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(57) ABSTRACT

A display device includes a pixel array including touch
blocks; a plurality of test pads in a bezel area outside the
pixel array for performing a pixel test and a touch block test;
a plurality of pixel test lines and a plurality of touch block
test lines connected to the test pads within the pixel array; a
switching unit between the test pads and the pixel test lines
and the touch block test lines and applying a test signal to
any one of the pixel test lines and the touch block test lines;
a pixel test switching pad in the bezel area and providing a
control signal for testing pixel operation in the pixel array to
the switching unit; and a touch block test switching pad in
the bezel area and providing a control signal for testing the
touch blocks within the pixel array to the switching unit.

19 Claims, 9 Drawing Sheets
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IN-CELL TOUCH ORGANIC
LIGHT-EMITTING DIODE DISPLAY DEVICE

The present application is a Continuation of U.S. patent
application Ser. No. 17/855,731, filed on Jun. 30, 2022,
which is a Continuation of U.S. patent application Ser. No.
17/127,397, filed on Dec. 18, 2020, now U.S. Pat. No.
11,386,821, which claims the benefit of Korean Patent
Application No. 10-2019-0180108, filed Dec. 31, 2019.
Each of the above prior U.S. and Korean patent applications
is hereby incorporated by reference.

BACKGROUND

Technical Field

The present disclosure relates to an organic light-emitting
diode display device and a test method thereof, and more
particularly, to a display device and a test method thereof
which can realize a narrow bezel by sharing signal applica-
tion pads for a pixel test and signal application pads for a
touch block test.

Discussion of the Related Art

A touchscreen panel is an input device through which an
instruction displayed on a screen of an image display device
or the like is selected using a user’s hand or an object to
input a user command. For this, the touchscreen panel may
be provided on the front face of an image display device to
convert a contact point directly coming into contact with a
user’s hand or an object into an electrical signal such that an
instruction selected at the contact point can be received as an
input signal.

The touchscreen panel does not require an additional
input device such as a keyboard or a mouse and thus is
increasingly used. Recently, a touchscreen panel has been
widely used for flat panel displays such as a liquid crystal
display and an OLED display device.

As methods for implementing a touchscreen panel, a
resistive overlay type, a light sensing type, a capacitive type,
and the like are known. Among these, a capacitive type
touchscreen panel can convert a contact point into an
electrical signal through a conductive detection pattern that
detects changes in capacitance formed with another sur-
rounding detection pattern or a ground electrode when a
human hand or an object touches the touchscreen panel.

Such a touchscreen panel is manufactured in such a
manner that it is attached to the outer face of a flat panel
display, in general. However, when a touchscreen panel is
attached to the outside face of a flat panel display, that is,
when an add-on type touchscreen panel is manufactured, it
is necessary to provide an adhesive layer between the
touchscreen panel and the flat panel display, resulting in
deterioration of optical characteristics. Further, a touch-
screen panel manufacturing process is required separately
from a flat panel display manufacturing process, and thus
manufacturing time and costs increase. Accordingly, to solve
such problems, a flat panel display in which a touchscreen
panel and a display panel are integrated has recently been
developed.

Meanwhile, in a touchscreen panel manufacturing pro-
cess, a touch detection electrode for detecting touch input is
additionally provided to a display element, distinguished
from general display elements, and thus a process of testing
whether the touch detection electrode has failed as well as a
process of testing the display element are performed.

10

15

20

25

30

35

40

45

50

55

60

65

2

Here, in a panel manufacturing process according to the
conventional add-on method in which a touchscreen panel is
attached to the outer face of a flat panel display, a step of
testing whether a touch detection electrode has failed is
performed after a step of forming a final module or a step of
manufacturing a touchscreen panel in units of cells in order
to determine a touch detection function, in general.

SUMMARY

Accordingly, embodiments of the present disclosure are
directed to an in-cell touch organic light-emitting diode
display device and a test method thereof that substantially
obviate one or more of the problems due to limitations and
disadvantages of the related art.

An object of the present disclosure is to provide an in-cell
touch OLED display device and a test method thereof which
can reduce a space for a bezel for forming lines for testing
not only display elements but also electrodes for detecting
touch.

