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ORGANIC LIGHT EMITTING DISPLAY
APPARATUS, AND METHOD OF DRIVING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2014-0030469, filed on
Mar. 14, 2014, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1.Field

[0003] One or more embodiments of the present invention
relate to an organic light emitting display apparatus and a
method of driving the organic light emitting display appara-
tus.

[0004] 2. Description of the Related Art

[0005] Anorganiclightemitting display apparatus displays
images by using an organic light emitting diode (OLED) that
emits light by using recombination of electrons and holes, and
has characteristics such as fast response speed and low power
consumption.

[0006] An organic light emitting display apparatus (for
example, an active matrix type organic light emitting display
apparatus) includes aplurality of scan lines, a plurality of data
lines, a plurality of power lines, and a plurality of pixels
coupled to the above lines to be arranged as a matrix.

[0007] The plurality of power lines supply a power voltage
supplied from outside of a display panel to the plurality of
pixels, and uneven brightness according to locations of the
pixels may be caused due to a voltage dropping in the power
lines.

SUMMARY

[0008] One or more embodiments of the present invention
include an organic light emitting display apparatus and a
method of driving the organic light emitting display appara-
tus, and in particular, an organic light emitting display appa-
ratus having an increased (e.g., improved) uniformity in a
display brightness and a method of driving the organic light
emitting display apparatus.

[0009] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice ofthe presented
embodiments.

[0010] According to one or more embodiments of the
present invention, an organic light emitting display apparatus
including: a plurality of pixels, each of the pixels including a
light emitting device and a driving transistor configured to
supply a driving current to the light emitting device based on
a scan signal and a data signal; and a plurality of power lines
configured to transfer a power voltage supplied from a global
power line to the driving transistor of each of the pixels,
wherein a level of a gate voltage of the driving transistor when
the light emitting device emits light is determined by a dis-
tance between a corresponding one of the pixels and the
global power line.

[0011] An absolute value of a gate-source voltage level at
the driving transistor when the light emitting device emits
light may increase as the distance between the corresponding
one of the pixels and the global power line increases.
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[0012] The plurality of pixels may be at a display area, the
global power line may be at an outside of the display area, and
an absolute value of a gate-source voltage level at the driving
transistor may increase as a distance between the correspond-
ing one of the pixels and the outside of the display area
increases.

[0013] The organic light emitting display apparatus may
further include a data driver configured to acquire a data
control signal from a controller and to generate the data signal
based on the data control signal, wherein the data signal
includes an image signal and an emphasis signal, the plurality
of pixels are at a display area, and the data control signal
includes information of the emphasis signal determined
according to a location of the corresponding one of the pixels
at the display area.

[0014] Theinformation of the emphasis signal may include
avoltage level and an application time of the emphasis signal,
and at least one of the voltage level and the application time is
determined based on a distance between a power supplier and
the pixel.

[0015] The global power line may be at the outside of the
display area to be coupled to an end or opposite ends of each
of the power lines, and at least one of the voltage level and an
application time of the emphasis signal may be increased as a
distance between the corresponding one of the pixels and the
outside of the display area increases.

[0016] The emphasis signal may be determined by follow-
ing equation,

1H
Vg(LH) = Vhe(1 - 7 )-u(lH) -

(1-p)y1H
(Vhe—Vh(l-¢ © )u(l-f-1H)E0<p<]

[0017] wherein Vg denotes a gate voltage of the driving
transistor, Vhe denotes a voltage level of the emphasis signal,
1H denotes a unit period of the data signal, T denotes a time
constant, Vh is an on-level of the image signal, and f-1H is an
application time of the emphasis signal.

[0018] An on-level of the image signal may be a logic high
level or a logic low level, and the voltage of the emphasis
signal may be greater than the logic high level of the image
signal or less than the logic low level of the image signal.

[0019] The emphasis signal may include a first emphasis
signal and a second emphasis signal, and a voltage of the first
emphasis signal may be greater than the logic high level of the
image signal and a voltage of the second emphasis signal may
be less than the logic low level of the image signal.

[0020] The first emphasis signal may be supplied before
supplying the logic high level and the second emphasis signal
may be supplied before supplying the logic low level.

[0021] The plurality of pixels may be arranged in columns
and rows at a display area, the plurality of power lines may be
at each of the columns or at each of the rows of the pixels, the
global power line may be at an outside of a display panel, the
plurality of power lines may include a directly coupled power
line and an indirectly coupled power line, an end or opposite
ends of the directly coupled power line may be coupled to the
global power line to receive the power voltage, and the indi-
rectly coupled power line may be electrically coupled to the
directly coupled power line via an auxiliary line to receive the
power voltage via the directly coupled power line.
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[0022] A size of the driving transistor may increase as a
distance between the corresponding one of the pixels and the
global power line increases.

[0023] The size of the driving transistor may be expressed
by at least one of a channel width and a channel length of the
driving transistor.

[0024] Sizes of pixels from among the plurality of pixels
coupled to a same power line may increase as a distance
between the pixels coupled to the same power line and the
outside of the display area increases.

[0025] A size of a pixel from among the plurality of pixels
coupled to the indirectly coupled power line may be greater
than a size of a pixel from among the plurality of pixels
coupled to the directly coupled power line.

[0026] The power line may be at each of the columns of
pixels, and a size of a pixel from among the pixels included in
a same row coupled to the indirectly coupled power line may
be greater than a size of a pixel from among the pixels
included in the same row coupled to the directly coupled
power line.

[0027] The power line is at each of the rows of pixels, and
a size of a pixel from among the pixels included in a same
column coupled to the indirectly coupled power line may be
greater than a size of a pixel from among the pixels included
in the same column coupled to the directly coupled power
line.

