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(57 ABSTRACT

An organic light emitting display device and a driving
method thereof may turn on first and second transistors,
wherein the first transistor electrically connects a data line
and a first node of a driving transistor that drives an organic
light emitting diode of each sub-pixel, and the second
transistor electrically connects a second node of the driving
transistor and a reference voltage line, and may provide a
detection driving data voltage and a detection driving ref-
erence voltage to the first and second nodes of the driving
transistor, respectively, to perform initialization; may turn
off the first and second transistors to float the first and second
nodes of the driving transistor, and may detect one or more
from among a short and to an open of the organic light
emitting diode by sensing the voltage of the first node or the
second node of the driving transistor.
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND DRIVING METHOD THEREOF

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean Pat-
ent Application No. 10-2017-0138734, filed on Oct. 24,
2017, which is hereby incorporated by reference for all
purposes as if fully set forth herein.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to an organic light
emitting display device and a driving method thereof.

2. Description of the Related Art

[0003] Recently, organic light emitting display devices are
coming into the spotlight as display devices which have
advantages such as fast response rates, high light emitting
efficiency, high luminance, and wide viewing angles because
of the use of an organic light emitting diode which emits
light by itself.

[0004] In organic light emitting display devices, pixels
including organic light emitting diodes are arranged in a
matrix form, and the brightness of pixels selected by a scan
signal is controlled according to the gradation of data.
[0005] In organic light emitting display devices, there is
the possibility that an alien substance, water, or the like is
produced between a first electrode and a second electrode of
an organic light emitting diode or is produced in an electrical
connection wiring that connects the first electrode and the
second electrode, during the manufacturing process before
being sent to the market or after being sent to the market.
[0006] In this instance, the first electrode and the second
electrode in the organic light emitting diode may be shorted
or open, or adjacent organic light emitting diodes are elec-
trically shorted and may not act as diodes.

[0007] When an organic light emitting diode is electrically
shorted, an overcurrent or an abnormal current may flow,
which is a drawback. When the first electrode and the second
electrode are electrically open, a current may not flow to the
organic light emitting diode, which is also a drawback.
[0008] Therefore, a corresponding sub-pixel may not nor-
mally operate. Accordingly, the quality of an image of the
organic light emitting display device may significantly dete-
riorate.

[0009] Recently, various types of electronic devices that
require small display devices, such as a virtual reality
device, an augmented reality device, and the like, have been
provided. Therefore, a micro-display type organic light
emitting display device, which is manufactured to be very
small in size, has been suggested.

[0010] However, it is difficult to check whether the organic
light emitting diode is shorted or open due to the size of the
micro-display type organic light emitting display device.

SUMMARY

[0011] Accordingly, embodiments of the present disclo-
sure are directed to an organic light emitting display device
and a driving method thereof that substantially obviate one
or more of the problems due to limitations and disadvan-
tages of the related art.
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[0012] An aspect of the present disclosure is to provide an
organic light emitting display device and a driving method
thereof, which may detect whether an organic light emitting
diode is open.

[0013] Another aspect of the present disclosure is to
provide an organic light emitting display device and a
driving method thereof, which may detect whether an
organic light emitting diode is shorted.

[0014] Another aspect of the present disclosure is to
provide an organic light emitting display device and a
driving method thereof, which may detect whether a short
occurs between adjacent organic light emitting diodes.
[0015] Another aspect of the present disclosure is to
provide an organic light emitting display device and a
driving method thereof, in which a micro-display type
organic light emitting display device does not have a sepa-
rate pad and determines whether an organic light emitting
diode is open or shorted using an embedded detection
circuit.

[0016] Another aspect of the present disclosure is to
provide an organic light emitting display device and a
driving method thereof, which may reduce the size of a chip
and the manufacturing costs of a micro-display type organic
light emitting display device.

[0017] Another aspect of the present disclosure is to
provide an organic light emitting display device and a
driving method thereof, which may determine whether an
organic light emitting diode is open and shorted before the
organic light emitting display device is packaged, so as to
reduce unnecessary packing costs.

[0018] Another aspect of the present disclosure is to
provide an organic light emitting display device and a
driving method thereof, which may reduce the time
expended for testing the organic light emitting display
device.

[0019] 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
inventive 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.

[0020] To achieve these and other aspects of the inventive
concepts, as embodied and broadly described, an organic
light emitting display device comprises a pixel array in
which a plurality of sub-pixels defined by a plurality of data
lines and a plurality of gate lines are disposed, wherein an
organic light emitting diode, a driving transistor driving the
organic light emitting diode, a first transistor electrically
connecting a first node of the driving transistor and a data
line, a second transistor electrically connecting a second
node of the driving transistor and a reference voltage line,
and a capacitor connecting the first node and the second
node of the driving transistor are disposed in each sub-pixel.
[0021] The organic light emitting display device may
further include: a driving circuit configured to drive the pixel
array; and a detection circuit configured to detect one or
more from among a short and an open of the organic light
emitting diode.

[0022] In the organic light emitting display device, the
driving circuit may provide a detection driving data voltage
and a detection driving reference voltage to the first node
and the second node of the driving transistor, respectively.
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[0023] In the organic light emitting display device, the
detection circuit may detect one or more from among a short
and an open of the organic light emitting diode according to
a voltage of the first node or the second node of the driving
transistor after the first node and the second node of the
driving transistor are floated.

[0024] In the organic light emitting display device, the
detection circuit may include a driving controller configured
to control the driving circuit such that the detection driving
data voltage and the detection driving reference voltage are
provided to the first node and the second node of the driving
transistor, respectively, and the first node and the second
node of the driving transistor are floated.

[0025] In the organic light emitting display device, the
detection circuit may include a sensor configured to sense a
voltage of the first node or the second node of the driving
transistor and to output a sensing value when the sensor is
electrically connected to the first node or the second node of
the driving transistor after the first node and the second node
of the driving transistor are floated.

[0026] In the organic light emitting display device, the
detection circuit may include a determiner configured to
detect one or more from among a short and an open of the
organic light emitting diode, based on the sensing value
output from the sensor.

[0027] In the organic light emitting display device, the
driving circuit may include: a source driving circuit config-
ured to drive the plurality of data lines; a gate driving circuit
configured to drive the plurality of gate lines; and a con-
troller configured to control the source driving circuit and
the gate driving circuit.

[0028] In the organic light emitting display device, the
driving controller may be configured to: perform initializa-
tion by turning on the first transistor so as to provide the
detection driving data voltage corresponding to predeter-
mined gradation data to the first node of the driving tran-
sistor, and turning on the second transistor so as to provide
the detection driving reference voltage to the second node of
the driving transistor; turn off the first and second transistors,
so as to float the first node and the second node of the driving
transistor; and perform control such that the first node or the
second node of the driving transistor is electrically con-
nected to the sensor, after a predetermined period of time
elapses.

[0029] In the organic light emitting display device, the
determiner may be configured to: compare the sensing value
output by the sensor with a reference sensing value obtained
in advance according to the detection driving data voltage in
a normal state in which a short or an open does not occur in
the organic light emitting diode; determine that the organic
light emitting diode is open when the sensing value is at least
a threshold range higher than the reference sensing value;
and determine that the organic light emitting diode is shorted
when the sensing value is at least a threshold range lower
than the reference sensing value.

[0030] In another aspect, in the organic light emitting
display device, the driving circuit may provide different
detection driving data voltages to adjacent sub-pixels from
among the plurality of sub-pixels according to a predeter-
mined data pattern.

[0031] In the organic light emitting display device, the
detection circuit may detect a short error occurring between
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organic light emitting diodes of the adjacent sub-pixels
according to a voltage of the first node or the second node
of the driving transistor.

[0032] In another aspect, there is provided a driving
method of an organic light emitting display device includ-
ing: a pixel array in which a plurality of sub-pixels defined
by a plurality of data lines and a plurality of gate lines are
disposed, wherein an organic light emitting diode, a driving
transistor driving the organic light emitting diode, a first
transistor electrically connecting a first node of the driving
transistor and a data line, a second transistor electrically
connecting a second node of the driving transistor and a
reference voltage line, and a capacitor connecting the first
node and the second node of the driving transistor are
disposed in each sub-pixel; a driving circuit; and a detection
circuit.

[0033] The driving method of the organic light emitting
display device may comprise: performing initialization by
turning on the first transistor so as to provide a detection
driving data voltage corresponding to predetermined grada-
tion data to the first node of the driving transistor, and by
turning on the second transistor so as to provide a detection
driving reference voltage to the second node of the driving
transistor.

[0034] The driving method of the organic light emitting
display device may include: turning off the first and second
transistors after the first node and the second node of the
driving transistor are initialized, so as to float the first node
and the second node of the driving transistor.

[0035] The driving method of the organic light emitting
display device may include: detecting a voltage of the first
node or the second node of the driving transistor within a
predetermined period of time after the first node and the
second node of the driving transistor are floated, and deter-
mining one of a short error and an open error of the organic
light emitting diode.

[0036] In another aspect, the driving method of the organic
light emitting display device may include: performing ini-
tialization by turning on the first transistor so as to provide
different detection driving data voltages to first nodes of
driving transistors of adjacent sub-pixels from among the
plurality of sub-pixels according to a predetermined data
pattern, and by turning on the second transistor so as to
provide a detection driving reference voltage to the second
node of the driving transistor.

[0037] The driving method of the organic light emitting
display device may include: turning off the first and second
transistors after the first node and the second node of the
driving transistor are initialized, so as to float the first node
and the second node of the driving transistor.

[0038] The driving method of the organic light emitting
display device may include: detecting a voltage of the first
node or the second node of the driving transistor within a
predetermined period of time after the first node and the
second node of the driving transistor are floated, and deter-
mining a short error occurring between organic light emit-
ting diodes of the adjacent sub-pixels.

[0039] According to the present embodiments as
described above, there may be provided an organic light
emitting display device and a driving method thereof, which
may detect whether an organic light emitting diode is open.
[0040] Also, according to the present embodiments, there
may be provided an organic light emitting display device
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and a driving method thereof, which may detect whether an
organic light emitting diode is shorted.