Another object of the present disclosure is to provide an
in-cell touch OLED display device and a test method thereof
which can reduce the number of pads for testing defects of
display elements and a plurality of electrodes for detecting
touch.

Another object of the present disclosure is to provide an
in-cell touch OLED display device and a test method thereof
which can increase chamfering efficiency of a glass substrate
on which cells are formed.

Additional features and aspects will be set forth in the
description that follows, and in part will be apparent from
the description, or may be learned by practice of the inven-
tive concepts provided herein. Other features and aspects of
the inventive concepts may be realized and attained by the
structure particularly pointed out in the written description,
or derivable therefrom, and the claims hereof as well as the
appended drawings.

To achieve these and other aspects of the inventive
concepts, as embodied and broadly described, an in-cell
touch organic light-emitting diode (OLED) display device
comprises: a pixel array including data lines, gate lines
intersecting the data lines, a plurality of pixels correspond-
ing to a plurality of subpixels and arranged in a matrix, and
a plurality of touch blocks arranged to respectively corre-
spond to the plurality of pixels; a plurality of test pads
arranged in a bezel area outside the pixel array and used to
selectively perform a pixel test and a touch block test; a
plurality of pixel test lines and a plurality of touch block test
lines connected to the plurality of test pads and arranged
within the pixel array; a switching unit disposed between the
plurality of test pads and the plurality of pixel test lines and
the plurality of touch block test lines and applying a test
signal to any one of the pixel test lines and the touch block
test lines; a pixel test switching pad disposed in the bezel
area and providing a control signal for testing pixel opera-
tion in the pixel array to the switching unit; and a touch
block test switching pad disposed in the bezel area and
providing a control signal for testing the touch blocks within
the pixel array to the switching unit.

In the in-cell touch OLED display device according to the
present disclosure, the plurality of touch block test lines may
be arranged in parallel with the pixel test lines.

The in-cell touch OLED display device according to the
present disclosure may further include a substrate including
driving circuits for driving the pixel array, and the plurality
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of test pads, the switching unit, the pixel test switching pad
and the touch block test switching pad formed in the bezel
area.

In the in-cell touch OLED display device according to the
present disclosure, a test signal applied to each of the
plurality of touch block test lines may be a constant current.

In the in-cell touch OLED display device according to the
present disclosure, electrical characteristics of touch blocks
measured by the plurality of test pads may include any one
of a capacitance value, frequency and resistance voltage of
a capacitor formed in the touch block.

In another aspect, a test method of an in-cell touch OLED
display device comprises: applying the same test signal to a
plurality of pixel test lines connected to a plurality of pixel
electrodes arranged in a matrix within a pixel array; detect-
ing information on defects of a pixel to which the test signal
is applied; providing a switching signal to a switching unit
to connect a plurality of touch block test lines formed in the
pixel array to a plurality of test pads formed in a bezel area;
applying the same test signal to the touch block test lines;
and detecting information on defects of a touch block to
which the test signal is applied.

The in-cell touch OLED display device and the test
method thereof according to the present disclosure can
obtain the following effects.

First, pads for a TFT test and pads for a touch block test
can be shared.

Second, a degree of freedom in design can be improved
by reducing the number of required test pads.

Third, a bezel size can be reduced to decrease a cell size
and chamfering efficiency of a glass substrate can be
improved.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the inventive concepts as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the disclosure and are
incorporated in and constitute a part of this application,
illustrate embodiments of the disclosure and together with
the description serve to explain various principles. In the
drawings:

FIG. 1 illustrates an active area and a non-active area of
a display device.

FIG. 2 enlarges “A” of FIG. 1 and illustrates test line
arrangement for test of an in-cell touch OLED display
device according to the present invention.

FIG. 3 illustrates arrangement of test pads, a switching
unit, a pixel test switching pad and a touch block test
switching pad in FIG. 2.

FIG. 4 is a cross-sectional view of a touch sensor in-cell
type organic electroluminescent device according to an
embodiment of the present invention.

FIGS. 5A and 5B are schematic cross-sectional views for
describing operation of a touch sensor in the touch sensor
in-cell type organic electroluminescent device.

