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driving electrode pattern includes a plurality of second unit
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SENSOR SUBSTRATE AND SENSING
DISPLAY PANEL HAVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the benefit
of Korean Patent Application No. 10-2012-0066942, filed on
Jun. 21, 2012, which is incorporated by reference for all
purposes as if set forth herein.

BACKGROUND

[0002]

[0003] Exemplary embodiments of the present disclosure
relate to sensor substrates and sensing display panels incor-
porating the sensor substrate, and more particularly to sensor
substrates and sensing display panels incorporating sensor
substrates to prevent damage associated with static electric-

1ty.
[0004]

[0005] A liquid crystal display (LCD) apparatus typically
relatively thin and light weight, as well as consumes low
levels of power. As such, LCDs are generally used in asso-
ciation with monitors, laptop computers, cellular phones, per-
sonal digital assistants, and the like. Conventional LLCDs
include an LCD panel configured to display images via light
transmittance through liquid crystal, the light radiating from
a backlight assembly disposed “behind” or “under” the LCD
panel and, thereby, providing the light to the LCD panel.

[0006] An LCD panel typically includes an array substrate
having one or more signal lines, thin film transistors TFT, and
pixel electrodes, as well as includes an opposite substrate
facing the array substrate and having a common electrode. A
liquid crystal layer is generally speaking disposed between
the array substrate and the opposite substrate. The liquid
crystal layer may be driven using a vertical electric field
which may be formed by a potential difference between the
common electrode and the one or more pixel electrodes. In
terms of performance, liquid crystal layers driven via vertical
electric fields typically yield more than sufficient levels of
light transmittance and exhibit high aperture ratios. These
liquid crystal layers, however, can be deficient with respect to
viewing angles.

[0007] Conventional approaches to improving the viewing
angle typically entails disposing the common electrode and
the one or more pixel electrodes on an array substrate so that
the liquid crystal layer may be driven via a horizontal electric
field, which is formed via a potential difference between the
common electrode and the one or more pixel electrodes. It is
noted, however, that LCD panels utilizing horizontal electric
fields including an opposing substrate opposite to the array
substrate and not including a common electrode can be prone
to negative effects associated with static electricity, such as
static electricity build-up and discharge.

[0008] 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 form any part of the prior art nor
what the prior art may suggest to a person of ordinary skill in
the art.

1. Field

2. Discussion

Dec. 26, 2013

BRIEF SUMMARY OF THE INVENTION

[0009] Exemplary embodiments provide a sensor substrate
configured to prevent negative effects associated with static
electricity, such as static electricity build-up and discharge.
[0010] Exemplary embodiments provide a sensing display
panel incorporating a sensor substrate configured to prevent
negative effects associated with static electricity, such as
static electricity build-up and discharge.

[0011] Additional aspects will be set forth in the detailed
description which follows and, in part, will be apparent from
the disclosure, or may be learned by practice of the invention.
[0012] According to exemplary embodiments, a sensor
substrate includes a base substrate, a black matrix pattern, a
sensing electrode pattern, a driving electrode pattern, and at
least one bridge line. The black matrix pattern is disposed on
the base substrate and divides the base substrate into a light
transmission area and a light blocking area. The sensing elec-
trode pattern includes a plurality of first unit patterns arranged
in association with a first direction. The driving electrode
pattern includes a plurality of second unit patterns arranged in
association with a second direction and are disposed adjacent
to the plurality of first unit patterns. The at least one bridge
line is connected between at least two of the plurality of first
unit patterns or between at least two of the plurality of second
unit patterns.

[0013] According to exemplary embodiments a sensing
display panel includes: a display substrate and a sensor sub-
strate. The s display substrate includes: a plurality of pixel
electrodes, and a common electrode overlapping the pixel
electrodes. The sensor substrate includes: a sensing electrode
pattern, a driving electrode pattern, and at least one bridge
line. The sensing electrode pattern includes a plurality of first
unit patterns arranged in association with a first direction. The
driving electrode pattern includes a plurality of second unit
patterns arranged in association with a second direction and
are disposed adjacent to the plurality of first unit patterns. The
atleast one bridge line is connected between at least two of the
plurality of first unit patterns or between at least two of the
plurality of second unit patterns.

[0014] According to exemplary embodiments, a sensing
display panel includes: a display substrate and a sensor sub-
strate. The display substrate includes: a plurality of pixel
electrodes arranged in a matrix formation, a driving electrode
pattern overlapping the plurality of pixel electrodes, and a
common line connected to the driving electrode pattern. The
sensor substrate includes a black matrix pattern including an
area in which the plurality of pixel electrodes is disposed, the
area corresponding to a light transmission area, and a sensing
electrode pattern including a plurality of lines connected to
one another and overlapping the black matrix pattern.
[0015] According to exemplary embodiments, a sensing
display panel includes a display substrate and a sensor sub-
strate. The display substrate includes a plurality of pixels, a
driving electrode pattern, a common electrode pattern, and a
common line. The plurality of pixel electrodes is disposed in
a matrix formation comprising a row direction and a column
direction. The driving electrode pattern includes a unit pattern
arranged in the row direction and overlaps the plurality of
pixel electrodes. The common electrode pattern is spaced
apart from the unit pattern and overlaps the plurality of pixel
electrodes, the common electrode pattern being arranged in
the column direction. The common line extends in the row
direction. The sensor substrate comprises a black matrix pat-
tern and a sensing electrode pattern. The black matrix pattern
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comprises an area in which the plurality of pixel electrodes is
disposed, the area corresponding to a light transmission area.
The sensing electrode pattern comprises a plurality of lines
connected to one another and overlapping the black matrix
pattern.

[0016] According to exemplary embodiments, the sensor
substrate includes at least one of the driving electrode pattern
and the sensing electrode pattern, each of which may be
formed including a metal material so that a display apparatus
incorporating the sensor substrate may be protected from the
deleterious effects associated with static electricity. Further, a
bias signal, such as a direct current voltage exhibiting a pre-
determined voltage level or ground voltage GND is caused to
be applied to at least one of the driving electrode pattern and
the sensing electrode pattern so that a static electricity block-
ing effect may be improved.

[0017] Itisto beunderstood 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

[0018] 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 exemplary embodiments of the invention, and
together with the description serve to explain the principles of
the invention.

[0019] FIG. 1 is a block diagram of a display apparatus
incorporating a sensing display panel, according to exem-
plary embodiments.

[0020] FIG.2isanenlarged plan view of portion “A” of the
sensing display panel of FIG. 1, according to exemplary
embodiments.

[0021] FIG. 3 is a cross-sectional view of the sensing dis-
play panel of FIG. 2 taken along sectional line I-I', according
to exemplary embodiments.

[0022] FIGS. 4A-4E are cross-sectional views of a sensor
substrate taken along sectional line II-II' at various stages of
one or more manufacturing processes, according to exem-
plary embodiments.

[0023] FIGS. 5A-5E are cross-sectional views of a sensor
substrate at various stages of a manufacturing process,
according to exemplary embodiments.

[0024] FIGS. 6A-6E are cross-sectional views a sensor sub-
strate at various stages of a manufacturing process, according
to exemplary embodiments.

[0025] FIG. 7 is a waveform diagram associated with driv-
ing the sensing display panel of FIG. 1, according to exem-
plary embodiments.

[0026] FIG. 8 is a waveform diagram associated with driv-
ing a sensing display panel, according to exemplary embodi-
ments.

[0027] FIG. 9 is a plan view of a display apparatus incor-
porating a sensing display panel, according to exemplary
embodiments.

[0028] FIG. 10 is a plan view of a display apparatus incor-
porating a sensing display panel, according to exemplary
embodiments.

[0029] FIG. 11A is a plan view of a sensing display panel,
according to exemplary embodiments.

[0030] FIG. 11B is a schematic diagram of the sensing
display panel of FIG. 11A, according to exemplary embodi-
ments.
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[0031] FIG. 12 is a cross-sectional view of a sensing dis-
play panel, according to exemplary embodiments.

[0032] FIG. 13 is a cross-sectional view of a sensing dis-
play panel, according to exemplary embodiments.

[0033] FIG. 14 is a cross-sectional view of a sensing dis-
play panel, according to exemplary embodiments.

[0034] FIG. 15 is a block diagram of a display apparatus
incorporating a sensing display panel, according to exem-
plary embodiments.

[0035] FIG.161saplanview of the sensing display panel of
FIG. 15, according to exemplary embodiments.

[0036] FIG. 17 is a cross-sectional view of the sensing
display panel of FIG. 16 taken along sectional line III-IIT',
according to exemplary embodiments.

[0037] FIG. 18 is a waveform diagram associated with driv-
ing the sensing display panel of FIG. 15, according to exem-
plary embodiments.

[0038] FIG. 19 is a block diagram of a display apparatus
incorporating a sensing display panel, according to exem-
plary embodiments.

[0039] FIG. 20is a plan view of the sensing display panel of
FIG. 19, according to exemplary embodiments.

[0040] FIG. 21 is a waveform diagram associated with driv-
ing the sensing display panel of FIG. 19, according to exem-
plary embodiments.

[0041] FIG. 22 is a plan view of a sensing display panel,
according to exemplary embodiments.

[0042] FIG. 23 is a cross-sectional view of a sensing dis-
play panel, according to exemplary embodiments.

[0043] FIG. 24 is a cross-sectional view of a sensing dis-
play panel, according to exemplary embodiments.

[0044] FIG. 25 is a cross-sectional view of a sensing dis-
play panel, according to exemplary embodiments.

DETAILED DESCRIPTION

[0045] In the following description, for the purposes of
explanation, numerous specific details are set forth in order to
provide a thorough understanding of various exemplary
embodiments. It is apparent, however, that various exemplary
embodiments may be practiced without these specific details
or with one or more equivalent arrangements. In other
instances, well-known structures and devices are shown in
block diagram form in order to avoid unnecessarily obscuring
various exemplary embodiments.

[0046] In the accompanying figures, the size and relative
sizes of layers and/or regions may be exaggerated for clarity
and descriptive purposes. Also, like reference numerals
denote like elements.

[0047] When an element or layer is referred to as being
“on,” “connected to,” or “coupled to” another element or
layer, it may be directly on, directly connected to, or directly
coupled to the other element or layer, or intervening elements
or layers may be present. When, however, an element is
referred to as being “directly on,” “directly connected to,” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. For the purposes of
this disclosure, “at least one of X, Y, and Z”” may be construed
as X only, Y only, Z only, or any combination of two or more
of X,Y, and Z, such as, for instance, XYZ, XYY, YZ, and Z7.
Like numbers refer to like elements throughout. As used
herein, the term “and/or” includes any and all combinations
of one or more of the associated listed items.

[0048] Although the terms first, second, third, etc., may be
used herein to describe various elements, components,
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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 element,
component, region, layer, or section. Thus, a first element,
component, region, layer, or section that is discussed below
may be termed a second element, component, region, layer, or
section without departing from the teachings of the present
invention.

[0049] Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper,” and/or the like, may be used herein
for descriptive purposes and, thereby, to describe one element
or feature’s relationship to another element(s) or feature(s) as
illustrated in the drawings. Spatially relative terms are
intended to encompass different orientations of an apparatus
in use or operation in addition to the orientation depicted in
the drawings. For example, if the apparatus in the drawings is
turned over, elements described as “below” or “beneath”
other elements or features would then be oriented “above” the
other elements or features. Thus, the exemplary term “below”
can encompass both an orientation of above and below. Fur-
thermore, the apparatus may be otherwise oriented (e.g.,
rotated 90 degrees or at other orientations) and, as such, the
spatially relative descriptors used herein are to be interpreted
accordingly.

[0050] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting. 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. Moreover, the terms
“comprises” and/or “comprising,” when used in this specifi-
cation, specify the presence of stated features, integers, steps,
operations, elements, and/or components, but do not preclude
the presence or addition of one or more other features, inte-
gers, steps, operations, elements, components, and/or groups
thereof.

[0051] Various exemplary embodiments may be described
herein with reference to sectional and/or other forms of illus-
trations that are schematic illustrations of idealized exem-
plary embodiments and/or intermediate structures. 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, exemplary embodiments disclosed
herein should not be construed as limited to the particular
illustrated shapes of regions, but are to include deviations in
shapes that result from, for instance, manufacturing. For
instance, an implanted region illustrated as a rectangle will,
typically, have rounded or curved features and/or a gradient of
implant concentration at its edges rather than a binary change
from implanted to non-implanted region. Likewise, a buried
region formed by implantation may result in some implanta-
tion in the region between the buried region and the surface
through which the implantation takes place. Thus, the regions
illustrated in the drawings are schematic in nature and their
shapes are not intended to illustrate the actual shape of a
region and are not intended to be limiting.

[0052] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this disclosure is a part. Terms, such as those defined in
commonly used dictionaries, should be interpreted as having
a meaning that is consistent with their meaning in the context
of'the relevant art and will not be interpreted in an idealized or
overly formal sense, unless expressly so defined herein.

29 ¢c.
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[0053] Although various exemplary embodiments are
described with respect to liquid crystal displays (LCD), it is
contemplated that various exemplary embodiments are also
applicableto other display technologies, such as various other
self-emissive and/or non-self-emissive display technologies,
e.g., light emitting diode (LED) displays, organic light emit-
ting diode displays (OLED), plasma displays (PD), electro-
phoretic displays (EPD), electrowetting displays (EWD), etc.
[0054] FIG. 1 is a block diagram of a display apparatus
incorporating a sensing display panel, according to exem-
plary embodiments. FIG. 2 is an enlarged plan view of portion
“A” of the sensing display panel of FIG. 1.

[0055] As seen in FIGS. 1 and 2, the display apparatus
includes a sensing display panel 510, a sensing driving circuit
610 and a sensing read out circuit 710. While specific refer-
ence will be made to this particular implementation, it is also
contemplated that the display apparatus may embody many
forms and include multiple and/or alternative components or
features. For example, it is contemplated that the components
of'the display apparatus may be combined, located in separate
structures, and/or separate locations.