[0028] A size of the corresponding one of the pixels
coupled to the indirectly coupled power line may increase
when a distance between the indirectly coupled power line
and the directly coupled power line that are coupled to each
other via the auxiliary line increases.

[0029] According to one or more embodiments of the
present invention, there is provided an organic light emitting
display apparatus including: a plurality of pixels, each of the
pixels including a light emitting device and a driving transis-
tor configured to supply a driving current to the light emitting
device based on a scan signal and a data signal; and a plurality
of power lines configured to transfer a power voltage supplied
from a global power line to the driving transistor of each of the
pixels, wherein a unit period 1h of the data signal includes an
empbhasis period during which an emphasis signal is input and
an image period during which an image signal is input, and a
magnitude of the emphasis signal or a length of the emphasis
period may be determined according to a distance between
each of the pixels and the global power line.

[0030] According to one or more embodiments of the
present invention, there is provided a method of driving a
display apparatus including;: a plurality of pixels; a plurality
of data lines coupled to the plurality of pixels, and power lines
configured to apply power voltages supplied from a global
power line to the plurality of pixels, the method including:
outputting a data control signal including information about
an image signal and information about an emphasis signal by
a controller according to locations of each of the plurality of
pixels, wherein the data control signal is input to each of the
plurality of pixels; receiving the data control signal by a data
driver from the controller; and outputting a data signal includ-
ing the image signal and the emphasis signal by the data driver
based on the data control signal, wherein the data signal
includes a unit period that corresponds to a sub-frame of a
digital driving method, and the unit period includes an
emphasis period during which the emphasis signal is input
and an image period during which the image signal is input,
and the outputting of the data control signal includes output-

Sep. 17, 2015

ting information of the emphasis signal according to a length
of the emphasis signal, which is determined according to a
distance between each of the pixels and the global power line.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accompa-
nying drawings in which:

[0032] FIG. 1 is a schematic block diagram of an organic
light emitting display apparatus according to an embodiment
of the present invention;

[0033] FIG. 2 is a circuit diagram showing a circuit con-
figuration of a pixel of the organic light emitting display
apparatus according to an embodiment of the present inven-
tion;

[0034] FIG. 3 is a diagram of a display panel according to
an embodiment of the present invention;

[0035] FIG. 4 is a graph showing voltage levels of power
lines according to locations thereof at the display panel shown
in FIG. 3;

[0036] FIG. 5 is a diagram of a display panel according to
an embodiment of the present invention;

[0037] FIG. 6 is a graph showing voltage levels of power
lines according to locations thereof at the display panel shown
in FIG. §;

[0038] FIGS.7A and 7B are diagrams showing examples of
a data signal including an image signal and an emphasis
signal;

[0039] FIG. 8 is a diagram showing an example of a data
control signal transmitted from a controller to a data signal;
and

[0040] FIG. 9is a diagram showing a display panel accord-
ing to an embodiment of the present invention.

DETAILED DESCRIPTION

[0041] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to like ele-
ments throughout. In this regard, the present embodiments
may have different forms and should not be construed as
being limited to the descriptions set forth herein. Accord-
ingly, the embodiments are merely described below, by refer-
ring to the figures, to explain aspects of the present descrip-
tion. As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.
Expressions such as “at least one of,” when preceding alist of
elements, modify the entire list of elements and do not modify
the individual elements of the list.

[0042] Hereinafter, the present invention will be described
in detail by explaining preferred embodiments of the inven-
tion with reference to the attached drawings. Like reference
numerals in the drawings denote like elements.

[0043] Itwill be understood that although the terms “first”,
“second”, etc. may be used herein to describe various com-
ponents, these components should not be limited by these
terms. These components are only used to distinguish one
component from another. As used herein, the singular forms
“a,”“an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising” used herein specify the presence of stated features or
components, but do not preclude the presence or addition of
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one or more other features or components. When a first ele-
ment is described as being “coupled” or “connected” to a
second element, the first element may be directly “coupled”
or “connected” to the second element, or one or more other
intervening elements may be located between the first ele-
ment and the second element.

[0044] Inthe following embodiments, a row direction and a
column direction may be applied vice versa.

[0045] FIG. 1 is a schematic block diagram of an organic
light emitting display apparatus 100 according to an embodi-
ment of the present invention.

[0046] Referring to FIG. 1, the organic light emitting dis-
play apparatus 100 includes a display panel 110, a scan driv-
ing unit (or a scan driver) 120, a data driving unit (or a data
driver) 130, and a controller 140.

[0047] The display panel 110 according to the present
embodiment may operate in a digital driving type, and
includes pixels P, scan lines SL, data lines DL, and power
lines VL.

[0048] The pixels Pare arranged as a matrix in columns and
rows. BEach ofthe data lines DL is coupled to the pixels P in the
same column to transfer data signals to the pixels P in the
same column. Each of the scan lines SL is coupled to pixels P
in the same row to transfer scan signals to the pixels P in the
same row. Each of the power lines VL is at each of the
columns including pixels P to supply power voltages to the
pixels P in the same column. In FIG. 1, each of the power lines
VL is at each of the columns of the pixels P; however, each of
the power lines VL may be at each of the rows of the pixels,
and in this case, each of the power lines VL is coupled to the
pixels P in the same row to supply the power voltages to the
pixels P in the same row. The pixels P are at a display area
(e.g., a display unit). The power lines VL. may receive power
voltages from a global power line GVL at an outside of the
display area DA. The global power line GVL receives a power
voltage from a power supply unit (or a power supplier) 150,
and transfers the power voltage to the power lines VL. The
global power line GVL is not limited to a specific type, that is,
it may use a film wire, a wire line, etc.

[0049] A data signal may be a digital signal having an
on-level and an off-level, and a pixel P receiving the digital
signal may emit light or may not emit light according to a
logic level of the digital signal. In the present specification, it
1s assumed that a pixel P receiving the digital data signal emits
light when the digital data signal has an on-level, and the pixel
P does not emit light when the digital data signal has an
off-level. According to a circuit configuration of the pixel P,
the on-level may be a high level. According to another
embodiment of the present invention, the on-level may be a
low level.