[0041] Also, according to the present embodiments, there
may be provided an organic light emitting display device
and a driving method thereof, which may detect whether a
short occurs between adjacent organic light emitting diodes.
[0042] Also, according to the present embodiments, there
may be provided an organic light emitting display device
and a driving method thereof, in which a micro-display type
organic light emitting display device does not have a sepa-
rate pad and determines whether an organic light emitting
diode is open or shorted using an embedded detection
circuit.

[0043] Also, according to the present embodiments, there
may be provided an organic light emitting display device
and a driving method thereof, which may reduce the size of
a chip and the manufacturing costs of a micro-display type
organic light emitting display device.

[0044] Also, according to the present embodiments, there
may be provided an organic light emitting display device
and a driving method thereof, which may determine whether
an organic light emitting diode is open and shorted before
the organic light emitting display device is packaged, so as
to reduce unnecessary packing costs.

[0045] Also, according to the present embodiments, there
may be provided an organic light emitting display device
and a driving method thereof, which may reduce the time
expended for testing the organic light emitting display
device.

[0046] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the inventive concepts as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] The accompanying drawings, which are included
to provide a further understanding of the disclosure and are
incorporated and constitute a part of this application, illus-
trate embodiments of the disclosure and together with the
description serve to explain various principles. In the draw-
ings:

[0048] FIG. 1is a system diagram illustrating an organic
light emitting display device according to the embodiments;
[0049] FIG. 2 is a diagram schematically illustrating the
structure of a micro-display type organic light emitting
display device according to embodiments;

[0050] FIG. 3 is a diagram illustrating structures of sub-
pixels of an organic light emitting display device according
to embodiments;

[0051] FIG. 4 is a diagram illustrating a short occurring in
an organic light emitting diode in a sub-pixel structure of an
organic light emitting display device according to various
embodiments;

[0052] FIG. 5 is a diagram illustrating a detection circuit
of an organic light emitting diode of an organic light
emitting display device according to various embodiments;
[0053] FIG. 6 is a diagram illustrating another sub-pixel
structure of an organic light emitting display device accord-
ing to embodiments;

[0054] FIGS. 7A and 7B are timing diagrams of the period
for detecting an open and a short of an organic light emitting
diode according to various embodiments;
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[0055] FIG. 8 is a diagram illustrating a data pattern for
detecting a short occurring between organic light emitting
diodes of sub-pixels according to various embodiments;

[0056] FIG. 9 is a flowchart illustrating a method of
driving an organic light emitting display device according to
various embodiments; and

[0057] FIGS. 10 to 12 are diagram illustrating pixel array
structures according to various embodiments.

DETAILED DESCRIPTION

[0058] Hereinafter, embodiments of the present disclosure
will be described in detail with reference to the accompa-
nying illustrative drawings. In designating elements of the
drawings by reference numerals, the same elements will be
designated by the same reference numerals although they are
shown in different drawings. Further, in the following
description of the present disclosure, a detailed description
of known functions and configurations incorporated herein
will be omitted when it may make the subject matter of the
present disclosure rather unclear.

[0059] In addition, terms, such as first, second, A, B, (a),
(b) or the like may be used herein when describing compo-
nents of the present disclosure. Each of these terminologies
is not used to define an essence, order or sequence of a
corresponding component but used merely to distinguish the
corresponding component from other component(s). In the
case that it is described that a certain structural element “is
connected to”, “is coupled to”, or “is in contact with”
another structural element, it should be interpreted that
another structural element may “be connected to”, “be
coupled to”, or “be in contact with” the structural elements
as well as that the certain structural element is directly
connected to or is in direct contact with another structural
element.

[0060] FIG. 1 is a system diagram illustrating an organic
light emitting display device according to the present
embodiments.

[0061] Referring to FIG. 1, a organic light emitting display
device 100 according to various embodiments may include:
a pixel array (PXL) in which a plurality of data lines (DLs)
and a plurality of gate lines (GLs) are disposed, and which
includes a plurality of sub-pixels (SPs) defined by the
plurality of data lines (DLs) and the plurality of gate lines
(GLs); a driving circuit for driving the plurality of data lines
(DLs) and the plurality of gate lines (GLs); a controller
(CONT) for controlling the driving circuit; and the like.

[0062] The driving circuit may include a source driving
circuit (SDC) for driving the plurality of data lines (DLs), a
gate driving circuit (GDC) for driving the plurality of gate
lines (GLs), and the like.

[0063] The controller (CONT) supplies various control
signals (DCS or GCS) to the source driving circuit (SDC)
and the gate driving circuit (GDC), so as to control the
source driving circuit (SDC) and the gate driving circuit
(GDC).

[0064] The controller (CONT) starts scanning according
to timing implemented in each frame, converts input image
data input from the outside to be suitable for a data signal
format used in the source driving circuit (SDC), outputs the
converted image data (Data), and controls data driving
according to a proper time based on the scanning.
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[0065] The controller (CONT) may be a timing controller
used in a general display technology, or a control device that
includes the timing controller and further performs another
control function.

[0066] The controller (CONT) may be implemented as an
element separate from the source driving circuit (SDC), and
may be implemented as an integrated circuit in a manner of
being integrated with the source driving circuit (SDC).
[0067] The source driving circuit (SDC) may receive input
of image data from the controller (CONT), and may supply
a data voltage to the plurality of data lines (DLs), thereby
driving the plurality of data lines (DLs). Here, the source
driving circuit (SDC) is also referred to as a data driving
circuit.

[0068] The source driving circuit (SDC) may be imple-
mented, including at least one source driver integrated
circuit (SDIC).

[0069] Each source driver integrated circuit (SDIC) may
include a shift register, a latch circuit, a digital to analog
converter (DAC), an output buffer, and the like.

[0070] Each source driver integrated circuit (SDIC) may
further include an analog to digital converter (ADC) accord-
ing to circumstances.

[0071] The gate driving circuit (GDC) may sequentially
provide a scan signal to the plurality of gate lines (GLs),
thereby sequentially driving the plurality of gate lines (GLs).
Here, the gate driving circuit (GDC) is also referred to as a
scan driving circuit.

[0072] The gate driving circuit (GDC) may be imple-
mented, including at least one gate driver integrated circuit
(GDIC).

[0073] Each gate driver integrated circuit (GDIC) may
include a shift register, a level shifter, and the like.

[0074] The gate driving circuit (GDC) sequentially sup-
plies scan signals of an on-voltage or an off-voltage to the
plurality of gate lines (GLs) under the control of the con-
troller (CONT).

[0075] When a particular gate line is open by the gate
driving circuit (GDC), the source driving circuit (SDC)
converts the image data (DATA) received from the control-
ler (CONT) into an analog-type data voltage and supplies
the converted data voltage to the plurality of data lines
(DLs).

[0076] The source driving circuit (SDC) may be located in
only one side of the pixel array (PXL) (e.g., in the upper
portion or in the lower portion). In some cases, the source
driving circuit (SDC) may be located on both sides (in the
upper portion and the lower portion) of the pixel array (PXL)
according to a driving scheme, a panel design scheme, or the
like.

[0077] The gate driving circuit (GDC) may be located in
only one side of the pixel array (PXL) (e.g., on the left side
or on the right side). In some cases, the gate driving circuit
(GDC) may be located on both sides (e.g., on the left side
and the right side) of the pixel array (PXL) according to a
driving scheme, a panel design scheme, or the like.

[0078] A type of circuit element and the number of circuit
elements included in each sub-pixel (SP) may be variously
determined according to a provided function, a design
scheme, and the like.

[0079] The pixel array (PXL) may exist in a display panel
including a glass substrate and the like, and the source
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driving circuit (SDC), the gate driving circuit (GDC), and
the like may be electrically connected to the display panel in
various schemes.

[0080] That is, in the organic light emitting display device
100, transistors, various electrodes, various signal wirings,
and the like are formed on the glass substrate, whereby a
pixel array (PXL) is formed. Integrated circuits correspond-
ing to driving circuits may be mounted in a printed circuit,
and may be electrically connected to the display panel via
the printed circuit. The existing structure is suitable for
medium and large display devices.

[0081] Recently, demands for small display devices, such
as virtual reality (VR) devices, augmented reality (AR)
devices, and the like have been increased.

[0082] Accordingly, the organic light emitting display
device 100 according to various embodiments may be a
small display device showing an excellent display perfor-
mance or having a structure suitable for electronic devices,
such as a VR device, an AR device, or the like. The small
display device may be a micro-display type organic light
emitting display device, which is manufactured at a very
small size.

[0083] In this instance, for example, a pixel array (PXL),
a source driving circuit (SDC), a gate driving circuit (GDC),
and a controller (CONT) may be disposed together on a
silicon substrate (silicon semi-conductor substrate).

[0084] In the present disclosure, the meaning of “micro”
indicates that the size of a display device is small. or may
indicate that the manufacturing process is minutely executed
although the size of a display device is not small.

[0085] Hereinafter, an electronic device using a micro-
display type organic light emitting display device will be
described.

[0086] FIG. 2 is a diagram schematically illustrating the
structure of a micro-display type organic light emitting
display device according to embodiments.

[0087] Referring to FIG. 2, a micro-display type organic
light emitting display device 200 according to various
embodiments may have a backplane structure in which a
pixel array (PXL) and various driving circuits are formed on
a silicon substrate 210.

[0088] The silicon substrate 210 may be a p-type or an
n-type. In the present disclosure, “p” indicates a hole, and
“n” indicates an electron.

[0089] The silicon substrate 210 may include a pixel array
zone (PAZ) in which a pixel array (PXL) is disposed, and
may include a circuit zone (CZ) in which various driving
circuits are disposed.

[0090] The circuit zone (CZ) of the silicon substrate 210
may be disposed around the pixel array zone (PAZ) of the
silicon substrate 210. For example, the circuit zone (CZ)
may exist on one side, two sides, or three sizes of the pixel
array zone (PAZ), or may exist, enclosing the pixel array
zone (PAZ).

[0091] On the pixel array zone (PAZ) of the silicon
substrate 210, a plurality of sub-pixels (SPs) are arranged,
and in addition, signal wirings for supplying various signals
and voltages to the plurality of sub-pixels (SPs) may be
disposed.

