode ST1-D of the first switching
TFT ST1 include, but are not limited to, a second metal
material and are formed on the gate insulating layer 121. The
source electrode ST1-S is spaced apart from the drain
electrode ST1-D in an area on which the gate electrode
ST1-G is formed.

[0066] The organic insulating layer 122 covers the source
electrode ST1-S and the drain electrode ST1-D. The organic
insulating layer 122 may have a first contact hole 1224
through which the source electrode ST1-S is partially
exposed, a second contact hole 1225 through which the drain
electrode ST1-D is partially exposed, and a third contact
hole 122¢ through which the driving voltage line VL is
partially exposed.

[0067] Referring to FIG. 6, the sensing electrode SE and
a first bridge electrode BE1 are formed on the organic
insulating layer 122. The sensing electrode SE is electrically
connected to the source electrode ST1-S through the first
contact hole 122a. The first bridge electrode BE1 is elec-
trically connected to the drain electrode ST1-D through the
second contact hole 1226 and the driving voltage line VL
through the third contact hole 122¢. The drain electrode
ST1-D may be electrically connected to the driving voltage
line VL via the first bridge electrode BE1. The first bridge
electrode BE1 has a transmissive bridge electrode TEb that
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may include, but is not limited to, a transparent and con-
ductive material. The first bridge electrode BE1 may also
have a reflective bridge electrode REb that may include, but
is not limited to, a reflective material.

[0068] FIG. 7 is a layout showing portion “C” of an array
substrate in FIG. 2.

[0069] Referring to FIG. 7, in the array substrate 100, the
second switching line SL2, the output line OL and the
second switching TFT ST2 are formed on portion “C” of the
first substrate 110.

[0070] In exemplary embodiments, the second switching
line SL.2 and the output line OL are formed on the first
substrate 110 and may include, but are not limited to, a first
metal material. A gate electrode ST2-G of the second
switching TFT ST2 is branched from the second switching
line SL2, such that the gate electrode ST2-G has a width
larger than that of the second switching line SL.2.

[0071] A source electrode ST2-S and a drain electrode
ST2-D of the second switching TFT ST2 may include, but
are not limited to, a second metal material. The source
electrode ST2-S is spaced apart from the drain electrode
ST2-D in an area on which the gate electrode ST2-G is
formed.

[0072] The drain electrode ST2-D of the second switching
TFT ST2 is electrically connected to the sensing electrode
SE, and the source electrode ST2-S of the second switching
TFT ST2 is electrically connected to the output line OL via
a second bridge electrode BE2.

[0073] FIG. 8 is a layout showing an exemplary embodi-
ment of an array substrate corresponding to portion “A” in
FIG. 2 according to the present invention. FIG. 9 is a
cross-sectional view taken along line III-III' in FIG. 8. In
FIGS. 8 and 9, the same reference numerals denote the
same elements in FIGS. 3 and 4, and thus any further
repetitive descriptions of the same elements will be omitted.

[0074] Referring to FIGS. 8 and 9, in the exemplary
embodiment of an array substrate 100 according to the
present invention, the {ix(j-1)}-th pixel Pij-1 and the
(ixj)-th pixel Pij are formed on portion “A” of the first
substrate 110.

[0075] The sensing electrode SE is formed at one side of
the (ixj)-th pixel Pij. The sensing electrode SE may be
disposed between the j-th pixel electrode PEj and the (j+1
)-th data line DLj+1.

[0076] Referring to FIG. 9, the i-th gate line (not shown)
including, but is not limited to, a first metal material, is
formed on the first substrate 110. The gate insulating layer
121 is formed on the first substrate 110 on which the i-th gate
line is formed. The j-th and (j+1 )-th data lines DLj and
DLj+1 may include, but are not limited to, a second metal
material, and are formed on the gate insulating layer 121.
The sensing electrode SE may include the second metal
material and is formed on the gate insulating layer 121. In
exemplary embodiments, the sensing electrode SE and the
j-th and (j+1 )-th data lines DLj and DLj+1 may be formed
on a same layer.