[0050] Hereinafter, embodiments of the present invention
will be described under an assumption where the organic light
emitting display apparatus 100 operates in a digital driving
manner. According to the embodiment of the present inven-
tion, a state of the light emitting device in each pixel P may be
classified as an emission state or a non-emission state. How-
ever, one or more embodiments of the present invention may
be applied to an organic light emitting display apparatus
operating in an analog driving manner. In a case where the
organic light emitting display apparatus 100 operates in the
digital driving manner, one frame includes a plurality of sub-
fields, and a length (for example, a display duration time) of
each of the sub-fields may be determined according to a
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weight applied to each sub-field. Each of the sub-fields may
include an image signal of an on-level or an off-level.
[0051] Each of the pixels P may include a pixel circuit and
alight emitting device coupled to the pixel circuit. The pixels
P will be described later with reference to FIG. 2.

[0052] Referring to FIG. 1, the controller 140 receives
image data from outside and controls the scan driving unit
120 and the data driving unit 130. The Controller 140 gener-
ates a plurality of control signals SCS and DCS and digital
data DATA. The controller 140 provides the scan driving umt
120 with a first control signal SCS, and provides the data
driving unit 130 with a second control signal DCS and the
digital data DATA. Hereinafter, the first control signal SCS
may be referred to as a scan driving signal, and the second
control signal DCS may be referred to as a data control signal.
[0053] The scan driving unit 120 drives the scan lines SL
according to a set order (e.g., a predetermined order) in
response to the first control signal SCS. For example, the scan
driving unit 120 may generate scan signals S and provide the
pixels P with the scan signals S via the scan lines SL.
[0054] Thedata driving unit 130 drives the data lines DL in
response to the second control signal DCS and the digital data
DATA. The data driving unit 130 may generate data signals
corresponding respectively to the data lines DL, and provide
the pixels P with the data signals via the data lines DL.
[0055] FIG. 2 is a circuit diagram showing a circuit con-
figuration of a pixel P in the organic light emitting display
apparatus 100 according to the present embodiment.

[0056] Referring to FIG. 2, each of the pixels P is coupled
to the scan lines SL in the same row and the data lines DL in
the same column. The pixel P includes a first transistor T1, a
second transistor T2, a capacitor C, and an organic light
emitting diode (OLED).

[0057] The first transistor T1 includes a first connection
terminal coupled to the data line DL, a control terminal
coupled to the scan line SL, and a second connection terminal
coupled to a node Nd. The second transistor T2 includes a first
connection terminal coupled to a first power voltage ELVDD,
a control terminal coupled to a node Nd, and a second con-
nection terminal coupled to a first electrode of the OLED. The
OLED includes the first electrode coupled to the second con-
nection terminal of the second transistor T2, and a second
electrode to which a second power voltage ELVSS is applied.
The first electrode and the second electrode of the OLED may
be respectively an anode and a cathode, or vice versa.
[0058] The pixel P receives a scan signal S via the scan line
SL and a digital data signal D via the data line DL. The first
transistor T1 stores the digital data signal D in the capacitor C
in response to the scan signal S. The second transistor T2 is
turned on or turned off according to a logic level of the digital
data signal D stored in the capacitor C. When the second
transistor T2 is turned on, an electric current flows through the
second transistor T2 and the first power voltage ELVDD is
transmitted to the first electrode of the OLED. For example,
when the digital data signal D has an on-level, the first power
voltage ELVDD is applied to the first electrode of the OLED,
and a driving current is supplied to the OLED so that the
OLED emits light. When the digital data signal D has an
off-level, the second transistor T2 is turned off and the first
power voltage ELVDD is not applied to the first electrode of
the OLED, and thus, the OLED does not emit light.

[0059] Hereinafter, the first transistor T1, the second tran-
sistor T2, and the capacitor C may be referred to as a pixel
circuit, the first transistor T1 may be referred to as a switching
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transistor, and the second transistor T2 may be referred to as
adriving transistor. In addition, the configuration of the pixel
P shown in FIG. 2 is an example, and the pixel P may have
different pixel configuration. For example, the pixel P may
further include another transistor and another capacitor.
[0060] A brightness of the OLED is determined by an elec-
tric current flowing in the OLED. In a case of'the pixel circuit
shown in FIG. 2, the electric current flowing in the OLED
may be equal to that of the second transistor T2. The electric
current flowing in the second transistor T2 shown in FIG. 2
may be represented by equation 1.