FIG. 6A is a cross-sectional view taken along line I-I' of
FIG. 2 and FIG. 6B is a cross-sectional view taken along line
II-IT' of FIG. 2.

FIG. 7 is a flowchart showing a test method of the in-cell
touch OLED display device according to the present inven-
tion.
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FIG. 8A illustrates a glass substrate of a general in-cell
touch OLED display device and FIG. 8B illustrates a glass
substrate of the in-cell touch OLED display device accord-
ing to the present invention.

DETAILED DESCRIPTION

For embodiments of the present invention disclosed in the
description, specific structural and functional descriptions
are exemplified for the purpose of describing embodiments
of the present invention, and embodiments of the present
invention can be implemented in various forms and are not
to be considered as a limitation of the invention.

The present invention can be modified in various manners
and have various forms and specific embodiments will be
described in detail with reference to the drawings. However,
the disclosure should not be construed as limited to the
embodiments set forth herein, but on the contrary, the
disclosure is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the embodi-
ments.

While terms, such as “first”, “second”, etc., may be used
to describe various components, such components must not
be limited by the above terms. The above terms are used
only to distinguish one component from another. For
example, a first component may be referred to as a second
component and the second component may be referred to as
the first component without departing from the scope of the
present invention.

When an element is “coupled” or “connected” to another
element, it should be understood that a third element may be
present between the two elements although the element may
be directly coupled or connected to the other element. When
an element is “directly coupled” or “directly connected” to
another element, it should be understood that no element is
present between the two elements. Other representations for
describing a relationship between eclements, that is,
“between”, “immediately between”, “in proximity to”, “in
direct proximity to” and the like should be interpreted in the
same manner.

The terms used in the specification of the present inven-
tion are merely used in order to describe particular embodi-
ments, and are not intended to limit the scope of the present
invention. An element described in the singular form is
intended to include a plurality of elements unless the context
clearly indicates otherwise. In the specification of the pres-
ent invention, it will be further understood that the terms
“comprise” and “include” specify the presence of stated
features, integers, steps, operations, elements, components,
and/or combinations thereof, but do not preclude the pres-
ence or addition of one or more other features, integers,
steps, operations, elements, components, and/or combina-
tions.

Unless otherwise defined, all terms including technical
and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which example embodiments pertain. It will be further
understood that 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 should not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.

Meanwhile, when a certain embodiment can be imple-
mented in a different manner, a function or an operation
specified in a specific block may be performed in a different
sequence from that specified in a flowchart. For example,
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two consecutive blocks may be simultaneously executed or
reversely executed according to related function or opera-
tion.

Hereinafter, an in-cell touch OLED display device and a
test method thereof according to the present invention will
be described with reference to the attached drawings.

FIG. 1 illustrates an active area and a non-active area of
a display device.

As shown, the display device includes an active area A/A
(or pixel area) in which an image is displayed by a plurality
of pixel circuits disposed and a non-active area N/A (or bezel
area) in which integrated circuits for driving the pixel
circuits disposed in the active area A/A, and the like are
disposed. The plurality of pixel circuits include a pixel array
and a plurality of pixels.

FIG. 2 enlarges “A” of FIG. 1 and illustrates test line
arrangement for test of an in-cell touch OLED display
device according to the present invention.

As shown, the in-cell touch OLED display device accord-
ing to the present invention includes: a pixel array 200
having data lines, gate lines intersecting the data lines, a
plurality of pixels P11 . . . Pmn (m, n each is an integer
greater than 1) corresponding to a plurality of subpixels and
arranged in a matrix, and a plurality of touch blocks dis-
posed to respectively correspond to the plurality of pixels; a
plurality of test pads 220 arranged in a bezel area outside the
pixel array and used to selectively perform a pixel test and
a touch block test; a plurality of pixel test lines 250 and a
plurality of touch block test lines 260 connected to the
plurality of test pads 220 and arranged in the pixel array; a
switching unit 240 which is disposed between the plurality
of test pads 220 and the plurality of pixel test lines 250 and
touch block test lines 260 and applies a test signal to any one
of the pixel test lines and the touch block test lines; a pixel
test switching pad 210 which is disposed in the bezel area
and provides a control signal for testing pixel operation in
the pixel array 200 to the switching unit 240; and a touch
block test switching pad 230 which is disposed in the bezel
area and provides a control signal for testing touch blocks in
the pixel array 200 to the switching unit 240.