[0056] According to exemplary embodiments, the sensing
display panel 510 includes a plurality of driving electrode
patterns ST1, ST2, ST3, . .., STN, a plurality of sensing
electrode patterns SR1, SR2, SR3, ..., SRM, and a plurality
of bridge lines BL, where ‘n” and ‘m’ are natural, real num-
bers. In one exemplary implementation, the sensing display
panel 510 may define a capacitive touch screen; however, it is
contemplated that sensing display panel 510 may define or
otherwise include any other suitable sensing display panel.
[0057] The driving electrode patterns ST1, ST2, ST3, ...,
STN may be extended in association with a first direction,
e.g., D1, and may be arranged in association with a second
direction, e.g., D2 crossing the first direction D1. The first
direction D1 may be, for example, a row direction, whereas
the second direction D2 may be, for instance, a column direc-
tion. Each of the driving electrode patterns ST1, ST2, ST3, .
.., STN includes (or otherwise defines) at least one first unit
pattern UP1, such as a diamond shape. It is contemplated,
however, that any suitable pattern (or pattern of shapes) may
be utilized in association with first unit pattern UP1. As
shown, the first unit pattern UP1 includes a plurality of driv-
ing lines TL, which are connected to each other, such as via a
mesh shape. Again, it is contemplated that any suitable pat-
tern (or pattern of shapes) may be utilized in association with
the corresponding connections between driving lines TL. The
driving lines TL overlap with a black matrix pattern BM. The
black matrix pattern BM may define a transmission area
corresponding to a pixel area PA of the sensing display panel
510. For instance, black matrix pattern BM may bound
respective display regions of corresponding pixels of sensing
display panel 510.

[0058] According to exemplary embodiments, the sensing
electrode patterns SR1, SR2, SR3, . .., SRM may be extended
in association with the second direction D2 and may be
arranged in association with the first direction D1. Each of the
sensing electrode patterns SR1, SR2,SR3, ..., SRM includes
at least one second unit pattern UP2, such as the diamond
shape. As with first unit pattern UP1, it is contemplated, that
any suitable pattern (or pattern of shapes) may be utilized in
association with second unit pattern UP2. To this end, it is
noted that second unit pattern UP2 may or may not corre-
spond to first unit pattern UP1. For instance, first unit pattern
UP1 may relate to a pattern of diamond shapes, whereas
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second unit pattern UP2 may relate to a pattern of hexagonal
shapes. As shown, however, first unit pattern UP1 and second
unit pattern UP2 both correspond to diamond patterns. The
second unit pattern UP2 may be disposed in an area defined
by the first unit pattern UP1 and may be arranged alternately
with the first unit pattern UP1 along a third direction, e.g., D3,
respectively crossing the first direction D1 and the second
direction D2. The second unit pattern UP2 includes a plurality
of sensing lines RL, which may be connected to each other,
such as via the mesh shape. Again, it is contemplated that any
suitable pattern (or pattern of shapes) may be utilized in
association with the corresponding connections between
sensing lines RL. Further, the shape associated with the con-
nections related to sensing lines RL may or may not corre-
sponding to the shape associated with the connections related
to driving lines TL. The sensing lines R may, in exemplary
embodiments, overlap with the black matrix pattern BM,
which may be configured to define the pixel area PA of the
display apparatus.

[0059] As previously mentioned, the driving electrode pat-
terns ST1, ST2, ST3, . .., STN and the sensing electrode
pattern SR1, SR2, SR3, .. ., SRM may include a plurality of
unit patterns, such as the diamond shape, but are not limited
thereto. For example, the unit patterns may include various
shapes, such as triangular shapes, square shapes, rectangular
shapes, pentagonal shapes, hexagonal shapes, etc., as well as
combinations thereof.

[0060] In exemplary embodiments, the bridge lines BL
may be disposed in an area (or region) in which the sensing
lines RL and the driving lines TL cross one another. To this
end, the bridge lines BL may be electrically connected to the
driving lines TL, which are spaced apart from each other via
the sensing lines RL. In one exemplary embodiment, the
bridge lines BL are connected to the driving lines TL, but
exemplary embodiments are not limited thereto. For example,
the bridge lines BL. may be connected to the sensing lines RL,,
may be connected to both the driving lines TL and the sensing
lines RL, etc.

[0061] Sensing driving circuit 610 may be configured to
sequentially transfer a plurality of driving signals Tx1, Tx2,
Tx3, ..., TxN to the driving electrode patterns ST1, ST2,
ST3, ..., STN to drive the driving electrode patterns ST1,
ST2, ST3, ..., STN.

[0062] The sensing read out circuit 710 may be configured

to receive sensing signals Rx1, Rx2, Rx3, . . ., RxM corre-
sponding to, for example, an object that touches (or otherwise
comes into contact with) a surface of the sensing display
panel 510 based on the driving signals through the sensing
electrode patterns SR1, SR2, SR3, . .., SRM. According to
exemplary embodiments, it is also contemplated that “near”
touches (or contacts), e.g., when the object just about touches
the surface but does not quite touch the surface, may also be
detected based on detected variances of the driving signals
through the sensing electrode patterns SR1, SR2, SR3, . . .,
SRM.

[0063] According to various exemplary embodiments,
sensing driving circuit 610 and/or the sensing read out circuit
710 may be implemented via software, hardware, firmware,
ora combination thereof. For instance, sensing driving circuit
610 and/or the sensing read out circuit 710 may be imple-
mented via one or more general purpose and/or special pur-
pose components, such as one or more discrete circuits, digi-
tal signal processing chips, integrated circuits, application
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specific integrated circuits, microprocessors, processors, pro-
grammable arrays, field programmable arrays, instruction set
processors, and/or the like.

[0064] According to exemplary embodiments, the sensing
display panel 510 may be protected by the driving electrode
patterns ST1, ST2, ST3, . .., STN and the sensing electrode
patterns SR1, SR2, SR3, . .., SRM, which may be formed
from corresponding metal materials. For example, the sens-
ing display panel 510 may be protected by the driving elec-
trode patterns ST1, ST2, ST3, . . ., STN and the sensing
electrode patterns SR1, SR2, SR3, . . ., SRM from static
electricity, e.g., static electricity build-up, static electricity
discharge, etc. In this manner, the sensing display panel 510
may be configured without a static electricity blocking layer
conventionally utilized to block the deleterious effects asso-
ciated with static electricity, such as one or more of those
aforementioned effects.

[0065] Inexemplary embodiments, at least one of the sens-
ing driving circuit 610 and the sensing read out circuit 710 is
configured to output a bias signal exhibiting a predetermined
voltage level when the sensing display panel 510 is being
driven. To this end, the bias signal exhibiting the predeter-
mined voltage level may be applied to the driving electrode
patterns ST1, ST2, ST3, ..., STN or the sensing electrode
patterns SR1, SR2, SR3, . .., SRM when the sensing display
panel 510 is being driven. The bias signal may be a ground
voltage or a direct current (DC) voltage exhibiting a prede-
termined voltage level. As such, a static electricity blocking
effect may be improved.

[0066] FIG. 3 is a cross-sectional view of the sensing dis-
play panel of FIG. 2 taken along sectional line I-I', according
to exemplary embodiments.

[0067] With continued reference to FIG. 2, the sensing
display panel 510 includes a display substrate 100, a sensor
substrate 200 opposite the display substrate 100, and a liquid
crystal layer 300 disposed between the display substrate 100
and the sensor substrate 200. In addition, the sensing display
panel 510 may further include a first polarizing plate 410
disposed on the sensor substrate 200 and a second polarizing
plate 430 disposed on (e.g., under) the display substrate 100.
[0068] Display substrate 100 includes a first base substrate
101, a gate line GL, a gate insulating layer 110, adata line DL,
a switching element TR, a pixel electrode PE, a protecting
layer 130, and a common electrode CE.

[0069] Gate line GL is disposed on the first base substrate
101, and may be extended in the first direction D1, as well as
arranged in the second direction D2. For example, the gate
line GL. may overlap the black matrix pattern BM, which may
also be extended in the first direction D1. To this end, the gate
line GL. may be electrically connected to a gate electrode GE
of the switching element TR.

[0070] Gate insulating layer 110 may be disposed on the
first base substrate 101 and, thereby, configured to cover the
gate line GL and the gate electrode GE.

[0071] Data line DL may be disposed on the gate insulating
layer 110 and extended in the second direction D2, as well as
arranged in the first direction D1. For example, the data line
DL may overlap with the black matrix pattern BM, which
may also be extended in the second direction D2. The data
line DL may be electrically connected to a source electrode
SE of the switching element TR.

[0072] According to exemplary embodiments, the switch-
ing element TR may include an active layer AC that is dis-
posed between the gate electrode GE and the source electrode
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SE and drain electrode DE. The active layer AC includes, for
example, a semiconductive layer manufactured from, for
instance, amorphous silicon (a-Si:H) and an ohmic contact
layer exhibiting n+ amorphous silicon (n+ a-Si:H). In addi-
tion, the active layer may include an oxide semiconductive
layer. The oxide semiconductive layer may include the amor-
phous oxide exhibiting at least one of indium (In), zinc (Zn),
gallium (Ga), tin (Sn), or hafhium (HF). For example, the
oxide semiconductive layer may include an amorphous oxide
exhibiting indium (In), zinc (Zn), and gallium (Ga), or an
amorphous oxide exhibiting indium (In), zinc (Zn), and
hafnium (HF). The oxide semiconductive layer may include
the oxide, such as, for instance, indium zinc oxide (InZnO),
indium gallium oxide (InGaO), indium tin oxide (InSnO), tin
zine oxide (ZnSnO), tin gallium oxide (GaSnO), and tin gal-
lium oxide (GaZnO). While certain materials and combina-
tions of materials have been described in association with
switching element TR, it is contemplated that any other suit-
able materials may be utilized.

[0073] Accordingly, pixel electrode PE may be disposed in
the pixel area, which may be defined by the black matrix
pattern BM. Pixel electrode PE may be electrically connected
to the drain electrode DE and configured to receive a data
voltage transferred via the data line DL.

[0074] Protecting layer 130 may be disposed on the first
base substrate 101 and, thereby, configured to cover the data
line DL, the source electrode SE, and the pixel electrode PE.
[0075] Common electrode CE may be disposed in at least
one pixel area, as well as configured to overlap the pixel
electrode PE. The common electrode CE may be a slit pat-
terned electrode; however, any other suitable common elec-
trodes may be utilized in association with exemplary embodi-
ments described herein. Common electrode CE may be
electrically connected to a common line (not shown) and,
thereby, configured to receive a common voltage Vcom via
the common line.

[0076] According to exemplary embodiments, the sensor
substrate 200 includes a second base substrate 201, a black
matrix pattern BM, a sensor layer SSL, a color filter layer CF,
and an overcoating layer OC.

[0077] Black matrix pattern BM may be disposed on the
second base substrate 201, and may be configured to define a
transmission area corresponding to the pixel area PA of the
sensing display panel 510. The black matrix pattern BM may
exhibit a matrix shape, such that the pixel area PA corre-
sponding to the transmission area may be arranged in asso-
ciation with the matrix shape of the black matrix BM.
[0078] As described in association with FIGS. 1 and 2, the
sensor layer SSL includes a plurality of driving electrode
patterns ST1, ST2, ST3, . . ., STN, a plurality of sensing
electrode patterns SR1, SR2, SR3, . . ., SRM, a bridge line
BL, and an insulating layer 210.

[0079] Driving electrode patterns ST1, ST2, ST3,...,STN
may be extended in the first direction D1 and may be arranged
in the second direction D2. Each of the driving electrode
patterns ST1, ST2, ST3, . .., STN may include at least one
first unit pattern UP1, such as the diamond shape. The first
unit pattern UP1 includes a plurality of driving lines TL,
which may be connected to each other via the mesh shape.
The driving lines TL may be configured to overlap the black
matrix pattern BM.

[0080] Sensing electrode patterns SR1, SR2, SR3, . . .,
SRM may be extended in the second direction D2 and may be
arranged in the first direction D1. Each of the sensing elec-
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trode patterns SR1, SR2, SR3, . .., SRM may include at least
one second unit pattern UP2, such as the diamond shape. The
second unit pattern UP2 may be spaced apart from the first
unit pattern UP1. The second unit pattern UP2 may include a
plurality of sensing lines RL, which may be connected to each
other, such as via the mesh shape. The sensing lines RL. may
be configured to overlap with the black matrix pattern BM.
[0081] Bridge line BL. may be connected to the driving lines
TL of the driving electrode patterns, which may be spaced
apart from each other via the sensing electrode pattern com-
prising sensing lines RL.

[0082] A contact hole CH is configured to expose the driv-
ing lines TL of the driving electrode pattern. The contact hole
CH may be formed in the insulating layer 210. The bridge line
BL may be connected to the driving lines TL via the contact
hole CH.

[0083] According to exemplary embodiments, sensing dis-
play panel 510 may be configured as a capacitive touch
screen. In this manner, touches and/or “near” touches may be
sensed via detection of a capacitive capacitance Cmutual
arising between the driving electrode pattern including driv-
ing lines TL and the sensing electrode pattern including sens-
ing lines RL, which may be changed (or otherwise altered)
when a conductive object (such as a finger) touches or “near”
touches the surface of sensing display panel 510. To this end,
a touch position (or location) may also be detected based on
the position (or location) of the altered sensed capacitive
capacitance. Accordingly, in response to the capacitive
capacitance Cmutual between the driving electrode pattern
including driving lines TL and the sensing electrode pattern
including sensing lines RL being increased, the capacitive
touch screen may easily detect the touch or “near” touch
associated with the altered capacitive capacitance Cmutual.
[0084] For example, the capacitive capacitance Cmutual
may be increased, when a size of a fringe area disposed
between the driving electrode pattern including driving lines
TL and the sensing electrode pattern including sensing lines
RL is increased and a separation distance between the driving
electrode pattern including driving lines TL and the sensing
electrode pattern including sensing lines is decreased.
[0085] Color filter layer CF may be disposed on (e.g.,
under) the sensor layer SSL,, and may include a plurality of
color filters, such as a red color filter R, a green color filter G,
a blue color filter B, etc. While illustrated beneath sensor
layer SSL, it is also contemplated that color filter layer CF
may be disposed above sensor layer SSL, as will become
more apparent below, such as, for example, in association
with the description corresponding to FIGS. 5A-5E. Further,
it is contemplated that color filter layer CF may be disposed
more or less in-line with sensor layer SSL, as will also
become more apparent below, such as, for instance, described
in association with FIGS. 6A-6E.