[0092] The signal wirings may include data lines for
transferring a data voltage corresponding to an image signal,
and gate lines for transferring a scan signal (gate signal).
[0093] Also, the signal wirings disposed on the pixel array
zone (PAZ) may further include a driving voltage line for
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transferring a driving voltage. In some cases, a sensing line
for transferring a reference voltage or for sensing a voltage
or the like may be further included.

[0094] Signal wirings disposed on the pixel array zone
(PAZ) may be electrically connected to the driving circuits
disposed on the circuit zone (CZ) of the silicon substrate
210.

[0095] The driving circuits disposed on the circuit zone
(CZ) of the silicon substrate 210 may include a source
driving circuit (SDC) for driving data lines, a gate driving
circuit (GDC) for driving gate lines, and a controller
(CONT) for controlling operations of the source driving
circuit (SDC), the gate driving circuit (GDC), and the like.
[0096] The driving circuits disposed on the circuit zone
(CZ) may further include a power supply circuit (PSC) or the
like used for supplying various signals and voltages required
for driving the sub-pixels (SPs) arranged in the pixel array
(PXL) to other circuits (SDC, GDC, and CONT) or to the
pixel array (PXL).

[0097] Here, the power supply circuit (PSC) may include
a power generator such as a DC-DC converter and the like.
[0098] The driving circuits disposed on the circuit zone
(CZ) of the silicon substrate 210 may further include at least
one interface for performing signal input/output, power
supply, or communication with other electronic elements.
[0099] The interfaces may include one or more from
among, for example, a low-voltage differential signaling
(LVDS) interface, a mobile industry processor interface
(MIPI), a serial interface, and the like.

[0100] Also, a pad unit (not illustrated) including a plu-
rality of pads may be disposed on the circuit zone (CZ) of
the silicon substrate 210, so as to electrically connect the
driving circuits to other electronic elements outside the
silicon substrate 210.

[0101] The plurality of pads of the pad unit may be used
for performing signal input/output, power supply, or com-
munication. The pad unit may be disposed on one side of the
silicon substrate 210, or may be dispersively disposed in
various locations. When the pad unit is disposed in an edge
of the silicon substrate 210, electrical connection to other
electric elements and designing the disposition of the driving
circuits may be readily performed.

[0102] As described above, the micro-display type organic
light emitting display device 200 may form all of a pixel
array (PXL) and driving circuits, such as a source driving
circuit (SDC), a gate driving circuit (GDC), a controller
(CONT), a power supply circuit (PSC), and the like, on the
silicon substrate 210, whereby the size of a device may be
decreased and the manufacturing process may be easily and
quickly performed.

[0103] The gate driving circuit (GDC) may exist on one
side of the pixel array (PXL), or may exist on both sides (on
the left side and the right side or in the upper portion and the
lower portion) of the pixel array (PXL).

[0104] Also, the source driving circuit (SDC) may exist on
one side of the pixel array (PXL), or may exist on both sides
(on the left side and the right side or in the upper portion and
the lower portion) of the pixel array (PXL).

[0105] When a single source driving circuit (SDC) is
disposed on one side (e.g., in the upper portion) of the pixel
array (PXL) in the micro-display type organic light emitting
display device 200, the controller (CONT) may be disposed
in the other side (e.g., in the lower portion) of the pixel array
(PXL) as illustrated in FIG. 2.

Apr. 25,2019

[0106] However, when the source driving circuit (SDC) is
disposed on both sides of the pixel array (PXL), the con-
troller (CONT) may be disposed in the opposite side of the
pixel array (PXL) from the gate driving circuit (GDC).
[0107] That is, the location of the controller (CONT)
maybe variously controlled.

[0108] In the micro-display type organic light emitting
display device, various circuit devices of a sub-pixel includ-
ing a driving transistor (DRT) are formed on the silicon
substrate 210, and then an organic light emitting diode
(OLED) may be formed via a disposition or coherent
scheme.

[0109] The whole or some of the micro-display type
organic light emitting display device 200 according to the
various above-described embodiments may be manufac-
tured via a process of manufacturing a silicon wafer.

[0110] From the perspective of view, the whole or some of
the micro-display type organic light emitting display device
200 according to various embodiments may be a type of
integrated circuit which is made via a process of manufac-
turing a silicon wafer (semiconductor processing).

[0111] Therefore, the whole or some of the micro-display
type organic light emitting display device 200 according to
embodiments may be referred to as a display integrated
circuit.

[0112] As described above, the micro-display type organic
light emitting display device 200 according to various
embodiments may be minutely and easily manufactured
since the whole or parts thereof are made via the process of
manufacturing a silicon wafer.

[0113] The pixel array (PXL) including transistors on the
pixel array zone (PAZ) of the silicon substrate 210 and the
driving circuits including transistors on the circuit zone (CZ)
of the silicon substrate 210 may be manufactured via the
same process.

[0114] Also, in the micro-display type organic light emit-
ting display device 200, various lines, such as a data line
(DL), a gate line (GL), a power supply line, and the like may
be manufactured on the silicon substrate 210, together with
the pixel array (PXL) and the driving circuits.

[0115] FIG. 3 is a diagram illustrating structures of sub-
pixels of an organic light emitting display device according
to embodiments.

[0116] (a) to (d) of FIG. 3 are diagrams illustrating dif-
ferent sub-pixel structures.

[0117] Referring to FIG. 3, in the organic light emitting
display device 100 and 200 according to various embodi-
ments, each sub-pixel (SP) may be implemented, including
an organic light emitting diode (OLED), a driving transistor
(DRT) for driving the organic light emitting diode (OLED),
a first transistor (T1) electrically connecting a first node (N1)
of the driving transistor (DRT) and a data line (DL), and a
capacitor (Cst) electrically connecting the first node (N1)
and a second node (N2) of the driving transistor (DRT).
[0118] The organic light emitting diode (OLED) may
include a first electrode (e.g., an anode electrode or a
cathode electrode), an organic light emitting layer, a second
electrode (e.g., a cathode electrode or an anode electrode),
and the like.

[0119] The first electrode of the organic light emitting
diode (OLED) may be electrically connected to the second
node (N2) or a third node (N3) of the driving transistor



US 2019/0122616 Al

(DRT). A low voltage (VEL) or a driving voltage (VDD)
may be provided to the second electrode of the organic light
emitting diode (OLED).

[0120] Here, the low voltage (VEL) and the driving volt-
age (VDD) may be a kind of common voltage that is
provided to all sub-pixels (SPs). For example, the low
voltage (VEL) may be a ground voltage.

[0121] The driving transistor (DRT) may supply a driving
current (Ioled) to the organic light emitting diode (OLED),
thereby driving the organic light emitting diode (OLED).
[0122] The driving transistor (DRT) may have the first
node (N1), the second node (N2), and the third node (N3).
[0123] The first node (N1) of the driving transistor (DRT)
is a node corresponding to a gate node, and may be elec-
trically connected to a source node or a drain node of the first
transistor (T1).

[0124] The capacitor (Cst) electrically connects the first
node (N1) and the second node (N2) of the driving transistor
(DRT), and may maintain a data voltage (Vdata) correspond-
ing to an image signal voltage, or a voltage corresponding to
thereto during one frame time.

[0125] Here, the capacitor (Cst) is an intentionally
designed external capacitor outside the driving transistor
(DRT) rather than a parasitic capacitor (e.g., Cgs or Cgd)
corresponding to an internal capacitor existing between the
second node (N2) and the first node (N1) of the driving
transistor (DRT).

[0126] The second node (N2) or the third node (N3) of the
driving transistor (DRT) may be electrically connected to the
first electrode of the organic light emitting diode (OLED),
and may be a source node or a drain node.

[0127] The third node (N3) or the second node (N2) of the
driving transistor (DRT) is a node to which a driving voltage
(VDD) or a low voltage (VEL) is provided, may be elec-
trically connected to a driving voltage line (DVL) for
supplying a driving voltage (VDD) or a low voltage line
(EVL) for supplying a low voltage (VEL), and may be a
drain node or a source node.

[0128] The driving transistor (DRT) may be a n-type
transistor or a p-type transistor.

[0129] (a) and (b) of FIG. 3 are diagrams illustrating
sub-pixel structures in which a driving transistor (DRT) is an
n-type transistor.

[0130] (a) of FIG. 3 illustrates a sub-pixel structure in
which an organic light emitting diode (OLED) is disposed
between the second node (N2) of the driving transistor
(DRT) and a low voltage (VEL). (b) of FIG. 3 illustrates a
sub-pixel structure in which an organic light emitting diode
(OLED) is disposed between the third node (N3) of the
driving transistor (DRT) and a driving voltage (VDD).
[0131] (c) and (d) of FIG. 3 are diagrams illustrating
sub-pixel structures in which a driving transistor (DRT) is a
p-type transistor. Since the driving transistor (DRT) is a
p-type transistor, an organic light emitting diode (OLED) is
disposed between the third node (N3) of the driving tran-
sistor (DRT) and a low voltage (VEL) in (c) of FIG. 3, and
an organic light emitting diode (OLED) is disposed between
the second node (N2) of the driving transistor (DRT) and a
driving voltage (VDD) in (d) of FIG. 3.

[0132] The first transistor (1) may be controlled to be
turned on or off by receiving a first scan signal (SCANT)
from a gate node via a gate line.

[0133] The first transistor (T1) is turned on by the first
scan signal (SCAN1), and may transfer a data voltage
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(Vdata) supplied via a data line (DL) to the first node (N1)
of the driving transistor (DRT).

[0134] The first transistor (T1) may be referred to as a
switching transistor.

[0135] As described above, each sub-pixel (SP) illustrated
in (a) to (d) of FIG. 3 may have a 2T (Transistor) 1C
(Capacitor) structure which includes two transistors (DRT,
T1) and one capacitor (Cst) for driving an organic light
emitting diode (OLED).

[0136] The sub-pixel structure (2T1C structure) illustrated
in (a) to (d) of FIG. 3 are merely examples for ease of
understanding, but a sub-pixel (SP) structure may further
include one or more transistors, or may further include one
or more capacitors according to function, panel structure, or
the like.