[0077] The organic insulating layer 122 is formed on the
gate insulating layer 121 and the j-th and (j+1)-th data lines
DL and DLj+1. The j-th transmission electrode TE] may be
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formed on the organic insulating layer 122 in a uniform
thickness. The j-th reflection electrode REj may be formed
on the j-th transmission electrode TEj in a uniform thickness
and have a transmission window TW through which the j-th
transmission electrode TEj is partially exposed.

[0078] In exemplary embodiments, the j-th transmission
electrode TEj and j-th reflection electrode REj are removed
from an area on which the sensing electrode SE is formed.
That is, the j-th transmission electrode TE;j and j-th reflection
electrode REj are not formed between the sensing electrode
SE and a common electrode 230 of the opposite substrate
200. The sensing electrode SE of the sensing capacitor Cs
faces the common electrode 230 of the opposite substrate
200 and the liquid crystal layer 250 is disposed between the
sensing electrode SE and the common electrode 230.

[0079] FIG. 10 is a block diagram illustrating an exem-
plary embodiment of a sensing array and a control part of the
display apparatus in FIG. 1. FIG. 11 is a circuit diagram
illustrating an exemplary embodiment of the sensing array in
FIG. 10. FIG. 12 is a graph illustrating an output voltage of
an exemplary embodiment of an operational amplifier in
FIG. 10. In FIG. 12, an X-axis represents a time in
milliseconds (ms) and a Y-axis represents a voltage in
millivolts (mV).

[0080] Referring to FIG. 10, a sensing array 130 is formed
on a display panel (not shown) and outputs an initial voltage
Vi and a sensing voltage Vs. The sensing array 130 outputs
the initial voltage Vi based on an initial thickness of a liquid
crystal layer (not shown) during an initialization time and
the sensing voltage Vs based on a varied thickness of the
liquid crystal layer during a sensing time.

[0081] A control part 170 includes an operational amplifier
(OP-AMP) 140, a memory 150, and a comparing-determin-
ing part 160. The OP-AMP 140 is electrically connected to
the sensing array 130 and provides the memory 150 with the
initial voltage Vi from the sensing array 130. The memory
150 stores the initial voltage Vi outputted from the sensing
array 130.

[0082] The OP-AMP 140 provides the comparing-deter-
mining part 160 with the sensing voltage Vs from the
sensing array 130. The comparing-determining part 160
compares the initial voltage Vi from the memory 150 with
the sensing voltage Vs from the OP-AMP 140 to detect a
voltage difference between the initial voltage Vi and the
sensing voltage Vs. The comparing-determining part 160
compares the voltage difference with a predetermined ref-
erence voltage. Based on the compared result, the compar-
ing-determining part 160 determines whether or not external
force is supplied to the display panel. In exemplary embodi-
ments, when the voltage difference between the sensing
voltage Vs and the initial voltage Vi is larger than the
reference voltage, the comparing-determining part 160 gen-
erates information indicating a position to which the external
force is applied to the display panel.

[0083] Referring to FIG. 12, G1 represents an initial
voltage in response to an initial thickness of the liquid
crystal layer during an initializing time, and G2 represents a
sensing voltage in response to a varied thickness of the
liquid crystal layer due to an external force during a sensing
time.

[0084] As shown in the exemplary embodiment of FIG.
12, at 0.7434 milliseconds (ms), the initial voltage Vi has a
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voltage level of about 301 mV and the sensing voltage Vs
has a voltage level of about 177 mV lower than the initial
voltage Vi. Therefore, the voltage difference between the
sensing voltage Vs and the initial voltage Vi is about 124 mV
at 0.7434 milliseconds (ms).

[0085] An exemplary embodiment of an operating prin-
ciple of the sensing array will be described below with
reference to FIG. 11.