[0086] Overcoating layer OC may be disposed on (e.g.,
under) the color filter layer CF. In this manner, overcoating
layer OC may be utilized to level out, e.g., ensure a flat (or
substantially flat) surface of, the sensor substrate 200.
[0087] According to exemplary embodiments, the driving
electrode patterns ST1, ST2, ST3, . .., STN and the sensing
electrode patterns SR1, SR2, SR3, . . ., SRM formed with
suitable metal material may be disposed in the sensor sub-
strate 200 adjacent to an outside surface so that is the sensing
display panel 510 may be protected from the deleterious
effects associated with static electricity, e.g., static electricity
build-up, static electricity discharge, etc. In this manner, the
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sensing display panel 510 may be configured without a con-
ventional static electricity blocking layer typically formed to
block such effects associated with static electricity.

[0088] FIGS.4A-4E are cross-sectional views of the sensor
substrate of FIG. 3 taken along sectional line II-II' at various
stages of one or more manufacturing processes, according to
exemplary embodiments. To this end, it is noted that the
description of FIGS. 4A-4E will be facilitated via the prof-
fered description of FIG. 3 and, therefore, the proceeding
description of FIGS. 4A-4E may include continued refer-
ences to one or more components and/or features described in
association with FIG. 3.

[0089] Adverting to FIG. 4A, a blocking layer is disposed
on the second base substrate 201. The blocking layer is pat-
terned to yield the black matrix pattern BM via one or more
first masks and first patterning processes.

[0090] A first metal layer is disposed on the second base
substrate 201 including the black matrix pattern BM. The first
metal layer is patterned via one or more second masks and
second patterning processes. In this manner, the first metal
layer may be patterned to form the driving electrode patterns
ST1, ST2,ST3, ..., STN and the sensing electrode patterns
SR1, SR2, SR3, .. ., SRM. The driving electrode patterns
ST1,ST2,ST3, ..., STN include a plurality of driving lines
TL and the sensing electrode patterns SR1, SR2, SR3, . ..,
SRM include a plurality of sensing lines RL. The driving lines
TL and the sensing lines RL. may be configured to overlap the
black matrix pattern BM.

[0091] Adverting to FIG. 4B, an insulating layer 210 is
disposed on the second base substrate 201 including the driv-
ing lines TL and the sensing lines RL. The insulating layer
210 may be patterned via one or more third masks and third
patterning processes to form the contact hole CH, which may
be configured to expose at least a portion of the driving lines
TL. The insulating layer 210 may include silicon nitride
(SiNx), silicon oxide (SiOx), and/or any other suitable mate-
rial, composite, etc. To this end, the insulating layer 210 may
be formed via, for example, one or more plasma enhanced
chemical vapor deposition (PECVD) techniques. It is con-
templated, however, that any other suitable depository, epi-
taxial, growth, sputtering, etc., techniques may be utilized. In
addition, the insulating layer 210 may include a plurality of
layers, e.g., a double layer, formed via one or more similar or
different manufacturing processes, as well as exhibit similar
or different materials from one another.

[0092] With reference to FIG. 4C, a second metal layer is
disposed on the first metal layer, which includes the contact
hole CH formed therein. The second metal layer may be
patterned via one or more fourth masks and fourth manufac-
turing processes to form the bridge line BL. The bridge line
BL may be connected to the driving lines TL via the contact
hole CH.

[0093] As seen in FIG. 4D, a plurality of color filters R, G
and B may be sequentially disposed on the second base sub-
strate 201 including the second metal layer from which the
bridge line BL is patterned.

[0094] Adverting to FIG. 4E, an overcoating layer OC is
disposed on the color filters R, G and B. In exemplary
embodiments, overcoating layer OC may be planarized so
that a surface of the sensor substrate 200 is flat or substantially
flat.

[0095] According to exemplary embodiments, the afore-
mentioned manufacturing processes may further include
forming the above-noted electrode pattern, the contact hole of
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the insulating layer, and the bridge line using three (3) masks
to form a color filter substrate of the LCD. In any event, the
sensor substrate formed thereby may include the driving elec-
trode pattern including driving lines TL and the sensing elec-
trode pattern including the sensing lines RL, which may be
configured to enable sensation of touches of and/or “near”
touches to a surface of the sensor substrate, as well as con-
figured to prevent the deleterious effects associated with
static electricity.

[0096] FIGS. 5A-5E are cross-sectional views of a sensor
substrate at various stages of a manufacturing process,
according to exemplary embodiments. It is noted that the
sensor substrate manufactured in association with the meth-
odology described in connection with FIGS. 5A-5E is also
illustrated in cross-sectional view based on sectional line
II-IT' of FIG. 2. To this end, it is also noted that the description
of FIGS. 5A-5E will be facilitated via the proffered descrip-
tion of FIG. 2 and, therefore, the proceeding description of
FIGS. 5A-5E may include continued references to one or
more components and/or features described in association
with FIG. 2.

[0097] According to exemplary embodiments, manufactur-
ing of a sensor substrate may further include disposing a
sensor layer after manufacturing of a color filter substrate.

[0098] For example, as seen in FIG. 5A, the black matrix
pattern BM is disposed on the second base substrate 201. The
color filter layer CF is disposed on the black matrix pattern
BM. A first insulating layer 210 (or overcoating layer OC) is
disposed on the color filter layer CF. As described above, the
color filter substrate included in the display may be generally
manufactured utilizing any suitable manufacturing tech-
nique, such one or more of the aforementioned manufacturing
techniques.

[0099] Adverting to FIG. 5B, the first metal layer is dis-
posed on the second base substrate 201 including the insulat-
ing layer 210. The first metal layer may be patterned via one
or more first masks and first patterning processes to form the
driving electrode patterns ST1, ST2, ST3, ..., STN and the
sensing electrode patterns SR1, SR2, SR3, ..., SRM. The
driving electrode patterns ST1, ST2, ST3, ..., STN include
a plurality of driving lines TL, and the sensing electrode
patterns SR1, SR2, SR3, . . ., SRM include a plurality of
sensing lines RL. The driving lines TL and the sensing lines
RL may be configured to overlap the black matrix pattern
BM.

[0100] With reference to FIG. 5C, a second insulating layer
210 is disposed on the second base substrate 201 including the
driving lines TL and the sensing lines RL.. As such, the second
insulating layer 210 may be patterned via one or more second
masks and second patterning processes to form the contact
hole CH, which may be configured to expose at least a portion
of'the driving lines TL. The second insulating layer 210 may
include silicon nitride (SiNx), silicon oxide (SiOx), and/or
any other suitable material, composite, etc. To this end, the
second insulating layer 210 may be formed via, for example,
one or more plasma enhanced chemical vapor deposition
(PECVD) techniques. It is contemplated, however, that any
other suitable depository, epitaxial, growth, sputtering, etc.,
techniques may be utilized. In addition, the second insulating
layer 210 may include a plurality of layers, e.g., a double
layer, formed via one or more similar or different manufac-
turing processes, as well as exhibit similar or different mate-
rials from one another.
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[0101] Adverting to FIG. 5D, the second metal layer is
disposed on the second base substrate 201 including the sec-
ond insulating layer 210 from which the contact hole CH is
formed. The second metal layer may be patterned via one or
more third masks and third patterning processes to form the
bridge line BL. The bridge line BL may be connected to the
driving lines TL via the contact hole CH.

[0102] As seen in FIG. 5E, the overcoating layer OC is
disposed on the second base substrate 201 including the
bridge line BL.. In exemplary embodiments, overcoating layer
OC may be planarized so that a surface of the sensor substrate
200 is flat or substantially flat.

[0103] According to exemplary embodiments, the afore-
mentioned manufacturing processes may further include
forming the above-noted color filter substrate using four (4)
additional masks. Again, the sensor substrate formed thereby
may be configured to enable sensation of touches and/or
“near” touches to a surface of the sensor substrate, as well as
configured to prevent the deleterious effects associated with
static electricity.

[0104] FIGS. 6A-6E are cross-sectional views of a sensor
substrate at various stages of a manufacturing process,
according to exemplary embodiments. It is noted that the
sensor substrate manufactured in association with the meth-
odology described in connection with FIGS. 6A-6E is also
illustrated in cross-sectional view based on sectional line
II-IT' of FIG. 2. To this end, it is also noted that the description
of FIGS. 6 A-6E will be facilitated via the proffered descrip-
tion of FIG. 2 and, therefore, the proceeding description of
FIGS. 6A-6E may include continued references to one or
more components and/or features described in association
with FIG. 2.

[0105] As seen in FIG. 6A, the first metal layer is disposed
on the second base substrate 201. The first metal layer may be
patterned via one or more first masks and first patterning
processes to form the bridge line BL.

[0106] Advertingto FIG. 6B, the blocking layer is disposed
onthe second base substrate 201 including the bridge line BL.
The blocking layer may be patterned via one or more second
masks and patterning processes to form the black matrix
pattern BM. According to exemplary embodiments, the con-
tact hole CH is formed in the black matrix pattern BM and
configured to expose at least a portion of the bridge line BL.
[0107] With reference to FIG. 6C, the second metal layer is
disposed on the second base substrate 201 including the black
matrix pattern BM, in which the contact hole CH is formed.
The second metal layer may be patterned via one or more
third masks and third patterning processes to form the driving
electrode patterns ST1, ST2, ST3, ..., STN and the sensing
electrode patterns SR1, SR2, SR3, . . ., SRM. The driving
electrode patterns ST1, ST2, ST3, ..., STN include a plural-
ity of driving lines TL and the sensing electrode patterns SR1,
SR2, SR3, ..., SRM include a plurality of sensing lines RL.
The driving lines TL. and the sensing lines RL overlap the
black matrix pattern BM.

[0108] As seen in FIG. 6D, the color filters R, G and B are
sequentially disposed on the base substrate 201 including the
driving lines TL and the sensing lines RL.

[0109] Adverting to FIG. 6E, the overcoating layer OC is
disposed on the base substrate 201 including the color filters
R, G, and B. In exemplary embodiments, overcoating layer
OC may be planarized so that a surface of the sensor substrate
200 is flat or substantially flat.
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[0110] As described in association with FIGS. 6A-6E,
manufacturing of the sensor substrate may achieved via a
smaller number of masks in comparison to the previous two
exemplary manufacturing processes. In any event, however,
the sensor substrate manufactured in association with the
process of FIGS. 6 A-6E may be configured to enable sensa-
tion of touches and/or “near” touches to a surface of the
sensor substrate, as well as configured to prevent the delete-
rious effects associated with static electricity.

[0111] FIG. 7 is a waveform diagram associated with driv-
ing the sensing display panel of FIG. 1, according to exem-
plary embodiments.

[0112] Withreference to FIGS. 1 and 7, the sensing display
panel 510 configured to improve a static electricity blocking
effect may be driven in association with one or more of the
waveforms seen in FIG. 7.

[0113] According to exemplary embodiments, the sensing
driving circuit 610 may be configured to sequentially provide
first to N-th driving electrode patterns ST1, ST2, ST3, . ..,
STN with first to N-th driving signals Tx1, Tx2, Tx3, . . .,
TxN. Each of the first to N-th driving signals Tx1, Tx2, Tx3,
..., TxNinclude atleast one pulse during a sensing horizontal
period S_H.

[0114] For example, when a first driving signal Tx1 is
applied to a first driving electrode pattern ST1, a bias signal
(such as a ground voltage GND or a direct current (DC)
voltage exhibiting a predetermined voltage level) may be
applied to the remainder second to N-th driving electrode
patterns ST2, ST3, ..., STN, i.e., all of the driving electrode
patterns except for the first driving electrode pattern ST1. As
described above, when a second driving signal Tx2 is applied
to a second driving electrode pattern ST2, a bias signal such as
a ground voltage GND or a DC voltage exhibiting a prede-
termined voltage level may be applied to the remainder of the
driving electrode patterns, such as the first driving electrode
pattern ST1 and the third to N-th driving electrode patterns
ST3,...,STN,i.e.,all of the driving electrode patterns except
for the second driving electrode pattern ST2.

[0115] The sensing read out circuit 710 may be configured
to receive first to M-th sensing signals Rx1, Rx2, Rx3, . . .,
RxM transited via the first to M-th sensing electrode patterns
SR1, SR2, SR3, ..., SRM.

[0116] While not shown, a sensing control part may be
configured to detect a position of an object that has touched
(or nearly touched) the surface of the sensing display panel
510 based on the output associated with the first to M-th
sensing signals Rx1, Rx2, Rx3, . . ., RxM received by the
sensing read out circuit 710.

[0117] Accordingly, while the sensing display panel 510 is
being driven, the driving signal and the bias signal may be
caused to be applied to the first to N-th driving electrode
patterns ST1, ST2, ST3, ..., STN so that a static electricity
blocking effect may be improved.

[0118] FIG. 8 is a waveform diagram associated with driv-
ing a sensing display panel, according to exemplary embodi-
ments.

[0119] With reference to FIGS. 1 and 8, the sensing display
panel 510 configured to improve a static electricity blocking
effect may be driven in association with one or more of the
waveforms seen in FIG. 8.