The plurality of touch block test lines 260 is arranged in
parallel with the pixel test lines 250.

The in-cell touch OLED display device includes a sub-
strate including driving circuits for driving the pixel array
200 and the plurality of test pads 220, the switching unit 240,
the pixel test switching pad 210 and the touch block test
switching pad 230 formed in the bezel area.

FIG. 3 illustrates arrangement of the test pads 220, the
switching unit 240, the pixel test switching pad 210 and the
touch block test switching pad 230 in FIG. 2.

As shown, the switching unit 240 includes a plurality of
first switching transistors T1 which receives an operation
signal provided from the pixel test switching pad 210
through gate electrodes thereof, and a plurality of second
switching transistors T2 which receives an operation signal
provided from the touch block test switching pad 230
through gate electrodes thereof. When a gate on voltage is
supplied to the gate electrodes of the first switching tran-
sistors T1 through the pixel test switching pad 210, a gate off
voltage is supplied to the gate electrodes of the second
switching transistors T2 through the touch block test switch-
ing pad 230. When the gate on voltage is supplied to the gate
electrodes of the first switching transistors T1 through the
pixel test switching pad 210 to turn on the first switching
transistors T1, test pads 220-1, 220-2, 220-3, . . ., 220-r are
connected to the pixel test lines 250. Here, the plurality of
second switching transistors T2 is turned off. On the other
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hand, when the gate on voltage is supplied to the gate
electrodes of the plurality of second switching transistors T2
through the touch block test switching pad 230, the plurality
of second switching transistors T2 is turned on and thus the
test pads 220-1, 220-2, 220-3, . . ., 220-» are connected to
the touch block test lines 260. Here, the plurality of first
switching transistors T1 is turned off.

FIG. 4 is a cross-sectional view of a touch sensor in-cell
type organic electroluminescent device according to an
embodiment of the present invention. Here, an area in which
a switching thin film transistor (TFT) will be formed is
defined as a switching area and an area in which a driving
TFT will be formed is defined as a driving area DA for
convenience of description.

As shown, the touch sensor in-cell type organic electrolu-
minescent device 101 according to the present invention
includes a first substrate 110 on which a driving TFT DTr,
a switching TFT (not shown), an organic light emitting diode
(OLED) E, and a touch sensor are formed, and a second
substrate 170 for encapsulation. First, a configuration of the
first substrate 110 will be described.

A semiconductor layer 113 formed of pure polysilicon and
composed of a first region 113a serving as a channel and
positioned at the center and second regions 1135 positioned
on both sides of the first region 113a and doped with
impurities in high concentration is formed on the first
substrate 110 in each pixel region P. A gate insulating layer
116 is formed on the overall surface of the first substrate 110
to cover the semiconductor layer 113, and a gate electrode
120 corresponding to the first region 113a of the semicon-
ductor layer 113 is formed on the gate insulating layer 116.

Semiconductor contact holes 125 for respectively expos-
ing the second regions 1135 positioned on both sides of the
first region 113a are formed in an interlayer insulating layer
123 and the gate insulating layer 116 formed thereunder.

Source and drain electrodes 133 and 136 are formed to
respectively come into contact with the second regions 1135
exposed through the semiconductor contact holes 125. The
source and drain electrodes 133 and 136, the semiconductor
layer 113 including the second regions 1135 in contact with
the source and drain electrodes 133 and 136, the gate
insulating layer 116 and the gate electrode 120 formed on the
semiconductor layer 113 constitute the driving TFT DTr.

A first electrode 147 connected to the drain electrode 136
of the driving TFT DTr serves as an anode or a cathode
according to the type of the driving TFT DTr. The first
electrode 147 connected to the driving TFT DTr serves as
the anode in the present embodiment.

A first passivation layer 140 is formed on the overall
surface of the driving TFT DTr. A drain contact hole 143 for
exposing the drain electrode 136 of the driving TFT DTr is
formed in the first passivation layer 140.