[0086] Referring to FIG. 11, the first switching TFT ST1
has a gate electrode to which a first switching signal S1 is
applied, a drain electrode to which a driving voltage VDD is
applied and a source electrode connected to a first node N1.
The second switching TFT ST2 has a gate electrode to which
a second switching signal S2 is applied, a drain electrode
connected to the first node N1 and a source electrode
connected to a second node N2. The first electrode of a
sensing capacitor Cs is electrically connected to the first
node N1, and a second electrode of the sensing capacitor Cs
receives a common voltage Veom. A first input terminal of
the OP-AMP 140 is electrically connected to the second
node N2, and a second input terminal of the OP-AMP 140
receives a reference voltage Vref.

[0087] When the first switching TFT ST1 is turned on in
response to the first switching signal S1 and the driving
voltage VDD during an initializing time, an electric potential
of the first node N1 gradually increases to the initial voltage
Vi by the sensing capacitor Cs. The second switching TFT
ST2 is turned on in response to the second switching signal
S2, an electric potential of the second node N2 increases to
the initial voltage Vi. The OP-AMP 140 receives the initial
voltage Viand the reference voltage Vref. The OP-AMP 140
amplifies the initial voltage Vi by the reference voltage Vref
and outputs the amplified initial voltage Vi, The amplified
initial voltage Vi is stored in the memory 150 (refer to FIG.
10).

[0088] In exemplary embodiments, when the first and
second switching signals S1 and S2 are maintained in a low
level and the thickness of the liquid crystal layer varies
during the sensing time, the electric potential of the first
node N1 varies by the sensing capacitor Cs. The thickness of
the liquid crystal layer is reduced due to the external force,
and the electric potential of the first node N1 is changed into
the sensing voltage Vs having a lower voltage level than the
initial voltage Vi. When the second switching TFT ST2 is
turned on in response to the second switching signal S2, the
electric potential of the second node N2 is changed into the
sensing voltage Vs. The OP-AMP 140 receives the sensing
voltage Vs and the reference voltage Vref and amplifies the
sensing voltage Vs by the reference voltage Vref to output
the amplified sensing voltage Vs.

[0089] FIG. 13 is a circuit diagram showing an exemplary
embodiment of a display panel according to the present
invention. In FIG. 13, the same reference numerals denote
the same elements in FIG. 2, and thus any further repetitive
descriptions of the same elements will be omitted.

[0090] Referring to FIG. 13, the display panel includes the
pixel array 120, a photo sensing array 125 and the sensing
array 130 formed thereon.

[0091] The photo sensing array 125 is disposed in the
display area DA of the display panel and includes a photo
sensing TFT PST, a third switching TFT ST3, a dummy gate



US 2006/0176266 Al

line DGL and a readout line ROL. The dummy gate line
DGL is extended in a direction substantially parallel with the
gate lines GL1 to GLn, and the readout line ROL is extended
in a direction substantially parallel with the data lines DL.1
to DLm. The photo sensing TFT PST includes gate and drain
electrodes electrically connected to the dummy gate line
DGL and a source electrode of the photo sensing TFT PST
electrically connected to the third switching TFT ST3. The
third switching TFT ST3 includes a drain electrode electri-
cally connected to the source electrode of the photo sensing
TFT PST, a gate electrode electrically connected to a cor-
responding gate line and a source electrode electrically
connected to the readout line ROL.

[0092] In exemplary embodiments, a driving voltage to
turn on the photo sensing TFT PST is applied to the dummy
gate line DGL while the photo sensing TFT PST receives a
light from an external source, such as a light pen. The photo
sensing TFT PST outputs a photocurrent corresponding to
brightness of the light, and the photocurrent is applied to the
third switching TFT ST3. When a gate signal is applied to
a corresponding gate line, the third switching TFT ST3
provides the readout line ROL with the photocurrent in
response to the gate signal. The photocurrent is applied to
the control part 170 (refer to FIG. 10) via the readout line
ROL, and the control part 170 generates information indi-
cating a position to which the light is supplied from the
external source based on the photocurrent.