[0120] According to exemplary embodiments, the sensing
driving circuit 610 may be configured to sequentially provide
first to N-th driving electrode patterns ST1, ST2, ST3, . ..,
STN with first to N-th driving signals Tx1, Tx2, Tx3, . . .,
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TxN. Each of the first to N-th driving signals Tx1, Tx2, Tx3,
..., IxNinclude at least one pulse during a sensing horizontal
period S_H.

[0121] For example, when a first driving signal Tx1 is
applied to a first driving electrode pattern ST1, the sensing
driving circuit 610 may be configured to block a voltage from
being applied to the remainder of the driving electrode pat-
terns, i.e., the second to N-th driving electrode patterns ST2,
ST3,...,STN,i.e.,all of the driving electrode patterns except
for the first driving electrode pattern ST1. As such, the second
to N-th driving electrode patterns ST2, ST3, ..., STN may be
electrically floated or otherwise isolated. As described above,
when a second driving signal Tx2 is applied to a second
driving electrode pattern ST2, the sensing driving circuit 610
may be further configured to block a voltage from being
applied to the remainder of the driving electrode patterns, i.e.,
the first driving electrode pattern ST1 and third to N-th driv-
ing electrode patterns ST3, . .., STN, i.e., all of the driving
electrode patterns except for the second driving electrode
pattern ST2. In this manner, the first driving electrode pattern
ST1 and the third to N-th driving electrode patterns ST3, . . .
, STN may be electrically floated or otherwise isolated.
[0122] According to exemplary embodiments, the sensing
read out circuit 710 may be configured to provide the first to
M-th sensing electrode patterns SR1, SR2, SR3, ..., SRM
with a bias signal, such as a ground voltage GND or a DC
voltage exhibiting a predetermined voltage level, while the
sensing display panel 510 is being driven. The sensing read
out circuit 710 may be further configured to receive first to
M-th sensing signals Rx1, Rx2, Rx3, . .., RxM transited via
the first to M-th sensing electrode patterns SR1, SR2, SR3, .
.., SRM.

[0123] As described above, while the sensing display panel
510 is being driven, the bias signal may be applied to the first
to M-th sensing electrode patterns SR1, SR2, SR3, ..., SRM
and, as such, a static electricity blocking effect may be
improved.

[0124] While not illustrated, a sensing control part may be
provided to detect a position of an object touching or nearly
touching a surface of the sensing display panel 510 based on
the output of the first to M-th sensing signals Rx1, Rx2, Rx3,
..., RxM received by the sensing read out circuit 710.
[0125] While also not depicted, the sensing display panel
510 may be driven by the sensing driving circuit 610 as shown
in FIG. 7 and the sensing read out circuit 710 as shown in FIG.
8. For example, a remainder of the driving electrode patterns,
except for the driving electrode pattern which receives the
driving signal, may be configured to receive the bias signal,
such as a ground voltage GND or a DC voltage exhibiting a
predetermined voltage level, as shown in FIG. 7. In addition,
while the sensing display panel 510 is being driven, the bias
signal may be applied to the first to M-th sensing electrode
patterns SR1, SR2, SR3, ..., SRM, as shown in FIG. 8.
[0126] FIG. 9 is a plan view of a display apparatus incor-
porating a sensing display panel, according to exemplary
embodiments. As previously noted, same reference numerals
are used to refer to the same or like components as those
previously described. As such, corresponding descriptions
are not repeated, unless furtherance of exemplary embodi-
ments would be facilitated by such duplicative description.
[0127] With reference to FIGS. 1, 2, and 9, the sensing
display panel 511 is substantially similar to sensing display
panel 510, except for the corresponding shapes of the driving
electrode pattern and the sensing electrode pattern.
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[0128] As seen in FIG. 9, each of the driving electrode
patterns ST1, ST2, ST3, . .., STN includes at least one first
unit pattern UP1. The first unit pattern UP1 exhibits a dia-
mond shape and may be divided into a first portion and a
second portion surrounding the first portion. A plurality of
driving lines TL, which are connected to one another, such as
via in a mesh shape, is disposed in the second portion of the
first unit pattern UP1. It is noted, however, that the driving
lines TL are excluded from the first portion of the first unit
pattern UP1. For example, the first portion of the first unit
pattern UP1 may be configured similarly to diamond-shaped
annulus, e.g., a diamond-shaped donut.

[0129] According to exemplary embodiments, each of the
sensing electrode patterns SR1, SR2,SR3, ..., SRM includes
at least one second unit pattern UP2. The second unit pattern
UP2 may also exhibit a diamond shape and may be divided
into a first portion and a second portion surrounding the first
portion. A plurality of sensing lines RL, which may be con-
nected to one another, such as in a mesh shape, is disposed in
the second portion of the second unit pattern UP2. It is noted,
however, that the sensing lines R[. may be excluded from the
first portion of the second unit pattern UP2. For example, the
first portion of the second unit pattern UP2 may be configured
similarly to diamond-shaped annulus, e.g., a diamond-shaped
donut.

[0130] According to one exemplary implementation, the
sensing display panel 511 may be configured as a capacitive
touch screen and, thereby, may be configured to exhibit a
capacitive capacitance Cmutual established between the first
and second unit patterns UP1 and UP2. To this end, a parasitic
capacitance Cparasitic may be established between the unit
patterns UP1 and UP2 and the common electrode CE. The
performed of such a capacitive touch screen may be increased
as the capacitive capacitance Cmutual is increased and the
parasitic capacitance Cparasitic is decreased.

[0131] According to exemplary embodiments, the metal
pattern, such as the driving and sensing lines TL. and RL,, is
disposed in the second portion where a degree of contribution
from the capacitive capacitance Cmutual is relatively large.
Further, the metal pattern is excluded from the first portion,
where a degree of contribution from the capacitive capaci-
tance Cmutual is relatively small. As such, the parasitic
capacitance Cparasitic of the sensing display panel 511 may
be decreased and, thereby, performance increased.

[0132] In exemplary embodiments, the first unit pattern
UP1 and the second unit pattern UP2 may include the first
portion excluded from the metal pattern so that resistance-
capacitance (RC) delay may be decreased. In comparison to
the sensing display panel 510, a reliability of signals trans-
ferred via the driving electrode patterns ST1, ST2, ST3, ...,
STN and sensing electrode patterns SR1, SR2, SR3,...,SRM
of sensing display panel 511 may be increased.

[0133] Further, the driving electrode patterns ST1, ST2,
ST3, ..., STN and the sensing electrode patterns SR1, SR2,
SR3, ..., SRM that are formed with the metal material may
be disposed in the sensor substrate 200 adjacent to an outside
of display panels 510 and 511 so that the sensing display
panels 510 and 511 may be protected from static electricity,
e.g., static electricity build-up and/or discharge. Accordingly,
the sensing display panels 510 and 511 may be configured to
omit conventional static electricity blocking layers typically
utilized to block such effects associated with static electricity.
[0134] FIG. 10 is a plan view of a display apparatus incor-
porating a sensing display panel, according to exemplary
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embodiments. As previously noted, same reference numerals
are used to refer to the same or like components as those
previously described. As such, corresponding descriptions
are not repeated, unless furtherance of exemplary embodi-
ments would be facilitated by such duplicative description.
[0135] With reference to FIGS. 1, 2, and 10, the sensing
display panel 512 is substantially similar to sensing display
panels 510 and 511, except for the corresponding shapes of
the driving electrode pattern and the sensing electrode pat-
tern.

[0136] As seen in FIG. 10, each of the driving electrode
patterns ST1, ST2, ST3, . .., STN includes at least one first
unit pattern UP1. The first unit pattern UP1 exhibits a dia-
mond shape and may be divided into a first portion and a
second portion surrounding the first portion and being spaced
from the first portion. A plurality of driving lines TL that is
connected to one another, such as in a mesh shape, is disposed
in the second portion of the first unit pattern UP1. A first
dummy pattern DM1 may be disposed in the first portion of
the first unit pattern UP1. The first dummy pattern DM1 may
include a plurality of driving lines TL connected to one
another, such as in a mesh shape. The driving lines TL in the
first portion may not be connected to the driving lines TL in
the second portion. As such, the driving signal applied to the
driving lines TL in the second portion may not be applied to
the first dummy pattern DM1.

[0137] According to exemplary embodiments, each of the
sensing electrode patterns SR1, SR2,SR3, . .., SRM includes
at least one second unit pattern UP2. The second unit pattern
UP2 exhibits a diamond shape. The second unit pattern UP2
includes a first portion and a second portion surrounding the
first portion and being spaced apart from the first portion. A
plurality of sensing lines RL that are connected to one
another, such as in a mesh shape, may be disposed in the
second portion of the second unit pattern UP2. A second
dummy pattern DM2 is disposed in the first portion of the
second unit pattern UP2. The second dummy pattern DM2
may include a plurality of sensing lines R, which are con-
nected to one another, such as in a mesh shape. The sensing
lines RL in the first portion may not be connected to the
sensing lines RL in the second portion. As such, a driving
signal applied to the sensing lines RL in the second portion
may not be applied to the second dummy pattern DM2.
[0138] Inexemplary embodiments, the metal pattern, such
as the driving lines TL and the sensing lines RL. may be
disposed in the second portion in which a degree of contribu-
tion of capacitive capacitance Cmutual is relatively large. It is
noted, however, that the metal pattern is electrically floated in
the first portion in which a degree of contribution of the
capacitive capacitance Cmutual is relative small. Accord-
ingly, the parasitic capacitance Cparasitic of the sensing dis-
play panel 512 may be decreased.

[0139] To this end, the first unit patterns UP1 and the sec-
ond unit patterns UP2 may be configured to include a dummy
pattern electrically floated so that RC delay may be
decreased. In comparison to the sensing display panel 510, a
reliability of signals transited via the driving electrode pat-
terns ST1, ST2, ST3, . .., STN and the sensing electrode
patterns SR1, SR2, SR3, . . ., SRM may be increased.
[0140] Additionally, the driving electrode patterns ST1,
ST2, ST3, ..., STN and the sensing electrode patterns SR1,
SR2,SR3, ..., SRM may include the first and second dummy
patterns, which may be configured to include metal. As such,
a static electricity blocking effect and a touch sensing sensi-
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tivity may be improved in comparison to the sensing display
panel 511. In this manner, the sensing display panel 512 may
also be configured without conventional static electricity
blocking layers typically utilized to block effects associated
with static electricity.

[0141] FIG. 11A is a plan view of a sensing display panel,
according to exemplary embodiments. FIG. 11B is a sche-
matic diagram of the sensing display panel of FIG. 11A.
[0142] Referring to FIG. 11A, the sensing display panel
513 may be substantially similar to the sensing display panels
510 and 511, except for the corresponding shapes of the
driving electrode pattern and sensing electrode pattern.
[0143] According to exemplary embodiments, each of the
driving electrode patterns ST1, ST2, ST3, ..., STN includes
a plurality of electrode rows ET1 and ET2. In this manner,
each of the electrode rows ET1 and ET2, in turn, includes at
least one first unit pattern UP1. The first unit pattern UP1
exhibits a diamond shape and includes a plurality of driving
lines TL that are connected to one another, such as in a mesh
shape. A size of the first unit pattern UP1, according to exem-
plary embodiments, may be smaller than that those previ-
ously described.

[0144] For example, when each of the driving electrode
patterns ST1, ST2, ST3, ..., STN includes K electrode rows
ET1,...,ETK (where K is a natural, real number), the size of
the first unit pattern UP1 may be smaller than 1/K* times the
size of the first unit pattern UP1 according to one or more of
the previous described exemplary embodiments.

[0145] According to exemplary embodiments, each of the
driving electrode patterns ST1, ST2, ST3, ..., STN include
aplurality of electrode rows ET1 and ET2 that are connected
to one another. As seen in FIG. 11A, the electrode rows ET1
and ET2 are connected to one another via a first signal line L1,
which is disposed on each of a plurality of peripheral areas
oppositely disposed to one another. While not depicted, the
first unit pattern UP1 included in the first electrode row ET1
may be connected to the first unit pattern UP1 included in the
second electrode row ET2 adjacent to the first electrode row
ET1 in the column direction, so that the electrode rows ET1
and ET2 are electrically connected to one another. In this
manner, the first driving electrode pattern ST1 may be con-
figured to receive the driving signal from the sensing driving
circuit 610 via a dual mode via the first signal lines [.1 con-
nected to both ends of the first driving electrode pattern ST1.
[0146] Alternatively (or additionally), the signal line L1
may be connected to one end of the driving electrode pattern.
To this end, the driving electrode pattern may be configured
receive the driving signal from the sensing driving circuit 610
via a single mode via the signal line L1 connected to one end
of' the driving electrode pattern. For example, when the driv-
ing electrode pattern is an odd-numbered row, such as the first
driving electrode pattern, a signal line I.1 connected to a first
end of the first driving electrode pattern may receive the
driving signal. When the driving electrode pattern is an even-
numbered row, such as the second driving electrode pattern, a
signal line .1 connected to a second end opposite to the first
end of the second driving electrode pattern may receive the
driving signal.

[0147] According to exemplary embodiments, each of the
sensing electrode patterns SR1, SR2,SR3, ..., SRM includes
a plurality of electrode columns ER1 and ER2 which are
connected to one another. Each of the electrode columns ER 1
and ER2 includes at least one second unit pattern UP2. The
second unit pattern UP2 may also exhibit a diamond shape
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and may be configured to include a plurality of sensing lines
RL which are connected to one another, such as in a mesh
shape. A size of the second unit pattern UP2 may be smaller
than that of the previously described second unit patterns.

[0148] For example, when each of the sensing electrode
patterns SR1, SR2, SR3, . . ., SRM includes K electrode
columns ER1, ..., ERK (where K is a natural, real number),
the size of the second unit pattern UP2 exhibiting the diamond
shape may be smaller than 1/K? times the size of the second
unit pattern UP2 according to the previously described exem-
plary embodiments.