Iy =hx{ (Vs Vih)(ELVDD=V o p1,}-0.5(ELVDD-

VOLED)Z} (1)
[0061] Here, 1, denotes an electric current flowing in the
second transistor T2, k is a constant according to a character-
istic of the second transistor, Vsg is a source-gate voltage of
the second transistor T2, Vth is a threshold voltage of the
second transistor T2, V,; .., 1s a voltage at the second con-
nection terminal of the second transistor T2, that is, a voltage
at the first electrode of the OLED in the pixel circuit shown in
FIG. 2.
[0062] When the first power voltage and the second power
voltage applied to two pixels P are equal to each other and the
pixel circuits and the OLEDs are the same as each other, when
the same data signals are applied to the two pixels P, the same
gate voltages are applied to the driving transistors T2 and the
OLED:s in the two pixels P emit light of the same brightness.
However, when the first power voltage and the second power
voltage applied to the two pixels P are different from each
other, even when the same data signals are applied so as to
apply the same gate voltages to the driving transistors T2, the
OLED:s of the two pixels P may not emit light of the same
brightness.
[0063] FIG. 3 is a diagram showing the display panel 110
according to an embodiment of the present invention.
[0064] Referring to FIG. 3, the power lines VL are coupled
to the pixel P to supply a power voltage to the pixel P. The
power lines VL may receive the power voltage supplied from
the power supply unit 150 via the global power line GVL. In
the example shown in FIG. 3, the power lines VL. may be
arranged to correspond to the pixel columns, and supply the
power voltages to the pixels P in the same column.
[0065] The global power lines GVL may be outside of the
display area DA, and may be coupled to one end or opposite
ends of the power lines VL. In the example shown in FIG. 3,
the global power lines GVL are coupled to opposite ends of
the power line VL.
[0066] FIG. 4 is a graph showing a voltage level of the
power lines VL according to locations thereof on the display
panel 110 shown in FIG. 3.
[0067] In the graph shown in FIG. 4, a transverse axis
denotes locations of the pixels P receiving the power voltage
from the same power line VL, that is, locations in a y-axis
direction of the pixels P arranged in the same column in the
example shown in FIG. 3, and a longitudinal axis denotes a
level of the power voltages applied to the pixels P according
to the locations of the pixels P. Referring to FIG. 4, the level
of the power voltages applied to the pixels P may vary
depending on the locations of the pixels P. For example, the
level of the power voltage applied to each of the pixels P may
vary depending on a distance (e.g., an electrical distance)
between the location of the pixel P and the global power line
GVL. Here, the electrical distance between two points may
correspond to a resistance between the two points.
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[0068] Referring to FIGS. 3 and 4, during transferring the
power voltage from the global power line GVL to the pixel P
along with the power line VL, a voltage dropping may occur
due to the resistance of the power line VL, and the level of the
power voltage may be reduced. Accordingly, the level of the
power voltage applied to the pixels P that receive the power
voltage supplied from the same power line VI, may be
reduced when the pixel P is far from the global power line
GVL.Ina case where the global power lines GVL are coupled
to the opposite ends of the power line as shown in FIG. 3, the
voltage level in the power line VL is reduced from edges to a
center of the power line VL. As described above, even when
the same data signal is applied to the plurality of pixels P, the
power voltages applied to the plurality of pixels P are differ-
ent from each other, and thus, the OLED:s in the plurality of
pixels may emit light of different brightness from each other.
For example, in FIG. 3, a first pixel P1 and a second pixel P2
receive the power voltage from the same power line VL;
however, since the second pixel P2 is farther from the global
power line GVL than the first pixel P1 is, the power voltage
applied to the second pixel P2 has a lower level than that of the
power voltage applied to the first pixel P1. Moreover, even
when the first pixel P1 and the second pixel P2 emit light
according to the same logic level, the light emitted from the
first pixel P1 and the second pixel P2 have different bright-
ness.

[0069] In order to address the above problem, the driving
transistors T2 may have different gate voltages according to
the locations of the pixels P in the display area DA when the
OLEDs emit light. When the OLEDs emit light, gate-source
voltages of the driving transistors T2 may be determined
according to electrical distances between the pixels P and the
global power line GVL. For example, the gate-source voltage
of the driving transistor T2 when the OLED emits light may
be determined to be greater as the distance (e.g., an electrical
distance) between the pixel P and the global power line GVL
increases. According to the example shown in FIG. 3, the
gate-source voltage of the driving transistor T2 in the second
pixel P2 may be greater than the gate-source voltage of the
driving transistor T2 in the first pixel P1.

[0070] Accordingly, by differentiating the gate-source volt-
ages of the driving transistors T2, the brightness differences
among the OLEDs caused by the non-uniformity in the power
voltages may be compensated for. The gate voltage of the
driving transistor T2 may be determined by the data signal
applied to the pixel P.

[0071] Inthe pixel P configuration shownin FIG. 2, the gate
voltage of the driving transistor T2 may be expressed by
equation 2. In equation 2, time t is based on a point where the
data signal is changed from turn-on status to turn-off status.

Vg(t) = Vagr + (Vo — Vo (1 &%) @

[0072] Here, Vg denotes the gate voltage of the driving
transistor T2,V -denotes a voltage of the off-level of the data
signal, V ,, denotes a voltage at the on-level of the data signal,
and T denotes a time constant.

[0073] Referring to above equations 1 and 2, the electric
current flowing in the driving transistor T2 is dependent upon
the gate-source voltage of the driving transistor T2, and the
gate voltage of the driving transistor T2 is dependent upon the
data signal. Thus, the electric current flowing in the driving
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transistor T2, that is, the electric current flowing in the OLED,
may be controlled by controlling the data signal.

[0074] Therefore, according to the embodiments of the
present invention, a level of the power voltage applied to each
of the pixels is predicted, and then, a data signal correspond-
ing to the level is provided to the pixel so that the same driving
currents may be provided to the pixels even when the levels of
the power voltages applied to the plurality of pixels when the
OLEDs in the pixels emit light, and thus, the OLEDs of the
pixels may emit light of the same brightness.

[0075] Referring to equation 1, Vst may increase in order
not to change the current I, even when the power voltage
ELVDD is reduced. Accordingly, an absolute value of the
gate-source voltage level of the driving transistor T2 may be
determined to be greater when a distance between the pixel P
and the global power line GVL increases. For example, when
the global power line GVL is located at the outside of the
display area DA, the absolute value of the gate-source voltage
level of the driving transistor T2 may be greater as the dis-
tance (e.g., the electrical distance) between the pixel P and the
outside of the display area DA increases.