The first electrode 147 connected to the drain electrode
136 of the driving TFT DTr through the drain contact hole
143 is formed on the first passivation layer 140 including the
drain contact hole 143 in each pixel region P. A buffer pattern
150 is formed on the first electrode 147 at the boundary of
each pixel region P in such a manner that the buffer pattern
150 surrounds each pixel region P while being superposed
on the edge of the first electrode 147. In each pixel region
P surrounded by the buffer pattern 150, an organic emission
layer 155 is formed on the first electrode 147 and a second
electrode 158 is formed on the organic emission layer 155 in
the entire active area. The first and second electrodes 147
and 158 and the organic emission layer 155 formed ther-
ebetween constitute the OLED E.
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The second electrode 158 formed on the organic emission
layer 155 may be formed of a metal material having a
relatively low work function value, for example, one of
aluminum (Al), an aluminum alloy (AINd), silver (Ag),
magnesium (Mg), and aluminum magnesium alloy (AIMg),
to serve as a cathode.

A second passivation layer 160 is formed of an inorganic
insulating material or an organic insulating material on the
second electrode 158 formed in the entire active area in
order to improve optical efficiency of the organic emission
layer 155, protect the second electrode 158 and prevent
permeation of moisture.

A touch second electrode 165 in the form of bars spaced
at predetermined intervals is formed on the second passiva-
tion layer 160. Here, the touch second electrode 165, the
second passivation layer 160 positioned under the touch
second electrode 165, and the second electrode 158 (touch
first electrode) formed in the entire active area constitute a
touch sensor TS.

The second electrode 158 is characterized in that it serves
as a component of the OLED E and a component of the
touch sensor TS.

The second substrate 170 for encapsulation which is
formed of a transparent glass material or a transparent
plastic material is provided on the touch second electrode
165 having an inert gas, an organic insulating material or a
face seal interposed therebetween. A polarizer 175 may be
provided on the outside face of the second substrate 170 to
improve efficiency of light emitted from the organic emis-
sion layer 155.

Meanwhile, in the touch sensor in-cell type organic elec-
troluminescent device 101 having the above-described con-
figuration according to the present invention, the touch
sensor TS is configured as a capacitor composed of the
second electrode 158, the second passivation layer 160 and
the touch second electrode 165. When a finger touches the
capacitor, the capacitor recognizes capacitance variation due
to fringe field variation thereof and thus serves as a touch
sensor TS.

FIGS. 5A and 5B are cross-sectional views for describing
operation of the touch sensor in the touch sensor in-cell type
organic electroluminescent device according to the present
invention. For convenience of description, the driving and
switching TFTs and the OLED are omitted and only the
touch sensor included in the first substrate and the second
substrate for encapsulation are briefly illustrated.

As shown in FIG. 5A, when the surface of the second
substrate 170 is not touched by a user’s finger 195 in the
touch sensor in-cell type organic electroluminescent device
101, a fringe field formed between the second electrode 158
and the touch second electrode 165 is maintained uniform
and capacitance does not vary, and thus touch operation is
not performed. As shown in FIG. 5B, when the surface of the
second substrate 170 is touched by the user’s finger 195, the
fringe field between the second electrode 158 (touch first
electrode) and the touch second electrode 165 varies due to
the touching of the finger 195, and thus the touch sensor TS
detects the touch and performs touch operation.

Referring to FIG. 4, the touch sensor in-cell type organic
electroluminescent device 101 having the above-described
configuration according to the present invention is obtained
by forming the second electrode 158 that is a component of
the OLEDE as a touch first electrode of the touch sensor TS,
forming the second passivation layer 160 on the second
electrode 158 to prevent moisture infiltration as a dielectric
layer, separately forming the touch second electrode 165 in
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the form of spaced bars on the second passivation layer 160,
and then attaching the second substrate 170 for encapsula-
tion thereto.

FIG. 6A is a cross-sectional view taken along line I-I' of
FIG. 2 and FIG. 6B is a cross-sectional view taken along line
II-IT' of FIG. 2. As shown in FIG. 6A, a control signal for
testing pixel operation in the pixel array 200 is provided to
the switching unit 240 through the pixel test switching pad
210 via a pixel test signal transmission line 211. A plurality
of switching transistors T1 in the switching unit 240 con-
nects a test pad signal line 221 to the plurality of pixel test
lines 250 formed in the pixel array 200.