[0137] Also, depending on cases, each of a plurality of
sub-pixels of a pixel array (PXL) may be provided in the
same structure, and some of the plurality of sub-pixels may
be provided in different structures.

[0138] In the structures of sub-pixels of the organic light
emitting display device, as illustrated in (a) to (d) of FIG. 3,
when an open occurs between an organic light emitting layer
and the first electrode or the second electrode of the organic
light emitting diode (OLED) or an open occurs between an
electrical wiring and the first electrode or the second elec-
trode, the organic light emitting diode may not act as a
diode.

[0139] When the organic light emitting diode (OLED) is
open, a current may not flow or a meager current may flow.
Therefore, the organic light emitting diode (OLED) may not
emit light, and a corresponding sub-pixel may abnormally
operate.

[0140] FIG. 4 is a diagram illustrating a short occurring in
an organic light emitting diode (OLED) in a sub-pixel
structure of an organic light emitting display device accord-
ing to various embodiments.

[0141] An alien substance, water, or the like may be
produced between a first electrode and a second electrode of
the organic light emitting diode (OLED), during the manu-
facturing process before being sent to the market or after
being sent to the market.

[0142] In this instance, the organic light emitting diode
(OLED) may be shorted.

[0143] The short of the organic light emitting diode
(OLED) may occur as a short occurs between first electrodes
or second electrodes of organic light emitting diodes
(OLED:s) of adjacent sub-pixels SP1 and SP2, as illustrated
in (a) of FIG. 4. As illustrated in (b) of FIG. 4, a short may
occur between a first electrode and a second electrode of an
organic light emitting diode (OLED) in a single sub-pixel
(SP).

[0144] When an organic light emitting diode (OLED) is
shorted, an over current flows or an abnormal current flows,
whereby a corresponding sub-pixel may abnormally operate.
[0145] Therefore, when the organic light emitting diode
(OLED) is shorted or open, the quality of an image of the
organic light emitting display device may significantly dete-
riorate.

[0146] Particularly, when the organic light emitting diode
(OLED) is formed via a disposition or coherent scheme, a
short error or an open error of the organic light emitting
diode (OLED) may more frequently occur. That is, in the
micro-display type organic light emitting display device
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200, a short error or an open error of an organic light
emitting diode (OLED) may more frequently occur.

[0147] However, in the micro-display type organic light
emitting display device 200, it is difficult to electrically
connect each line to an external device (e.g., a measuring
device). In order to connect each line to the external device,
a plurality of pads (PADs) may be needed. The pads (PADs)
may significantly affect the size of the micro-display type
organic light emitting display device 200, and thus, the pads
need to be minimized to improve productivity.

[0148] Therefore, it is difficult for an external device to
determine whether an organic light emitting diode (OLED)
is shorted or open, by being electrically connected to the
micro-display type organic light emitting display device
200. Also, this may be a factor that increases costs.

[0149] Also, the micro-display type organic light emitting
display device 200 is a small display device, and visual
examination thereof may not be easy.

[0150] Accordingly, an organic light emitting display
device may internally determine whether an organic light
emitting diode (OLED) is shorted or open in the present
embodiments.

[0151] Although FIG. 4 has illustrated a short occurring in
an organic light emitting diode (OLED) based on the sub-
pixel structure illustrated in (a) of FIG. 3, the same type of
short may occur in the sub-pixel structures illustrated in (b)
to (d) of FIG. 3.

[0152] FIG. 5 is a diagram illustrating a detection circuit
of an organic light emitting diode of an organic light
emitting display device according to various embodiments.
[0153] FIG. 5 illustrates a sub-pixel structure including an
additional transistor for determining a short and an open of
organic light emitting diode (OLED), and the configuration
of a detection circuit 510, 520.

[0154] (a) of FIG. 5 illustrates an example of a 3T (Tran-
sistor) 1C (Capacitor) structure, in which a single sub-pixel
(SP) further includes a second transistor (T2) that electri-
cally connects a second node (N2) of a driving transistor
(DRT) and a reference voltage line (RVL).

[0155] FIG. 5 illustrates an example of a sub-pixel struc-
ture that includes an additional transistor in the sub-pixel
structure of (a) of FIG. 3. The sub-pixel structures of (b) to
(d) of FIG. 3 may be also configured to additionally include
a transistor, so as to determine a short or an open of an
organic light emitting diode (OLED).

[0156] In FIG. 5, the second transistor (12) is electrically
connected between the second node (N2) of the driving
transistor (DRT) and the reference voltage line (RVL), and
may be provided with a first scan signal (SCAN1) via a gate
node, whereby the second transistor (T2) may be controlled
to be turned on or off.

[0157] A drain node or a source node of the second
transistor (T2) is electrically connected to the reference
voltage line (RVL), and the source node or the drain node of
the second transistor (T2) may be electrically connected to
the second node (N2) of the driving transistor (DRT).
[0158] For example, the second transistor (12) may be
turned on during a display driving time period, and may be
turned on during a sensing driving time period defined for
sensing a characteristic of the driving transistor (DRT) or a
characteristic of the organic light emitting diode (OLED).
[0159] Also, the second transistor (T2) may be turned on
at a test mode defined for detecting a short or an open of the
organic light emitting diode (OLED).
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[0160] The second transistor (T2) may be turned on by a
first scan signal (SCAN1) at a corresponding driving timing,
and may transfer a reference voltage (Vref), which is sup-
plied to a reference voltage line (RVL), to the second node
(N2) of the driving transistor (DRT).

[0161] Also, the second transistor (T2) may be turned on
by a first scan signal (SCAN1) at another driving timing, and
may transfer a voltage of the second node (N2) of the driving
transistor (DRT) to the reference voltage line (RVL).
[0162] In this instance, a sensor (e.g., an analog-digital
converter or the like) that is elecliically connected to the
reference voltage line (RVL) may measure the voltage of the
second node (N2) of the driving transistor (DRT) via the
reference voltage line (RVL).

[0163] In other words, the second transistor (T2) may
control the voltage state of the second node (N2) of the
driving transistor (DRT), or may transfer the voltage of the
second node (N2) of the driving transistor (DRT) to the
reference voltage line (RVL).

[0164] The first scan signal (SCAN1) may have a turn-on
level voltage (e.g., a high-level voltage (VGH) or a low level
voltage (VGL)) that is capable of turning on the first
transistor (T1) and second transistor (T2), or may have a
turn-off level voltage (e.g., a low-level voltage (VGL) or a
high-level voltage (VGH)) that is capable of turning off the
first transistor (T1) and second transistor (T2).

[0165] In (a) of FIG. 5, a sensor 511 of a detection circuit
510 may be electrically connected to the reference voltage
line (RVL), and may measure the voltage of the reference
voltage line (RVL). The sensor 511, for example, may be
implemented as an analog-to-digital converter (ADC), and
may output a voltage measurement value (digital value).
[0166] The sensor 511 may be embedded in a source
driver integrated circuit.

[0167] The detection circuit 510 may further include a
determiner 512 that determines whether a short and an open
occurs between the first electrode and the second electrode
of the organic light emitting diode (OLED), based on the
voltage measurement value output from the sensor 511.
[0168] Using the determiner 512, whether the organic
light emitting diode (OLED) is shorted or open may be
accurately detected using a voltage measurement value
obtained via driving for detecting a short of the organic light
emitting diode.

[0169] In order to detect an open and a short of the organic
light emitting diode (OLED), the detection circuit 510 may
further include a driving controller 513 that controls a gate
driving circuit (GDC) and a source driving circuit (SDC)
such that a designated voltage is provided to the first node
(N1) and the second node (N2) of the driving transistor
(DRT) and then the first node (N1) and the second node (N2)
are floated.

[0170] The determiner 512 and the driving controller 513
may be implemented in a manner of being included in the
controller (CONT).

[0171] Also, the detection circuit 510 may further include
amemory (not illustrated) for storing a voltage measurement
value output from the sensor 511 or a detection result from
the determiner 512. The memory may store a voltage
measurement value or a detection result, together with
location information of a corresponding sub-pixel.

[0172] Therefore, the organic light emitting display device
100 and 200 according to the present embodiments may
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store and update location information of a sub-pixel, of
which an organic light emitting diode (OLED) has a shott or
an open.

[0173] Using the location information of the sub-pixel, of
which the organic light emitting diode has a short or an open,
a pixel array (PXL) may be repaired.

[0174] (b) of FIG. 5 illustrates an example of a 4T
(Transistors) 1C (Capacitor) structure, which further
includes a third transistor (T3) in addition to a second
transistor (T2).

[0175] In(b) of FIG. 5, the third transistor (T3) electrically
connects a second node (N2) of a driving transistor (DRT)
and a data line (DL).

[0176] In (b) of FIG. 5, the third transistor (T3) may be
turned on by a second scan signal (SCAN2) at a correspond-
ing driving timing, and may transfer a voltage of the second
node (N2) of the driving transistor (DRT) to the data line
(DL).

[0177] In this instance, a sensor 521 that is electrically
connected to the data line (DL) may measure the voltage of
the second node (N2) of the driving transistor (DRT) via the
data line (DL).

[0178] Like the detection circuit 510 of (a) of FIG. 5, a
detection circuit 520 of (b) of FIG. 5 may include the sensor
521, and may further include a determiner 522 and a driving
controller 523. However, the sensor 521 of the detection
circuit 520 of (b) of FIG. 5 may be electrically connected to
the data line (DL), and may measure the voltage of the data
line (DL).

[0179] FIG. 6 is a diagram illustrating another sub-pixel
structure of an organic light emitting display device accord-
ing to embodiments.

[0180] FIG. 6 illustrates a 4T (Transistor)1C (Capacitor)
sub-pixel structure, which further includes a third transistor
(T3), like (b) of FIG. 5. However, in the sub-pixel of FIG.
6, the third transistor (T3) electrically connects a first node
(N1) of a driving transistor (DRT) and a data line (DL).
[0181] Therefore, the sub-pixel structure of FIG. 6 may be
configured to transmit the voltage of the first node (N1) of
the driving transistor (DRT) via the data line (DL), unlike
the sub-pixel structure of FIG. 5 which is configured to
transfer the voltage of the second node (N2) of the driving
transistor (DRT).