[0093] In another exemplary embodiment, the sensing
array 130 senses a varied thickness of a liquid crystal layer
when the light pen makes contact with the display panel.
When a thickness of the liquid crystal layer is reduced due
to touch of the light pen on the display panel, the sensing
array 130 outputs a sensing voltage Vs (refer to FIG. 12)
having a voltage level lower than that of an initial voltage Vi
(refer to FIG. 12). The control part 170 compares the
sensing voltage Vs with the initial voltage Vi and determines
whether external force is applied to the display panel or not.
Advantageously, the control part 170 may generate accurate
positional information using the photocurrent and the varied
thickness of the liquid crystal layer, thereby improving
sensing ability to an external signal inputted through the
display panel of the display apparatus.

[0094] FIG. 14 is a plan view showing another exemplary
embodiment of a display apparatus according to the present
invention. FIG. 15 is a circuit diagram illustrating an
exemplary embodiment of a sensing array and an opera-
tional amplifier in FIG. 14. In FIG. 14, the same reference
numerals denote the same elements in FIG. 1, and thus any
further repetitive descriptions of the same elements will be
omitted.

[0095] Referring to FIGS. 14 and 15, the sensing array
130 includes the sensing electrode SE and the first switching
TFT ST1. The sensing electrode SE is formed in the display
area DA of the first substrate 110 and extended in a direction
substantially parallel with the data lines DL1 to DLm.

[0096] The first switching TFT ST1 is formed in the
peripheral area PA of the first substrate 110. The first
switching TFT ST1 is disposed adjacent to a first end portion
of the data lines DL1 to DLm.

[0097] In exemplary embodiments, the sensing array 130
further includes the driving voltage line VL, the first switch-
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ing line SL.1 and the output line OL disposed in the periph-
eral area PA. The first switching TFT ST1 may include a gate
electrode electrically connected to the first switching line
SL1, a drain electrode electrically connected to the driving
voltage line VL, and a source electrode electrically con-
nected to a first end portion of the sensing electrode SE. A
second end portion of the sensing electrode SE is electrically
connected to the output line OL. The sensing electrode SE
faces the common electrode to which a common voltage is
applied, and the liquid crystal layer is disposed between the
sensing electrode SE and the common electrode. A sensing
capacitor Cs may be defined by the sensing electrode SE, the
liquid crystal layer and the common electrode.

[0098] The sensing array 130 outputs the initial voltage Vi
(refer to FIG. 12) during the initializing time and the sensing
voltage Vs having a lower voltage than the initial voltage
(refer to FIG. 12) during the sensing time. The initializing
time may indicate a time before a user touches the display
panel, and the sensing time may indicate a time while the
user touches the display panel. The OP-AMP 140 receives
the sensing voltage Vs and the reference voltage Vref and
amplifies the sensing voltage Vs by the reference voltage
Vref during the sensing time.

[0099] Referring to FIG. 15, the first switching TFT ST1
may be turned on in response to the first switching signal S1
and the driving voltage VDD during the initializing time.
When the common voltage Vcom is applied to the common
electrode, an electric potential of the first node N1 gradually
increases to the initial voltage Vi by the sensing capacitor
Cs. In alternative embodiments embodiment, the common
voltage Vcom or the first switching signal may have an
alternating current voltage, or the driving voltage VDD or
the common voltage Vcom may have an alternating current
voltage.

[0100] In other exemplary embodiments, when the thick-
ness of the liquid crystal layer varies due to the touch of the
user during the sensing time, the electric potential of the first
node N1 varies. Since the thickness of the liquid crystal
layer is reduced when the user touches the display panel, the
electric potential of the first node N1 is changed into the
sensing voltage Vs having a lower voltage level than the
initial voltage Vi.

[0101] The control part 170 (refer to FIG. 10) compares
the sensing voltage Vs with the initial voltage Vi and
determines whether or not external force is applied to the
display panel. Advantageously, the control part 170 may
generate accurate information indicating a position to which
the external force is applied based on the varied thickness of
the liquid crystal layer.