[0076] FIG. 5 is a diagram showing the display panel 110
according to an embodiment of the present invention.
[0077] Referring to FIG. 5, the power lines VL receive the
power voltage supplied from the power supply unit 150 via
the global power lines GVL at the outside of the display area
DA, and transmit the power voltages to the pixels P. Referring
to FIG. 5, the power lines VL according to the present
embodiment of the present invention may include a directly
coupled power line VL1 that is directly coupled to the global
power line GVL to receive the power voltage from the global
power line GVL, and an indirectly coupled power line VL2
coupled to the directly coupled power line VL1 to receive the
power voltage from the directly coupled power line VL1.
Here, an additional auxiliary line SVL may be formed, and
the auxiliary line SVL electrically couples the directly
coupled power line VL1 and the indirectly coupled power line
V1.2 to each other. The power lines VL and the auxiliary line
SVL may form a mesh structure. In the example shown in
FIG. 3, the directly coupled power line VL1 or the indirectly
coupled power line VL2 is formed to correspond to the pixel
column, and supplies the power voltages to the pixels P in the
same column.

[0078] InFIG. 5, the global power line GVL is located at a
lower end of the display panel 110; however, the global power
line GVL may be at an upper end of the display panel to be
coupled to opposite ends of the directly coupled power line
VL1 like the example shown in FIG. 3.

[0079] FIG. 6 is a graph showing voltage levels of the
power lines VL according to locations thereof on the display
panel 110 of FIG. 5.

[0080] In the graph of FIG. 6, a transverse axis denotes
locations of the pixels P in the same row on the display area
DA, and the longitudinal axis denotes levels of the power
voltages applied to the pixels P according to the locations of
the pixels P. The pixels P in the same row may receive the
power voltages from different power lines VL from each
other. Referring to FIG. 6, the levels of the power voltages
applied to the pixels P may vary depending on locations of the
pixels P in the same row. For example, the level of the power
voltage applied to each of the pixels P may vary depending on
the electrical distance between the pixel P and the global
power line GVL. The electrical distance between the pixel P
and the global power line GVL may vary depending on the
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kind of power line VL coupled to the pixel P. Here, the
electrical distance between two points corresponds to the
resistance between the two points.

[0081] Referring to FIGS. 5 and 6, the power voltages
applied to the pixels P may be different from each other due to
the voltage dropping generated during transferring the power
voltages from the global power line GVL to the pixels P.

[0082] As shown in FIG. 5, when the global power line
GVL is directly coupled to the directly coupled power line
VL1 and indirectly coupled to the indirectly coupled power
line VL2 via the auxiliary line SVL, the electrical distance
between the first pixel P1 coupled to the directly coupled
power line VL1 and the global power line GVL is less than
that between the second pixel P2 coupled to the indirectly
coupled power line VL2 and the global power line GVL.
Therefore, the power voltage applied to the second pixel P2
may be dropped more than that applied to the first pixel P1.
That is, an absolute value of the power voltage applied to the
second pixel P2 may be less than that of the power voltage
applied to the first pixel P1.

[0083] The power voltage level may be shown in the graph
of FIG. 6. Referring to FIG. 6, the power voltage 61 supplied
from the directly coupled power line VL1 is less than the
power voltage applied from the indirectly coupled power line
VL2 to the pixels in the same row.

[0084] The above problem is described above with refer-
ence to FIGS. 3 and 4, and to address the above problem, the
driving transistors T2 in the pixels P may have different gate
voltages according to the locations of the pixels P in the
display area DA, when the OLEDs emit light. According to
the example shown in FIG. 5, the gate-source voltage of the
driving transistor T2 in the second pixel P2 may be greater
than the gate-source voltage of the driving transistor T2 in the
first pixel P1.

[0085] Accordingly, by differentiating the gate-source volt-
age of the driving transistor T2, the brightness difference of
the OLED caused by the non-uniformity of the power voltage
may be compensated for. The gate voltage of the driving
transistor T2 may be determined by the data signal applied to
the pixel P.

[0086] Referring to equation 1, Vsg may increase in order
not to change the current I, even when the power voltage
ELVDD is reduced. Accordingly, an absolute value of the
gate-source voltage level of the driving transistor T2 may be
determined to be greater when a distance between the pixel P
and the global power line GVL increases. For example, when
the global power line GVL is located at the outside of the
display area DA and is only coupled to the directly coupled
power line VL1 that is a part of the power lines VL, the
absolute value of the gate-source voltage level of the driving
transistor T2 may be greater as the distance between the pixel
P and the outside of the display area DA increases.

[0087] According to the present embodiment of the present
invention, a data signal further including an emphasis signal
for controlling the gate voltage of the driving transistor T2, in
addition to the image signal of the high or low logic level, is
provided. To do this, the data control signal DCS may include
information about the image signal and information about the
emphasis signal. The information about the emphasis signal
may be determined based on a location of the pixel P on the
display area DA. Examples of the data signal according to the
embodiments of the present invention will be described with
reference to FIGS. 7A and 7B.
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[0088] FIGS.7A and 7B are diagrams showing examples of
the data signal including the image signal and the emphasis
signal.

[0089] Referring to FIG. 7A, the data signal may include an
emphasis signal 71 and an image signal 72. The data signal
has a unit section of 1H, and the unit section includes an
emphasis section or portion in which the emphasis signal 71
is input and an image section or portion in which the image
signal 72 is input. The information about the emphasis signal
included in the data control signal DCS may include a voltage
level Vhe and an application time §-1H. f may be greater than
0 and less than 1. Since the gate voltage of the driving tran-
sistor T2 may be controlled by the voltage level Vhe and the
application time f-1H of the emphasis signal, at least one of
the voltage level Vhe and the application time [3-1H of the
emphasis signal may be determined according to the electri-
cal distance between the pixel P and the global power line
GVL (or according to a location of the pixel P on the display
area DA). For example, as the pixel P becomes far from the
outside of the display area DA or as the electrical distance
between the pixel P and the directly coupled power line VL1,
that is, between the pixel P and the global power line GVL, is
increased, the controller 140 may increase the voltage level
Vhe and the application time f}-1H of the emphasis signal.