[0182] That is, in the sub-pixel structure of FIG. 6, the
voltage of the first node (N1) of the driving transistor (DRT)
may be measured via the data line (DL).

[0183] A detection circuit 620 of FIG. 6 may also include
a sensor 621, and may further include a determiner 622 and
a driving controller 623. Also, the sensor 621 may be
electrically connected to the data line (DL) in the same
manner as the detection circuit 520 of (b) of FIG. 5, and may
measure the voltage of the data line (DL).

[0184] Although FIGS. 5 and 6 illustrate that a first scan
signal (SCANT1) is provided to a gate of the second transistor
(T2), which is the same scan signal as that of the transistor
(T1), a scan signal, which is different from a scan signal for
the first transistor (T1), may be provided to the gate of the
second transistor (12).

[0185] FIGS.7A and 7B are timing diagrams of the period
for detecting an open and a short of an organic light emitting
diode according to various embodiments.

[0186] An organic light emitting display device according
to the present embodiments may perform detecting an open
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or a short of an organic light emitting diode after the organic
light emitting diode (OLED) is formed via a disposition or
coherent scheme.

[0187] Particularly, an operation of detecting an open or a
short of the organic light emitting diode (OLED) may be
performed after the organic light emitting diode (OLED) is
formed on the silicon substrate 210 in the micro-display type
organic light emitting display device 200 and before the
organic light emitting display device 200 is packaged.
[0188] That is, an open and a short of the organic light
emitting diode is determined before the organic light emit-
ting display device is packaged, and thus, unnecessary
package costs may be reduced. The operation of detecting an
open or a short of the organic light emitting diode may be
performed after the organic light emitting display device is
packaged.

[0189] FIG. 7A is a diagram illustrating a sensing timing
of an organic light emitting display device according to the
present embodiments.

[0190] Referring to FIG. 7A, when a power-on-signal is
generated, the organic light emitting display device accord-
ing to the present embodiments may perform an operation of
detecting an open or a short of an organic light emitting
diode. The sensing process is referred to as an on-sensing
process.

[0191] Also, when a power-off-signal is generated, an
operation of detecting an open or a short of the organic light
emitting diode may be performed before an off-sequence,
such as a power down or the like, is performed. The sensing
process is referred to as an off-sensing process.

[0192] Also, during the period from when a power-on-
signal is generated until a power-off-signal is generated, the
operation of detecting an open or a short of the organic light
emitting diode may be performed for each blank time even
through a display is driving. The sensing process is referred
to as a real-time sensing process.

[0193] The real-time sensing process may be performed
for each blank time between active times, based on a vertical
synchronization signal (Vsync).

[0194] When the operation of detecting an open or a short
of the organic light emitting diode is performed via the
real-time sensing process, a user may recognize the same as
a flicker, and the quality of image may deteriorate.

[0195] Accordingly, the operation of detecting an open or
a short of the organic light emitting diode may be performed
via the on-sensing process or the off-sensing process.
[0196] As described above, as an organic light emitting
diode detection period starts after a power-on-signal is
generated or a power-off-signal is generated, the operation
of detecting the organic light emitting diode may be per-
formed without disturbing a user.

[0197] FIG. 7B illustrates a change in the voltages of a
first node (N1) and a second node (N2) of a driving transistor
(DRT) at each of an initialization period S710, a floating
period 8720, and a detection period S730 in the period for
detecting an open and a short of the organic light emitting
diode.

[0198] Referring to FIG. 7B, the period of detecting an
open and a short of the organic light emitting diode may
include the initialization period S710, the floating period
S720, and the detection period S730.

[0199] The initialization period S710 is a period in which
the second node (N2) of the driving transistor (DRT) is
initialized to have a detection driving reference voltage



US 2019/0122616 Al

(Vref) of a predetermined voltage, and the first node (N1) of
the driving transistor (DRT) is initialized to have a detection
driving data voltage (Vdata) corresponding to predeter-
mined gradation data.

[0200] The floating period S720 is a period in which the
first node (N1) and the second node (N2) of the driving
transistor (DRT) are floated such that the voltages of the first
node (N1) and the second node (N2) of the driving transistor
(DRT) can be changed according to whether the organic
light emitting diode (OLED) is shorted or open.

[0201] The detection period S730 is a period in which the
sensor 511, 521, and 621 measures the voltage of the first
node (N1) or the second node (N2) of the driving transistor
(DRT) via a reference voltage line (RVL) or a data line (DL).
[0202] The determiner 512, 522, and 622 may determine
whether the organic light emitting diode (OLED) of a
corresponding sub-pixel (SP) is shorted or open, using a
voltage measurement value obtained in the detection period
8730.

[0203] In FIG. 7B, on the assumption that the voltage of
the first node (N1) of the driving transistor (DRT) is sensed
by the sensor 621 with reference to FIG. 6, the voltage of the
first node (N1) of the driving transistor (DRT) is expressed
as a sensing voltage (Vsen) and the voltage of the second
node (N2) is expressed as a Vn2.

[0204] Hereinafter, based on the sub-pixel structure of
FIG. 6, a method of detecting a short or an open of an
organic light emitting diode (OLED) will be described with
reference to FI1G. 7B. Preferentially, a method of detecting
an open of an organic light emitting diode (OLED) and a
method of detecting a short of an organic light emitting
diode (OLED) in each sub-pixel (SP) will be described.
[0205] In the initialization period S710, a first transistor
(T1) and a second transistor (T2) are turned on based on a
first scan signal (SCAN1). A third transistor (T3) is turned
off based on a second scan signal (SCAN2).

[0206] The turned-on first transistor (T1) electrically con-
nects a data line (DL) and the first node (N1) of the driving
transistor (DRT). In this instance, a detection driving data
voltage corresponding to predetermined gradation data is
provided to the data line (DL).

[0207] Therefore, the first node (N1) of the driving tran-
sistor (DRT) is initialized to have the detection driving data
voltage during the initialization period S710.

[0208] When detecting a short or an open of the organic
light emitting diode is performed, the first node (N1) of the
driving transistor (DRT) may be initialized to have, for
example, a detection driving data voltage corresponding to
the maximum gradation data.

[0209] When it is assumed that the gradation data has a
level ranging from 0 to 255 and the organic light emitting
diode (OLED) of a sub-pixel (SP) has the maximum bright-
ness at a level of 255, the maximum gradation data may be
the gradation data at a level of 255 (gamma,255). In this
instance, a data voltage may be the maximum gradation data
voltage (V,ma, 255)- That is, a detection driving data
voltage (Vdata) may be set to the maximum gradation data
VOhage (Vgamma, 255)'

[0210] The voltage level of the detection driving data
voltage that initializes the first node (N1) of the driving
transistor (DRT) is not limited. However, the detection
driving data voltage is set to the maximum gradation data
voltage (V,, ) such that a short or an open of the

amma, 255

organic light emitting diode is readily detected.
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[0211] Also, in the initialization period S710, the turned-
on second transistor (T2) electrically connects the second
node (N2) of the driving transistor (DRT) and a reference
voltage line (RVL). A detection driving reference voltage is
provided to the reference voltage line (RVL). Therefore, the
second node (N2) of the driving transistor (DRT) may be
initialized to have the detection driving reference voltage
(Vref).

[0212] Therefore, the voltages (Vnl=Vdata, Vn2) of the
first node (N1) and the second node (N2) of the driving
transistor (DRT) which are initialized in the initialization
period S710, and the quantity of electronic charge (QC)
charging a capacitor (Cst) may be calculated as shown in
Equation 1.

V gata=V gamma2s5 Viiz=Vyep OcC*(V g Vref) =C*
(V gamma,255= Vrep)[Equation 1]

[0213] Subsequently, in the floating period S720, the first
transistor (T1) and the second transistor (T2) are turned off
according to a first scan signal (SCAN1), and the third
transistor (13) remains in a turned-off state according to a
second scan signal (SCAN2).
[0214] Since the first to third transistors T1 to T3 are in the
turned-off state, the first node (N1) and the second node (N2)
of the driving transistor (DRT) are in the floating state.
[0215] Although the first node (N1) and the second node
(N2) are in the floating state, the driving transistor (DRT)
may remain in the turned-on state due to the quantity of
electronic charge (Qc) in the capacitor (Cst), as shown in
Equation 1. Therefore, a driving voltage (VDD) may be
provided to the organic light emitting diode (OLED) via the
second node (N2).
[0216] A current (Ioled) flowing through the organic light
emitting diode (OLED), a voltage (Vd) provided to the
organic light emitting diode (OLED), and a gate-source
voltage (Vgs) which is a voltage between the first node (N1)
and the second node (N2) of the driving transistor (DRT)
may be calculated as shown in Equation 2.

w [Equation 2]

o
Loted = Lsotea #€'4™T = ZpCor— (Vs = Vi),
ted = Ispled %€ FH L( s = Vin)

V= nVyl L ch V)?
a=n Tnmﬂ OXI( s — Vi) |s

Vgs = Vgamma,255 - Vref

[0217] Here, Is.oled denotes the reverse bias saturation
current of the organic light emitting diode (OLED). n
denotes an ideality factor. VT denotes the thermal voltage of
the organic light emitting diode (OLED). p and Cox denote
the average degree of surface migration and the gate oxide-
film size of the driving transistor (DRT), respectively. L and
W denote the length and the width of a channel of the driving
transistor (DRT), respectively.

[0218] In the detection period S730, the first transistor
(T1) and the second transistor (T2) remain in the turned-off
state according to a first scan signal (SCANT1), and the third
transistor (T3) is turned on according to a second scan signal
(SCAN2).