[0102] FIG. 16 is a plan view showing another exemplary
embodiment of a display apparatus according to the present
invention. FIG. 17 is a circuit diagram illustrating an
exemplary embodiment of a sensing array and an opera-
tional amplifier in FIG. 16. In FIG. 16, the same reference
numerals denote the same elements in FIG. 14, and thus any
further repetitive descriptions of the same elements will be
omitted.

[0103] Referring to FIGS. 16 and 17, a sensing array 135
is disposed on the display panel 301 of the display apparatus
401. The sensing array 135 includes the sensing electrode
SE, the driving voltage line VL, the output line OL, a first
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sub switching line SL1-1 to an i-th sub switching line
SL1-i, and a first sub switching TFT ST1-1 to an i-th sub
switching TFT ST1-i.

[0104] Drain electrodes of the first switching TFT ST1-1
to the i-th sub switching TFT ST1-i may be connected to the
driving voltage line VL, gate electrodes of the first switching
TFT ST1-1 to the i-th sub switching TFT ST1-1 may be
electrically connected to the first sub switching line SL.1-1
to the i-th sub switching line SL.1-1, respectively, and source
electrodes of the first sub switching TFT ST1-1 to the i-th
sub switching TFT ST1-i may be connected to the sensing
electrode SE. The driving voltage VDD may be applied to
the driving voltage line VL, and a first sub switching signal
S1-1 to an i-th sub switching signal S1-i may be sequen-
tially applied to the first sub switching line SL.1-1 to the i-th
sub switching line SL1-i.

[0105] In exemplary embodiments, the sensing electrode
SE faces a common electrode, and the liquid crystal layer
(not shown) may be disposed between the sensing electrode
SE and the common electrode. Each of the first to the i-th
sensing capacitors Csl to Csi may include the sensing
electrode SE, the liquid crystal layer and the common
electrode. The first sensing capacitor Cs1 to the i-th sensing
capacitor Csi may be electrically connected to the first sub
switching TFT ST1-1 to the i-th sub switching TFT ST1-i,
respectively. The first resistor R1 to the i-th resistor Ri may
also be connected to the first to the i-th sensing capacitors
Cs1 to Csi in parallel.

[0106] When the first sub switching signal S1-1 to the i-th
sub switching signal S1-i are sequentially applied to the first
sub switching line SL1-1 to the i-th sub switching line
SL1-i while the driving voltage VDD is applied to the
driving voltage line VL, the first sub switching TFT ST1-1
to the i-th sub switching TFT ST1-i are sequentially turned
on in response to the first sub switching signal S1-1 to the
i-th sub switching signal S1-i.

[0107] In the sensing array 135, electric potentials of first
to i-th nodes N1 to Ni gradually increase to the first to the
i-th initial voltages in response to the first to the i-th
switching signals S1-1 to S1-1 during the initializing time.

[0108] When the first sub switching signal S1-1 to the i-th
sub switching signal S1-i are applied to the first sub
switching TFT ST1-1 to the i-th sub switching TFT ST1-i,
respectively, the electric potentials of the first to i-th nodes
N1 to Ni are changed into first to i-th sensing voltages during
the sensing time. In exemplary embodiments, the first to the
i-th sensing voltages have a voltage level smaller than the
first to the i-th initial voltages.

[0109] The control part 170 of the display apparatus 401
may compare the first to the i-th sensing voltages with the
first to the i-th initial voltages and determine whether or not
external force is applied to the display panel 301. Advanta-
geously, the control part 170 may generate accurate infor-
mation indicating a position to which the external force is
applied, based on the varied thickness of the liquid crystal
layer.

[0110] In alternative exemplary embodiments, the sensing
array 135 may further include first to i-th dummy switching
TFTs (not shown) that are connected to the first to i-th sub
switching TFTs ST1-1 to ST1-i in series.
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[0111] FIG. 18 is a circuit diagram illustrating another
exemplary embodiment of a sensing array according to the
present invention. In FIG. 18, the same reference numerals
denote the same elements in FIG. 17, and thus any further
repetitive descriptions of the same elements will be omitted.