[0090] Referring to FIG. 7A, during the unit section 1H in
which the data signal of the on-level is input, the emphasis
signal 71 and the image signal 72 may be input to the pixel P
via the data line. For example, the emphasis signal 71 may be
input during a time of f-1H from t0 to t1, the image signal 72
ofthe on-level is input during a time of (1-f)-1H from t1 to t2,
and when the input during the unit section 1H is finished, the
data signal enters the off-level.

[0091] The image signal 72 may have a logic level of on-
level or off-level, and the on-level may be a high level or a low
level according to the embodiments of the present invention.
In the present embodiment, it is assumed that the on-level is
the high level.

[0092] Thevoltage level Vhe of the emphasis signal 71 may
be greater than the high level Vh of the image signal 72. When
the on-level is the low level, the voltage level Vhe of the
emphasis signal 71 may be less than the low level of the image
signal 72.

[0093] Referring to FIG. 7B, the emphasis signal may
include a first emphasis signal 711 and a second emphasis
signal 712. The first emphasis signal 711 may be input before
inputting the image signal 72, and the second emphasis signal
712 may be input after finishing the input of the unit section
1H. The first emphasis signal 711 and the second emphasis
signal 712 may be input for the same time period 3-1H. The
unit section 1H may include the first emphasis signal 711 and
the image signal 72.

[0094] Referring to FIG. 7B, a voltage level Vhe of the first
emphasis signal 711 may be greater than a high level Vhof the
image signal 72, and a voltage level Vle of the second empha-
sis signal 712 may be less than the low level V1 of the image
signal.

[0095] When the data signal shown in FIG. 7A or FIG. 7B
is provided to the pixel P shown in FIG. 2, the gate voltage of
the driving transistor T2 may be expressed by equation 3. In
addition, since the gate voltage of the driving transistor T2 is
maintained at the gate voltage level when the unit section 1H
is finished (2), the gate voltages of the driving transistors T2
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in cases where the pixels P to which the data signals in FIGS.
7A and 7B are respectively provided may be expressed by
equation 3.

Vg(t) = Vhe(l - 8*5) -ult) - (Vhe - V)1 - e:ﬁém)-u(z —pB-1H) @

[0096] The gate voltage at the time point t2 where the input
of the unit section 1H is finished is maintained as the gate
voltage of the driving transistor T2 while the pixel P emits
light, and the gate voltage of the driving transistor T2 may be
expressed by equation 4 while the pixel P emits light.

Vg(lH) = 4

IH (1-B)y1H
Vhe(l - 7 )-ullH) - (Vhe— Vi)l €™ 7 )-u((1 - B)-1H)

[0097] Referring to equation 4, the gate voltage of the driv-
ing transistor T2 may be adjusted by adjusting §§ during the
light emission. That is, the gate voltage of the driving tran-
sistor T2 may be adjusted by adjusting the application time of
the emphasis signal.

[0098] In addition, referring back to equation 1, when the
first power voltages ELVDD applied to two pixels P are
different from each other, the gate voltages of the driving
transistors T2 in the pixels P for allowing the same currents to
flow in the OLEDs in the two pixels P may be calculated.
Calculated gate voltages, that is, values of the desired gate
voltages, are substituted in equation 4, and then, the applica-
tion time f-1H of the emphasis signal may be calculated.

[0099] That is, by using the power voltage value that is
actually applied to the pixel P according to the location of the
pixel P, the gate voltage level of the driving transistor T2 may
be calculated. In addition, the application time of the empha-
sis signal for maintaining the desired gate voltage at the gate
node of the driving transistor T2 may be calculated.

[0100] Inaddition, referring to equation 4, the gate voltage
of the driving transistor T2 during the light emission may be
adjusted by adjusting the voltage Vhe in a case where f is
constant. That is, when at least one of the voltage level and the
voltage application time of the emphasis signal is controlled,
the gate voltage of the driving transistor T2 may be adjusted
and the uneven brightness of the OLEDs may be compensated
for.

[0101] FIG. 8 is a diagram showing an example of the data
control signal DCS transmitted from the controller 140 to the
data driving unit 130.

[0102] Referring to FIG. 8, the data control signal DCS
may include information about generation of the data signal
corresponding to one line. In a case of digital driving, one
piece of line data may include data of a plurality of sub-
frames. Referring to FIG. 8, the data control signal DCS
corresponding to one piece of line data may include a data
enable data 81, image data 82, setting data 83, and horizontal
blank period data 84. The image data 82 may include image
signal information that will be applied to each of the data lines
DL, and the setting data 83 may include information of the
emphasis signal and information about other functions. The
information of the functional data may include the voltage
level and the application time of the emphasis signal.
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[0103] FIG. 9 is a diagram showing an example of the
display panel 110 according to an embodiment of the present
invention.

[0104] Referring to FIG. 9, the power voltage supplied to
the first pixel P1 is greater than the power voltage applied to
the second pixel P2, and may be greater than the power
voltage applied to a third pixel P3. Due to the difference
between the power voltages, the brightness of the light emis-
sion may be different even if the pixels P emit light by receiv-
ing the same image signal. According to the present embodi-
ment of the present invention, the emphasis signal may be
applied to each of the pixels P in order to compensate for the
unevenness of the emitting brightness, and at least one of the
voltage level and/or the application time of the emphasis
signal may be controlled.

[0105] Inaddition, according to another embodiment of the
present invention, the driving transistors P of the pixels P may
have different sizes according to the locations of the pixels P.
For example, in order to compensate for the brightness dif-
ference caused by the different power voltages applied to the
pixels P, the driving transistor T2 may have different sizes.
The size of the driving transistor may be represented by a
channel length and/or a channel width of the transistor.
[0106] By adjusting the sizes of the transistors, the same
voltage Voled may be applied to opposite terminals of the
OLED in each of the pixels even when the power voltages
applied to two pixels are different from each other, and the
same currents loled may flow in the OLEDs.