[0219] That is, the first node (N1) of the driving transistor
(DRT) and the data line (DL) are electrically connected. The
sensor 621 may measure the voltage of the first node (N1)
of the driving transistor (DRT) via the data line (DL).
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[0220] 1In the normal state in which a short or an open does
not occur in the organic light emitting diode (OLED), a
sensing value (Vsen) which is a voltage value measured by
the sensor 621 is the sum of the voltage (Vd) provided to the
organic light emitting diode (OLED) and the gate-source
voltage (Vgs) of the driving transistor (DRT). Accordingly,
the sensing value (Vsen) may be measured as a voltage
according to Equation 3.

Vien = Va + Vs = Vi + (Voammass = Vier) = [Equation 3]

1 w
anln ﬁﬂcoxz(vgx - Vrh)2 + (vgamma,255 - Vref)

[0221] The sensing value (Vsen) measured when the
organic light emitting diode (OLED) is in the normal state
according to Equation 3 is a reference sensing value. The
reference sensing value may be calculated or measured in
advance and may be stored in the memory or the like.
[0222] When an open occurs in the organic light emitting
diode (OLED), a current supplied to the organic light
emitting diode (OLED) via the turned-on driving transistor
(DRT) may not flow. Accordingly, the voltage of the first
electrode of the organic light emitting diode (OLED), that is,
the voltage (Vn2) of the second node (N2) of the driving
transistor (DRT) may increase.

[0223] When the voltage (Vn2) of the second node (N2) of
the driving transistor (DRT) increases, the voltage
(Vnl=Vsen) of the first node (N1) of the driving transistor
(DRT), which is connected to the second node (N2) via the
capacitor (Cst), may also increase according to the conser-
vation law of electrical charge.

[0224] The voltage (Vn2) of the second node (N2) of the
driving transistor (DRT) continuously increases until the
current does not flow to the driving transistor (DRT). In this
instance, the driving transistor (DRT) may operate in a triode
region (also referred to as a linear region).

[0225] Due to the driving transistor (DRT) operating in the
triode region, the current (I,,,,,.) that flows to the organic
light emitting diode (OLED) becomes 0 as shown in Equa-
tion 4, and the voltage (Vn2) of the second node (N2) of the
driving transistor (DRT) becomes a driving voltage (VDD)
level.

1 w [Equation 4]
qf
Lo trioge = 3 HCpx a (Vs = Vi) Vs =

1w
E/’lcoxz(vgamma,ZSS - vref - Vrh)* (VDD - VnZ) = 07

Va2 = VDD, (Veamma2ss = Veer > Vi)

[0226] Therefore, a sensing value (Vasen) measured by the
sensor 621 in the state in which the organic light emitting
diode (OLED) is open may be measured as a voltage
according to Equation 5.

Vo sen= VDDV garuma255 Vref)
[0227] Comparing Equation 3 and Equation 5, it is rec-
ognized that the sensing value V, ) measured by the
sensor 621 in the state in which the organic light emitting

diode (OLED) is open increases by a difference between Vd
and VDD as illustrated in FIG. 7B.

[Equation 5]
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[0228] Therefore, the determiner 622 may determine that
the organic light emitting diode (OLED) of a corresponding
sub-pixel (SP) is open when the voltage level of the current
sensing value (Vsen) increases at least a predetermined
threshold range higher than the reference sensing value that
is measured and stored in advance when the organic light
emitting diode (OLED) is in the normal state according to
Equation 3.

[0229] As illustrated in FIG. 7B, on the assumption that a
short occurs between the first electrode and the second
electrode of the organic light emitting diode (OLED), the
voltage (Vn2) of the second node (N2) of the driving
transistor (DRT) may be the voltage level (V,,+Vy;) of a
low voltage (VEL). That is, the voltage (Vn2) of the second
node (N2) of the driving transistor (DRT) may decrease
when compared to the voltage when the organic light
emitting diode (OLED) is in the normal state.

[0230] As illustrated in FIG. 7B, the voltage (Vnl1=Vsen)
of the first node (N1) of the driving transistor (DRT), which
is connected via the capacitor (Cst), may also decrease
according to the conservation law of electric charge.
[0231] Therefore, a sensing value (Vs.sen) measured by
the sensor 621 in the state in which the organic light emitting
diode (OLED) is shorted may be measured as a voltage
according to Equation 6.

Vosen=Vu1=Vaata=Vvert VELIEquation 0)

[0232] Therefore, the determiner 622 may determine that
the organic light emitting diode (OLED) of a corresponding
sub-pixel (SP) is shorted when the voltage level of the
current sensing value (Vs.sen) decreases at least a predeter-
mined threshold range lower than the reference sensing
value that is measured and stored in advance when the
organic light emitting diode (OLED) is in the normal state
according to Equation 3.

[0233] It has been described that the detection circuit 620
senses the voltage of the first node (N1) of the driving
transistor (DRT) based on the sub-pixel structure of FIG. 6,
so as to detect an open or a short of the organic light emitting
diode (OLED).

[0234] However, even in the case in which the detection
circuit 510 and 520 is configured to sense the voltage of the
second node (N2) of the driving transistor (DRT) as shown
in the sub-pixel structures of (a) and (b) of FIG. 5, the
detection circuit 510 and 520 may readily detect an open or
a short of the organic light emitting diode (OLED) from a
change in the voltage level of the second node (N2) as
illustrated in FI1G. 7B.

[0235] As illustrated in (a) of FIG. 4, a short of the organic
light emitting diode (OLED) in the organic light emitting
display device may include a short occurring between
organic light emitting diodes (OLEDs) of sub-pixels
arranged close to each other.

[0236] However, as described above, when the same
detection driving data voltage (Vdata) is provided to all
sub-pixels in the initialization period S710, a sensing value
(Vsen) according to Equation 3 may be measured, like the
case of the normal state. Therefore, it is difficult to determine
whether a short occurs between the organic light emitting
diodes (OLEDs) of sub-pixels arranged close to each other.
[0237] Therefore, in the case of detecting whether a short
occurs between organic light emitting diodes (OLEDs) of
sub-pixels arranged close to each other, the present embodi-
ments provide different detection driving data voltages to
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adjacent sub-pixels from among a plurality of sub-pixels of
a pixel array (PXL) according to a predetermined data
pattern during the initialization period S710.

[0238] FIG. 8 is a diagram illustrating a data pattern for
detecting the occurrence of a short between organic light
emitting diodes of sub-pixels according to various embodi-
ments.

[0239] Although FIG. 8 illustrates, for example, a pixel
structure in which a red (R) sub-pixel, a green (G) sub-pixel,
and a blue (B) sub-pixel form a single pixel in a pixel array
(PXL), four sub-pixels may form a single pixel. For
example, the four sub-pixels may be sub-pixels that emit a
red (R) light, a green (G) light, a blue (B) light, and a white
(W) light, respectively.

[0240] Also, although FIG. 8 illustrates that sub-pixels for
each color may be arranged in a row or a column, the
sub-pixels for each color may be arranged according to a
predetermined pattern.

[0241] In FIG. 8, a data pattern may be configured such
that different detection driving data voltages are provided to
adjacent sub-pixels, irrespective of the color of each sub-
pixel.

[0242] Here, a first detection driving data voltage corre-
sponding to predetermined first gradation data may be
provided to some sub-pixels, and a second detection driving
data voltage corresponding to predetermined second grada-
tion data may be provided to the remaining adjacent sub-
pixels.

[0243] Here, the first gradation data and the second gra-
dation data are not limited to predetermined data values.
However, in order to readily detect a short occurring
between organic light emitting diodes, it is preferable that
the first gradation data and the second gradation data are set
to have a big difference therebetween.

[0244] When at least one of the first gradation data and the
second gradation data is set to the minimum gradation data
(gamma, 0), a driving transistor (DRT) of a corresponding
sub-pixel may be turned off and an organic light emitting
diode (OLED) does not operate. Accordingly, the first gra-
dation data or the second gradation data may be set to
gradation data having a level greater than or equal to a
designated level.

[0245] For example, the first gradation data may be the
maximum gradation data (gamma, 255), and the second
gradation data may be gradation data having a level of 20
(gamma, 20) which is different from the first gradation data.
[0246] Hereinafter, a method of detecting a short occur-
ring between organic light emitting diodes (OLEDs) of
adjacent sub-pixels (SPs) will be described.

[0247] In the case of detecting a short occurring between
organic light emitting diodes (OLEDs) of adjacent sub-
pixels (SPs), the initialization period S710, the floating
period 8720, and the detection period S730 are included.
[0248] In the initialization period S710, as a first transistor
(T1) is turned on, a first node (N1) of a driving transistor
(DRT) 1s initialized to have a detection driving data voltage,
and a second node (N2) of the driving transistor (DRT) is
initialized to have a detection driving reference voltage
(Vref).

[0249] However, in the case of detecting a short between
organic light emitting diodes (OLEDs) of adjacent sub-
pixels (SPs), first nodes (N1) of driving transistors (DRTs) of
adjacent sub-pixels (SPs) may be initialized to have different
detection driving data voltages as described above.
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[0250] Ttisassumed that the first nodes (N1) of the driving
transistors (DRTs) of the adjacent sub-pixels (SPs) are
initialized to have a first detection driving data voltage
(Vdatal) corresponding to first gradation data and a second
detection driving data voltage (Vdata2) corresponding to
second gradation data, respectively.

[0251] In this instance, the quantity of electronic charge
(Qc1 and Qc?2) in a capacitor (Cst) of each sub-pixel and the
current (Id1 and Id2) flowing to an organic light emitting
diode (OLED) via a driving transistor (DRT) may be cal-
culated according to Equation 7.

Q1 = C# (Vigarat = Vo), Qc2 = C (Vaggan — Vygr) [Bquation 7]

w 2
I = E/’lcarz(vdaral = Vi = Vi),

w 2
— (Viaiaz = Vrer — Vi)

1
_/'lcox L

In = 7

[0252] Subsequently. in the floating period $720, the first
node (N1) and the second node (N2) of the driving transistor
(DRT) may be floated. In this instance, when a short has
occurred between organic light emitting diodes of adjacent
sub-pixels, the currents (Id1 and 1d2) flowing through the
driving transistors (DRTs) of the two adjacent sub-pixels
(SPs) may be the same, and the sum of the two currents may
be calculated according to Equation 8.