[0112] Referring to FIG. 18, a sensing array 137 includes
the sensing electrode SE, the driving voltage line VL, the
output line OL, the first sub switching line SL1-1 to the i-th
sub switching line SL1-i, the first sub switching TFT ST1-1
to the i-th sub switching TFT ST1-i and a second switching
TFT ST2.

[0113] Drain electrodes of the first sub switching TFT
ST1-1 to the i-th sub switching TFT ST1-i may be con-
nected to the driving voltage line VL, gate electrodes of the
first sub switching TFT ST1-1 to the i-th sub switching TFT
ST1-i may be electrically connected to the first sub switch-
ing line SL1-1 to the i-th sub switching line SL1-1, respec-
tively, and source electrodes of the first sub switching TFT
ST1-1 to the i-th sub switching TFT ST1-i may be con-
nected to the sensing electrode SE.

[0114] The second switching TFT ST2 may include a drain
electrode electrically connected to the sensing electrode SE.
A gate electrode to which a second switching signal S2 is
applied and a source of the second switching TFT ST2 may
also be electrically connected to an i+1-th node Ni+l.

[0115] In exemplary embodiments, the second switching
TFT ST2 outputs the first to the i-th initial voltages during
the initializing time and the first to the i-th sensing voltages
during the sensing time in response to the second switching
signal S2 during the sensing time.

[0116] In the exemplary embodiments discussed above,
the sensing array is disposed on the array substrate of the
display panel, and the sensing array includes a sensing
electrode facing the common electrode and the switching
TFT outputting the sensing voltage.

[0117] Advantageously, the display apparatus may gener-
ate accurate information indicating a position to which the
external force is applied, based on the varied thickness of the
liquid crystal layer, thereby improving a sensing ability to
the external signal of the display apparatus.

[0118] In other exemplary embodiments discussed above,
the photo sensing array and the sensing array are disposed on
the array substrate. Advantageously, the display apparatus
may generate more accurate positional information than if
only the photo sensing array is disposed on the array
substrate.

[0119] Although the exemplary embodiments of the
present invention have been described, it is understood that
the present invention should not be limited to these exem-
plary embodiments but various changes and modifications
can be made by one ordinary skilled in the art within the
spirit and scope of the present invention as hereinafter
claimed.

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

a display panel including an array substrate having a pixel
electrode, an opposite substrate having a common
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electrode facing the pixel electrode and a liquid crystal
layer disposed between the array substrate and the
opposite substrate;

a sensing array configured to output an initial voltage in
response to an initial thickness of the liquid crystal
layer during an initializing time and a sensing voltage
in response to a varied thickness of the liquid crystal
layer due to an external force during a sensing time, the
sensing array being formed on the display panel; and

a control part configured to compare the sensing voltage
with the initial voltage, to determine whether or not the
external force is applied to the display panel and
generate information indicating a position to which the
external force is applied.

2. The display apparatus of claim 1, wherein the sensing

array comprises:

a sensing electrode facing the common electrode, the
liquid crystal layer disposed between the sensing elec-
trode and the common electrode;

a first switching device electrically connected to the
sensing electrode configured to provide the sensing
electrode with the initial voltage in response to a first
switching signal and a driving voltage; and

a second switching device electrically connected to the
sensing electrode configured to output the initial volt-
age applied to the sensing electrode during the initial-
izing time and the sensing voltage applied to the
sensing electrode during the sensing time in response to
a second switching signal.