[0149] According to exemplary embodiments, each of the
sensing electrode patterns SR1, SR2,SR3, . .., SRM includes
a plurality of electrode columns ER1 and ER2, which are
connected to one another. As seen in FIG. 11A, the electrode
columns ER1 and ER2 are electrically connected to one
another via a second signal line [.2, which is disposed on each
of the peripheral areas disposed opposite to one another.
While not illustrated, the second unit pattern UP2 included in
the first electrode column ER1 may be connected to the sec-
ond unit pattern UP2 included in the second electrode column
ER2 adjacent to the first electrode column ERI1 in the row
direction, so that the electrode columns ER1 and ER2 are
electrically connected to one another.

[0150] In this manner, the first sensing electrode pattern
SR1 may pass the sensing signal to the sensing read out circuit
710 by a dual mode via the second signal lines 1.2 connected
to both ends of the first sensing electrode pattern SR1. The
first sensing electrode pattern SR1 may also receive the bias
signal from by the dual mode via the second signal lines [.2
connected to the both ends of the first sensing electrode pat-
tern SR1.

[0151] Alternatively (or additionally), the signal line [.2
may be connected to one end of the sensing electrode pattern.
In this manner, the sensing electrode pattern may pass the
sensing signal L2 to the sensing read out circuit 710 by a
single mode via the signal line .2 connected to one end of the
sensing electrode pattern. For example, when the sensing
electrode pattern is an odd-numbered column, such as the first
sensing electrode pattern, a signal line [.2 connected to a first
end of the first sensing electrode pattern may pass the sensing
signal. When the sensing electrode pattern is an even-num-
bered column, such as the second sensing electrode pattern, a
signal line 1.2 connected to a second end opposite to the first
end of the second sensing electrode pattern may pass the
sensing signal.

[0152] According to exemplary embodiments, the size of
the first and second unit patterns UP1 and UP2 may be
decreased and a fringe area of the first and second unit pat-
terns UP1 and UP2, which substantially forms the capacitive
capacitance Cmutual, may be increased.

[0153] In this manner, the size of the first unit pattern UP1
and the second unit pattern UP2 is 1/K? times as small as those
of'the previously described exemplary embodiments, and the
fringe area of the first unit pattern UP1 and the second unit
pattern UP2 is K times as large as those of the previous
exemplary embodiments. Therefore, the capacitive capaci-
tance Cmutual corresponding to the fringe area of the first unit
pattern UP1 and the second unit pattern UP2 may be
increased.

[0154] In addition, the size of the first unit pattern UP1 and
the second unit pattern UP2 may be decreased so that an area
which metal material is formed may be decreased. Thus, an
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RC delay of the first unit pattern UP1 and the second unit
pattern UP2 may be improved.

[0155] According to exemplary embodiments, the capaci-
tive capacitance Cmutual is increased so that the touch sens-
ing and RC delay may be improved. In addition, and with
continued reference to FIGS. 11A and 11B, a sensor resis-
tance of the driving electrode pattern and the sensing elec-
trode pattern is improved and a line resistance of the signal
line may be decreased.

[0156] Forexample, when the first driving electrode pattern
ST1 includes the first and second electrode rows ET1 and
ET2, such as in a dual routing structure, an accumulated
resistance of the sensor and the line may be in correspondence
with Expression (1).

[0157] It is noted that a resistance of the first driving elec-
trode pattern ST1 may be referred to as ¢ Q, each resistance of
the first signal lines .1, which are connected to both ends of
the first driving electrode pattern ST1, may be referred to as a
2, a resistance of the first electrode row ET1 may be referred
to as b €2, and a resistance of the second electrode row ET2
may be referred to as c-b Q.

B (a+b)yx(c-b+a)
T @+b)+c-b+a

Expression (1)

@ +ac +be —b?
2a+c¢
2a+c¢

4

(wherein., b= %)

[0158] As can be discerned from Expression (1), the accu-
mulated resistance may be decreased by as much as about %4
times. According to exemplary embodiments, the dual rout-
ing structure of the driving electrode pattern may enable the
sensing display panel 513 to become relatively large.

[0159] While not depicted, the driving electrode pattern
and the sensing electrode pattern may exhibit a diamond
shaped annulus formation similar to that of the previous
exemplary embodiments described in association with FIG.
9, or may have a floated dummy pattern similarly configured
as in the exemplary embodiments described in association
with FIG. 10.

[0160] FIG. 12 is a cross-sectional view of a sensing dis-
play panel, according to exemplary embodiments. As previ-
ously noted, same reference numerals are used to refer to the
same or like components as those previously described. As
such, corresponding descriptions are not repeated, unless fur-
therance of exemplary embodiments would be facilitated by
such duplicative description.

[0161] Referring to FIG. 12, the sensing display panel 513
includes a display substrate 100, a sensor substrate 200, a
liquid crystal layer 300, a first polarizing plate 410, and a
second polarizing plate 430. The sensor substrate 200
includes a base substrate 201 and a sensor layer SSL.
[0162] The sensor layer SSL may be disposed between the
first polarizing plate 410 and the base substrate 201 of the
sensor substrate 200.

[0163] Asshownand described in association with FIGS. 2
and 3, the sensor layer SSL. may be configured to include a
plurality of driving electrode patterns ST1, ST2, ST3, ...,
STN, aplurality of sensing electrode patterns SR1, SR2, SR3,
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..., SRM, and the driving lines TL. Each of the driving
electrode patterns ST1, ST2, ST3, . . ., STN includes a
plurality of driving lines TL, which are connected to one
another, such as in a mesh shape. Each of the sensing elec-
trode patterns SR1, SR2, SR3, . .., SRM includes a plurality
of'sensing lines RL., which are connected to one another, such
as in a mesh shape.

[0164] FIG. 13 is a cross-sectional view of a sensing dis-
play panel, according to exemplary embodiments. As previ-
ously noted, same reference numerals are used to refer to the
same or like components as those previously described. As
such, corresponding descriptions are not repeated, unless fur-
therance of exemplary embodiments would be facilitated by
such duplicative description.

[0165] Referring to FIG. 13, the sensing display panel 514
includes a display substrate 100, a sensor substrate 200, a
liquid crystal layer 300, a first polarizing plate 410, and a
second polarizing plate 430. The sensor substrate 200
includes a base substrate 201, a color filter layer CF, a first
sensor layer SSL.1, and a second sensor layer SSL.2.

[0166] As shown and described in association with FIGS. 2
and 3, the first sensor layer SSL.1 may be configured to
include a plurality of sensing electrode patterns SR1, SR2,
SR3, ..., SRM, and each of the sensing electrode patterns
SR1,SR2, SR3,...,SRM includes a plurality of sensing lines
RL, which are connected to one another, such as in a mesh
shape. The second sensor layer SSL.2 may include a plurality
of driving electrode patterns ST1, ST2, ST3, ..., STN, and
each of the driving electrode patterns ST1, ST2, ST3, ...,
STN includes a plurality of driving lines TL, which are con-
nected to one another, such as in a mesh shape.

[0167] The first sensor layer SSL.1, according to exemplary
embodiments, is disposed on the base substrate 201, as well as
disposed between the base substrate 201 and the color filter
layer CF. Further, the second sensor layer SSL.2 may be
disposed on the color filter layer CF. The first sensor layer
SSL.1 and the second sensor layer SSL.2 may be insulated
from one another by the color filter layer CF.

[0168] FIG. 14 is a cross-sectional view of a sensing dis-
play panel, according to exemplary embodiments. As previ-
ously noted, same reference numerals are used to refer to the
same or like components as those previously described. As
such, corresponding descriptions are not repeated, unless fur-
therance of exemplary embodiments would be facilitated by
such duplicative description.

[0169] Referring to FIG. 14, the sensing display panel 515
includes a display substrate 100, a sensor substrate 200, a
liquid crystal layer 300, a first polarizing plate 410, and a
second polarizing plate 430. The sensor substrate 200
includes a base substrate 201, a color filter layer CF, a first
sensor layer SSL.1, and a second sensor layer SSL.2.

[0170] As previously described in association with FIGS. 2
and 3, the first sensor layer SSL.1 may include a plurality of
sensing electrode patterns SR1, SR2, SR3, ..., SRM, and
each of the sensing electrode patterns SR1, SR2, SR3, ...,
SRM may include a plurality of sensing lines RL. which are
connected to one another, such as in a mesh shape. The second
sensor layer SSL.2 may include a plurality of driving electrode
patterns ST1, ST2, ST3, ..., STN, and each of the driving
electrode patterns ST1, ST2, ST3, . . ., STN may include a
plurality of driving lines TL, which are connected to one
another, such as in a mesh shape.

[0171] According to exemplary embodiments, the first sen-
sor layer SSL.1 may be disposed on a first surface of the base
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substrate 201, and the second sensor layer SSL.2 may be
disposed on a second surface of the base substrate 201 oppo-
site to the first surface. For example, the first sensor layer
SSL1 may be disposed between the first polarizing plate 410
and the first surface of the base substrate 201 and the second
sensor layer SSL.2 may be disposed between the second sur-
face of the base substrate 201 and the color filter layer CF. In
this manner, the base substrate 201 may be disposed between
the first sensor layer SSLL1 and the second sensor layer SSI.2,
and the first sensor layer SSL.1 and the second sensor layer
SSL.2 may be insulated from one another via the base sub-
strate 201.

[0172] To this end, it is noted that each of the sensing
display panels described in association with FIGS. 9 to 14
may be driven substantially similarly as described in associa-
tion with FIG. 7 or FIG. 8. As such, corresponding descrip-
tions are not repeated, unless furtherance of exemplary
embodiments would be {facilitated by such duplicative
description.

[0173] FIG. 15 is a block diagram of a display apparatus
incorporating a sensing display panel, according to exem-
plary embodiments. FIG. 16 is a plan view of the sensing
display panel of FIG. 15.

[0174] Referring to FIGS. 15 and 16, the display apparatus
includes a sensing display panel 520, a sensing driving circuit
620, a sensing read out circuit 720, and a control part 920.
While specific reference will be made to this particular imple-
mentation, it is also contemplated that the display apparatus
may embody many forms and include multiple and/or alter-
native components or features. For example, it is contem-
plated that the components of the display apparatus may be
combined, located in separate structures, and/or separate
locations.

[0175] The sensingdisplay panel 520 includes a plurality of
driving electrode patterns ST1, ST2, ST3, ..., STN and a
plurality of sensing electrode patterns SR1, SR2, SR3, .. .,
SRM. In this manner, sensing display panel 520 may, accord-
ing to various exemplary embodiments, be configured as a
capacitive touch screen.

[0176] The driving electrode patterns ST1, ST2, ST3, ...,
STN are extended in a first direction (e.g., D1), as well as
disposed in a second direction (e.g., D2), which may be
configured to cross the first direction D1. Each of the driving
electrode patterns ST1, ST2, ST3, . .., STN may include a
rectangular shape exhibiting a longitudinal direction corre-
sponding to the first direction D1. Each of the driving elec-
trode patterns ST1, ST2, ST3, ..., STN may be one electrode
pattern corresponding to a plurality of pixels. Each of the
driving electrode patterns ST1, ST2, ST3, . .., STN is elec-
trically connected to a common line STL via at least one
contact hole CH.

[0177] The common line STL may be extended in the first
direction D1, as well as arranged in the second direction D2.
Further, the common line STL may be grouped into a com-
mon line group including at least one common line STL. For
example, common lines included in the sensor display panel
520 may be grouped into N common line groups. The first to
N-th common line groups GR1, GR2, . . ., GRN may be
individually driven.

[0178] The sensing electrode patterns SR1, SR2, SR3, ...,
SRM are extended in the second direction D2, as well as
arranged in the first direction D1. Each of the sensing elec-
trode patterns SR1, SR2, SR3, . .., SRM includes a plurality
of'sensing lines RL., which are connected to one another, such
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as in a mesh shape. The sensing lines RL. may be configured
to overlap the black matrix pattern BM.

[0179] According to exemplary embodiments, the sensing
driving circuit 620 may be configured to provide the first to
N-th common line groups GR1, GR2, . . ., GRN with a
common voltage Vcom during an active period of a frame
during which image data is provided to the sensing display
panel 520. Provision of the image data may be in accordance
with one or more control signals received from, for example,
control part 920. As such, the common voltage Vcom may be
applied to the first to N-th driving electrode patterns ST1,
ST2, ST3, ..., STN, which are electrically connected to the
first to N-th common line groups GR1, GR2, ..., GRN.
[0180] Further, the sensing driving circuit 620 may be con-
figured to sequentially provide the driving signal to the first to
N-th common line groups GR1, GR2, . . . ; GRN during a
blanking period of a frame during which the image data is
blocked from being applied to the sensing display panel 520,
such as in accordance with one or more control signals
received from, for example, the control part 920. To this end,
the driving signal may be sequentially provided to the first to
N-th driving electrode patterns ST1, ST2, ST3, ..., STN,
which may be electrically connected to the first to N-th com-
mon line groups GR1, GR2, ..., GRN.

[0181] The sensing read out circuit 720 may be configured
to receive the sensing signals Rx1, Rx2, Rx3, ..., RxMviathe
sensing electrode patterns SR1, SR2, SR3, . .., SRM during
the blanking period when the driving signal is sequentially
applied to the driving electrode patterns ST1, ST2, ST3, ...,
STN based on, for instance, one or more control signals
received in association with control part 920.

[0182] According to various exemplary embodiments,
sensing driving circuit 620, the sensing read out circuit 720,
and/or the control part 920 may be implemented via software,
hardware, firmware, or a combination thereof. For instance,
sensing driving circuit 620, the sensing read out circuit 720,
and/or the control part 920 may be implemented via one or
more general purpose and/or special purpose components,
such as one or more discrete circuits, digital signal processing
chips, integrated circuits, application specific integrated cir-
cuits, microprocessors, processors, programmable arrays,
field programmable arrays, instruction set processors, and/or
the like.