[0107] The size of the driving transistor T2 may be
increased as the electrical distance between the pixel P and
the global power line GVL is increased. The sizes of the pixels
P coupled to the same power line VL may be increased as the
distance (e.g., the electrical distance) between the pixels and
the outside of the display area DA increases. The size of the
pixel P coupled to the indirectly coupled power line V.2 may
be greater than the size of the pixel P coupled to the directly
coupled power line VL 1. In a case where the power line VL is
located at each of the pixel rows, the size of the pixel P
coupled to the indirectly coupled power line VL2 may be
greater than that of the pixel P coupled to the directly coupled
power line VL1 in the pixels P ofthe same column. When the
power line VL is located at each of the pixel columns, the size
of the pixel P coupled to the indirectly coupled power line
VL2 may be greater than that of the pixel P coupled to the
directly coupled power line VL1 in the pixels P of the same
row. In a case of two pixels P coupled to different indirectly
coupled power lines VL2, the size of the pixel P may be
greater when the electrical distance between the indirectly
coupled power line VL2 and the directly coupled power line
VL1 coupled to each other via the auxiliary line SVL
increases.

[0108] In the example of FIG. 9, the second pixel P2 has a
size greater than that ofthe first pixel P1, and the third pixel P3
has a size greater than that of the first pixel P1.

[0109] The difference between the sizes of the pixels in the
same column coupled to the same power line VL, may be
greater than the difference between the sizes of the pixels in
the same row coupled to the different power lines VL; how-
ever, one or more embodiments are not limited thereto. That
is, the differential degree between the pixel sizes may be
determined by an actual dropping amount of the power volt-
age.

[0110] A method of driving the display apparatus accord-
ing to the present embodiment of the present invention
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includes outputting the data control signal DCS that includes
information about the image signal and information about the
emphasis signal and will be input to each of the pixels P from
the controller 140 according to the location of the pixel P,
receiving the data signal DCS by the data driving unit 130
from the controller 140, and outputting the data signal includ-
ing the image signal and the emphasis signal based on the data
control signal DCS from the data driving unit 130. The data
signal includes a unit section corresponding to the sub-frame
in the digital driving type, and the unit section includes an
emphasis section in which the emphasis signal is input and an
image section in which the image signal is input. The output-
ting of the data control signal DCS includes outputting the
information about the emphasis signal according to the length
of the emphasis section, which is determined according to the
electrical distance between the pixel and the global power
line.

[0111] As described above, according to the one or more of
the above embodiments of the present invention, uniformity
in displaying brightness may be increased (e.g., improved).
[0112] It should be understood that the example embodi-
ments described herein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or aspects
in other embodiments.

[0113] While one or more embodiments of the present
invention have been described with reference to the figures, it
will be understood by those of ordinary skill in the art that
various changes in form and details may be made herein
without departing from the spirit and scope of the present
invention as defined by the following claims, and equivalents
thereof.

What is claimed is:

1. An organic light emitting display apparatus comprising:

a plurality of pixels, each of the pixels comprising a light

emitting device and a driving transistor configured to
supply a driving current to the light emitting device
based on a scan signal and a data signal; and

a plurality of power lines configured to transfer a power

voltage supplied from a global power line to the driving
transistor of each of the pixels,

wherein a level of a gate voltage of the driving transistor

when the light emitting device emits light is determined
by a distance between a corresponding one of the pixels
and the global power line.

2. The organic light emitting display apparatus of claim 1,
wherein an absolute value of a gate-source voltage level atthe
driving transistor when the light emitting device emits light
increases as the distance between the corresponding one of
the pixels and the global power line increases.

3. The organic light emitting display apparatus of claim 1,
wherein the plurality of pixels are at a display area, the global
power line is at an outside of the display area, and an absolute
value of a gate-source voltage level at the driving transistor
increases as a distance between the corresponding one of the
pixels and the outside of the display area increases.

4. The organic light emitting display apparatus of claim 1,
further comprising a data driver configured to acquire a data
control signal from a controller and to generate the data signal
based on the data control signal,

wherein the data signal comprises an image signal and an

emphasis signal, the plurality of pixels are at a display
area, and the data control signal comprises information
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of the emphasis signal determined according to a loca-
tion of the corresponding one of the pixels at the display
area.

5. The organic light emitting display apparatus of claim 4,
wherein the information of the emphasis signal comprises a
voltage level and an application time of the emphasis signal,
and at least one of the voltage level and the application time is
determined based on a distance between a power supplier and
the pixel.

6. The organic light emitting display apparatus of claim 4,
wherein the global power line is at the outside of the display
area to be coupled to an end or opposite ends of each of the
power lines, and at least one of the voltage level and an
application time of the emphasis signal is increased as a
distance between the corresponding one of the pixels and the
outside of the display area increases.

7. The organic light emitting display apparatus of claim 4,
wherein the emphasis signal is determined by following equa-
tion,

1H
Vg(LH) = Vhe(l - = ) u(lH) -

(Vhe - Vi1 —e*'('ljr’ﬂ)-u(u -B 1Y 0<B<1

wherein Vg denotes a gate voltage of the driving transistor,
Vhe denotes a voltage level of the emphasis signal, 1H
denotes a unit period of the data signal, T denotes a time
constant, Vhis an on-level of the image signal, and §-1H
is an application time of the emphasis signal.

8. The organic light emitting display apparatus of claim 4,
wherein an on-level of the image signal is a logic high level or
a logic low level, and the voltage of the emphasis signal is
greater than the logic high level of the image signal or less
than the logic low level of the image signal.