3. The display apparatus of claim 2, wherein the first

switching device comprises:

a first electrode to receive the driving voltage;

a second electrode configured to receive the first switch-
ing signal during the initializing time; and

a third electrode electrically connected to the sensing
electrode, and

wherein the second switching device comprises:

a fourth electrode electrically connected to the sensing
electrode;

a fifth electrode configured to receive the second switch-
ing signal during the sensing time; and

a sixth electrode electrically connected to the control part.
4. The display apparatus of claims 3, further comprising:

a gate insulating layer disposed on the second electrode of
the first switching device, the first and the third elec-
trode of the first switching device formed on the gate
insulating layer;

an organic insulating layer disposed on the first and the
third electrode of the first switching device, the sensing
electrode disposed on the organic insulating layer;

and a bridge electrode disposed on the organic insulating
layer, the bridge electrode electrically connected to the
third electrode of the first switching device.
5. The display apparatus of claim 3, wherein the sensing
array further comprises:
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a driving voltage line electrically connected to the first
electrode of the first switching device, the driving
voltage providing the first electrode with the driving
voltage;

a first switching line electrically connected to the second
electrode of the first switching device, the first switch-
ing line providing the second electrode with the first
switching signal;

a second switching line electrically connected to the fifth
electrode of the second switching device, the second
switching line providing the fifth electrode with the
second switching signal; and

an output line electrically connected to the sixth electrode
of the second switching device, the output line output-
ting the initial voltage and the sensing voltage.

6. The display apparatus of claim 2, wherein the array
substrate comprises:

a first substrate divided into a display area and a periph-
eral area adjacent to the display area; and

a pixel array in the display area of the first substrate.

7. The display apparatus of claim 6, wherein the sensing
electrode is disposed in the display area of the first substrate,
and the first and second switching devices are disposed in
the peripheral area of the first substrate.

8. The display apparatus of claim 6, wherein the pixel
array comprises:

a gate line;

a data line intersected with and electrically insulated from
the gate line; and

a pixel switching device electrically connected to the gate
line and the data line, wherein the pixel electrode is
electrically connected to the pixel switching device.

9. The display apparatus of claim 8, wherein the sensing
electrode comprises a same material as the data line and the
sensing electrode and the data line are formed from a same
layer.

10. The display apparatus of claim 9, wherein the pixel
electrode comprises an opening corresponding to an area in
which the sensing electrode is formed.

11. The display apparatus of claim 10, wherein the sensing
electrode is extended substantially parallel with the data
line, the first switching device is disposed in a first area
adjacent to a first end portion of the data line of the
peripheral area, and the second switching device is disposed
in a second area adjacent to a second end portion of the data
line of the peripheral area.

12. The display apparatus of claim 8, wherein the sensing
electrode comprises a same material as the pixel electrode,
and the sensing electrode and the pixel electrode are formed
from a same layer.

13. The display apparatus of claim 12, wherein the pixel
electrode comprises:

a transmission electrode having a transparent and con-
ductive material; and

a reflection electrode on the transmission electrode, the
reflection electrode having a reflective material.
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14. The display apparatus of claim 12, wherein the
sensing electrode comprises:

a sensing transmission electrode having a transparent and
conductive material; and

a sensing reflection electrode on the transmission elec-
trode, the reflection electrode having a reflective mate-
rial.

15. The display apparatus of claim 14, wherein the
reflection electrode is formed in a uniform thickness on the
transmission electrode and the sensing reflection electrode is
formed in a uniform thickness on the sensing transmission
electrode.

16. The display apparatus of claim 1, further comprising
a photo sensing array on the array substrate, the photo
sensing array configured to receive a light from an input
member that makes contact with a surface of the display
panel and to output a photo current in response to brightness
of the light.

17. The display apparatus of claim 16, wherein the array
substrate comprises:

a gate line configured to receive a gate signal;

a data line that intersects with and is electrically insulated
from the gate line and configured to receive a data
signal; and

a pixel switching device electrically connected to the gate
line and the data line, the pixel switching device
configured to receive the gate signal and the data signal,

wherein the pixel electrode is electrically connected to the
pixel switching device.
18. The display apparatus of claim 17, wherein the photo
sensing array comprises:

a dummy gate line configured to receive a dummy gate
voltage;

a photo sensing device electrically connected to the
dummy gate line and configured to output the photo-
current corresponding to the brightness of the light in
response to the light and the dummy gate voltage;