[0253] Here, the currents (Id1 and 1d2) flowing through
the driving transistors (DRTs) of the two adjacent sub-pixels
(SPs) may be the same as the currents (Ioled1, Ioledl)
flowing through organic light emitting diodes (OLED:s).

Lt + 12 = Loteat + loteaz = 2o = 2 Ly g %€ @™'T = [Equation 8]

1 1
Elucox(vgsl - Vrh)2 + Eﬂcox(vgﬁ - Vrh)2

[0254] Accordingly, the voltages of the second nodes (N2)
of the driving transistors (DRTs) are also the same, and the
voltage of the second node (N2) of the driving transistor
(DRT) may be calculated according to Equation 9.

(Vaaial = Vref = Vin)* +

w
f"cox I
Vip = Vg #nVrxl ®

[Equation 9]
1 s,oled ]

Vtatar = Vre = Vi)

[0255] That is, the voltage of the second node (N2) of the
driving transistor (DRT) may be changed based on whether
a short occurs between the organic light emitting diodes
(OLED:s) of the adjacent sub-pixels (SPs).

[0256] In the detection period S730, the first transistor
(T1) and the second transistor (2) remain in the turned-off
state according to a first scan signal (SCANT1), and the third
transistor (T3) is turned on according to a second scan signal
(SCAN2).

[0257]  Accordingly, the sensor 621 may measure the volt-
age of the first node (N1) of the driving transistor of each
sub-pixel via a data line (DL), and sensing values (Vs.senl
and Vssen2), which are measured in the two adjacent
sub-pixels according to the voltage of the second node (N2)
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of the driving transistor (DRT) calculated using Equation 9,
may be measured as voltages according to Equation 10.

Vesent™Vaaar=Veett Vo Ve senn™Vaaaz™Veert V2

reftVn2
[0258] The sensing values (Vs.senl and Vs.sen2) mea-
sured in the two sub-pixels according to Equation 10 are
different from reference sensing values (Vsenl and Vsen2)
corresponding to first and second detection driving data
voltages (Vdatal and Vdata2) when the organic light emit-
ting diode (OLED) is in the normal state.

[0259] When the voltage level of the first detection driving
data voltage (Vdatal) is higher than the voltage level of the
second detection driving data voltage (Vdata2), the sensing
value (Vs.senl) of a sub-pixel to which the first detection
driving data voltage (Vdatal) is provided may become lower
than the reference sensing value (Vsenl) measured in the
normal state.

[0260] Conversely, the sensing value (Vs.sen2) of a sub-
pixel to which the second detection driving data voltage
(Vdata2) is provided may become higher than the reference
sensing value (Vsen2) measured in the normal state.
[0261] Therefore, the determiner 622 may analyze a dif-
ference in the voltages between the first and second sensing
values (Vsenl and Vsen2) and the first and second reference
sensing values, which are measured in the normal state and
stored and correspond to the first detection driving data
voltage (Vdatal) and the second detection driving data
voltage (Vdata2) provided to the sub-pixels, and may deter-
mine whether a short occurs between the organic light
emitting diodes (OLEDs) of the adjacent sub-pixels (SPs).
[0262] Particularly, in the case of a short occurring
between the organic light emitting diodes (OLEDs) of the
adjacent sub-pixels, the sensing values (Vsenl and Vsen2)
of the adjacent sub-pixels (SPs) are changed together. There-
fore, the determiner 622 may distinguish a short occurring
between organic light emitting diodes (OLEDs) of adjacent
sub-pixels (SPs) from an open and a short of an organic light
emitting diode (OLED) within each sub-pixel.

[0263] For ease of description, an operation of determin-
ing an open and a short of an organic light emitting diode
(OLED) in each sub-pixel and an operation of determining
a short occurring between organic light emitting diodes
(OLEDs) of adjacent sub-pixels (SPs) are separately
described.

[0264] However, an open and a short of an organic light
emitting diode (OLED) in each sub-pixel and a short occur-
ring between organic light emitting diodes (OLEDs) of
adjacent sub-pixels may be detected at the same time by
providing different detection driving data voltages to adja-
cent sub-pixels from among a plurality of sub-pixels accord-
ing to a data pattern as illustrated in FIG. 8.

[0265] The determiner 622 of the detection circuit 620
may compare the currently measured sensing values (Vsenl
and Vsen2) with reference sensing values which are mea-
sured in the normal state according to the detection driving
data voltages (Vdatal and Vdata2) provided to sub-pixels.
[0266] When the sensing voltage of a predetermined sub-
pixel is at least a threshold range higher than a correspond-
ing reference sensing value, and the sensing value of an
adjacent sub-pixel is within the threshold range, the deter-
miner 622 may determine that the organic light emitting
diode (OLED) of the corresponding sub-pixel is open.
[0267] When the sensing voltage of a predetermined sub-
pixel is at least a threshold range lower than a corresponding

[Equation 10]

Apr. 25,2019

reference sensing value, and the sensing value of an adjacent
sub-pixel is within the threshold range, the determiner 622
may determine that the organic light emitting diode (OLED)
of the corresponding sub-pixel is shorted.

[0268] When the sensing voltage of a predetermined sub-
pixel is at least a threshold range higher or lower than a
corresponding reference sensing value, and the sensing
value of an adjacent sub-pixel is at least a threshold range
lower or higher, the determiner 622 may determine that a
short occurs between organic light emitting diodes (OLEDs)
of adjacent sub-pixels (SPs).

[0269] The operation of detecting an open or a short of an
organic light emitting diode (OLED) has been described,
based on the sub-pixel structure of FIG. 6 in which the
detection circuit 620 senses the voltage of the first node (N1)
of the driving transistor (DRT).

[0270] However, in a similar manner, an open or a short of
an organic light emitting diode (OLED) may be also deter-
mined in the sub-pixel structure and the detection circuit 510
and 520 of (a) and (b) of FIG. 5.

[0271] In (a) and (b) of FIG. 5, the detection circuit 510
and 520 is configured to sense the voltage of the second node
(N2) of the driving transistor (DRT), whereby an open or a
short of an organic light emitting diode (OLED) may be
determined based on the voltage of the second node (N2).

[0272] FIG. 9 is a flowchart illustrating a method of
driving an organic light emitting display device according to
various embodiments.

[0273] Referring to FIG. 9, the method of driving an
organic light emitting display device according to the pres-
ent embodiments may include: operation S910 that turns on
a first transistor (T1) and a second transistor (T2), and
provides a detection driving data voltage (Vdata) corre-
sponding to predetermined gradation data and a detection
driving reference voltage (Vref) to a first node (N1) and a
second node (N2) of a driving transistor (DRT), respectively,
so as to perform initialization; operation S920 that turns off
the first transistor (T1) and the second transistor (T2), and
floats the first node (N1) and the second node (N2) of the
driving transistor (DRT); operation S930 that detects the
voltage of the first node (N1) or the second node (N2) of the
driving transistor (DRT) within a predetermined period of
time after the first transistor (T1) and the second transistor
(T2) are turned off; and operation S940 that determines one
of a short and an open of an organic light emitting diode
according to the detected voltage of the first node (N1) or the
second node (N2).

[0274] Using the above-described driving method of the
organic light emitting display device, whether the organic
light emitting diode (OLED) is open or shorted may be
accurately detected.

[0275] After the initialization operation S910, floating
operation $920, and detection operation S930 are performed
with respect to each of all sub-pixels, operation S940 that
determines one of a short and an open of an organic light
emitting diode may determine whether a short occurs
between the organic light emitting diodes (OLEDs) of
adjacent sub-pixels, based on an obtained voltage measure-
ment value for a corresponding sub-pixel, and may store a
determination result in a memory (not illustrated), together
with sub-pixel information (e.g., sub-pixel location infor-
mation or sub-pixel identification information).
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[0276] Also, whether a short occurs between organic light
emitting diodes (OLEDs) of adjacent sub-pixels may be
accurately detected.
[0277] FIGS. 10 to 12 are diagram illustrating the struc-
tures of a pixel array according to various embodiments.
[0278] Each sub-pixel in a pixel array of FIGS. 10 and 11
drives an organic light emitting diode (OLED) in the same
manner as a sub-pixel structure of (a) of FIG. 5, and has a
3T (Transistor)1C (Capacitor) structure including 3 transis-
tors (DRT, T1, and T2) and 1 capacitor (Cst), so as to detect
an open or a short of the organic light emitting diode
(OLED).
[0279] In this instance, a first transistor (T1) and a second
transistor (12) of each sub-pixel are configured to receive
the same scan signal (SCAN11~SCAN1Y) in FIG. 10.
However, a first transistor (T1) and a second transistor (T2)
of each sub-pixel are configured to receive the different scan
signals ((SCAN11~SCAN1Y), (SCAN21~SCAN2Y)) in
FIG. 11.
[0280] Ineach sub-pixel structure of a pixel array of FIGS.
10 and 11, an open or a short of an organic light emitting
diode (OLED) may be detemined by detecting the voltage
level of the second node (N2) of the driving transistor
(DRT).
[0281] FIG. 12 illustrates a pixel array based on a sub-
pixel structure of (b) of FIG. 5, which has a 4T (Transistor)
1C (Capacitor) structure including 4 transistors (DRT, T1,
T2, and T3) and 1 capacitor (Cst).
[0282] Each sub-pixel structure of the pixel array of FIG.
12 is also configured to detect the voltage level of a second
node (N2) of a driving transistor (DRT), whereby an open or
a short of an organic light emitting diode (OLED) may be
determined based on the voltage level of the second node
(N2) of the driving transistor (DRT).
[0283] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
organic light emitting display device and the driving method
thereof of the present disclosure without departing from the
technical idea 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 display device, comprising:
a pixel array in which a plurality of sub-pixels defined by
a plurality of data lines and a plurality of gate lines are
disposed, wherein an organic light emitting diode, a
driving transistor driving the organic light emitting
diode, a first transistor electrically connecting a first
node of the driving transistor and a data line, a second
transistor electrically connecting a second node of the
driving transistor and a reference voltage line, and a
capacitor connecting the first node and the second node
of the driving transistor are disposed in each sub-pixel,
a driving circuit configured to drive the pixel array; and
a detection circuit configured to detect one or more from
among a short and an open of the organic light emitting
diode,
wherein, during a predetermined detection period, the
driving circuit provides a detection driving data voltage
and a detection driving reference voltage to the first
node and the second node of the driving transistor,
respectively, and
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the detection circuit detects one or more from among a
short and an open of the organic light emitting diode
according to a voltage of the first node or the second
node of the driving transistor after the first node and the
second node of the driving transistor are floated.