As shown in FIG. 6B, a control signal for testing touch
blocks in the pixel array 200 is provided to the switching
unit 240 through the touch block test switching pad 230 via
a touch block test signal transmission line 231. A plurality of
switching transistors T2 in the switching unit 240 connects
the test pad signal line 221 to the plurality of touch block test
lines 260 formed in the pixel array 200. A touch area
includes a touch metal layer 303 disposed on a touch buffer
layer 301, an interlayer insulating layer 302 interposed
between the touch buffer layer 301 and the touch metal layer
303, and a passivation layer 304 disposed on the touch metal
layer 303. 401 denotes a material being used to be as a bank
and 402 denotes a material being used to be a spacer in a
peripheral area of the active area. As shown in FIG. 6B, the
touch metal layer 303 comes into contact with a source/drain
region of a TFT in a region “B”.

FIG. 7 is a flowchart showing a test method of the in-cell
touch OLED display device according to the present inven-
tion.

The same pixel test signal is supplied to the plurality of
pixel test lines connected to the plurality of pixel electrodes
arranged in a matrix in the pixel array. That is, a control
signal for testing pixel operation in the pixel array 200 is
provided to the switching unit 240 through the pixel test
switching pad 210 via the pixel test signal transmission line
211. Accordingly, a switching transistor T1 in the switching
unit 240 connects the test pad signal line 221 to the pixel test
lines 250 (S1).

The same operating power is supplied to all pixels
through all data lines such that all pixels of the pixel array
200 emit light. Here, defective pixels that do not operate
although a test signal is applied thereto are detected (S2).

Upon completion of pixel test, a control signal or switch-
ing signal for testing touch blocks in the pixel array 200 is
provided to the switching unit 240 through the touch block
test switching pad 230 via the touch block test signal
transmission line 231, i.e., switching test signal. Accord-
ingly, the switching transistor T2 in the switching unit 240
connects the test pad signal line 221 to the plurality of touch
block test lines 260 formed in the pixel array (S3).

Accordingly, a constant current is applied to the plurality
of touch block test lines from the test pads 220 through the
test pad signal line 221, i.e., supplying touch block test
signal (S4).

After the test signal is applied to the touch blocks of the
pixel array through the touch block test lines, electrical
characteristics of the touch blocks are measured through the
test pads to detect defects of touch blocks or detect defective
touch blocks. Here, the measured electrical characteristics of
the touch blocks may include any one of a capacitance value,
frequency and resistance voltage of a capacitor formed in the
touch blocks (S5).
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FIG. 8A illustrates a glass substrate of a general in-cell
touch OLED display device and FIG. 8B illustrates a glass
substrate of the in-cell touch OLED display device accord-
ing to the present invention.

In a display panel of a general in-cell touch OLED display
device, pads for applying a test signal are formed in an area
around cells for a test through lighting after the cells are
manufactured. Accordingly, a space for forming touch test
pads, touch block test lines, pixel test pads and pixel test
lines is required in a bezel. Since the size of each cell
disposed in a glass substrate C is large, the number of cells
that can be formed in a single glass substrate C decreases.
Accordingly, the efficiency of the glass substrate forming a
panel decreases.

On the other hand, touch test pads for touch block test and
pixel test pads can be shared in the in-cell touch OLED
display device according to the present invention, and thus
the number of required test pads can be reduced and a cell
size is not increased. Accordingly, a larger number of cells
can be formed in the glass substrate C of the in-cell touch
OLED display device according to the present invention.

For example, when the area of the glass substrate is “C”,
20 cells (1A to 5D) can be formed on the glass substrate in
the case of the conventional in-cell touch OLED display
device because the cell size increases, as shown in FIG. 8A.

In the case of the in-cell touch OLED display device
according to the present invention, a cell size is not
increased and thus 30 cells (la to 6¢) can be formed on the
glass substrate C, as shown in FIG. 8B. Accordingly, design
efficiency can be improved and manufacturing costs can be
reduced.