a third switching device configured to output the photo-
current in response to the gate signal from the gate line;
and

a readout line configured to provide the control part with
the photocurrent.
19. The display apparatus of claim 1, wherein the sensing
array comprises:

a sensing electrode on the array substrate, the sensing
electrode facing the common electrode and the liquid
crystal layer being disposed between the sensing elec-
trode and the common electrode to form a sensing
capacitor; and

a first switching device configured to charge the sensing
capacitor in response to a first switching signal and a
driving voltage, the first switching device being elec-
trically connected to the sensing electrode, and

wherein the common electrode receives a common volt-
age.
20. The display apparatus of claim 19, wherein the
common voltage, the driving voltage, or both has an alter-
nating current voltage.
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21. The display apparatus of claim 20, wherein the first
switching signal, the common voltage, or both has an
alternating current voltage.

22. The display apparatus of claim 19, wherein the first
switching device comprises a transistor having a first elec-
trode to which the driving voltage is applied, a second
electrode to which the first switching signal is applied during
the initializing time and a third electrode electrically con-
nected to the sensing electrode.

23. The display apparatus of claim 22, wherein the
sensing array comprises:

a driving voltage line configured to provide the first
electrode of the first switching device with the driving
voltage;

a switching line configured to provide the second elec-
trode of the first switching device with the first switch-
ing signal; and

an output line electrically connected to the sensing elec-
trode and configured to output the sensing voltage and
the initial voltage.

24. The display apparatus of claim 19, further comprising
an operational amplifier configured to amplify the initial
voltage supplied to the operational amplifier by a reference
voltage supplied to the operational amplifier during the
initializing time and to amplify the sensing voltage supplied
to the operational amplifier by the reference voltage during
the sensing time.

25. The display apparatus of claim 1, wherein the sensing
array comprises:

a sensing electrode on the array substrate and facing the
common electrode, wherein the liquid crystal layer is
formed between the sensing electrode and the common
electrode;

a plurality of sub switching lines on the array substrate
and intersecting with and electrically insulated from the
sensing electrode to sequentially receive a plurality of
sub switching signals; and

a plurality of sub switching devices having a first elec-
trode electrically connected to the sensing electrode, a
second electrode electrically connected to a corre-
sponding switching line of the switching lines and a
third electrode to which the driving voltage is applied,
the sub switching device being sequentially turned on
in response to the sub switching signal.

26. The display apparatus of claim 25, wherein the
sensing array further comprises a driving voltage line con-
nected to the third electrodes of the sub switching devices to
provide the third electrode with the driving voltage.

27. The display apparatus of claim 25, wherein the
sensing array further comprises a second switching device
having a first electrode connected to the sensing electrode,
a second electrode to receive a second switching signal and
a third electrode to output the sensing voltage.

28. The display apparatus of claim 1, wherein the control
part comprises:

an operational amplifier configured to amplify the initial
voltage supplied to the operational amplifier by a
reference voltage supplied to the operational amplifier
during the initializing time and the sensing voltage
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supplied to the operational amplifier by the reference
voltage during the sensing time;

amemory configured to store the initial voltage amplified
by the operational amplifier; and

a comparing-determining part configured to compare the
sensing voltage from the OP-AMP with the initial
voltage from the memory, determine whether or not the
external force is applied to the display panel, and
generate information indicating a position to which the
external force is applied.

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

comprising:

generating an initial voltage in response to an initial
thickness of a liquid crystal layer during an initializing
time;
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generating a sensing voltage in response to a varied
thickness of the liquid crystal layer due to an external
force during a sensing time;

comparing the initial voltage with the sensing voltage to
determine whether or not the external force is applied
to a display panel; and

generating information indicating a position to which the
external force is applied on the display panel.

30. The method of claim 29, wherein the comparing

comprises:

generating a voltage difference between the sensing volt-
age and the initial voltage; and

comparing the voltage difference with a predetermined
reference voltage.
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