[0183] According to exemplary embodiments, the sensing
read out circuit 720 may also be configured to provide the
sensing display panel 520 with a bias signal, such as a signal
exhibiting a DC voltage in accordance with a predetermined
voltage level, while the sensing display panel 520 is being
driven. In this manner, the static electricity blocking effect
may be improved.

[0184] FIG. 17 is a cross-sectional view of the sensing
display panel of FIG. 16 taken along sectional line III-IIT',
according to exemplary embodiments. As previously noted,
same reference numerals are used to refer to the same or like
components as those previously described. As such, corre-
sponding descriptions are not repeated, unless furtherance of
exemplary embodiments would be facilitated by such dupli-
cative description.

[0185] As seen in FIGS. 16 and 17, the sensing display
panel 520 includes a display substrate 100, a sensor substrate
200 opposite to the display substrate 100, and a liquid crystal
layer 300 disposed between the display substrates 100 and the
sensor substrate 200. The sensing display panel 520 may
further include a first polarizing plate 410 disposed on the
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sensor substrate 200 and a second polarizing plate 430 dis-
posed under the display substrate 100.

[0186] According to exemplary embodiments, the display
substrate 100 includes a first base substrate 101, a gate line
GL (not shown), a common line STL, a gate insulating layer
110, a data line DL, a switching element TR, a pixel electrode
PE, a protecting layer 130, and a plurality of driving electrode
patterns ST1, ST2, ST3, ..., STN.

[0187] The gate line GL is extended in the first direction D1
and may be configured to overlap the black matrix pattern
BM. The gate line GL may be electrically connected to a gate
electrode GE of the switching element TR.

[0188] The common line STL may be parallel to the gate
line GL.. The common line STL is electrically connected to a
corresponded driving electrode pattern via the contact hole
CH. For example, the common line STL may be electrically
connected to the first driving electrode pattern STD1, such as
shown in FIGS. 16 and 17.

[0189] The gate insulating layer 110 may be disposed on
the first base substrate 101 and, thereby, utilized to cover the
gate line GL, the gate electrode GE, and the common line
STL.

[0190] The data line DL may be configured to overlap the
black matrix pattern BM, which is extended in the second
direction D2. The data line DL, may be electrically connected
to a source electrode SE of the switching element TR.
[0191] The switching element TR includes an active layer
AC, which may be disposed between the gate electrode GE
and the source electrode SE and the drain electrode DE.
[0192] The pixel electrode PE may be disposed on a pixel
area, which is defined by the black matrix pattern BM, and is
electrically connected to the drain electrode DE ofthe switch-
ing element TR so as to receive a data voltage.

[0193] The protecting layer 130 may be disposed on the
first base substrate 101 and, thereby, utilized to cover the data
line DL, the source electrode SE, and the pixel electrode PE.
[0194] According to exemplary embodiments, the driving
electrode pattern ST1 is disposed corresponding to pixel elec-
trodes PE included in at least one pixel row. The driving
electrode pattern ST1 is disposed in an area in which a plu-
rality of pixel rows corresponding to a first common line
group GR1 is disposed. As such, the sensor display panel 520
may be configured to include the first to N-th driving elec-
trode patterns ST1, ST2, ST3, ..., STN, which are extended
in the first direction D1, as well as arranged in the second
direction D2. Further, each of the first to N-th driving elec-
trode patterns ST1, ST2, ST3, . .., STN may include a slit
pattern and, thereby, define a pixel area unit. To this end, the
driving electrode patterns ST1, ST2, ST3, ..., STN may be
utilized for both sensing touches and/or “near” touches, and
displaying images.

[0195] The sensor substrate 200 includes a second base
substrate 201, a black matrix pattern BM, a plurality of sens-
ing electrode patterns SR1, SR2, SR3, ..., SRM, color filter
layer CF, and an overcoating layer OC.

[0196] The black matrix pattern BM divides the second
base substrate 201 into a transmission area and a blocking
area and exhibits a matrix shape.

[0197] The color filter layer CF includes a plurality of color
filters, such as a red color filter, a green color filter, a blue
color filter, etc. Each color filter may be disposed in the
transmission area, which is defined in association with the
black matrix pattern BM. It is noted that the transmission area
may corresponding to a light transmission area in which
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images may be displayed. To this end, the transmission area
may relate to an image display area.

[0198] The sensing electrode patterns SR1, SR2, SR3, ...,
SRM are disposed on the color filter layer CF. The sensing
electrode patterns SR1, SR2, SR3, ..., SRM are extended in
the second direction D2, as well as arranged in the first direc-
tion D1. Each of the sensing electrode patterns SR1, SR2,
SR3,...,SRMincludes a plurality of sensing lines RL, which
are connected to one another, such as in a mesh shape. The
sensing lines RL may be configured to overlap with the black
matrix pattern BM.

[0199] The overcoating layer OC is disposed on the sensing
electrode patterns SR1, SR2, SR3, ..., SRM. To this end, the
overcoating layer OC may be planarized so that a surface of
the sensor substrate 200 may be flat or substantially flat.
[0200] According to exemplary embodiments, the driving
electrode pattern is used as the common electrode CE of the
sensing display panel 510 so that, for instance, a structure and
various processes of the sensor substrate 200 may be simpli-
fied.

[0201] According to exemplary embodiments, the sensor
substrate 200 includes the sensing electrode patterns SR1,
SR2, SR3, ..., SRM, which are formed with metal material
so that the sensing touch panel 520 may be protected from the
deleterious effects associated with static electricity. In this
manner, the sensing display panel 520 may be configured
without conventional static electricity blocking layer(s) typi-
cally utilized to blocking static electricity effects.

[0202] FIG.181s a waveform diagram associated with driv-
ing the sensing display panel of FIG. 15, according to exem-
plary embodiments.

[0203] With continued reference to FIGS. 15 and 17, the
sensor display panel 520 is configured to display an image
during an active period of a frame period and to sense a touch
during a blanking period of a frame period based on a vertical
synchronization signal V_SYNC, as seen in FIG. 18. For
example, the sensor display panel 520 may be configured to
sense a touch on a surface of the sensor display panel 520
during a blanking period based on a touch enable signal
T_EN.

[0204] The sensing driving circuit 620 may be configured
to provide the first to N-th driving electrode patterns ST1,
ST2, ST3, .. ., STN with first to N-th driving signals Tx1,
Tx2, Tx3, ..., TxN via the first to N-th common line groups
GR1, GR2, ..., GRN, respectively.

[0205] During an active period, e.g., when the sensing dis-
play panel 520 is configured to display an image, the sensing
driving circuit 620 is configured to provide the first to N-th
driving electrode patterns ST1, ST2, ST3, ..., STN with the
common voltage Vcom so that the first to N-th driving elec-
trode patterns ST1, ST2, ST3, . .., STN may be driven as the
common electrode of the pixel electrode PE. Each of the first
to N-th driving signals Tx1, Tx2, Tx3, . . ., TxN, which are
applied to each of the first to N-th driving electrode patterns
ST1, ST2, ST3, . . ., STN during the active period, is the
common voltage Vcom.

[0206] During the blanking period, e.g., when the sensing
display panel 520 is configured to sense a touch on a surface
thereof, the sensing driving circuit 620 is configured to
sequentially provide the first to N-th driving electrode pat-
terns ST1, ST2, ST3, ..., STN with a driving signal exhib-
iting a predetermined voltage level. The driving signal exhib-
its a level Vd which is equal to or different than the common
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voltage Vcom. The driving signal may exhibit a width corre-
sponding to the sensing horizontal period S_H, and may
include at least one pulse.

[0207] Forexample, while a first driving signal Tx1 is being
applied to the first driving electrode pattern ST1, the common
voltage Vcom (as a bias signal) may be applied to the remain-
der of the second to N-th driving electrode patterns ST2, ST3,
..., STN, i.e., all of the driving electrode patterns except for
the first driving electrode pattern ST1. As described above,
while a second driving signal Tx2 is being applied to the
second driving electrode pattern ST2, the common voltage
Vcom (as the bias signal) may be applied to the remainder of
the first driving electrode pattern ST1 and the third to N-th
driving electrode patterns ST3, . . ., STN, i.e., all of the
driving electrode patterns except for the second driving elec-
trode pattern ST2.

[0208] During the active period, the sensing read out circuit
720 is configured to provide the sensing electrode patterns
SR1, SR2,SR3, ..., SRM with the DC voltage exhibiting the
predetermined voltage level as the bias signal.

[0209] During the blanking period, the sensing read out
circuit 720 is configured to provide the sensing electrode
patterns SR1, SR2, SR3, . .., SRM with the bias signal and
further configured to receive sensing signals Rx1, Rx2, Rx3,
..., RxM from the sensing electrode patterns SR1, SR2, SR3,
..., SRM.

[0210] According to exemplary embodiments, while the
sensor display panel 520 is being driven, the sensing read out
circuit 720 may be configured to provide the first to M-th
sensing electrode patterns SR1, SR2, SR3, ..., SRM with the
DC voltage exhibiting the predetermined voltage level (as the
bias signal) so that a static electricity blocking effect may be
improved via the sensor patterns SR1, SR2, SR3, ..., SRM.
[0211] FIG. 19 is a block diagram of a display apparatus
incorporating a sensing display panel, according to exem-
plary embodiments. FIG. 20 is a plan view of the sensing
display panel of FIG. 19.

[0212] As seen in FIGS. 19 and 20, the display apparatus
includes a sensing display panel 530, a sensing driving circuit
630, a voltage generating circuit 830, a sensing read out
circuit 730, and a control part 930. While specific reference
will be made to this particular implementation, it is also
contemplated that the display apparatus may embody many
forms and include multiple and/or alternative components or
features. For example, it is contemplated that the components
of'the display apparatus may be combined, located in separate
structures, and/or separate locations.

[0213] According to exemplary embodiments, the sensing
display panel 520 includes a plurality of driving electrode
patterns ST1, ST2, ST3, ..., STN and a plurality of sensing
electrode patterns SR1, SR2, SR3, ..., SRM. In this manner,
the sensing display panel 520 may be configured in accor-
dance with (or otherwise implement) a capacitive touch
screen. Further, the sensing display panel 530 may include a
plurality of common electrode patterns CP1, CP2, ..., CPM.
[0214] The driving electrode patterns ST1, ST2, ST3, ...,
STN may be extended in a first direction, e.g., D1, as well as
be arranged in a second direction, e.g., D2, which may be
configured to cross the first direction D1. Each of the driving
electrode patterns ST1, ST2, ST3, . .., STN may include a
plurality of unit patterns UP. The unit patterns UP may be
spaced apart from one another. The unit patterns UP included
in one driving electrode pattern are electrically connected to
one another viaa common line STL. Each of the unit patterns
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UP may be formed as one electrode pattern corresponding to
the pixel electrodes arranged in a matrix shape. The driving
electrode patterns ST1, ST2, ST3, ..., STN are electrically
connected to the common line STL via at least one contact
hole CH.

[0215] The sensing electrode patterns SR1, SR2, SR3, ...,
SRM are extended in the second direction D2, as well as
arranged in the first direction D1. The driving electrode pat-
terns ST1,ST2, ST3, ..., STN are alternately arranged with
the unit patterns UP. Each of the sensing electrode patterns
SR1,SR2, SR3,...,SRM includes a plurality of sensing lines
RL, which are connected to one another, such as in a mesh
shape. The sensing lines R, may be configured to overlap the
black matrix pattern BM.

[0216] The common electrode patterns CP1, CP2, . . .,
CPM are configured to overlap with the sensing electrode
patterns SR1, SR2, SR3, . . ., SRM, and are alternately
arranged with the unit patterns UP. Each of the common
electrode patterns CP1, CP2, . .., CPM may be formed as one
electrode pattern. Each of the common electrode patterns
CP1,CP2,...,CPM may be disposed in an area in which the
pixel electrodes arranged in at least one column and overlap
with the corresponded sensing electrode pattern. The com-
mon electrode patterns CP1, CP2, . .., CPM are electrically
connected to the common line STL via at least one contact
hole CH.

[0217] A plurality of common lines STL are extended in the
first direction D1 and arranged in the second direction D2.
The common lines STL may be grouped into a plurality of
driving groups and each of the driving groups may include at
least one common line STL. For example, the common lines
STL included in the sensor display panel 530 may be divided
into first to N-th common groups GC1, GC2, . .., GCN and
first to N-th driving groups GT1, GT2, ..., GTN, and each
group may be individually driven. As depicted in FIG. 20, the
first to N-th driving groups GT1, GT2, . .., GTN may be
alternately arranged with the first to N-th common groups
GCl1,GC2, ..., GCN.

[0218] The first to N-th common groups GC1, GC2, . . .,
GCN are electrically connected to the common electrode
patterns CP1, CP2, ..., CPM via at least one contact hole CH,
respectively.

[0219] According to exemplary embodiments, the first to
N-th driving groups GT1, GT2, ..., GIN are electrically
connected to the driving electrode patterns ST1, ST2, ST3, ..
., STN via at least one contact hole CH, respectively. As seen
in FIG. 20, a first driving group GT1 is electrically connected
to the unit patterns UP associated with the first driving elec-
trode pattern ST1 via at least one contact hole CH. A second
driving group GT2 is electrically connected to the unit pat-
terns UP associated with the second driving electrode pattern
ST2 via at least one contact hole CH. As described above,
each driving group is electrically connected to the corre-
sponded driving electrode pattern.

[0220] The sensing driving circuit 630 is configured to
provide the first to N-th driving groups GT1, GT2, ..., GTN
with a common voltage Vcom during an active period of a
frame during which image data may be provided to the sens-
ing display panel 530 based on, for example, one or more
control signals received from the control part 930. Further, the
sensing driving circuit 630 may be configured to sequentially
provide the driving signal with the first to N-th driving groups
GT1, GT2, ..., GIN during a blanking period of a frame
during which the image data is blocked from being applied to
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the sensing display panel 530 based on, for instance, one or
more control signals received from the control part 930.
Accordingly, the driving signal may be sequentially applied
to the first to N-th driving electrode patterns ST1, ST2, ST3,
..., STN.