2. The organic light emitting display device of claim 1,

wherein the detection circuit comprises:

a driving controller configured to control the driving
circuit such that the detection driving data voltage and
the detection driving reference voltage are provided to
the first node and the second node of the driving
transistor, respectively, and then the first node and the
second node of the driving transistor are floated;

a sensor configured to sense a voltage of the first node or
the second node of the driving transistor and to output
a sensing value when the sensor is electrically con-
nected to the first node or the second node of the
driving transistor after the first node and the second
node of the driving transistor are floated; and

a determiner configured to detect one or more from
among a short and an open of the organic light emitting
diode, based on the sensing value output from the
sensor.

3. The organic light emitting display device of claim 2,

wherein the driving circuit comprises:

a source driving circuit configured to drive the plurality of
data lines;

a gate driving circuit configured to drive the plurality of
gate lines; and

a controller configured to control the source driving
circuit and the gate driving circuit,

wherein the driving controller and the determiner are
included in the controllet, and the sensor is included in
the source driving circuit.

4. The organic light emitting display device of claim 2,

wherein the driving controller is configured to:

perform initialization by turning on the first transistor so
as to provide the detection driving data voltage corre-
sponding to predetermined gradation data to the first
node of'the driving transistor, and turning on the second
transistor so as to provide the detection driving refer-
ence voltage to the second node of the driving transis-
tor;

turn off the first and second transistors, so as to float the
first node and the second node of the driving transistor;
and

perform control such that the first node or the second node
of the driving transistor is electrically connected to the
sensor, after a predetermined period of time elapses.

5. The organic light emitting display device of claim 4,

wherein, while the first node and the second node of the
driving transistor are floated, a voltage level of the second
node of the driving transistor increases or decreases accord-
ing to a short or an open state of the organic light emitting
diode, and

a voltage level of the first node of the driving transistor,
which is connected to the second node of the driving
transistor via the capacitor, decreases or increases
based on the voltage level of the second node of the
driving transistor.

6. The organic light emitting display device of claim 4,

wherein the determiner is configured to:

compare the sensing value output from the sensor with a
reference sensing value obtained in advance according
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to the detection driving data voltage in a normal state
in which a short or an open does not occur in the
organic light emitting diode;

determine that the organic light emitting diode is open
when the sensing value is at least a threshold range
higher than the reference sensing value; and

determine that the organic light emitting diode is shorted
when the sensing value is at least a threshold range
lower than the reference sensing value.

7. The light emitting display device of claim 2, wherein
the sensor is electrically connected to the reference voltage
line, and senses the voltage of the second node of the driving
transistor via the second transistor.

8. The organic light emitting display device of claim 2,
wherein the sub-pixel further comprises a third transistor
electrically connecting the data line and one of the first node
and the second node of the driving transistor; and

the sensor is electrically connected to the data line, and
senses a voltage of one of the first node and the second
node of the driving transistor via the third transistor.

9. The organic light emitting display device of claim 1,
wherein the organic light emitting display device is a micro-
display type organic light emitting display device that is
formed on a silicon substrate.

10. The organic light emitting display device of claim 9,
wherein the organic light emitting display device detects one
or more from among a short and an open of the organic light
emitting diode before the organic light emitting display
device is packaged, after the organic light emitting diode is
formed on the silicon substrate.

11. The organic light emitting display device of claim 9,
wherein the organic light emitting display device is a virtual
reality (VR) device or an augmented reality (AR) device.

12. An organic light emitting display device, comprising:

a pixel array in which a plurality of sub-pixels defined by
a plurality of data lines and a plurality of gate lines are
disposed, wherein an organic light emitting diode, a
driving transistor driving the organic light emitting
diode, a first transistor electrically connecting a first
node of the driving transistor and a data line, a second
transistor electrically connecting a second node of the
driving transistor and a reference voltage line, and a
capacitor connecting the first node and the second node
of the driving transistor are disposed in each sub-pixel;

a driving circuit configured to drive the pixel array; and

a detection circuit configured to detect one or more from
among a short and an open of the organic light emitting
diode,

wherein, during a predetermined detection period, the
driving circuit provides different detection driving data
voltages to adjacent sub-pixels from among the plural-
ity of sub-pixels according to a predetermined data
pattern, and

the detection circuit detects a short error occurring
between organic light emitting diodes of the adjacent
sub-pixels according to a voltage of the first node or the
second node of the driving transistor.

13. The organic light emitting display device of claim 12,

wherein the detection circuit comprises:

a driving controller configured to control the driving
circuit such that the first node and the second node of
the driving transistor are floated after the detection
driving reference voltage is provided to the second
node of the driving transistor and different detection
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driving data voltages are provided to first nodes of
driving transistors of adjacent sub-pixels;

a sensor configured to sense a voltage of the first node or

the second node of the driving transistor and to output
a sensing value when the sensor is electrically con-
nected to the first node or the second node of the
driving transistor after the first node and the second
node of the driving transistor are floated; and

a determiner configured to detect an error of an organic

light emitting diode of each sub-pixel, based on the
sensing value output from the sensor, and to determine
a short error occurring between organic light emitting
diodes of adjacent sub-pixels, based on an error occur-
ring between the organic light emitting diodes of the
adjacent sub-pixels.

14. The organic light emitting display device of claim 13,
wherein the determiner is configured to determine an error
of an organic light emitting diode of an individual sub-pixel
that is not adjacent as one of a short error and an open error
of the organic light emitting diode.

15. A driving method of an organic light emitting display
device comprising: a pixel array in which a plurality of
sub-pixels defined by a plurality of data lines and a plurality
of gate lines are disposed, wherein an organic light emitting
diode, a driving transistor driving the organic light emitting
diode, a first transistor electrically connecting a first node of
the driving transistor and a data line, a second transistor
electrically connecting a second node of the driving tran-
sistor and a reference voltage line, and a capacitor connect-
ing the first node and the second node of the driving
transistor are disposed in each sub-pixel; a driving circuit;
and a detection circuit, the method comprising:

performing initialization by turning on the first transistor

so as to provide a detection driving data voltage cor-
responding to predetermined gradation data to the first
node of the driving transistor, and by turning on the
second transistor so as to provide a detection driving
reference voltage to the second node of the driving
transistor;

turning off the first and second transistors after the first

node and the second node of the driving transistor are
initialized, so as to float the first node and the second
node of the driving transistor; and

detecting a voltage of the first node or the second node of

the driving transistor within a predetermined period of
time after the first node and the second node of the
driving transistor are floated, and determining one or
more from among a short and an open of the organic
light emitting diode.

16. A driving method of an organic light emitting display
device comprising: a pixel array in which a plurality of
sub-pixels defined by a plurality of data lines and a plurality
of gate lines are disposed, wherein an organic light emitting
diode, a driving transistor driving the organic light emitting
diode, a first transistor electrically connecting a first node of
the driving transistor and a data line, a second transistor
electrically connecting a second node of the driving tran-
sistor and a reference voltage line, and a capacitor connect-
ing the first node and the second node of the driving
transistor are disposed in each sub-pixel; a driving circuit;
and a detection circuit, the method comprising:

performing initialization by turning on the first transistor

so as to provide different detection driving data volt-
ages to first nodes of driving transistors of adjacent
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sub-pixels from among the plurality of sub-pixels
according to a predetermined data pattern, and by
turning on the second transistor so as to provide a
detection driving reference voltage to the second node
of the driving transistor;

turning off the first and second transistors after the first
node and the second node of the driving transistor are
initialized, so as to float the first node and the second
node of the driving transistor; and

detecting a voltage of the first node or the second node of
the driving transistor within a predetermined period of
time after the first node and the second node of the
driving transistor are floated, and determining a short
error occurring between organic light emitting diodes
of the adjacent sub-pixels.

® 0% % % %



patsnap

TRBR(F) BNRAEETREERERS FE

[F(2E)F US20190122616A1 [ (r&)B 2019-04-25
HRiES US16/167957 g H 2018-10-23
FRIFE(FFRRAE) REERERAHF

BRiE (TR A(F) LG DISPLAY CO. , LTD.

LFERE(ERD)AGE) LG DISPLAY CO., LTD.

[#R1& B8 A LEE HONGJU
KIM BEOM JIN

KA LEE, HONGJU
CHUNG, JINBONG
KIM, BEOM-JIN

IPCH3EE G09G3/3291 H01L27/32 G09G3/3266 G09G3/3258

CPCH %5 G09G3/3291 HO1L27/3276 G09G3/3266 G09G3/3258 G09G2310/08 G09G2300/0426 G09G2300/0439
GO6F3/011 G09G3/006 G09G3/3225 G09G3/3233 G09G2300/0861 G09G2310/0262 G09G2320/0295
G09G2330/12

£ £ 1020170138734 2017-10-24 KR

SNEBEEE Espacenet USPTO

BE(R)

BHRKE REBR WA S A TS EE NS R g
BAESERMEANEH S FRENENL X - REN W B4
ME—FA, URE-AAEREERNSHENE-FANSERE

%, AETUSHABHBAEEHE NS -F ARGRURHKEE "
EARNEHSE SRR | St TA00A 1L TP 58 — 758 = BB LLE
BHEEENE—MNE—HOLE , FETUEIBNE—H ARE—
AN EERE NN REWERNFE RO — A RB, B
BAEE =T A,

G S R i
0 O 53

PXL{PAZ)



https://share-analytics.zhihuiya.com/view/07795d5c-d525-44fe-82b6-f23f0db5a354
https://worldwide.espacenet.com/patent/search/family/066170637/publication/US2019122616A1?q=US2019122616A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190122616%22.PGNR.&OS=DN/20190122616&RS=DN/20190122616