9. The organic light emitting display apparatus of claim 8,
wherein the emphasis signal comprises a first emphasis signal
and a second emphasis signal, and a voltage of the first
emphasis signal is greater than the logic high level of the
image signal and a voltage of the second emphasis signal is
less than the logic low level of the image signal.

10. The organic light emitting display apparatus of claim 9,
wherein the first emphasis signal is supplied before supplying
the logic high level and the second emphasis signal is sup-
plied before supplying the logic low level.

11. The organic light emitting display apparatus of claim 1,
wherein the plurality of pixels are arranged in columns and
rows at a display area, the plurality of power lines are at each
of the columns or at each of the rows of the pixels, the global
power line is at an outside of a display panel, the plurality of
power lines comprise a directly coupled power line and an
indirectly coupled power line, an end or opposite ends of the
directly coupled power line are coupled to the global power
line to receive the power voltage, and the indirectly coupled
power line is electrically coupled to the directly coupled
power line via an auxiliary line to receive the power voltage
via the directly coupled power line.

12. The organic light emitting display apparatus of claim
11, wherein a size of the driving transistor increases as a
distance between the corresponding one of the pixels and the
global power line increases.
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13. The organic light emitting display apparatus of claim
12, wherein the size of the driving transistor is expressed by at
least one of a channel width and a channel length of the
driving transistor.

14. The organic light emitting display apparatus of claim
11, wherein sizes of pixels from among the plurality of pixels
coupled to a same power line increase as a distance between
the pixels coupled to the same power line and the outside of
the display area increases.

15. The organic light emitting display apparatus of claim
11, wherein a size of a pixel from among the plurality of
pixels coupled to the indirectly coupled power line is greater
than a size of a pixel from among the plurality of pixels
coupled to the directly coupled power line.

16. The organic light emitting display apparatus of claim
15, wherein the power line is at each of the columns of pixels,
and a size of a pixel from among the pixels included in a same
row coupled to the indirectly coupled power line is greater
than a size of a pixel from among the pixels included in the
same row coupled to the directly coupled power line.

17. The organic light emitting display apparatus of claim
15, wherein the power line is at each of the rows of pixels, and
a size of a pixel from among the pixels included in a same
column coupled to the indirectly coupled power line is greater
than a size of a pixel from among the pixels included in the
same column coupled to the directly coupled power line.

18. The organic light emitting display apparatus of claim
11, wherein a size of the corresponding one of the pixels
coupled to the indirectly coupled power line increases when a
distance between the indirectly coupled power line and the
directly coupled power line that are coupled to each other via
the auxiliary line increases.

19. An organic light emitting display apparatus compris-
ing:

a plurality of pixels, each of the pixels comprising a light
emitting device and a driving transistor configured to
supply a driving current to the light emitting device
based on a scan signal and a data signal; and

a plurality of power lines configured to transfer a power
voltage supplied from a global power line to the driving
transistor of each of the pixels,

wherein a unit period 1h of the data signal comprises an
emphasis period during which an emphasis signal is
input and an image period during which an image signal
is input, and a magnitude of the emphasis signal or a
length of the emphasis period is determined according to
a distance between each of the pixels and the global
power line.

20. A method of driving a display apparatus comprising:

a plurality of pixels;

a plurality of data lines coupled to the plurality of pixels,
and

power lines configured to apply power voltages supplied
from a global power line to the plurality of pixels,

the method comprising:

outputting a data control signal including information
about an image signal and information about an
emphasis signal by a controller according to locations
of each of the plurality of pixels, wherein the data
control signal is input to each of the plurality of pixels;

receiving the data control signal by a data driver from the
controller; and
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outputting a data signal including the image signal and
the emphasis signal by the data driver based on the
data control signal,

wherein the data signal comprises a unit period that
corresponds to a sub-frame of a digital driving
method, and the unit period comprises an emphasis
period during which the emphasis signal is input and
an image period during which the image signal is
input,

and the outputting of the data control signal comprises
outputting information of the emphasis signal accord-
ing to a length of the emphasis signal, which is deter-
mined according to a distance between each of the
pixels and the global power line.

* % % k¥



patsnap

EFEBHOR) BNEAXEREBRAR S *
[F(RE)F US20150262529A1 RF(REH) A 2015-09-17
RiES US14/466731 RiEH 2014-08-22
FRBREE AR =EETRERAH
BE (BRI AGR) = EDISPLAY CO. , LTD.
LT RE(EAM)A(E) =EDISPLAY CO., LTD.
¥R & A LEE JAE HOON
LEE BAEK WOON
KBAA LEE, JAE-HOON
LEE, BAEK-WOON
IPCH3%EE G09G3/32
CPCH%5 G09G3/3258 G09G3/3266 G09G2320/043 G09G2300/08 G09G2310/0262 G09G3/3233 G09G2300

/0426 G09G2320/0233

R 54 1020140030469 2014-03-14 KR
H 20 FF 30k US9728126

SAEBEE Espacenet USPTO

BEGF)

—RMENERKRETEE , 2fF  2MEE | SNBESBERNFHEAR
HRAEE AR RAEREENETHESESNBEFSEmEA
KEMHRHEEFBRZSIERE , ATRNEREREARHNRREE
FRISMENRDREE  Hb , SRABARKN , B REE
HHHREEN B HaBE. NN —MRESLRBREZENER,

140

130

100

DATA

CONTROLLER

DCS8

DATA DRIVING UNIT

sSCs
120

DL

SCAN
PRIVING UNIT

SL

DL
— 3L

—110

DA

VL

150

GVL

POWER
SUPPLY UNIT



https://share-analytics.zhihuiya.com/view/7b29229f-9a5e-4110-9c84-1eeb952bfa9b
https://worldwide.espacenet.com/patent/search/family/054069475/publication/US2015262529A1?q=US2015262529A1
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=%2220150262529%22.PGNR.&OS=DN/20150262529&RS=DN/20150262529