[0221] According to exemplary embodiments, the voltage
generating circuit 830 may be configured to provide the first
to N-th common groups GC1, GC2, .. ., GCN with common
voltage Vcom during the active period based on, for instance,
one or more control signals received from the control part
930. The voltage generating circuit 830 may also be config-
ured to block the common voltage Vcom from being applied
to the first to N-th common groups GC1, GC2, . . ., GCN
during the blanking period based on one or more control
signal received from, for instance, the control part 930. Alter-
natively (or additionally), the voltage generating circuit 830
may be configured to provide the first to N-th common groups
GC1, GC2,. .., GCN with a ground voltage GND during the
blanking period according to one or more control signals
received from, for example, the control part 930. To this end,
during the blanking period, the common electrode patterns
CP1,CP2,...,CPM may be electrically floated, or receive the
ground voltage GND.

[0222] The sensing read out circuit 730 may be configured
to receive the sensing signals Rx1, Rx2, Rx3, ..., RxM from
the sensing electrode patterns SR1, SR2, SR3, . .., SRM
during the blanking period when the driving signal is being
applied to the driving electrode patterns ST1, ST2, ST3, ...,
STN, such as, in accordance with one or more control signal
received from the control part 930. In this manner, the sensing
read out circuit 730 may be configured to provide the sensing
electrode patterns SR1, SR2, SR3, ..., SRM with the bias
signal, such as the DC voltage exhibiting a predetermined
voltage level, as well as configured to receive the sensing
signals Rx1, Rx2, Rx3, . .., RxM from the sensing electrode
patterns SR1, SR2, SR3, ..., SRM while the sensing display
panel 530 is being driven. Accordingly, the bias signal may be
applied to the sensing electrode patterns SR1, SR2, SR3, . ..
, SRM while the sensing display panel 530 is being driven so
that a static electricity blocking effect may be improved.
[0223] The cross-sectional view of the sensing display
panel 530 taken along sectional line II-IIT' in FIG. 20 is
substantially the same as the cross-sectional view of the sens-
ing display panel 520 and, therefore, duplicative description
need not be provided.

[0224] According to exemplary embodiments, it is noted
that the common electrode CE included in the sensing display
panel 510 may be used as the driving electrode pattern for
sensing a touch (or near touch) so that a structure and pro-
cesses of the sensing display panel 530 may be simplified.
[0225] According to exemplary embodiments, static elec-
tricity may be blocked by the sensing electrode patterns SR1,
SR2, SR3, . . ., SRM, which are included in the sensor
substrate 200, and are formed with metal. Further, a bias
signal may be applied to the sensing electrode patterns SR1,
SR2,SR3, ..., SRM so that a static electricity blocking effect
may be improved.

[0226] FIG. 21 is a waveform diagram associated with driv-
ing the sensing display panel of FIG. 19, according to exem-
plary embodiments.

[0227] With reference to FIGS. 19, 20, and 21, the sensor
display panel 530 may be configured to display an image
during an active period of a frame period and sense a touch (or
near touch) during a blanking period of a frame period based
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on a vertical synchronization signal V_SYNC. For example,
the sensor display panel 530 may sense touches during the
blanking period based on a touch enable signal T_EN.

[0228] To this end, the sensing driving circuit 630 may be
configured to provide the first to N-th driving electrode pat-
terns ST1, ST2, ST3, ..., STN with the first to N-th driving
signals Tx1, Tx2, Tx3, . .., TxN via the first to N-th driving
groups GT1, GT2, ..., GTN, respectively.

[0229] During the active period when the sensing display
panel 530 is configured to display image(s), the sensing driv-
ing circuit 630 may be configured to provide the first to N-th
driving electrode patterns ST1, ST2, ST3, ..., STN with the
common voltage Vcom so that the first to N-th driving elec-
trode patterns ST1, ST2, ST3, . .., STN may be driven as the
common electrode of the pixel electrode PE. Each of the first
to N-th driving signals Tx1, Tx2, Tx3, . . ., TxN, which are
applied to each of the first to N-th driving electrode patterns
ST1, ST2, ST3, . . ., STN during the active period, is the
common voltage Vcom.

[0230] During the blanking period when which the sensing
display panel 530 is configured to sense touches, the sensing
driving circuit 630 may be configured to sequentially provide
the first to N-th driving electrode patterns ST1, ST2, ST3, ..
., STN with a driving signal exhibiting a predetermined
voltage level. The driving signal exhibits a level voltage Vd,
which is equal to or different than the common voltage Vcom.
The driving signal may exhibit a width corresponding to the
sensing horizontal period S_H and may include at least one
pulse.

[0231] Forexample, while a first driving signal Tx1 is being
applied to the first driving electrode pattern ST1, the common
voltage Vcom (as a bias signal) may be applied to the remain-
der of the second to N-th driving electrode patterns ST2, ST3,
..., STN, i.e., all of the driving electrode patterns except for
the first driving electrode pattern ST1. As described above,
when a second driving signal Tx2 is applied to the second
driving electrode pattern ST2, the common voltage Vcom (as
the bias signal) may be applied to the remainder of the first
driving electrode pattern ST1 and the third to N-th driving
electrode patterns ST3, . . ., STN, i.e., all of the driving
electrode patterns except for the second driving electrode
pattern ST2.

[0232] According to exemplary embodiments, the voltage
generating circuit 830 may be configured to provide the first
to M-th common electrode patterns CP1, CP2, ..., CPM with
first to N-th voltage signals Cs1, Cs2, Cs3, . .., CsN via the
first to N-th common groups GC1, GC2, . . ., GCN, respec-
tively.

[0233] For example, during the active period, the voltage
generating circuit 830 may be configured to provide the first
to M-th common electrode patterns CP1, CP2, ..., CPM with
first to N-th voltage signals Cs1, Cs2, Cs3, .. ., CsN, which
are the same as the common voltage Vcom.

[0234] Further, during the blanking period, the voltage gen-
erating circuit 830 may be configured to provide the first to
M-th common electrode patterns CP1, CP2, . . ., CPM with
first to N-th voltage signals Cs1, Cs2, Cs3, .. ., CsN, which
are the same as the common voltage Vcom.

[0235] During the active period, the sensing read out circuit
730 may be configured to provide the sensing electrode pat-
terns SR1, SR2, SR3, ..., SRM with the bias signal, such as
the DC voltage exhibiting the predetermined voltage level or
the ground voltage.
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[0236] Moreover, during the blanking period, the sensing
read out circuit 730 may be configured to receive the sensing
signals Rx1, Rx2, Rx3, . .., RxM from the sensing electrode
patterns SR1, SR2, SR3, ..., SRM.

[0237] Accordingly, the driving electrode pattern and the
sensing electrode pattern may be spaced apart from each
other so that the fringe area of the driving electrode pattern
and the sensing electrode pattern may be increased. To this
end, a touch sensing efficiency may be increased. Further, itis
noted that the shape of the unit pattern UP may correspond to
any suitable shape, such as, for example, a lozenge shape, a
square shape, a rectangular shape, etc.

[0238] According to exemplary embodiments, the sensing
read out circuit 730 may be configured to provide the first to
M-th sensing electrode patterns SR1, SR2, SR3, ..., SRM
with the bias signal, such as the DC voltage exhibiting the
predetermined voltage level or the ground voltage, during a
frame in which the sensor display panel 530 is being driven so
that a static electricity blocking effect may be improved by the
sensor patterns SR1, SR2, SR3, ..., SRM.

[0239] FIG. 22 is a plan view of a sensing display panel,
according to exemplary embodiments. As previously noted,
same reference numerals are used to refer to the same or like
components as those previously described. As such, corre-
sponding descriptions are not repeated, unless furtherance of
exemplary embodiments would be facilitated by such dupli-
cative and/or simplified descriptions thereof.

[0240] Adverting to FIGS. 19 and 22, the sensing display
panel 540 further includes a plurality of voltage lines VL. In
comparison to the sensing display panel 530, the voltage lines
VL may be electrically connected to the driving electrode
patterns ST1, ST2, ST3, . . ., STN via the contact hole and
may be parallel (or substantially parallel) to the common line
STL.

[0241] The sensingdisplay panel 540 includes a plurality of
driving electrode patterns ST1, ST2, ST3, ..., STN, a plu-
rality of sensing electrode patterns SR1, SR2, SR3, ..., SRM,
and a plurality of common electrode patterns CP1, CP2, . . .,
CPM. In this manner, sensing display panel 540 may be
configured in association with or to implement a capacitive
touch screen.

[0242] The driving electrode patterns ST1, ST2, ST3, ...,
STN include a plurality of unit patterns UP, which are spaced
apart from one another, and the unit patterns UP included in
one driving electrode pattern are electrically connected to the
voltage line VL via at least one contact hole CH.

[0243] The sensing electrode patterns SR1, SR2, SR3, ...,
SRM are extended in a second direction (e.g., D2), as well as
arranged in a first direction (e.g., D1). In this manner, the
sensing electrode patterns SR1, SR2, SR3, ..., SRM may be
alternately arranged with the unit patterns UP of the driving
electrode patterns ST1, ST2, ST3, . . ., STN. Each of the
sensing electrode patterns SR1, SR2,SR3, ..., SRM includes
a plurality of sensing lines RL, which are connected to one
another, such as in a mesh shape.

[0244] The common electrode patterns CP1, CP2, . . .,
CPM may be configured to overlap the sensing electrode
patterns SR1, SR2, SR3, .. ., SRM, and may be alternately
arranged with the unit patterns UP. Each of the common
electrode patterns CP1, CP2,. .., CPM may be formed as one
electrode pattern. Each of the common electrode patterns
CP1,CP2,...,CPM may be disposed in an area in which the
pixel electrodes are arranged in at least one column and
overlap with the corresponded sensing electrode pattern. The
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common electrode patterns CP1, CP2, . . . , CPM may be
electrically connected to the common line STL via at least one
contact hole CH.

[0245] The common lines STL of the sensor display panel
540 may be divided into first to N-th common groups GCl1,
GC2,...,GCN andthe voltage lines VL of the sensor display
panel 540 may be divided into first to N-th driving groups
GT1,GT2,...,GTN. Each group may be individually driven.
[0246] The first to N-th common groups GC1, GC2, . . .,
GCN may be electrically connected to the common electrode
patterns CP1, CP2, ..., CPM via at least one contact hole CH.
The first to N-th driving groups GT1, GT2, ..., GTN may be
electrically connected to the driving electrode patterns ST1,
ST2, ST3, . .., STN via at least one contact hole CH.

[0247] Alternatively, when the display substrate includes
the common lines STL and does not include the voltage lines
VL, the common lines STL may be divided into the common

groups GC1, GC2, . . ., GCN and the driving groups GT1,
GT2,...,GTN.
[0248] According to exemplary embodiments, the sensing

driving circuit 630 may be configured to provide the first to
N-th driving groups GT1, GT2, . .., GTN with the common
voltage Vcom during the active period of a frame. The sensing
driving circuit 630 may also be configured to sequentially
provide the first to N-th driving groups GT1, GT2, ..., GTN
with the driving signal during the blanking period of the
frame. As such, the driving signal may be sequentially applied
to the first to N-th driving electrode patterns ST1, ST2, ST3,
..., STN.

[0249] According to exemplary embodiments, the voltage
generating circuit 830 may be configured to provide the first
to M-th common electrode patterns CP1, CP2, ..., CPM with
the common voltage Vcom via the first to N-th common
groups GC1, GC2, . . ., GCN during the active period. The
voltage generating circuit 830 may also be configured to
provide the first to M-th common electrode patterns CP1,
CP2, ..., CPM with the common voltage Vcom via the first
to N-th common groups GC1, GC2, . . ., GCN during the
blanking period.

[0250] As described above, the sensing display panel 540
may be driven substantially the same as the sensor display
panel 530.

[0251] FIG. 23 is a cross-sectional view of a sensing dis-
play panel, according to exemplary embodiments. As previ-
ously noted, same reference numerals are used to refer to the
same or like components as those previously described. As
such, corresponding descriptions are not repeated, unless fur-
therance of exemplary embodiments would be facilitated by
such duplicative description.

[0252] With reference to FIGS. 17 and 23, the sensing
display panel 521 includes the sensing electrode pattern SR,
which is disposed between the base substrate 201 of the
sensor substrate 200 and the color filter layer CF in compari-
son to the sensing display panel 520 described in association
with FIG. 17.

[0253] The remainder of the components except for the
sensing electrode pattern SR may be substantially the same as
those previously described in association with FIG. 17 and,
therefore, duplicative descriptions are not provided.

[0254] FIG. 24 is a cross-sectional view of a sensing dis-
play panel, according to exemplary embodiments. As previ-
ously noted, same reference numerals are used to refer to the
same or like components as those previously described. As
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such, corresponding descriptions are not repeated, unless fur-
therance of exemplary embodiments would be facilitated by
such duplicative description.

[0255] With reference to FIGS. 17 and 24, the sensing
display panel 522 includes the sensing electrode pattern SR,
which is disposed between the base substrate 201 of the
sensor substrate 200 and the color filter layer CF in compari-
son to the sensing display panel 520 described in association
with FIG. 17.

[0256] According to exemplary embodiments, positions of
the driving electrode pattern ST and pixel electrode PE are
switched with one another in comparison to those positions
described in association with the sensing display panel 520 of
FIG. 17. In other words, according to exemplary embodi-
ments, the driving electrode pattern ST may be disposed
between the insulating layer 110 and the protecting layer 130,
and the pixel electrode PE may be disposed on the protecting
layer 130, with reference to FIG. 7.

[0257] The remainder of the components, except for the
driving electrode pattern ST and the pixel electrode PE may
be substantially the same as those described in association
with FIG. 17 and, therefore, duplicative descriptions are not
provided.