The features, structures and effects described in the afore-
mentioned example of the present application are included
in at least one example of the present application and are not
limited to only one example. Furthermore, features, struc-
tures and effects exemplified in at least one example of the
present application can be combined with other examples or
modified by those skilled in the art. Accordingly, it is
intended that the present invention cover such combination
and modification.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the in-cell touch
organic light-emitting diode display device and the test
method thereof of the present disclosure without departing
from the spirit or scope of the disclosure. Thus, it is intended
that the present disclosure cover the modifications and
variations of this disclosure provided they come within the
scope of the appended claims and their equivalents.

What is claimed is:

1. An organic light-emitting diode (OLED) display
device, comprising:

a pixel array disposed in a pixel area and including data
lines, a plurality of pixels, a plurality of touch sensors
arranged on a first passivation layer, and an encapsu-
lation layer on the plurality of touch sensors;

a plurality of test pads arranged in a bezel area outside the
pixel area and configured to selectively perform a pixel
test and a touch sensor test;

a plurality of pixel test lines and a plurality of touch
sensor test lines connected to the plurality of test pads
and arranged in the pixel array;

a switching part disposed between the plurality of test
pads and the plurality of pixel test lines and the
plurality of touch sensor test lines and configured to
apply a test signal to at least one of the plurality of pixel
test lines and the plurality of touch sensor test lines; and

at least one dam between the pixel area and the bezel area,
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wherein a touch sensor among the plurality of touch

sensors comprises:

a buffer layer;

a metal layer on the buffer layer;

an interlayer insulating layer on the metal layer; and

a second passivation layer on the metal layer, and
wherein the buffer layer and the second passivation layer

extend to the bezel area over the at least one dam.

2. The OLED display device of claim 1, wherein the
plurality of touch sensor test lines are arranged in parallel
with the plurality of pixel test lines.

3. The OLED display device of claim 1, wherein the
plurality of test pads comprise:

a first pad disposed in the bezel area and configured to
provide a control signal for testing pixel operation in
the pixel array to the switching part; and

a second pad disposed in the bezel area and configured to
provide a control signal for testing the touch sensors in
the pixel array to the switching part.

4. The OLED display device of claim 3, further compris-

ing:

a substrate including driving circuits configured to drive
the pixel array and further including the plurality of test
pads and the switching part in the bezel area.

5. The OLED display device of claim 3, wherein the
control signal for testing the touch sensors in the pixel array
is provided to the switching part through the second pad via
a signal transmission line.

6. The OLED display device of claim 3, wherein a touch
routing line is disposed at the first passivation layer.

7. The OLED display device of claim 1, wherein a test
signal applied to each of the plurality of touch sensor test
lines is a constant current.

8. The OLED display device of claim 1, wherein electrical
characteristics of the touch sensor measured by one of the
plurality of test pads include at least one of a capacitance
value, a frequency, and a resistance voltage of a capacitor in
the touch sensor.

9. The OLED display device of claim 8, further compris-
ing:

an OLED in the pixel area,

wherein the OLED and the capacitor share one electrode.

10. The OLED display device of claim 9, wherein the
other electrode of the capacitor is in a form of spaced bars.

11. The OLED display device of claim 9, wherein the
other electrode of the capacitor is disposed on the first
passivation layer.

12. The OLED display device of claim 9, wherein the
capacitor is configured to recognize a capacitance variation
due to fringe field variation thereof caused by a touch and to
serve as a touch sensor.

13. The OLED display device of claim 1, wherein the
metal layer contacts with a source or drain region of a thin
film transistor in the pixel area.

14. The OLED display device of claim 1, wherein the
buffer layer is disposed on the first passivation layer.

15. The OLED display device of claim 1, wherein the first
passivation layer is formed of an organic insulation material
or an inorganic insulation material.

16. The OLED display device of claim 15, wherein the
buffer layer is disposed on the inorganic insulation material
of the first passivation layer.

17. The OLED display device of claim 1, wherein the first
passivation layer is disposed in the entire pixel area.

18. The OLED display device of claim 1, wherein the
encapsulation layer is a substrate provided on one electrode
of the touch sensor.
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19. The OLED display device of claim 18, wherein the
encapsulation layer is formed of a transparent glass material
or a transparent plastic material.

#* #* #* #* #*
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