[0258] FIG. 25 is a cross-sectional view of a sensing dis-
play panel, according to exemplary embodiments. As previ-
ously noted, same reference numerals are used to refer to the
same or like components as those previously described. As
such, corresponding descriptions are not repeated, unless fur-
therance of exemplary embodiments would be facilitated by
such duplicative description.

[0259] With reference to FIGS. 17 and 25, the sensing
display panel 523 includes the sensor layer SR disposed
between the color filter layer CF and the liquid crystal layer
300, the driving electrode pattern disposed between the insu-
lating layer 110 and the protecting layer 130, and the pixel
electrode PE disposed on the protecting layer 130.

[0260] The remainder of the components, except for the
sensor layer SR, the driving electrode pattern ST, and the
pixel electrode PE may be substantially the same as those
previously described in association with FIG. 17 and, there-
fore, duplicative descriptions are not be provided.

[0261] According to exemplary embodiments, the sensor
substrate 200 includes at least one of the driving electrode
patterns ST1, ST2, ST3, . .., STN and the sensing electrode
patterns SR1, SR2, SR3, .. ., SRM, which are formed with
metal material so that the display apparatus may be protected
from the deleterious effects associated static electricity.
Accordingly, the display apparatus may be configured with-
out conventional static electricity blocking layers typically
utilized to block static electricity.

[0262] Further, the bias signal, such as the DC voltage
exhibiting a predetermined voltage level or the ground volt-
age GND, may be applied to at least one of the driving
electrode patterns ST1, ST2, ST3, . .., STN and the sensing
electrode patterns SR1, SR2, SR3, ..., SRM, so that a static
electricity blocking effect may be improved.

[0263] While certain exemplary embodiments and imple-
mentations have been described herein, other embodiments
and modifications will be apparent from this description.
Accordingly, the invention is not limited to such embodi-
ments, but rather to the broader scope of the presented claims
and various obvious modifications and equivalent arrange-
ments.
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What is claimed is:

1. A sensor substrate, comprising:

a base substrate;

a black matrix pattern disposed on the base substrate and
dividing the base substrate into a light transmission area
and a light blocking area;

a sensing electrode pattern comprising a plurality of first
unit patterns arranged in association with a first direc-
tion;

adriving electrode pattern comprising a plurality of second
unit patterns arranged in association with a second direc-
tion and disposed adjacent to the plurality of first unit
patterns; and

at least one bridge line connected between at least two of
the plurality of first unit patterns or between at least two
of' the plurality of second unit patterns.

2. The sensor substrate of claim 1, further comprising:

a color filter layer disposed on the base substrate and cov-
ering the light transmission area,

wherein the sensing electrode pattern and the driving elec-
trode pattern are disposed between the color filter layer
and the black matrix pattern.

3. The sensor substrate of claim 2, wherein the sensing
electrode pattern and the driving electrode pattern are dis-
posed on the color filter layer and the black matrix pattern.

4. The sensor substrate of claim 1, further comprising:

an insulating layer disposed on the sensing electrode pat-
tern and the driving electrode pattern; and

at least one contact hole formed in the insulating layer,

wherein the at least one bridge line is connected between
the at least two adjacent ones of the plurality of first unit
patterns or between the at least two adjacent ones of the
plurality of second unit patterns.

5. The sensor substrate of claim 1, further comprising:

at least one contact hole enabling the at least one bridge line
to connect between the at least two adjacent ones of the
plurality of first unit patterns or between the at least two
adjacent ones of the plurality of second unit patterns,

wherein the at least one contact hole is formed in the black
matrix pattern, the at least one bridge line is disposed
between the base substrate and the black matrix pattern,
and the sensing electrode pattern and the driving elec-
trode pattern are disposed on the black matrix pattern.

6. The sensor substrate of claim 1, wherein each of the
plurality of first unit patterns and each of the plurality of
second unit patterns comprise a plurality of lines connected to
each other.

7. The sensor substrate of claim 1, wherein each of the
plurality of first unit patterns and each of the plurality of
second unit patterns comprise:

a first portion;

a second portion surrounding the first portion; and

a plurality of lines connected to each other in the second
portion and excluded from the first portion.

8. The sensor substrate of claim 1, wherein each of the
plurality of first unit patterns and each of the plurality of
second unit patterns comprise:

a first portion; and

a second portion surrounding and being spaced apart from
the first portion, and

wherein each of the first portion and the second portion
comprise a plurality of lines being connected to each
other.
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9. The sensor substrate of claim 1,

wherein the driving electrode pattern comprises a plurality

of electrode rows being connected to one another, each

of the plurality of electrode rows comprising at least one
of the plurality of first unit patterns, and

wherein the sensing electrode pattern comprises a plurality

of electrode columns being connected to one another,

each of the plurality of electrode columns comprising at
least one of the plurality of second unit patterns.

10. A sensing display panel, comprising:

a display substrate comprising:

a plurality of pixel electrodes, and

a common electrode overlapping the pixel electrodes;
and

a sensor substrate comprising:

a sensing electrode pattern comprising a plurality of first
unit patterns arranged in association with a first direc-
tion,

a driving electrode pattern comprising a plurality of
second unit patterns arranged in association with a
second direction and disposed adjacent to the plural-
ity of first unit patterns, and

at least one bridge line connected between at least two of
the plurality of first unit patterns or between at least
two of the plurality of the second unit patterns.

11. The sensing display panel of claim 10, wherein each of
the plurality of first unit patterns and each of the plurality of
second unit patterns comprise a plurality of lines connected to
each other.

12. The sensing display panel of claim 10, wherein each of
the plurality of first unit patterns and each of the plurality of
second unit patterns comprise:

a first portion;

a second portion surrounding the first portion; and

a plurality of lines connected to each other in the second

portion and excluded from the first portion.

13. The sensing display panel of claim 10, wherein each of
the plurality of first unit patterns and each of the plurality of
second unit patterns comprise:

a first portion; and

a second portion surrounding and being spaced apart from

the first portion, and

wherein each of the first portion and the second portion

comprise a plurality of lines being connected to each

other.

14. The sensing display panel of claim 10,

wherein the driving electrode pattern comprises a plurality

of electrode rows being connected to one another, each

of the plurality of electrode rows comprising at least one
of the plurality of first unit patterns, and

wherein the sensing electrode pattern comprises a plurality

of electrode columns being connected to one another,

each of the plurality of electrode columns comprising at
least one of the plurality of second unit patterns.

15. The sensing display panel of claim 14,

wherein the sensor substrate comprises a plurality of driv-

ing electrode patterns, and

wherein, in response to a driving signal being applied to

both ends of at least one of the plurality of driving
electrode patterns, a ground voltage or a direct current
voltage exhibiting a predetermined voltage level is
caused to be applied to both ends of the remainder of the
plurality of driving electrode patterns.
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16. The sensing display panel of claim 14,

wherein the sensor substrate comprises a plurality of sens-

ing electrode patterns, and

wherein a ground voltage or a direction current voltage

exhibiting a predetermined voltage level is applied to at

least some of the plurality of sensing electrode patterns.

17. The sensing display panel of claim 10,

wherein the sensor substrate comprises a plurality of driv-

ing electrode patterns, and

wherein, in response to a driving signal being applied to

both ends of one of the plurality of driving electrode
patterns, a ground voltage or a direct current voltage
exhibiting a predetermined voltage level is caused to be
applied to the remainder of the plurality of driving elec-
trode patterns.

18. The sensing display panel of claim 10,

wherein the sensor substrate comprises a plurality of sens-

ing electrode patterns, and

wherein a ground voltage or a direct current voltage exhib-

iting a predetermined voltage level is applied to at least

some of the plurality of sensing electrode patterns.

19. A sensing display panel, comprising:

a display substrate comprising:

a plurality of pixel electrodes arranged in a matrix for-
mation,

a driving electrode pattern overlapping the plurality of
pixel electrodes, and

a common line connected to the driving electrode pat-
tern; and

a sensor substrate comprising:

a black matrix pattern comprising an area in which the
plurality of pixel electrodes is disposed, the area cor-
responding to a light transmission area, and

a sensing electrode pattern comprising a plurality of
lines connected to one another and overlapping the
black matrix pattern.

20. The sensing display panel of claim 19, wherein the
display substrate comprises:

first to N-th driving electrode patterns; and

first to N-th common line groups respectively connected to

the first to N-th driving electrode patterns,

wherein each of the first to N-th common line groups

comprise at least one common line.

21. The sensing display panel of claim 20, wherein each of
the first to N-th driving electrode patterns is connected to the
common line via at least one contact hole.

22. The sensing display panel of claim 20,

wherein a common voltage is caused to be applied to the

firstto N-th driving electrode patterns via the first to N-th

common line groups during an active period of a frame,
and

wherein a driving signal is caused to be sequentially

applied to first to N-th driving electrode patterns via the

first to N-th common line groups during a blanking
period of a frame.

23. The sensing display panel of claim 22,

wherein the sensor substrate comprises first to M-th sens-

ing electrode patterns, and

wherein a direct current voltage exhibiting a predeter-

mined voltage level is applied to the first to M-th sensing

electrode patterns.

24. A sensing display panel, comprising:

a display substrate comprising:

a plurality of pixel electrodes disposed in a matrix for-
mation comprising a row direction and a column
direction,
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a driving electrode pattern comprising a unit pattern
arranged in the row direction and overlapping the
plurality of pixel electrodes,

a common electrode pattern spaced apart from the unit
pattern and overlapping the plurality of pixel elec-
trodes, the common electrode pattern being arranged
in the column direction, and

a common line extended in the row direction; and

a sensor substrate comprising:

a black matrix pattern comprising an area in which the
plurality of pixel electrodes is disposed, the area cor-
responding to a light transmission area, and

a sensing electrode pattern comprising a plurality of
lines connected to one another and overlapping the
black matrix pattern.

25. The sensing display panel of claim 24, wherein the
display substrate comprises:

first to N-th driving electrode patterns;

first to M-th common electrode patterns arranged between

corresponding unit patterns of the first to N-th driving

electrode patterns;

first to N-th driving groups comprising at least one com-

mon line connected to the first to N-th driving electrode

patterns; and

first to N-th common groups disposed between the first to

N-th driving groups and comprising at least one com-

mon line connected to the first to M-th common elec-

trode patterns.

26. The sensing display panel of claim 25, wherein each of
the first to N-th driving electrode patterns and each of the first
to M-th common electrode patterns is connected to the com-
mon line via at least one contact hole.

27. The sensing display panel of claim 25,

wherein a common voltage is caused to be applied to the

first to N-th driving electrode patterns via the first to N-th

driving groups during an active period of a frame, and

wherein a driving signal is caused to be sequentially
applied to the first to N-th driving electrode patterns via
the first to N-th driving groups during a blanking period
of a frame.

28. The sensing display panel of claim 27,

wherein a common voltage is caused to be applied to the

first to M-th common electrode patterns via the first to

N-th common groups during an active period of a frame,

and

wherein the common voltage is caused to be applied to the

first to M-th common electrode patterns via the first to

N-th common groups during a blanking period of a

frame.

29. The sensing display panel of claim 24, wherein the
display substrate further comprises:

avoltage line substantially parallel to the common line and

arranged alternately with the common line.

30. The sensing display panel of claim 29, wherein the
display substrate comprises:

first to N-th driving electrode patterns;

first to M-th common electrode patterns;

first to N-th driving groups comprising at least one com-

mon line connected to the first to N-th driving electrode

patterns; and

first to N-th common groups disposed between the first to

N-th driving groups and comprising at least one voltage

line connected to the first to M-th common electrode

patterns.
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31. The sensing display panel of claim 30,

wherein each of the first to N-th driving electrode patterns
is connected to the common line via at least one contact
hole, and

wherein each of the first to N-th common electrode patterns
is connected to the voltage line via at least one contact
hole.

32. The sensing display panel of claim 31,

wherein a common voltage is caused to be applied to the
firstto N-th driving electrode patterns via the first to N-th
driving groups during an active period of a frame, and

wherein a driving signal is caused to be sequentially
applied to the first to N-th driving electrode patterns via
the first to N-th driving groups during a blanking period
of a frame.

33. The sensing display panel of claim 32,

wherein a common voltage is caused to be applied to the
first to M-th common electrode patterns via the first to
N-th common groups during an active period of a frame,
and

wherein the common voltage is caused to be applied to the
first to M-th common electrode patterns via the first to
N-th common groups during a blanking period of a
frame.

34. The sensing display panel of claim 32,

wherein a common voltage is caused to be applied to the
first to M-th common electrode patterns via the first to
N-th common groups during an active period of a frame,
and

avoltage is caused to be blocked from being applied to the
first to M-th common electrode patterns during a blank-
ing period of a frame.

19
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35. The sensing display panel of claim 24, wherein the
sensor substrate comprises:

first to M-th sensing electrode patterns, and

wherein a direct current voltage exhibiting a predeter-

mined voltage level is caused to be applied to at least
some of the first to M-th sensing electrode patterns.

36. The sensor substrate of claim 1, wherein individual
ones of the plurality of first unit patterns and individual ones
of the plurality of second unit patterns form respective dia-
mond shapes.

37. The sensor substrate of claim 1, wherein the at least two
of the plurality of first unit patterns or at least two of the
plurality of second unit patterns are disposed adjacent to one
another.

38. The sensor substrate of claim 1, wherein the sensing
electrode pattern arranged in association with the first direc-
tion is disposed to cross the driving electrode pattern arranged
in association with the second direction.

39. The sensing display panel of claim 10, wherein indi-
vidual ones of the plurality of first unit patterns and individual
ones of the plurality of second unit patterns form respective
diamond shapes.

40. The sensing display panel of claim 10, wherein the at
least two of the plurality of first unit patterns or at least two of
the plurality of second unit patterns are disposed adjacent to
one another.

41. The sensing display panel of claim 10, wherein the
sensing electrode pattern arranged in association with the first
direction is disposed to cross the driving electrode pattern
arranged in association with the second direction.

#* #* #* #* #*
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